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The brook as it passes through a layer of Euclid Bluestone in the Doan Brook gorge. Photograph by L.C. Gooch.

The farmhouse lingers, though averse to square

With the new city street it has to wear

A number in. But what about the brook

That held the house as in an elbow-crook?

I ask as one who knew the brook, its strength

And impulse, having dipped a finger length

And made it leap my knuckle, having tossed

A flower to try its currents where they crossed.

The meadow grass could be cemented down

From growing under pavements of a town;

The apple trees be sent to hearth-stone flame.

Is water wood to serve a brook the same?

How else dispose of an immortal force

No longer needed? Staunch it at its source

With cinder loads dumped down? The
brook was thrown

Deep in a sewer dungeon under stone

In fetid darkness still to live and run –

And all for nothing it had ever done

Except forget to go in fear perhaps.

No one would know except for ancient maps

That such a brook ran water. But I wonder

If from its being kept forever under

The thoughts may not have risen that so keep

This new-built city from both work and sleep.

— Robert Frost

A Brook in the City
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Today, Doan Brook remains an oasis in the
heart of the city. Parks line its banks from
Lake Erie to Shaker Heights.Migrating birds
pause along the stream, and deer browse in the
underbrush. Hikers explore its valley while
strollers enjoy the lakeshores. But the brook is
no longer as it was when Nathaniel Doan came
here, or even as it was when the philanthropists
first gave us the parks that line its banks. The
growth of the city has chipped away at the
parks and sullied the stream. There are few
fish left, and the lakes sometimes stink in
summer. It is rarely wise to wade or swim in
the brook’s polluted water.We were given the
stream as a gift, but it is threatened by our
very presence around it.We must deflect the
threat if we are to pass on the gift.

This handbook is the story of Doan Brook and
its watershed. That story is one not only of
human settlement, but also of the stream’s rela-
tionship with the landscape and city around it
and of the creatures that make their lives along
it. The story of the brook’s past and present
ends with a question:What can we do now to
preserve and restore what we have been given?
The Handbook begins to answer that question

by outlining some actions that we can take and
suggesting ways that we can make restoration
of the brook a reality.

Not everyone who picks up The Doan Brook
Handbook will read it cover to cover. Some may
be more interested in the watershed’s history,
others in its biology or geology, others in the
possibilities for the stream’s restoration.
Appendices give detailed information about
the brook for those who wish to dig deeper.
Our hope is that the Handbook will help many
people enjoy and appreciate what the brook has
to offer and, even more, that it will serve as a
common foundation for all those seeking to
preserve and restore Doan Brook.

Doan Brook…A small, seemingly insignificant, creek in the midst of a city. Hardly worthy
of mention,much less of a book all its own.And yet, Doan Brook has claimed the attention
of the people around it for over two hundred years. It has been a focus of the community
ever since 1799, when Nathaniel Doan settled his family by the stream and built a tavern at
a ford. The village around Doan’s tavern on the brook rivaled the city of Cleveland for more
than one hundred years.A few miles upstream from the tavern, the North Union Shakers
made their living from the brook and saw the reflection of God in its natural beauty. Later,
as Cleveland grew, philanthropists recognized the Doan Brook valley as the perfect place
for a line of parks to provide respite for harried city folk. They gave the Doan Brook parks
as a gift to the people of greater Cleveland. Later still, the brook’s neighbors rallied to
defeat a planned Interstate freeway that threatened to replace the peace of those parks with
the roar of traffic.

1 Introduction to Doan Brook
The Doan Brook Handbook
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This land was heavily timbered. — and a prodigal use was made of its contents. Little did we
dream then of Cleveland’s rapid growth, would in a few years demand all our saw timber, and a
great deal more than we could produce. A deep regret was felt at the time of being obliged to
burn up so much valuable saw timber to clear the land. But this was the best could be done at
that time — we needed the land more than we did the timber.

— Shaker Elder James Prescott

The History of North Union: Containing the Origin, Rise, and Progress of the Community,
from 1822 to 1879

Horseshoe Lake dam from downstream – 1900. Photograph by L. Baus. From the collection of the Nature Center at Shaker Lakes.

The Doan Brook Handbook
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2.1
WhoWas Here First?
Pre-European History

The first European settlers who came to the
Cleveland area entered an uninhabited land-
scape with few traces of earlier occupation.
They followed Native American trails through
the area and encountered some Native
Americans of the Ottawa tribe, but found no
settlements of any kind in the immediate vicin-
ity of Cleveland. The closest Native American
settlements lay west of the Cuyahoga River and
to the south along the Middle Cuyahoga.

Although few obvious traces remained to be
found by the first Europeans, there is evidence
that Native Americans had once lived in north-
east Ohio, possibly beginning as long ago as
12,500 B.C.E.1 Some of these people, whose ori-

gin is unknown,may well have made the Doan
Brook valley their home. Sand ridges along the
Lake Erie shore, the shores of small ponds and
bogs, and the headwaters of small streams such
as Doan Brook would have been attractive loca-
tions for the spring agricultural camps of the
hunter-gatherers who occupied northern Ohio
between about 100 and 700 C.E.2 More perma-
nent communities, which began to appear in
the area around 1000 C.E., tended to be strate-
gically located on steep-sided promontories
overlooking the CuyahogaValley. The modest
Doan Brook valley was probably ill-suited for
the settlements of this period.Mysteriously,
occupation of the permanent Native American
sites near Cleveland seems to have stopped
around 1640 C.E., without evidence of deliber-
ate destruction or any European contact.After
these settlements were abandoned, the area

Around 1800, several cities began to emerge slowly from the unbroken wilderness on the
south shore of Lake Erie.Moses Cleaveland established one of these early settlements near
the mouth of the Cuyahoga River in 1796.Mosquitoes that inhabited the river’s swampy
mouth tormented the first pioneers who came to this settlement, which was to become the
city of Cleveland.Miserable, ill, and plagued with malaria, some of the settlers soon sought
a healthier environment.

Within three years of Moses Cleaveland’s arrival, some of these refugees from the ague
founded a settlement near a small brook about four miles to the east of the Cuyahoga
River. This village and the adjacent stream took on the name of the first settlers, the Doan
family. Doan’s Corners and Doan Brook were born. For the next 100 years, Doan’s Corners
— and the other communities that were soon to appear along the brook— prospered and
maintained identities distinct from the larger city to the west. The brook was a critical
resource for the early settlers, who relied on it for water and power and harvested the nat-
ural resources it supported.

Eventually, the thriving city of Cleveland expanded and merged with the communities in
the Doan Brook watershed. The stream suffered as the city grew, but the brook continued
to serve as the focus of an impressive park system, and its valley drew many of Cleveland’s
cultural institutions. This is the story of our predecessors in the Doan Brook watershed
and of how they molded the watershed and the brook into the shape we see today.

2

1 Before the Common Era. Equivalent to B.C. when used with dates.

2 Common Era. Equivalent to A.D. when used with dates.
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remained essentially uninhabited until a few
members of the Ottawa tribe migrated from the
west in about 1740.

The Native Americans who passed through the
Doan Brook watershed left little physical evi-
dence of their presence. Among the few defi-
nite signs remaining when Europeans arrived
were the Indian path that crossed Doan Brook
at what later became Euclid Avenue and an
earthen vessel filled with arrowheads that was
found in the mid-1800s near what is now the
intersection of Ansel and East 101st Streets.
These tokens seem sadly insignificant to be
the only reminders of the many peoples who
may have lived here at different times over a
period of more than 14,000 years. Other evi-
dence of their lives may have been destroyed
by early European settlers and later construc-
tion, or it may still lie within the watershed
waiting to be found.

2.2
European Explorers:
Moses Cleaveland and the Surveyors

The surveyors of Moses Cleaveland’s 1796
Connecticut Land Company surveying party
were the first known Europeans to explore the
Doan Brook watershed.Although exploration
of an untamed wilderness seems romantic,
Cleaveland’s party came to northeastern Ohio
for purely commercial reasons. The Connecticut
Land Company was in possession of property it
wished to sell, and that property had to be
divided into townships and lots before sales
could begin. The task of the surveyors was to
partition the land for sale.

The territory belonging to the Connecticut Land
Company consisted of a sixty-mile wide strip
of land extending along the Lake Erie shore

from the eastern boundaries of what are now
Sandusky and Seneca Counties to the
Pennsylvania border. In 1786, Connecticut
reserved this land for development by the state,
and in 1795 the state sold the area, which came
to be known as the Connecticut Western
Reserve, to the Connecticut Land Company.

Although the Iroquois had previously ceded the
portion of the ConnecticutWestern Reserve
east of the Cuyahoga River to the King of
England, a party of Iroquois claiming title to
the land intercepted Moses Cleaveland’s survey-
ing party as they neared theWestern Reserve.
In negotiations near present-day Buffalo, New
York, Cleaveland repurchased the tract for
$1,250 (NewYork trade currency), two beef cat-
tle, and one hundred gallons of whiskey.

Cleaveland’s surveyors began their work in the
Western Reserve in 1796 and returned in 1797
(without Moses Cleaveland) to complete the sur-
vey. They worked in the Doan Brook watershed
in both years,with most of its survey apparently
completed in 1797.The surveyors’ interest in the
watershed was purely professional— it was
merely one small part of the immense and diffi-
cult landscape they were hired to traverse.As
they trudged back and forth across the area, lay-
ing down the grid of townships and lots for their
masters in Connecticut, they dutifully recorded
the condition of the country they encountered.3

Friday 9 June 1797 — Cleaveland: Major
Shepard & Esq.Warren returned from their
tour. They report that…they travelled on the
South & the East part of No 7 — 11th Range
[the northern part of the upper Doan Brook
watershed]. Also over the North part of S[ai]d
town. They Report that their whole rout on
this town was over Choice Land gentle Rises
& descents plenty of small Creeks or runs of
water not sufficiently large for mill — timber

3 Some punctuation and capitalization have been added for clarity.

Definitions and Orientation

The fold-out figure in Chapter 3 shows an
overall map of the Doan Brook and its water-
shed that supplements the maps in this chap-
ter. The watershed is the area of land that
drains into the stream. See Chapter 3 for a
more detailed definition. The upper Doan
Brook is the part of the brook that lies on the
higher land upstream from the steep hill that
cuts across the brook near the intersection of
North Park Boulevard with Martin Luther King,
Jr., Boulevard. The upper watershed, which
lies mostly in Cleveland Heights and Shaker
Heights, is the part of the watershed on the
high ground east of this hill. The lower Doan
Brook runs north from University Circle
through Rockefeller Park and into Lake Erie in
Gordon Park. The lower watershed surrounds
the brook in these areas. The Doan Brook
gorge is a deep channel (as much as fifty feet
deep) that the stream cuts into the rock as it
makes its way between the upper and lower
watersheds. The gorge lies between the
Lower Shaker Lake and University Circle.
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Chestnut some Hard Maple. Plenty White
wood. Elm. Ash, butternut, some beech.
Maple. Elm, Hickory, Oak Red & White, Bass,
Cucumber, Cherry & vast quantity of Grape
Vines & a fine growth of herbage — Creek
have all stoney bottom & excellent water…

—Surveyor Seth Pease, 1797

Although much of the land the surveyors
encountered appeared to them to be suitable
farm land, they had no doubt that it needed to
be tamed before it would be comfortably habit-
able. For themselves, they found conditions
difficult and deadly in the dense forest that was
pock-marked with swamps and inhabited by
bears, rattlesnakes, wolves, and malaria-bear-
ing mosquitoes. The surveyors’ journals inter-
mingle accounts of mundane details with those
of hardship and death:3

Monday 12th June [1797]…Atwater came up
with the horses… He just before had killed 8
Rattle Snakes — 6 of which he brought with
him to cook… Thursday morning 22nd of
June… we were much troubled with Pond &
Swamps on our line.We run but about 1-1/2
Miles — & Incamped by a bad Swamp4 —
Musketoes & Gnats very troublesome…
Friday 7th July — Mr. Redfield took the com-
pass — I was so ill as not to be able to assist. I
took some Reubarb5 but it did not operate…
Saturday 15th July — Our men are employed
in washing & mending their clothes. This day
our old frend Pontiock came to our Camp with
2 other Indians — & a Squaw & 3 pappooses
… Sunday 16th July…This morning our
horse called Copperbottom died of the blind
Staggers… Wednesday the 19th, 1797… Saml
Spafford found a swarm of Bees in a tree. The
men soon cut down the tree & took the honey
— which was sufficient to give us a meal.
Monday 24th July… Miner Bicknals [Minor

Bicknall]… [was] taken of a violent fever.
They were conveying him on an horse litter to
the Cuyahoga River…I immediate made
preparation to have them met by a boat at
that Place…Tuesday 25th — The boat…
arrived at the appointed Place about 3 OC PM
— Atwater had reached the River with Bignal
[Bicknall] about 2 hours before their [the
boat’s] arrival. He died about 10 minutes after
they got him to the River. They buried as
decently as their situation would permit…
Sunday 6th August 1797…Peleg Washburn
(an apprentice boy to Mr. Doane) died at 1
hour & 30' PM of the Dysintery.We buried
him at evening…

—Surveyor Seth Pease, 1797

In October 1797, the second surveying party,
still including many ill, sailed east along Lake
Erie to return to the civilized country on the
Atlantic coast. In spite of the report of an inhos-
pitable land that some of the surveyors must
have given when they returned home, there
were many in the east who waited eagerly for an
opportunity to make some portion of this new
country their own.Only three years after the
initial survey, the Connecticut Land Company
sold a parcel in the Doan Brook watershed to
Nathaniel and Sarah Doan,who settled there
with their nephew and six children.

2.3
First European Settlers:
Nathaniel Doan and
the LowerWatershed

Nathaniel Doan (or Doane) was a blacksmith
for the 1797 Connecticut Land Company sur-
veying party. In spite of all of the surveyors’
hardships, he must have liked what he saw of
the Connecticut Western Reserve, because he

returned to the area with his family in 1798.
They settled first on Superior Street near the
Cuyahoga River on property granted to Doan
by the Connecticut Land Company on the con-
dition that he operate a blacksmith shop there.
However, the mosquitoes and resulting malaria
quickly drove the family away from its land
grant on the river.After less than a year, they
resettled on one-hundred purchased acres on
the north side of what is now Euclid Avenue
between East 105th and 107th Streets (see
Figure 2-1). This spot (now occupied by the
Ronald McDonald House) became known as
“Doan’s Corners” and soon became a gathering
place for other local settlers. It was also the
ford where travelers along the main east-west
artery between Buffalo and Cleveland crossed
Doan Brook.

Although the community at Doan’s Corners
grew steadily, the surrounding wilderness iso-
lated it from the still-small settlement at
Cleveland.At first, the Doans’ only neighbors
were a few families onWoodland Hills Avenue
(nowWoodhill Avenue) to the south and a sin-
gle settler near what is now Euclid and East
55th Street.Wolves are reported to have
attacked travelers between Doan’s Corners and
Cleveland as late as 1820.

There was soon a sizable village at Doan’s
Corners, as well as a number of farms in the
lower watershed in what are now the Cleveland
neighborhoods of Glenville and Hough.6

Nathaniel Doan and his neighbors were quick
to open businesses to support the growing
community. Shortly after he settled at the
Corners, Doan built a hotel and tavern to serve
travelers along the Buffalo-Cleveland road. He
and other settlers quickly built a store, a black-
smith shop, a church and school, and a salera-
tus (baking soda) factory near the ford.

4 Caroline Piercy indicates in The Valley of God’s Pleasure that this camp was near the current location of the Lower Shaker Lake. Careful examination of the surveyors’ notes indicates that this is not the case.

5 Rhubarb (spelled reubarb by Pease) has a laxative effect. It and other similar herbal laxatives and emetics were used by the surveyors to combat fever and chills and a variety of other ills. It is not clear

what Pease’s illness was, but he complained of headache, back ache, and fever and may have been suffering from malaria.

6 The lower watershed north of Superior Road lies in Glenville. South of Superior, the western edge of the lower watershed lies in Hough, with the remainder in University Circle.
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The growth of industry was not far behind.
Since processed grain and sawn lumber were
fundamental to the society, a grist mill and a
sawmill were among the first industries. The
grist mill was located near the currentWade
Park Lagoon and was operated by Samuel
Cozad. The Crawford dam and sawmill were
located near Superior Avenue.A tannery, a clock
factory, a plant for the manufacture of oil from
coal, a malleable iron foundry, a mowing
machine company, and a sorghummill were
also established in the lower watershed at vari-
ous times before the mid-nineteenth century.

An attempt was made at some point to drill for
oil inWade Park, resulting in nothing but an
oily smell and some natural gas at a depth of
1,300 feet. Sandstone was quarried from the
Doan Brook gorge near the top of Cedar Glen.7

In 1834 or 1835 the first railroad in Cleveland
was built to carry stone from the quarry to
Public Square. Gravity pulled the loaded cars
down the hill from the quarry. Elsewhere, the
cars were pulled along the tracks by horses. The
line, which crossed the brook on an embank-
ment at Euclid Avenue,met with limited success
and was abandoned after a few years.

A number of springs fed Doan Brook near
Doan’s Corners. One, in what is now the
Cleveland Botanical Garden’s Japanese
Garden, was long used as a source of drinking
water (see Section 3.3). Another, which came
from the escarpment just north of Cedar Glen,
had a high sulfur content and was believed to
have therapeutic properties. Dr. Nathan
Ambler and Daniel Caswell built the Blue
Rock Spring House on this site (now the loca-
tion of Case Western Reserve University’s
Emerson Gym) in the 1880s. The spring
house, which had baths carved into the rock
of the escarpment, was used first as a resort
and then as a sanitarium offering patrons the
“water cure.”

Even as the community and industry around
Doan’s Corners grew, the lower watershed
continued to be dominated by farms. The area
north of Doan’s Corners was settled first by
farmers from New England, then by immi-
grants from Scotland, Ireland, and England.
Around 1870, the Village of Glenville came
into its own as the hub of the thriving farm-
ing community. Centered at East 105th Street
and St. Clair Avenue, the village was sur-
rounded by truck farms (owned primarily by
German-Americans) that supplied produce
to Cleveland.At the same time, the village
became the home of the later-famous
Glenville Racetrack, located along St. Clair
between East 88th and East 101st Streets.
During the 1890s, the picturesque landscape
of the lower Doan Brook valley, the racetrack,
and the nearby Lake Erie shore made
Glenville a fashionable summer residence for
wealthy Clevelanders.

Throughout the nineteenth century, Doan’s
Corners and Glenville retained their own vil-
lage characters and the lower watershed

7 Cedar Glen is the steep valley along Cedar Road between the intersection of Cedar with Euclid Heights Boulevard and the point where Cedar passes under the rapid transit and railroad tracks. A tributary

to Doan Brook that once flowed through this valley is now hidden in a sewer beneath the road.
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remained largely rural. The villages served as
important meeting and trading points for peo-
ple living in the surrounding areas, including
the Shakers and others who lived in the upper
Doan Brook watershed. By 1900, however, the
city of Cleveland had begun to absorb the vil-
lages, gradually eclipsing their original identi-
ties. Doan’s Corners evolved into the University
Circle cultural center, while Glenville became
an affluent Cleveland garden suburb.

2.4
TheValley of God’s Pleasure:
The Shakers and the Upper
Watershed

While Nathaniel Doan and his neighbors were
settling in the lower watershed, a rather dif-
ferent community was making its home along
the upper reaches of Doan Brook. Beginning
in 1822, the Shakers, a utopian Christian sect,
lived and farmed along the brook between
today’s Warrensville Center Road and Martin
Luther King, Jr., Boulevard. They were the pri-
mary occupants of the upper watershed for
almost seventy years.

Although the Shakers were eventually the
upper watershed’s principal land-holders, they
were not its first settlers. In 1810, Daniel and
Margaret Warren settled near its southern
boundary, close to the current intersection of
Lee and Kinsman Roads. In 1811, the Warrens
were joined by eight members of Margaret’s
family, the Prentisses, and in 1812 twenty
members of the Jacob Russell family settled
about a mile farther north, near the current
intersection of Lee Road and South Park
Boulevard, just south of Doan Brook. The
township was namedWarrensville Township
in 1816 in honor of the first settlers.

The hardships of the early settlers are best
seen through the eyes of Melinda Russell,
granddaughter of Jacob Russell, who was
about eight years old when she arrived in
Warrensville Township in 1813:

Our journey was attended with great suffer-
ing, my youngest sister was sick all the way,
dying three days after our arrival… Father
was taken sick with ague the next day after
we arrived, so our house was built slowly,
and with the greatest difficulty mother
hewed with an adze the stub ends of the
floor boards, and put them down with the
little help father could give her.We moved in
the last of November, without a door or win-
dow, using blankets for night protection. At
that time two of the children were sick with
ague. Father worked when the chills and

fever left him for the day, putting poles
together in the form of bedsteads, and a table,
upon which to put the little we could get to
eat, and benches to sit upon; there was no
cabinet shop at that time where such articles
could be purchased.

…The only flour we could get…was so dis-
gusting to the taste, that no one could eat it
unless compelled by extreme hunger. I was
then eight years old and not sick, so I had to
satisfy my hunger with it, and give the others
more of a chance at the scanty corn meal
rations…I once or twice obtained surrepti-
tiously a little cold mush, father said that
although he could never countenance stealing,
he did not blame me for that. I often won-
dered why he cried when he sat down at the
table, and looked at the food; the johnny-cake
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and mush appeared so luscious to my hungry
eyes…Toward the end of February…father
and one of his brothers started out for Aurora
…[where] they paid ten shillings a bushell
for corn and two dollars and a quarter for
wheat, bought an iron kettle for making
sugar…A glorious surprise awaited them in
the woods in the form of a bee-tree, from
which they obtained nearly one hundred
pounds of honey.

—Melinda Russell, 1880

Nine years after Melinda came toWarrensville
Township, Jacob Russell’s extended family
formed the nucleus of the North Union Shaker
community. In 1820, Ralph Russell, one of
Jacob’s sons, had become involved with the
Shakers at Union Village, Ohio. He visited
Union Village in 1821, intending to move there
with his family to join the community. To his
surprise, a different vision awaited him when
he returned home toWarrensville:

…[the vision] consisted in a strong, clear
ray of light, that proceeded from Union
Village, in a perfectly straight, horizontal line
until it reached a spot near his dwelling [in
Warrensville], about where the center house8

now stands, and there it arose in a strong,
erect column, and became a beautiful tree.

— J. P.MacLean, 1900

Ralph followed his vision. He stayed in
Warrensville Township, and in 1822, with the
approval and assistance of Union Village, he
established the North Union Shaker commu-
nity on the Russell property adjacent to
Doan Brook.

Over the next sixty-seven years, the Shakers
developed their land in the upper watershed.
They cleared most of the unbroken forest within

Who Were the North Union Shakers?

The Shaker order is a Christian sect, formally
called The Millenium Church of United
Believers, founded in England by Mother Ann
Lee during the latter part of the eighteenth
century. The fundamental principles of the
order are commitment to God, separation
from the secular world, celibacy and sexual
equality, confession of sin, and communal liv-
ing. Those who joined the North Union
Shakers committed themselves to daily reli-
gious observance, a communal life with
those of the same sex, strict separation from
those of the opposite sex, and hard work
under the direction of community leaders.

At North Union, Shaker men and women met
each other only in groups, could not touch
each other under any circumstances, and
could not correspond with each other. The
children of families who joined the Shakers
were treated well, but they were separated
from their parents and taken to live in the com-
munity’s “children’s houses.” The Shakers also
took in and cared for many orphans.

All Shaker activities were directed by elders
and eldresses. The leading elders of the North
Union Shakers were appointed by church
authorities in other Shaker communities, and
they frequently came to North Union specifi-
cally to assume leadership positions.

The Shakers’ beliefs were carried out in the
plan and construction of their communities.

The commitment to communal living is
reflected in the presence of a relatively small
number of large dwellings in a typical Shaker
village. As one observer remembered the
North Union Center Family settlement in
about 1870, there were four dwelling houses
in the village. One housed the elders and
eldresses (in separated quarters), another
the adult “family” members, another the
boys, and still another the girls. A large meet-
ing house where religious services were held
was the focus of the community.

The Shaker commitment to industrious labor is
indicated by the large number of “shop” build-
ings in each village. The North Union Center
Family village included a woolen mill and
broom factory, a blacksmith shop, a tannery, a
carpenter shop, a bee house, a cheese house,
a smoke house, numerous barns to support
the community’s agriculture, and a plant nurs-
ery. The Shakers were known for their hon-
esty, and their work was known for its quality
and well thought-out, sometimes innovative
design. They believed that all work was per-
formed for the glory of God and therefore
strove for perfection in every task.

Today, Sabbathday Lake, Maine, is the only
remaining Shaker community. Fewer than a
dozen Shakers make their home there.

8 The center house was the dwelling house at the heart of the North Union Shaker community.
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their 1,366 acres and replaced it with orchards,
mills, three communities, and small manufac-
turing operations. They centered their villages
around Doan Brook, giving their home in the
stream valley the religious name of “the Valley
of God’s Pleasure.” Two of the North Union
“family” settlements were located on the brook
itself and based their industry on power sup-
plied by the stream (see Figure 2-2). First built
was the Center Family village (see Figure 2-3),
located between the brook and Shaker
Boulevard along what is now Lee Road.A few
years later, the Mill Family village was begun
on the brook about a mile downstream (west),
near the point where the brook now crosses
Coventry Road (see Figure 2-4). The third com-
munity, the Gathering Family (also called the
East Family), was located a bit farther from the
brook, northwest of the intersection of
Claremont and SouthWoodland Roads (see
Figure 2-5). The Shakers built with an eye to
quality, simplicity, and permanence, construct-
ing some very impressive buildings in North
Union (see Figures 2-6 and 2-7).

Shaker industry in North Union had begun in
earnest by 1824, by which time a sawmill was
in operation near the location of what is now
the Lower Shaker Lake dam.9 Prior to the con-
struction of the sawmill, the community had
no means of sawing logs into boards, and all
family members were living in small log cabins
near the intersection of South Park Boulevard
and Lee Road. Since communal living was part
of the Shaker ideal, and board lumber was
required to build communal houses, an operat-
ing mill was a necessity.

In 1829, the original sawmill was joined by a
grist mill about a quarter-mile downstream.A
small dam near the location of the current
Lower Shaker Lake dam was built to power this

mill and the sawmill. This dam was enlarged a
number of times over the years to power a suc-
cession of mills. The most notable rebuilding
took place in 1831, when the dam was rebuilt
using large quantities of stone and earth from
the south bank upstream from the dam, and in
1837, when the dam was again completely
rebuilt.After the 1837 work, the reservoir is
reported to have covered an area of about
twenty acres.10 In 1843, the Lower Shaker Lake
grist mill was replaced by an impressive stone
grist mill farther downstream (Figure 2-7).

At the beginning of the 1850s, there was great
demand for Shaker-manufactured brooms and
woolen goods. The Elders at North Union
decided to build a powered woolen mill and
broom shop to meet the demand. Once again,
their power source was Doan Brook, and in
1852 they built a dam on the brook to form
Horseshoe Lake. This dam,which was enlarged
in 1854, was an impressive stone structure with
a finished stone spillway and ashlar-stone
upstream face.Although it has been modified
and repaired many times, traces of the original
dam can still be seen.Water from the dam was
carried to the woolen mill via a series of wood-
en troughs along the south side of the brook
valley.At the woolen mill (see Figure 2-6),
located just east of Lee Road and north of
South Park Boulevard, the water turned an
overshot wheel, which in turn powered
machines for carding, spinning, and weaving
wool and lathes for turning broom handles.

The 1850s marked the peak in the prosperity
of the North Union Shakers. The community
grew to a maximum of about 300 members
and had land holdings of 1,366 acres and 60
buildings.After the Civil War, however, North
Union began to decline, as did Shaker commu-
nities all over the country. In 1889, when there

were only twenty-seven members remaining,
the North Union community dissolved, and the
remaining family members dispersed to other
Shaker villages. In 1892, the Shaker lands were
sold to a development syndicate.

Sadly, almost all traces of the Shakers were
obliterated by the later development of their
land. The Shaker buildings were neglected dur-
ing the sect’s decline and after the last mem-
bers moved away. The structures that remained
when the land was sold were razed. The Shaker
cemetery was moved from its original location
(south of South Park Boulevard about 300
yards west of the intersection of South Park
and Lee Road) to theWarrensville West
Cemetery at 3467 Lee Road. The Shaker Lakes
and their dams are the only intact features of
the Shakers’ life along Doan Brook, although
even the dams have been modified over the
years.Appendix C describes some other
remaining traces of the Shakers.

2.5
The City Moves East: Development
of theWatershed

Although urbanization of the Doan Brook
watershed began when Nathaniel Doan settled
there in 1799, development did not begin in
earnest until around 1900,when Cleveland’s
eastern border reached almost as far as Doan’s
Corners.After this time, both the lower and
upper watersheds rapidly became the urban and
suburban neighborhoods we know today. The
story of the city’s arrival is outlined here. The
impact that development had on the brook is
explored in more depth in Chapter 5.

9 It is not clear whether this sawmill was powered by the normal flow in the brook or, more likely, by the first dam on Doan Brook.

10 Some accounts give an area of thirty acres for the lake completed in 1837. Given that the current combined area of the Lower Shaker Lake and the adjoining marsh is 19.2 acres, and that there are no other

references to a much larger lake, these accounts appear to be erroneous.
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Figure 2-3 Shaker Center Family Village – ca. 1870

Based on Mead 1961 from the collection of the Shaker Historical Society, Nord Library, Shaker Heights, Ohio.
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Figure 2-4 Shaker Mill Family Village – ca. 1870

Based on Mead 1961 from the collection of the Shaker Historical Society, Nord Library, Shaker Heights, Ohio.
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Figure 2-5 Shaker Gathering Family Village – ca. 1870

Based on Mead 1961 from the collection of the Shaker Historical Society, Nord Library, Shaker Heights, Ohio.

Figure 2-7 Shaker Stone Grist Mill

Built in 1843 on the edge of the Doan Brook gorge opposite the

current intersection of North Park Boulevard and Roxboro Road.

Photographer unknown. From the collection of the Nature Center

at Shaker Lakes.

Figure 2-6 Shaker Woolen Mill

Built in 1854 in the northwest quadrant of what is now the intersection of Lee Road and South Park Boulevard.

Photographer unknown. From the collection of the Nature Center at Shaker Lakes.
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The North Union Shakers’ mills and dams
were the foundation of their industry and were
their most impressive building achievements.
The stone grist mill that was built in 1843 was
by far North Union’s greatest building (see
Figure 2-7). Located on the north edge of the
Doan Brook gorge about one-half mile down-
stream from the Lower Shaker Lake dam, the
grist mill was described by Shaker Elder
James Prescott as follows:

In 1843 a new stone grist mill was built stand-
ing on the north side of the creek, a little west
of the hemlock grove. On the south end it was
four stories high. Its massive walls of the base-
ment story were built of sand stone, four feet
thick, quarried on the spot, or near by — the
gearing was mostly of cast iron — the penstock
was hewn out of solid sand stone, fifty feet
deep, the front was laid with heavy blocks of
stone, mitred in, laid in hydraulic cement —
three run of stone — cast iron shafts, fifty feet
long, running from the stones above down to the
cast iron, arm [?] wheels below — two new
bolts and screen smut [?] mill, and a place for
grinding coarse feed etc.

When it was built it was pronounced by good
judges to be one of the best flouring mills in the
State of Ohio. It stands as a durable monument

of solid masonry and workmanship, and like the
old mill has an extensive patronage from the
surrounding country, and is one of the principal
resources of the community.

— James Prescott, 1880

Power for the mill was not supplied directly
from the Lower Shaker Lake. Instead, a third
dam was built across a narrow point in the
Doan Brook gorge, about 0.45 miles down-
stream from the lake. This dam, constructed
of forty-foot-long 2-foot by 2-foot timbers mor-
ticed into the sandstone on either side of the
gorge, was about 30 feet high. A flume cut
into the stone at the top of the north side of
the gorge carried water from the reservoir
behind the dam to the grist mill, about 400 feet
farther downstream. This arrangement took
advantage of a natural abrupt fall of the
stream bed between the dam and the mill, so
that the mill was powered by water falling
from the top of the gorge to the floor of the
gorge a full 50 feet below.

The grist mill served the Shakers well for
many years, but the slow decline of the
Shaker community and the gradual transition
of milling to steam power eventually overtook
the mill and made its continued operation
uneconomical. By 1876 the mill had been

converted to steam power, but this conversion
failed to keep it running for long. In 1886, the
mill and the land on which it stood were
leased to Charles Reader to be used as a
sandstone quarry. The machinery was
removed from the mill building and taken to
the sawmill at the Lower Shaker Lake, where
it was used for a few more years.

Reader, who needed to demolish the grist mill
in order to quarry the stone beneath it, decid-
ed to make the mill’s destruction spectacular.
He planned to dynamite the building as part of
a public Fourth of July celebration held on
July 5, 1886. Over 4,000 people attended the
festival, which included the firing of cannons,
re-enactment of the Battle of Bull Run,
tightrope walking over the gorge, and enter-
tainment supplied by several brass bands.
Dinner, lemonade, and gambling at cards were
provided by various enterprising organizations
and individuals. The celebration culminated
with the dynamiting of the mill, which tumbled
into the Doan Brook gorge with the American
flag tacked to a staff on the roof. A very few
remains of the great grist mill can be seen as
you walk along the north edge of the Doan
Brook gorge today (see the Historic
Watershed Tour in Appendix C).

The Rise and Fall of the Great Stone Grist Mill
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becoming largely Jewish by the 1930s and then
largely African-American by the 1950s. In
1968, a shootout between a black militant
group and Cleveland police triggered several
days of social unrest in Glenville, including
looting and destruction of a number of busi-
nesses. Repair of the damage has been slow,
and some parts of the neighborhood have suf-
fered from declining population and neglect by
absentee landlords. Other parts of Glenville
have continued to be stable neighborhoods of
owner-occupied single-family homes, with the
more opulent sections of the old garden dis-
trict along the Doan Brook valley retaining
some of their original glory. Home values rose
sharply in the late 1990s as interest in high
quality housing stock relatively close to down-
town Cleveland revived.

The urban decline that struck much of the east
side of Cleveland beginning in the 1970s was
more dramatic in the residential areas around
University Circle than it was in Glenville. The
decay began to reverse in the late 1980s, when
major expansions of the Cleveland Clinic and
University Hospitals transformed much of the
area. The hospitals, CaseWestern Reserve
University, and the museums located in and
aroundWade Park now dominate the University
Circle section of the Doan Brook watershed.

2.5.2
The UpperWatershed

A few years after Nathaniel Doan and his
neighbors began to create a village in the lower
watershed, the Warrens and the Russells began
to turn the forests of the upper watershed into
farmland.When the Shakers established their
villages there, they worked tirelessly to clear
and tame their land and to use the resources it

offered to make their living.Although the
watershed left by the Shakers bore little resem-
blance to the original wilderness, it remained a
rural farming community during their tenure.

Real urbanization of the upper watershed did
not begin until about 1895, when Patrick
Calhoun and John Hartness Brown began to
develop the “garden suburb” of Euclid Heights
north of Cedar Road and west of Coventry
Road. By the early 1900s, development of the
western edge of the upper watershed was well
under way, as Daniel Caswell andWilliam
Ambler began to build Ambler Heights (now
known as Chestnut Hills) between Martin
Luther King, Jr., Boulevard, North Park
Boulevard, Cedar Road, and South Overlook.
The Van Sweringen brothers began their early
real estate ventures along Fairmount
Boulevard at about the same time.

The Shakers’ land (see Figure 2-2) remained
largely undeveloped during the first urbaniza-
tion of the upper watershed. The Shakers sold
their 1,366 acres to a group of Cleveland busi-
nessmen in 1892. This group soon resold the
land to the Shaker Heights Land Company, a
syndicate headed by H.W. Gratwick and J.J.
Albright of Buffalo, New York. Gratwick and
Albright began the work of laying out lots and
streets in preparation for lot sales, but the eco-
nomic conditions of the late 1890s did not
favor their venture, and the work stalled. In
1905 and 1906, the Cleveland brothers O.P. and
M.J.Van Sweringen bought the land from
Gratwick and Albright and began to lay the
groundwork for Shaker Heights. The Van
Sweringens developed Shaker Heights as one
of the first planned communities in the United
States. Their intention was to provide a suburb
with superior services and an aesthetic envi-
ronment to attract the moderately to extremely

2.5.1
The LowerWatershed

The first hint of the modern lower watershed
came when the Case School of Applied Science
andWestern Reserve University moved to
Doan’s Corners in the 1880s. The universities
and the expanding city to the west brought the
beginnings of an urban neighborhood. Between
1900 and 1918, the surrounding farms gave way
to opulent residential neighborhoods in
Glenville and in University Circle, and by the
1920s a number of hotels, shops, and businesses
were located at Doan’s Corners. Several vaude-
ville theaters added their attraction to the area
and were later joined by movie houses. The
Cleveland Museum of Art and theWestern
Reserve Historical Society came to the lower
watershed during the early part of the century,
soon to be followed by an impressive array of
other cultural institutions (see Appendix D).

Through the early part of the twentieth century,
the various attractions of Doan’s Corners
brought a weekend crowd of shoppers and
museum and theater-goers to what had
become Cleveland’s “second downtown.”The
parks along the lower Doan Brook (see Section
2.6) drew city dwellers seeking a break from the
noise, dust, and smoke of increasingly indus-
trial Cleveland.At the same time, the urban
center at Doan’s Corners drew citizens from
rural areas to the east who were in search of
city amenities. The importance of the Doan’s
Corners/University Circle area as a weekend
haven for east-siders seeking shopping and
entertainment continued through the 1950s.

While Doan’s Corners became an urban center,
the Glenville11 residential neighborhoods to
the north remained more suburban, with inter-
mixed single-family homes and commercial
centers. The population of the area changed,

11 A small part of the lower watershed between University Circle and Glenville is located along the eastern edge of Cleveland's Hough neighborhood. This area shares some characteristics of University Circle

and some of Glenville.
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wealthy of Cleveland. Building was steady but
gradual at first: the village had a population of
200 in 1911 and 1,600 in 1920. The expansion
of Cleveland and the Van Sweringens’ con-
struction of the Shaker Rapid Transit system,
which began operating in 1920, accelerated
growth so that the population of Shaker
Heights was 18,000 by 1930.

Cleveland Heights shared the boom of the
1920s, and by 1930 Doan Brook’s upper water-

shed was almost completely developed. The
total 1930 population of Cleveland Heights
and Shaker Heights was 70,000, over eighty
percent of the current population.12 Further
growth has been slow, consisting mostly of the
gradual addition of more housing in scattered
vacant lots, the construction of some addition-
al high-density housing, and the evolution of
commercial areas to incorporate more parking
and make other adjustments to modern life.

2.6
Preserving the Land:
The Story of the Parks

One of the striking features of Doan Brook is
the almost continuous line of park land that
surrounds the stream from its mouth to
Horseshoe Lake. The parks begin at Gordon
Park on Lake Erie, continue through
Rockefeller and Wade Parks in the lower
watershed, climb the escarpment through
Ambler Park, pass along the Doan Brook
gorge in the western part of the upper water-
shed, follow the brook along the Lower Shaker
Lake and Horseshoe Lake, and extend up the
south fork of Doan Brook almost to Marshall
and Green Lakes (see Figure 2-8). The nearly
unbroken ribbon of green leads us to wonder
how such an interconnected system of parks
came about.

Preservation of the Doan Brook park land
began in 1882 when Jeptha H.Wade presented
Wade Park to the City of Cleveland with the
provision that the area be permanently main-
tained as a park. This first donation was fol-
lowed in 1893 by the donation byWilliam J.
Gordon of 122 acres on Lake Erie at the mouth
of the brook. Gordon had begun to develop a
park there in 1880, with the intent of its eventu-
al donation.Wade’s and Gordon’s gifts were fol-
lowed by further donations of land along the
brook by JepthaWade, the Shaker Heights Land
Company, John D.Rockefeller, Laura
Rockefeller, Patrick Calhoun, and Martha B.
Ambler. The City of Cleveland also bought some
parcels of land to complete the park system.

By 1897, enough land had been granted or
purchased to allow the formation of a continu-
ous park along Doan Brook from Lake Erie to
Horseshoe Lake. Cleveland city planners
embraced the idea, and by 1900 a street network

12 The total population of Cleveland Heights and Shaker Heights includes the populations of some areas that are not within the Doan Brook watershed.
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linking the parks in the upper and lower
watersheds had been designed and built. Stone
bridges at Wade, St. Clair, and Superior
Avenues had been built to carry streetcars
across the brook valley. Shore protection,
including three jetties and two piers, had been
installed on Lake Erie at Gordon Park.
Streetcar lines made the parks in the lower
watershed readily accessible to people in
rapidly growing downtown Cleveland.

The new parks were evidently a success, since
the Rockefeller Park area was reportedly used
by almost 44,000 people on one sunny Sunday
afternoon in 1896, and Gordon Park became a
popular bathing beach. The originally forested
area along the brook in the lower watershed
was gradually developed as playing fields and
picnic facilities.

In 1916, part of Rockefeller Park between
Superior and St. Clair was landscaped to form
the Shakespeare Garden and planted with
English vegetation to commemorate
Shakespeare’s work. In 1926, an adjacent area

was transformed into the Hebrew Garden, and
the idea of a series of gardens honoring
Cleveland’s different ethnic groups and nation-
alities was conceived. By 1939, a total of twenty
different cultural gardens had been land-
scaped, and the Cultural Gardens were formal-
ly dedicated. Figure 2-9 shows the 1939 config-
uration of the Cultural Gardens.Although the
gardens have suffered from some neglect in the
past twenty years, interest in reclaiming them
has recently arisen.

2.7
The Brook in the City: Citizen
Activists and the Fight
for the Doan

The foresight of Gordon,Wade,Ambler,
Rockefeller and others left us an unbroken rib-
bon of undeveloped land along Doan Brook.
This riparian corridor13 has, to some extent,
protected the brook as the city grew around it.
However, the expanding city has eroded the
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The wild romantic valley through which Doan Brook
takes its sinuous way from Doan Street to the lake,
a distance of three miles, is a natural park as
nature has formed and adorned it; a comparatively
small expenditure would render it one of the very
finest parks in the country.

Annual Report of the Cleveland Parks
Commission, 1890

13 A riparian corridor is a strip of undeveloped land immediately adjacent to a stream that buffers it from the surrounding area. See Chapter 4 for more discussion of Doan Brook's riparian corridor.
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integrity of the original park system. Some
threats to the Doan Brook parks have been
deflected by the strenuous efforts of citizens
who live in the watershed,while efforts to pre-
vent other damage have been less successful.

The construction of the University Circle cul-
vert was the first major break in the chain of
the Doan Brook parks. The culvert grew slow-
ly, beginning as one short pipe to carry the
brook under a road here, another short pipe
under another road there. By 1950, develop-
ment in University Circle was so dense —
there were so many roads and buildings —
that the brook had disappeared. The many
short culverts had been connected to form the
long culvert that now carries the brook for
almost a mile between Ambler Park and
Rockefeller Park. Over the top of the culvert,
the brook’s riparian park corridor had
become road medians and parking lots, and
even the location of the stream was forgotten.

A few years after the slow disappearance of
the brook in University Circle, the proposed
construction of the Clark (I-290) and Lee
Freeways threatened to suddenly engulf most
of the upper watershed parks. The alignment
of the freeways was to take them directly over
the Shaker Lakes (see Figures 2-10 and 2-11).
Faced with an obvious assault on a beloved
park, the citizens of the watershed took
action. In 1965, a group of women from local
garden clubs, spearheaded by Mary Elizabeth
Croxton, Jean Eakin, and Betty Miller, formed
the Park Conservation Committee,14 an orga-
nization dedicated to stopping the freeway
construction.

The Park Conservation Committee’s opposi-
tion to the freeways began with the usual
political tactics — they contacted public offi-
cials, wrote letters, and held meetings. The
committee was not satisfied with the conven-
tional approach, though. To increase the

chances that they would succeed in blocking
the freeways, they threw the historic Doan
Brook parks squarely in front of the freeway-
building bulldozers. In 1966, they founded the
Shaker Lakes Regional Nature Center,15 and in
1968 the Nature Center leased 5.5 acres of
land at the proposed location of the major
freeway interchange.16 Here they proceeded to
build the Nature Center building and associat-
ed trails. In 1971 the United States National
Park Service, at the urging of the garden club
ladies and others, named the Nature Center at
Shaker Lakes a National Environmental
Education Landmark. City governments in
Shaker Heights and Cleveland Heights and
other eastside communities rallied around the
Nature Center’s founders and joined their
opposition to the freeways. Ohio’s Governor,
James Rhodes, withdrew state support for the
freeway plan in 1970, and approval for the
freeway construction, which had once seemed
inevitable, was finally withdrawn in 1972.

Efforts to protect the brook and the adjacent
parks from less grave threats have not been so
successful, and there has been some slow ero-
sion of the park system over the years.When
the storage reservoirs at the Baldwin Filtration
plant were built, excavated material was placed
in the lower part of Ambler Park, and an addi-
tional section of the brook was buried. Some
time in the 1970s, an area immediately down-
stream from the Lower Shaker Lake dam
(maintained as a wildflower garden by the
Shaker Lakes Garden Club) was filled in, pos-
sibly to make the dam more secure. Cleveland
also permitted debris from construction in
University Circle to be dumped along the
south side of the Doan Brook gorge opposite
the intersection of Kemper and Fairhill. This
dumping, which took place in 1959 and again
in 1969, was a poorly-engineered attempt to

14 Sometimes called the Greater Cleveland Committee for Park Conservation.

15 Now called the Nature Center at Shaker Lakes.

16 The interchange was to be located on the site of the current Nature Center, near the intersection of South Park, North Park and North Woodland.
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repair slope failures (see Section 5.1.4).
Citizen opposition eventually helped stop the
dumping and forced a proper slope repair, but
not until much damage had been done.

When Interstate 90 was built along the Lake
Erie shore, the freeway cut across the brook
and divided Gordon Park in half. The park was
greatly degraded, and yet another culvert was
built to carry the brook under the freeway. In
the 1970s, the Corps of Engineers further dam-
aged the brook in Gordon Park by beginning
the placement of dredged material in a con-
fined disposal facility17 on the lake shore at the
mouth of the stream. The I-90 culvert was
extended to carry the brook under the dredge
fill area all the way into Lake Erie.Access to the
waterfront was eliminated in a large part of
Gordon Park. Local awareness and opposition

to the site that had been chosen for the Corps
of Engineers dredge spoil area came too late to
have any impact.18

The latest major project in the Doan Brook
parks was built in 1997, when the City of
Cleveland built a flood detention structure on
the brook in Ambler Park immediately down-
stream from Martin Luther King, Jr.,
Boulevard (MLK). This structure was origi-
nally to be built upstream from MLK in the
heart of the Doan Brook gorge. Citizen action
once again changed the fate of the brook, but
this time only by a small amount. The citizens
and city government of Cleveland Heights
opposed the construction of a detention basin
on land in the scenic gorge that was leased by
Cleveland Heights. Their opposition prompted
Cleveland to move the structure downstream

from MLK onto City of Cleveland land.As will
be discussed in Chapter 7, the need for the
detention basin was poorly studied, and its
effectiveness in providing downstream flood
control will be minimal.

As this account demonstrates, the story of cit-
izen action on behalf of Doan Brook is mixed.
Had it not been for the efforts of those who
formed the Park Conservation Committee to
oppose the freeways, there would be very little
of Doan Brook left for us to preserve.
However, other assaults on the park corridor
have not been stopped by public opposition.
Still others have raised little outcry. As the life
of the city continues around the brook, pro-
posals for projects that will eat away at the
riparian corridor and at the brook itself will
continue to arise. Citizens must make the
health of the brook a priority if the stream
and the park system are to survive and thrive
in the future.
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2-11 Clark and Lee Freeway Interchange at Lower Shaker Lake.

From the Nature Center at Shaker Lake collection.

17 The confined disposal facility is essentially a landfill for disposal of material that is dredged from the Cuyahoga River and Lake Erie in order to keep navigation channels clear.

18 The complete name of the dredged material disposal facility is the Diked Disposal Facility Site No. 14. The area is commonly referred to as Site 14 or Dike 14.
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Men travel far to see a city, but few seem curi-

ous about a river. Every river has, neverthe-

less, its individuality, its great silent interest.

Every river has, moreover, its influence over

the people who pass their lives within sight of

its waters.

— H.S.Merriman

The Sowers

Groundwater seeping from the Berea Sandstone forms icicles in the old quarry in Doan Brook gorge. Photograph by L. C. Gooch.

The Doan Brook Handbook
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3.1
Where Is It? The Brook’s Location

The simplest way to describe Doan Brook to
most people is to tell them that the brook flows
west (toward downtown Cleveland) along
North Park Boulevard from Horseshoe Lake
and continues along North Park until North
Park merges with Martin Luther King, Jr.,
Boulevard (MLK) (see Figure 3-1). The stream
then follows MLK all the way to Lake Erie at
Gordon Park.

Some elaboration of this basic description pro-
vides a more complete picture of the brook’s
layout and of how the stream fits into the sur-
rounding city. To place the brook in its sur-
roundings, we will trace it from its upstream
end, considering all three branches of its head-
waters, and work our way downstream into
Lake Erie. Figure 3-1 shows the course of the
stream as it is described in the text.

The north and middle branches of Doan Brook
flow in from the east to form the “horseshoe”
of Horseshoe Lake. The north branch can be
traced upstream to its origin by driving east
along Shelburne Road from the northern arm
of the lake. The modern stream begins south
of Shelburne at Warrensville Center Road. The
middle branch can be traced from the south
arm of the lake by traveling east along South
Park Boulevard to the stream’s beginning at
the intersection of South Park with Shaker
Boulevard andWarrensville Center.1

Downstream from Horseshoe Lake, the joined
north and middle branches flow within the
wooded area between North Park and South
Park. The brook is visible from either road at
the Lower Shaker Lake and can occasionally be
glimpsed in other places. Just upstream from
the Lower Shaker Lake, the branch that flows
from Horseshoe Lake is joined by the south
branch of the stream.

3

If you mention Doan Brook to the average Clevelander, the most likely response will be a
blank look and a question:“Doan Brook?Where’s that?”Yet, chances are that the person
who asks the question has walked or driven along the brook at one time or another.Many
know the Shaker Lakes well, occasionally stroll beside the stream in the Cultural Gardens,
or fish near the brook’s mouth in Gordon Park. Few realize that the stream that flows from
the Shaker Lakes is also the heart of the parks downstream.

In this chapter, we begin our exploration of today’s Doan Brook by looking at the stream’s
location and important physical features. To start, we follow the brook from its origins in
Shaker Heights to its outlet at Lake Erie, thus placing it in the context of the surrounding
landscape. Then, we expand our view to include the brook’s watershed— the land that
gives water to the stream.Diving beneath the ground surface, we look at the relationship
between the brook and groundwater. To complete our understanding of the physical brook,
we look at the topography of the stream and its watershed and at the geology that shaped
the landscape and gave the brook its character. In later chapters, we will use the physical
framework developed here to understand Doan Brook’s biology and hydrology and evalu-
ate the impact of human actions, both past and future, on the brook.

1 Originally, the headwaters of all three branches of Doan Brook were considerably farther east. The stream channels were diverted

into culverts and filled in during development. See Chapter 5 for more discussion.
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Doan Brook’s south branch originates on the
Canterbury Golf Club golf course east of the
intersection of SouthWoodland Road and
Belvoir Boulevard. It flows southwest along the
west edge of the course until it crosses Belvoir
(at Farnsleigh Road), where it enters a culvert
that carries it under Van Aken shopping center
to the southeast corner of the Shaker Heights
Country Club golf course (just west of the
intersection of Warrensville Center and
Farnsleigh). The stream runs north and west
through the golf course until it enters Green
Lake southeast of the intersection of South
Woodland and Lee Roads. From Green Lake,
the south branch continues west into Marshall
Lake, then turns north, cutting across a corner
of the Shaker Heights High School campus
and continuing through the wooded area
between South Park andWest Park
Boulevards. It joins the main stream in the
marsh near the Nature Center at Shaker Lakes.

After the confluence in the Nature Center
marsh, Doan Brook passes through the Lower
Shaker Lake and follows North Park to the
merge with MLK. The stream crosses under
MLK and parallels the road northeast down
the steep hill. At the bottom of the hill (just a
little before the intersection of MLK and
Ambleside Drive), the brook disappears into a
large pipe called the University Circle (or Doan
Brook) culvert.

Doan Brook is hidden underground for almost
a mile in a series of connected pipes that run
along the west edge of the CaseWestern
Reserve University campus and the west side of
the lagoon by the Cleveland Museum of Art.
The brook emerges from the culvert at the bot-
tom of the hill behind (northwest of) the art
museum, near the intersection of East
Boulevard and East 105th Street.After a few

hundred yards of open channel, the brook
dives underground again into a culvert that
carries it through the intersection and into
Rockefeller Park. The brook then flows through
the park, sometimes on one side of MLK and
sometimes on the other, almost as far as Lake
Erie. Just upstream from the intersection of
MLK and Interstate 90, the brook enters yet
another long culvert. This final pipe carries the
stream for over half a mile under the Corps of
Engineers Site 14 dredged material landfill and
into Lake Erie.

3.2
Where Does theWater Come From?
The Doan BrookWatershed

The three branches of Doan Brook can easily
be traced by looking at a map. But where does
the water in the brook come from? Doan
Brook, like every stream, is surrounded by a
watershed2 — that is, an area of land over
which water running along the ground sur-
face (called runoff or surface runoff) will even-
tually flow into the stream. The watershed’s
shape, topography, and land use determine
the amount and quality of the water in the
stream.Any exploration of Doan Brook must
therefore encompass the watershed as well as
the brook itself. In this section, we look at the
watershed outline, defining the part of the
landscape that drains into Doan Brook.We
will consider the watershed’s topography in a
later part of this chapter and watershed land
use in Chapter 5.

The Doan Brook watershed is an 11.7 square
mile area located in Cleveland, Cleveland
Heights, and Shaker Heights (Figure 3-1). The
watershed is shaped something like a back-
ward comma, with a narrow top along Lake

Brook Location Facts (see Figure 3-1)

Doan Brook Length: About 8.4 miles
(along the north
branch)

Watershed Area: 11.7 square miles
7,500 acres

Location: Doan Brook arises in Shaker Heights
(three branches) and flows west and northwest
through Shaker Heights, Cleveland Heights,
University Circle, and Cleveland. The brook
reaches Lake Erie near the eastern edge of
Gordon Park in Cleveland. The stream is the
center of the Shaker Lakes parks, Ambler Park,
Rockefeller Park, and the Cultural Gardens.

Lakes: There are four lakes on Doan Brook:
Horseshoe Lake (sometimes called Upper
Shaker Lake) at the confluence of the north and
middle branches; Green and Marshall Lakes on
the south branch; and the Lower Shaker Lake
downstream from the confluence of the north
and south branches. Two additional lagoons,
the Wade Park Lagoon and the Rockefeller
Park Lagoon, sit next to the brook. These
lagoons are filled from the City of Cleveland
drinking water system and drain into the brook.

Culverts: There are two significant culverts on
Doan Brook. One, the University Circle culvert,
carries the stream for just under a mile from
the intersection of Ambleside and MLK to a
point behind the Cleveland Museum of Art. The
other carries the brook for 3,300 feet beneath
I-90 and the U.S. Army Corps of Engineers Site
14 dredge spoil landfill and into Lake Erie.

2 Also called a drainage area or drainage basin.



3 The Shape of the Brook: Physical Features That Form the Stream

23

The Doan Brook Handbook

Erie to the north, a wider middle, and a some-
what narrow tail that points east.

In the northern part of the watershed, near
Lake Erie, almost all drainage reaches the
stream from a narrow strip of land between
the stream and a point about one half mile to
the east. Rain that falls more than a few hun-
dred feet west of the stream flows directly into
Lake Erie, without ever entering the brook.

Upstream from University Circle, the water-
shed turns east and widens out to the north
and south, until, at Coventry Road, it extends
from near Mayfield Road as far south as Van
Aken Boulevard. The watershed then narrows
again, until it only includes the area between
Fairmount Boulevard (or sometimes a few

blocks north) and Van Aken. The eastern
boundary of the watershed generally lies
between Green and Richmond Roads.

Most runoff reaches Doan Brook via storm
sewers, which collect water from yards,
rooftops, and streets and give it an under-
ground expressway directly to the stream.
Storm sewers in some areas have been rerout-
ed so that they divert water from outside the
natural watershed into Doan Brook, thus
making the current watershed larger than the
brook’s original drainage area.3 Although
most runoff reaches the brook via the storm
sewers, a small amount of water flows directly
to the stream from its immediate surroundings.

3.3
Why Does the Brook FlowWhen It
Isn’t Raining? The Contribution of
Groundwater

3.3.1
The Influence of the Groundwater
System

Just as Doan Brook has a surface water
drainage area— an area over which rain that
falls and remains on the ground surface flows
into the brook— the stream also has a
groundwater drainage area.4 Rain that falls
within the groundwater drainage area and
soaks into the ground (infiltrates) eventually
flows to the brook, entering the stream through
its bed and banks. Groundwater flow is much
slower than surface water flow, since water that
is absorbed into the groundwater reservoir is
released gradually.

Because of the ground’s slow absorption and
release of water, the groundwater system is a
kind of regulator for flow in the stream. Flood
peaks are lowered as water is absorbed into the
ground, to be released over a period of hours,
days or weeks, long after the peak surface
runoff has passed downstream. Some of the
water from spring rains is released to the
stream during the drier parts of the summer,
maintaining flow in the stream (called base
flow) even when there has been no recent rain.
The steady trickle of base flow in Doan Brook
during dry periods is critical to the health of
the stream’s aquatic environment.We will see
in Chapter 5 that human activities have
changed the brook’s groundwater system and
the base flow, just as they have changed its sur-
face watershed.

3 Changes to the watershed’s original size and shape will be discussed more thoroughly in Chapter 5.

4 Groundwater is the term used to refer to water that soaks into the soil and then flows within the matrix of soil or rock particles. Many people picture groundwater as a series of streams flowing in caverns

beneath the ground. This is only rarely the case. Most of the time, and certainly in the Doan Brook watershed, groundwater works its way through the soil or rock itself, winding tortuously among the soil

particles or through small fissures in the rock. If you dig into the groundwater zone beneath the Doan Brook watershed, all you will find is wet soil or rock.

Figure 3-2 Horseshoe Lake lies at the confluence of the north and middle branches of Doan Brook. Photograph by L. C. Gooch.
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3.3.2
Doan Brook’s Groundwater System

Groundwater systems are complicated, and
they are hidden, so it is more difficult to define
Doan Brook’s groundwater drainage area than
it is to define its surface watershed.A stream’s
groundwater drainage area may not be the
same as the surface water drainage area. In
fact, there are typically several different
groundwater systems (or aquifers5 ) stacked
one on top of the other beneath a single sur-
face watershed. Each of these stacked aquifers,
which are separated by almost water-tight lay-
ers of rock or clayey soil, may have a different
drainage area. That is, infiltrated rainfall may
reach each of the stacked aquifers from a dif-
ferent part of the overlying land surface.

Because groundwater systems are hidden and
complex, a great deal of study is required to
define the precise interactions of groundwater
with any given stream. The groundwater sys-
tems that underlie the Doan Brook watershed
have never been examined in detail, but we can
make the following generalizations about the
brook’s interactions with the local groundwater:

• There is a shallow groundwater aquifer that
probably corresponds approximately to the
surface watershed in the upper Doan Brook
watershed.Water from this shallow aquifer
enters the brook through the stream’s bed
and banks.Most rain that falls in the upper
part of the Doan Brook surface watershed
and is absorbed into the ground probably
ends up in this surface aquifer and eventual-
ly flows into Doan Brook. The clayey and
silty glacial till soils (see Section 3.5) that
make up the aquifer resist the flow of water,
so rainfall infiltrates slowly and inches its
way through the soil toward the stream.

• There is probably a shallow aquifer in the
lower watershed similar to the one in the
upper watershed. Soils in the lower watershed
are generally thin layers of sand, silt, or clay
laid down under ancient lakes (see Section
3.5). Rain will infiltrate into these soils and
move toward the stream relatively quickly.

• There are deeper aquifers in rock layers that
lie under the shallow soils in the upper
watershed. In the far eastern part of the
watershed, these rock layers pass completely
under the brook and have little or no contact
with the stream.As the stream cuts down
through the rock in the Doan Brook gorge,
water from the aquifers within the rock lay-
ers seeps into the stream.6 The water that
emerges in the gorge originally enters the
aquifers where the rock layers are near the
surface or in contact with another aquifer.
Flow into the bedrock aquifers occurs in
many places over an area much larger than
the Doan Brook surface watershed. The
deeper rock layers found under the upper
watershed are absent beneath the lower
watershed.

To summarize, there are shallow aquifers in the
upper and lower Doan Brook watersheds and
also some deeper aquifers beneath the upper
watershed. The shallow aquifers absorb and
slowly release some of the rain that falls in the
watershed, reducing flood flows and increasing
flows during dry periods. Because of differ-
ences in the upper and lower watershed soils,
the shallow aquifer in the upper watershed will
absorb less rainfall and release it more slowly
than the shallow aquifer in the lower water-
shed. The deeper aquifers also contribute to
dry weather flow by carrying some water from
both inside of and outside of the surface water-
shed to the brook.

Groundwater Use in the Doan Brook
Watershed

Water supply in Cleveland is now taken from
Lake Erie, so there is little modern groundwa-
ter use in the Doan Brook watershed. However,
groundwater was once an important resource
here. Water from springs or wells was used by
many of the early settlers as their primary
water supply.

In Wade Park, in what is now part of the
Japanese Garden at the Cleveland Botanical
Garden, there was a drinking water spring
“…to which people from miles around came
with jugs, pails and bottles, on foot, with boy’s
wagons, and in buggies and on bicycles.”
(Mead 1956).

Shaker Elder James Prescott wrote of the
Shaker Mill Family (who lived southwest of the
current intersection of North Park and
Coventry):

They have an excellent spring of pure, soft,
water — a never failing spring, coming out from
between two sand stones, which has been run-
ning for more than fifty years, and how much
longer we cannot tell. It is used for washing,
bathing, and cooking purposes. It is carried in
pipes to the kitchen and pumped into the boilers.

— James Prescott, 1880

5 An aquifer is a layer of soil or rock that is capable of transmitting significant quantities of water. Some material, such as clay, can

transmit very little water and will not generally be thought of as an aquifer. Other material, such as sand, gravel, or sandstone, can

transmit significant quantities of water.

6 Groundwater can be seen seeping from the rock layers in the sides of the Doan Brook gorge and on the face of the steep hill

between the lower and upper watersheds.
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3.4
How Is It Shaped? Brook and
Watershed Topography

Over the millenia,Doan Brook and the glaciers
that preceded it have shaped the land of the
Doan Brook watershed into the topography we
see today. The brook, like any stream, has an
intimate relationship with the surrounding land.
The topography shapes the brook, determining
howmuch water flows to the stream, howmuch
energy the stream can gather as it runs down-
hill, and howmuch water the streammust carry
in a flood.At the same time, the stream shapes
the topography, cutting channels, ponding to fill
flood plains, and eroding waterfalls.A good
understanding of the stream and watershed
topography is needed if one is to grasp how the
stream will behave in a drought or in a flood.

The Doan Brook watershed is made up of
three distinct areas, each of which has its own
character (see Figures 3-3 and 3-4). These
areas are:

• The Lower Watershed, or Lake Plain,
is the relatively flat area that immediately
adjoins Lake Erie, extending as far south as
the hill just northwest of the Cleveland
Museum of Art. The watershed here is gen-
erally level and prone to puddles, with soils
made up of layers of fine sands, silts, and
clays. Occasional ridges parallel to the Lake
Erie shore break the otherwise uniform ter-
rain. Doan Brook takes a meandering
course through a broad, shallow valley
across the Lake Plain.

• The Escarpment (formally called the
Portage Escarpment) is the sloped section of
land that joins the Lake Plain with the high-
er ground to the south and east.Along Doan
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Brook, the Escarpment extends from the
base of the hill northwest of the Cleveland
Museum of Art to a point near the intersec-
tion of Bellfield Avenue (Roxboro School)
and North Park Boulevard.Watershed slopes
in the lower part of the Escarpment are rela-
tively gentle, while steeper and longer slopes
are found as you move farther up. The soils
along the Escarpment are generally thin tills
or silty clay, with shale or sandstone bedrock
exposed in many places along the stream.
Rainfall runs quickly into the brook from
the steep Escarpment slopes, and the stream
channel takes an almost straight track down
the hill from the Plateau.

• The Plateau includes the entire upper
watershed above the uphill edge of the
Escarpment. This part of the watershed,
which is the northwest margin of the
Appalachian Plateau, is characterized by
rolling topography and thin clayey silt
glacial till soils. Bedrock is generally shale,
with some sandstone.Along the brook, the
upper watershed begins at a point near the
intersection of Bellfield and North Park. The
boundary between the Escarpment and the
Plateau runs northeast and southwest from
this point.Although the land is steeper here
than in the Lake Plain, slopes are gentle
enough that the brook cuts a winding chan-
nel through the broad, shallow valley of its
flood plain.

The shape of Doan Brook results from the
watershed’s topography. The moderate slopes
of the Plateau and the shallow slopes of the
Lake Plain allow the brook to meander and
create shallow valleys. The steep Escarpment
leads to a straight, fast-flowing stream that has
carved out a gorge as it cut its way down to the
Lake Plain. In the next section, we will explore

For a bicyclist, the intersections of the Lake
Plain with the Escarpment and the
Escarpment with the Plateau are easy to
identify. If you begin in the Lake Plain at Lake
Erie and ride away from the lake along the
Doan Brook (following the Martin Luther
King, Jr., Boulevard (MLK) bike path), the rid-
ing is flat and easy — almost effortless. Easy
riding continues until you reach the traffic
circle at the intersection of East Boulevard,
East 105th Street, and MLK.

At this point, you have come to the intersec-
tion of the Lake Plain with the bottom of the
Escarpment, and you are about to begin scal-
ing the Escarpment. The climb starts with the
short, sharp hill that leads to Wade Park. Past
University Circle, you continue to climb,
pausing to catch breath on an occasional

level spot. First you must overcome the main
face of the Escarpment — the long steep hill
along Edgehill Road, MLK, Cedar Road, or
Fairhill Road. Above the main face, you have
a more gradual climb until you reach a point
where the land begins to level off. This point,
which is generally a bit west of Coventry
Road, is the intersection of the Escarpment
and the Plateau.

Once you have reached the Plateau, the land
begins to roll a bit, but maintains a gentle uphill
trend to the watershed boundary. If you continue
riding east to a point just west of Richmond
Road, you will suddenly find yourself coasting
down hill as you cross the watershed boundary
into the Chagrin River watershed or one of the
other adjoining watersheds.

Experiencing Topography Firsthand: The Watershed by Bicycle
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how the watershed’s three distinct topographic
regions were formed. The impact of this topog-
raphy on the stream’s behavior is one of the
topics of Chapter 7.

3.5
The Bones of the Doan:Watershed
Geology and Soils

The geology of a watershed is the framework
upon which watershed topography is built.
Although details of Doan Brook’s geology may
be of interest primarily to geology buffs (who
should see Appendices E and F), a basic under-
standing is a useful underpinning for an effort
to manage the watershed.

The three topographic regions of the Doan
Brook watershed, the Lake Plain, the
Escarpment, and the Plateau, were created by
the intersection of the uplifted Appalachian
Mountains to the east with the gouged-out
basin of the ancestor of today’s Lake Erie.
About 600 million years ago, all of northeast
Ohio was covered with an intermittent inland
sea.When the predecessors of today’s
Appalachian Mountains began to rise to the
east, soil eroded from the mountains and was
carried into the sea and deposited in a series of
layers of mud, silt, and sand. Erosion continued
for many millions of years. Over time, buried
layers of sediment were compressed into rock,
becoming the layers of sandstone and shale
that now underlie the upper watershed and can
be seen in the Doan Brook gorge.

Eventually (about 300 million years ago), the
sea retreated for the last time. Long after this,
beginning about 2 million years ago, glaciers
advanced from the north. They enlarged exist-
ing river valleys to create the basins of the
ancestral Great Lakes, gouging Lake Erie into
the still rising edge of the Appalachian
Mountains.As the mountains rose, they elevat-
ed the layers of sedimentary rock laid down by
the inland sea, thus creating the Plateau topo-
graphic region. The advancing glaciers cut
through the sedimentary rock to carve the edge
of the lake into the Plateau.

When the glaciers finally retreated, only about
15,000 years ago, they left a layer of jumbled
clay, silt, and sand called glacial till on the sur-
face of the Plateau’s shale and sandstone. This
glacial till forms the soil and shallow subsur-
face material of the upper watershed.As the
glaciers continued to retreat, the ancestor of
Lake Erie was trapped between the edge of the
glacier to the north and the edge of the
Appalachians to the south. The lake,much
larger than today’s Lake Erie, carved a series of
cliffs into the edge of the Appalachian Plateau.
These cliffs, at the intersection of the Plateau
and the ancient lake, are the topographic
region that is now called the Escarpment.

As the lake ate at the edge of the Plateau, new
sediments were carried from the uplands and
deposited in the lake, forming the layers of silt,
sand, and clay that we now find beneath the
lower watershed. Over time, the lake retreated
toward its current shore, leaving the flat Lake
Plain crossed by a series of ridges that attest to
the locations of past shores and beaches.

Figure 3-5 Doan Brook cascades over the edge of the Berea Sandstone as it works its way down the Portage Escarpment.

Photograph by L. C. Gooch.
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While quite small I went with my father and
other men from the village to shoot pigeons
from the bank or ridge overlooking what is
now the Art Garden and lake. This ridge,
opposite Wade Park Manor, was at that time
rather an open grove with some very fine
chestnut and other forest trees upon it. This
was when those beautiful birds, the passenger
pigeons, still flew in countless millions, at
times shutting out the sunlight, as they some-
times flew in strata, seven or eight deep, thus
causing midday twilight, while the sound of
their myriad wings was like surf on the shore.

— Charles Asa Post

Doans Corners and the City Four Miles West

Red-tailed hawk at the Nature Center at Shaker Lakes. Photograph by L. C. Gooch.

The Doan Brook Handbook
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Who Else Lives Here? The Natural Environment of the Brook

4.1
Vegetation Along the Brook and
in theWatershed

The Doan Brook riparian corridor hosts a vari-
ety of plant associations, including woodlands,
marshes, landscaped picnic areas,manicured
cultural gardens, decaying orchards, turf, and
riparian and aquatic vegetation.Vegetation in the
urban areas that surround the brook is similar to
vegetation in the riparian corridor, but the urban
plant communities are even more heavily influ-
enced by deliberate planting and landscaping.

The watershed’s vegetative communities can
usefully be divided into three areas that corre-
spond to its topographic regions: the upper
watershed, or Plateau; the Escarpment; and the
lower watershed, or Lake Plain.1 Even in the
least disturbed parts of the brook’s riparian
corridor, clearing, planting, and the invasion of
naturalized exotic species2 have changed the

vegetation. However, the dominant vegetation
in any area is still heavily influenced by the
basic environmental conditions that vary with
the topography: climate, soil, and the types of
native vegetation that colonized the area after
the retreat of the last glaciers 15,000 years ago.
The plants found in each vegetative region
under current conditions and when Moses
Cleaveland arrived are discussed briefly here.
Detailed results of a number of vegetation sur-
veys are included in Appendix G.

• Vegetation of the upper watershed
— In the upper watershed, the Doan Brook
riparian corridor is home to dense, tall-treed
forest, the marshes associated with the
Shaker Lakes, and the extensively planted
areas around the lakes. In the forested areas,
two general vegetative associations domi-
nate: forests of drier, upland areas, and
forests of wetter, lowland areas.

1 The watershed’s topographic regions are discussed in Chapter 3, and their locations are shown on Figures 3-3 and 3-4.

2 A variety of non-native species (called exotic species) have been imported to the area either deliberately or accidentally. Some of

these have become nuisances, spreading quickly and crowding out native plants. Such rapidly spreading, aggressive, non-native

species are generally referred to as invasive exotics.

As we have seen, the nearly impenetrable forest interspersed with impassable swamps of the
natural Doan Brook watershed did not please the first settlers. They did their best to tame
the land as quickly as possible. By the mid 1800s,much of the forest was gone, along with
much of the wild community that had inhabited it. By the early twentieth century, the
urbanization of the area was complete. The watershed’s original explorers would hardly
have recognized it.

In the midst of the urban development, the philanthropists and park planners preserved a
bit of open land in the line of parks that extends along Doan Brook from Lake Erie to
Horseshoe Lake (see Figure 2-8). Some of these parks were landscaped and have been
intensively managed; other areas were either left relatively undisturbed or have drifted
back to an unmanaged condition. The ribbon of park land along the brook forms its ripari-
an corridor— the strip of undeveloped land immediately adjacent to the stream that
buffers it from the surrounding city. Doan Brook’s riparian corridor is the watershed’s only
link to its original wilderness. Some of the watershed’s native vegetation still survives
there, and the corridor is home to a surprising variety of wildlife. The vegetation and
wildlife that make their homes along the brook and in the stream itself are the subject of
this chapter.

4
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The Pre-Settlement Forest

The largest area of relatively undisturbed
upland forest in the upper watershed lies
along the brook between Horseshoe Lake
and the Lower Shaker Lake. Northern red
oaks, beeches, and sugar maples are the
dominant trees here, with a significant num-
ber of tuliptrees and a variety of other
trees.3 This area was probably almost com-
pletely cleared for farmland and lumber by
the Shakers. The current woodland thus
dates from about 1900, but it nonetheless
hosts some magnificent trees. The red oaks
and tuliptrees found here are typical of the
early development of this type of forest,
while the beeches and sugar maples will
dominate the forest when it becomes fully
mature. If left to themselves, the trees of this
area will some day resemble those found by
Moses Cleaveland.

A representative stand of wet, lowland forest
lies along the brook immediately south of
the Nature Center at Shaker Lakes. The bot-
tomland along the stream is dominated by

In the 1940s, Arthur B. Williams of the
Cleveland Museum of Natural History surveyed
historical records and the remaining old-
growth trees of Cuyahoga County to develop a
picture of what the forests of the county would
have looked like when Moses Cleaveland
arrived in 1796. This discussion of the original
forests of the Doan Brook watershed is based
on Williams’ research (Williams 1949), with
some input from naturalists from the Nature
Center at Shaker Lakes.

Upper Watershed

In the drier parts of the upper watershed, the
forests that Moses Cleaveland found consist-
ed of a beech-sugar maple climax forest, in
which these two species made up almost
ninety percent of the trees. Red maples, tulip-
trees, white ashes, cucumber-trees, and tupe-
los were found scattered among the dominant
species. The forest that now lies along the
brook between Horseshoe Lake and the
Nature Center most closely resembles the
native upland forest.

In swampy areas of the upper watershed, the
forest was dominated by American elms, black
ashes, and red maples, with swamp white
oaks, basswoods, and bitternut hickories in
smaller concentrations. Willows were found
along stream banks where enough light fil-
tered through the trees.

Escarpment and Gorge

Near the Escarpment edge, where the soil
becomes drier, the pre-settlement beech-
maple forest of the upper watershed was
replaced by white oaks and chestnuts, with
red, scarlet, and chestnut oaks, shagbark and
pignut hickories, and sassafras in smaller
numbers. Near the bottom of the Escarpment
slope, where moisture increases again, the old
forest regained a character closer to that of
the beech-maple forest on the Plateau.
Hemlocks dominated the cool, dark ravine of
the Doan Brook gorge. Yellow and black birch-
es, tuliptrees, basswoods, and some beeches
or maples were also found in the ravine.

Lower Watershed

The native forests in the lower watershed
were mixed, with drier areas such as old
beach ridges and valley slopes resembling the
Escarpment forest and moist bottomlands
resembling the forests of the upper watershed
swamps. Silver maples, black walnuts, and
butternuts were also present, as were stands
of pin oaks with occasional tupelos. Beech-
maple forest could be found on the slopes of
the brook valley.

3 See the tables in Appendix G for the scientific names of the trees mentioned.

Figure 4-1 This photograph of the Doan Brook gorge near North

Park Boulevard and Delaware Road in 1894 demonstrates that the

land was almost completely cleared by early settlers. Photographer

unknown. From the Nature Center at Shaker Lakes collection.
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silver maples, cottonwoods, and pin oaks,
while the drier slopes of the valley provide
habitat for northern red oaks, hemlocks,
white oaks, and hickories.

Understory trees and bushes throughout the
unlandscaped parts of the upper watershed
include a variety of dogwoods,American
hornbeams, hophornbeams, alders, black-
berries, and viburnums. The upper water-
shed is also home to a wide range of wild
flowers and other ground covers. Exotic
invasives such as Japanese knotweed, garlic
mustard, and yellow iris are prominent.
Native plants such as poison ivy, jewelweed,

hepatica, solomon’s seal, spring beauty, and
trillium can also be found. The wetland
areas at the upstream ends of Horseshoe
Lake and the Lower Shaker Lake are domi-
nated by cattails and are home to a variety of
wetland vegetation such as invasive purple
loosestrife, nightshades, hairy willow herb,
and cord grass.

• Vegetation of the Escarpment and
the Doan Brook gorge—The forest
along the Doan Brook riparian corridor
continues as the stream descends the
Escarpment, but the character of the vege-
tation changes. Near the upper edge of the

Escarpment (approaching from the east),
the slope of the land steepens and the
channel of Doan Brook begins to deepen
until it becomes the gorge. The increasing
slopes and the ravine create two different
environments for vegetation. On the slopes
of the Escarpment and the sides of the
ravine, runoff is rapid, and the shallow soils
have limited water-holding capacity. Here,
the vegetation is characteristic of relatively
dry environments. By contrast, the heart of
the Doan Brook gorge is cool and relatively
moist, since the gorge sides shield vegetation
from sunlight and groundwater seeps from
the exposed bedrock layers.

The forest along the dry Escarpment edge
and upper slopes of the gorge is dominated
by red,white, and chestnut oaks, with some
cucumber-trees and shagbark hickories. The
forest here is quite similar to the pre-settle-
ment forest, except that the chestnuts that
were once prominent are gone, having suc-
cumbed to the blight that began in the 1920s.

Within the ravine itself, red and sugar maples
dominate, along with red oaks, tuliptrees, cher-
ries, and yellow birches. In wetter parts of the
ravine, cottonwoods, sycamores, and green
ashes join the maples and cherries,while tulip-
trees, birches, and oaks are generally absent.
There are still remnants of the hemlocks that
once dominated the ravine,but their ranks
have thinned since the dense surrounding for-
est was cleared, reducing the deep, cool shade
in which hemlocks thrive.

Understory saplings and shrubs generally
consist of honeysuckles, viburnums, and
cockspur thorn on the Escarpment. In the
ravine, these species are joined by dog-
woods, hornbeams, buckthorn, cranberry,
poison ivy, and similar species. Herbaceous

Figure 4-2 A Canada goose browses on garlic mustard near the Nature Center at Shaker Lakes. Garlic mustard is an invasive exotic

plant that is now common along Doan Brook. Photograph by L. C. Gooch.
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Pre-Settlement Wildlife

plants are found mostly in the ravine and
include nightshades, avens, asters, garlic
mustard, jumpseed, jewelweeds, knotweeds,
etc.Where the ravine floor becomes swampy,
marsh vegetation such as smartweed and
swamp dock can be found.

• Vegetation of the lower watershed
—Remnants of the lower watershed’s native
forest can still be found in Rockefeller Park.
American elms, black ashes, silver maples,
pin oaks, and tupelos make up much of the
level woodland along the brook,while beech-
es, sugar maples, tuliptrees, cucumber-trees,
white ashes, and tupelos are found in some
areas on the sloping valley sides. The tops of
the valley sides and the sandy remains of
lake beach ridges are home to oaks (black,

white, red, and scarlet) and tuliptrees. The
chestnuts that were once found on the tops of
slopes and on the beach ridges are gone, and
many American elms have fallen to Dutch
elm disease.Although there are a number of
native trees along the brook in the lower
watershed, Rockefeller Park has been heavily
landscaped and planted since before 1900,
and non-native trees have been introduced.
As a result, the part of the lower watershed
along the brook offers the opportunity to see
interesting non-native species as well as rem-
nant stands of native vegetation.

Understory vegetation in the lower water-
shed consists of dogwoods, hornbeams,
viburnums, rhododendrons, azaleas, and
honeysuckles, as well as a number of other
introduced plants. Non-native ground covers
such as English ivy,myrtle, and pachysandra
dominate the herbaceous vegetation.

4.2
Wildlife Along the Brook and in the
Watershed

The riparian corridor along Doan Brook is rela-
tively small, and it is isolated by the surround-
ing city. It is, nonetheless, home to a variety of
birds,mammals, and reptiles.An hour’s spring
stroll along the brook can reveal warblers and
woodpeckers among the trees, waterfowl dab-
bling and diving in the lakes while heron fish
nearby, a bird of prey soaring overhead,
muskrat and turtles in the marsh, and an occa-
sional browsing deer. The presence of so many
different species indicates that the brook is an
important ecological resource. The surprising
lack of some other species shows the impact of
the surrounding city. The species that are pre-
sent and those that are absent are explored in
the following sections.

When the first Europeans arrived in the Doan
Brook watershed, they found abundant
wildlife, including deer, bear, wildcat, wild
turkey, and passenger pigeons, as well as a
few elk and bison. Rattlesnakes were evidently
common, since they figure prominently in
almost every early account. In 1797 the sur-
veyors found that grilled rattler was quite
tasty, at least when other food ran short.
Smaller and less disconcerting animals were
undoubtedly also abundant, although early
settlers rarely found them worthy of mention.
Melinda Russell remembered bears, wolves,
and rattlesnakes from 1813:

…the bears killed a nice shoat in harvest time…
the wolves came into enclosures for four winters
but the sheep fold was built so high that they
could not get over it…Rattlesnakes were com-
mon, and surprised us often, but only one ever
came within six feet of the house.

—Melinda Russell, 1880

Reports of large wildlife ceased by the mid
1800s. However, the brook continued to sup-
port abundant fish life well into the nineteenth
century, as remembered by Asa Post (refer-
ring to events that happened in about 1860):

In the spring, the suckers came up the brook from
Lake Erie to spawn; great schools of them. How
they got above the [Cozad and Crawford mill]
dams, I don’t know, but I saw them up near Cedar
Road with men and boys by torchlight, catching
them on the “riffles” in such numbers that they
were carried off in gunny sacks.

— Charles Asa Post, 1930

Figure 4-3 Virginia waterleaf at the Lower Shaker Lake wild-

flower garden. Photograph by L. C. Gooch.
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4.2.1
Birds

Over 161 species of birds were documented
along the upper Doan Brook between 1997 and
1999; 217 species have been sighted there since
1966 (see Table G-5 in Appendix G). The Site
14 area on Lake Erie at the mouth of the brook
offers an even wider variety of birds, with 266
species documented there since 1980.Many
species of birds, including most of eastern
North America’s brightly colored warblers, use
the brook’s riparian corridor as a migration
stop during the spring and fall.Waterfowl
ranging from the ubiquitous mallard to gaudy
wood ducks, three species of mergansers, gad-
walls, a variety of other ducks, coots, several

species of grebes, and an occasional loon pause
at the Shaker Lakes in the early spring and late
fall. Red-tailed hawks breed around the lakes
and probably in the lower watershed as well.
Other raptors ranging from sharp-shinned and
Cooper’s hawks to an occasional osprey and a
rare bald eagle (seen in the fall of 1999) hunt
along the stream corridor.

Common birds that frequent suburban gar-
dens, such as chickadees, nuthatches, blue
jays, house sparrows, and house wrens, make
up most of the birds that nest along the
brook. However, some birds that require less
suburban habitats can be found breeding in
some parts of the watershed. In recent years
green heron, killdeer, spotted sandpiper, and

belted kingfisher have bred at the Shaker
Lakes. Red-headed, red-bellied, downy, and
hairy woodpeckers nest in snags and dead
trees that are left standing in the brook corri-
dor. Eastern wood peewees, great crested fly-
catchers, and red-eyed vireos also nest in the
more wooded areas. Carolina wrens have
joined the many song sparrows and red-
winged blackbirds breeding in the marsh and
scrub near the Nature Center for the past few
summers. Beautiful wood ducks as well as
mallards and Canada geese raise their young
on the Shaker Lakes.

As more and more of the land along the
migration pathways of North America’s birds
is developed, small areas like the land sur-
rounding Doan Brook become increasingly
important to successful bird migration.
Although none of the species that are regularly
seen along Doan Brook are listed as threatened
or endangered, some of the warblers and other
birds that make use of parks appear to be
declining in numbers,4 making it important to
preserve migratory as well as breeding habitat.

4.2.2
Mammals

The riparian corridor along Doan Brook pro-
vides a small haven in an urban setting and is
home to a variety of mammals (see Table G-6
in Appendix G).Many of these animals —
opossum, raccoon, fox squirrel, eastern chip-
munk, skunk, and woodchuck— are com-
monly found in the suburbs. Others are more
surprising. In recent years, a small population
of white-tailed deer has made its home along
the brook in spring and fall, apparently breed-
ing in the immediate area. Flying squirrels
were found between the Nature Center and Lee

Figure 4-4 American phoebe chicks beg for food near the Lower Shaker Lake dam. Photograph by L. C. Gooch.

4 It is difficult to assess whether observed declines and increases in species numbers have long-term significance or are simply the result of periodic fluctuations in bird populations. However, northeast

Ohio’s habitat for migrating birds has indisputably decreased as suburban land use has increased.
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Macroinvertebrates: Water Quality
Canaries

Road during a survey made in 1979. Three
species of bat and several species of mole and
shrew are also present.A careful observer can
routinely see muskrat swimming in the brook
and occasionally spot a red fox. Finally, coyotes
are considered possible but unconfirmed
along the brook.

4.2.3
Reptiles and Amphibians

A detailed survey made in 1979 revealed unex-
pectedly low populations of amphibians and
reptiles along Doan Brook (see Table G-7 in
Appendix G for survey results). Red-backed
and two-lined salamanders were present in
small numbers; however, the dusky salaman-
der and spotted newt, which would be expect-
ed, were absent.A few frogs and toads were
present, but numbers were again small, and
those found were believed to be releases. Only
small numbers of snakes were found, in con-
trast to the large numbers of rattlesnakes and
other snakes reported by early settlers.5 Unlike
other reptiles and amphibians, turtles were
abundant and varied in the Shaker Lakes.
Many representatives of both native and non-
native species were found during the survey.

Although no detailed studies of the reptile and
amphibian population have been performed
since 1979, the findings of the 1979 study
appear to remain valid.A few green frogs are
audible around the Lower Shaker Lake in the
spring and summer, and many turtles are visi-
ble in both lakes. Salamanders, snakes, and
toads remain rare.

Several factors may account for the low num-
bers of reptiles and amphibians.Many of these
animals lay their eggs directly in the waters of
the brook.Water contamination from heavy

spring salt runoff from the surrounding road-
ways may have a primary role in preventing
them from breeding. Generally poor water
quality in the brook may also have a negative
impact, as may elimination of pools in the
flood plain where some of these animals breed.
Frequent flooding that washes out the flood
plain pools may also be a factor. Finally, these
species are not highly mobile, and the isolation
of the Doan Brook riparian corridor, cut off
from other natural areas by the surrounding
suburbs,makes the recruitment of new indi-
viduals difficult once a population has been
destroyed. It is possible that early clear-cutting
by the Shakers eliminated the habitat for some
species, and some may have been wiped out by
much poorer water quality in the 1960s and
1970s. Once eliminated, reptiles and amphib-
ians cannot readily recolonize Doan Brook
without human intervention.

4.3
Who Lives in the Brook? Lake and
Stream Dwellers

The primary inhabitants of Doan Brook and its
lakes are a variety of turtles (discussed in
Section 4.2), a few pollution-tolerant fish, and a
number of small creatures called macroinver-
tebrates that dwell in the streambed and on the
lake bottoms. Fish species that have been
observed in the Shaker Lakes in recent years
include green sunfish, fathead minnow, and
goldfish. Shiners and common carp were noted
in the brook upstream from Martin Luther
King, Jr., Boulevard in 1994. Table G-8 in
Appendix G lists the observed fish species.All
of these fish are usually found in stressed
aquatic environments. Causes of stress in Doan
Brook include relatively poor water quality
(discussed in Chapter 6) and very low flows

5 Rattlesnakes have been largely extirpated in northeast Ohio.

Macroinvertebrates are invertebrates (animals
without backbones) large enough to be seen
without a microscope. Macroinvertebrate
species include aquatic insect larvae, crus-
taceans, aquatic worms, and shellfish, among
others. They live on the bottoms of lakes and
in streambeds, and form an important link in
the ecology of any body of water. Just as a
healthy canary indicates a mine with good air
quality, a healthy macroinvertebrate communi-
ty indicates a stream with good water and
habitat quality. As a result, macroinvertebrate
surveys are often made as part of an effort to
assess the health of a stream.
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during dry periods. In addition, the physical
barriers to fish migration from Lake Erie (such
as the culvert at the mouth of the brook, the
University Circle culvert, and the Shaker Lake
dams) and the physical modifications to the
stream channel, particularly in Rockefeller and
Ambler Parks,make it difficult or impossible
for fish to migrate into the brook from Lake
Erie as they once did. Because of these barri-
ers, aquatic species that may have been elimi-
nated by past poor water quality cannot reestab-
lish themselves naturally. Finally, frequent high
flows make it difficult for aquatic plants and ani-
mals to become established.

The macroinvertebrate community in Doan
Brook was examined at one site in 1974 and at
a number of sites in 1998. Similar surveys of
the Shaker Lakes were made in 1973, 1974,
1979, and 1998. The surveys of the brook
found a variety of organisms, including
aquatic worms, flatworms, leeches,6 mollusks,
crustaceans, sponges, and a number of insect
larvae (see Tables G-10 and G-11 in Appendix
G).As is discussed further in Chapter 6, the
type and number of macroinvertebrates
found indicate that conditions in the brook
range from poor, largely in the upper water-
shed, to good downstream from the Lower
Shaker Lake and in the lower watershed.

Samples taken in the Shaker Lakes indicate
that the macroinvertebrate community in the
lakes is less diverse and includes fewer organ-
isms than the stream community, probably as
a result of muddy lake bottom conditions that
do not encourage macroinvertebrate success.

4.4
Who Might Live Here? Habitat
Potential of the Brook and Its
Surroundings

In 1977, the Institute for Environmental
Education compiled a list of 31 fish species
that probably inhabited Doan Brook under
original stream conditions (see Table G-9 in
Appendix G).A similar list compiled in 1994
identified twelve species that might once have
been found in the gorge upstream from Martin
Luther King, Jr., Boulevard. The Institute for
Environmental Education also identified a
number of frog, salamander, and reptile
species that might be expected along the brook
but were either absent or present only in very
small numbers.Additional bird species and
larger numbers of birds might be found in the
lakes if the aquatic environment improved.A
few additional mammals might also inhabit
the riparian corridor under the best of condi-
tions, but the capacity of the relatively small
and isolated corridor along the brook to sup-
port more or larger mammals is limited.

Tapping the full habitat potential of Doan Brook
will require improvement in both water quality
and physical habitat.As is discussed in later
chapters, restoring the urban brook will require
a watershed-wide effort that involves a few large
projects and a sustained program of smaller
projects carried out over many years. Even after
restoration, the brook will remain an urban

Figure 4-5 A white-tailed deer at the Nature Center at Shaker Lakes. Photograph by L. C. Gooch.

6 Leeches in Doan Brook and the Shaker Lakes are not primarily those that prey on mammals, but rather those that prey on other invertebrates.
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The New Fish in the Brook

stream, surrounded and affected by the city.
Because of this, conscious protection of existing
habitats, creation of new protected habitat area,
and restocking with selected species will be
needed if we are to realize the ecological
promise of the brook and its riparian corridor.

Figure 4-6 A fox squirrel along Doan Brook. Photograph by L. C. Gooch.

In 1999, researchers from John Carroll
University restocked Doan Brook with three
species of native fish: creek chub, blacknose
dace, and stoneroller minnow. All three
species were released into the stream
between the Nature Center at Shaker Lakes
and Horseshoe Lake. After the summer of
2000, the creek chub were thriving and the
other two species were holding their own
downstream from Lee Road, suggesting that
Doan Brook may now be able to support fish
that are slightly less pollution-tolerant than
green sunfish and carp. Further restocking
with other species is proposed if these three
continue to thrive (Coburn 2000).
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Channelized section of Doan Brook in Rockefeller Park. Photograph by L. C. Gooch.

Reprinted with special permission of North American Features Syndicate.

Mary Worth

The Doan Brook Handbook
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The Urban Brook

5.1
How HaveWe Changed the Brook?
Alterations to the Stream Shape

As soon as people settled near Doan Brook,
they began to mold the stream to suit their
use and convenience. The changes that they
made fall into four main categories: construc-
tion of dams and lakes; diversion of the
stream into underground culverts; construc-
tion of rigid channels to confine the brook to
a set course; and other alterations to the
stream channel shape.

5.1.1
Dams and Lakes

The most conspicuous change to the pre-settle-
ment brook was the construction of the four
lakes in the upper watershed.Although they
now seem like part of the natural landscape,
the Lower Shaker Lake, Horseshoe Lake, Green
Lake, and Marshall Lake are all manmade.
Each one submerged a portion of the natural
stream valley, and each has a significant
impact on the downstream brook.

A fifth dam was built in 1997 to create the
flood detention basin just downstream from
Martin Luther King, Jr., Boulevard. This dam

does not form a permanent lake, and most of
the time the stream passes unchecked through
the opening at its base. In a large flood, howev-
er, the structure will temporarily detain and
slowly release some water, thus reducing the
peak flow downstream.1, 2

5.1.2
Culverts and theVanishing Brook

A look at an older map of Doan Brook reveals a
longer stream with many more fingers and
branches than the Doan Brook of today (see
Figure 5-1). The headwaters of the brook in
1900 extended about a mile farther east than
the stream’s current sources. During the devel-
opment of Shaker Heights and Cleveland
Heights, the upstream reaches of the brook’s
three branches, together with a number of
smaller tributaries, were diverted into under-
ground storm sewers,3 and the stream channels
were filled to allow houses and streets to be
built where the stream had been. The most sig-
nificant of the vanished tributaries were a
stream that fed into the south fork just south of
Shaker Boulevard, a tributary that ran down the
Escarpment where Cedar Road now lies, and a
tributary that cut northwest across Cleveland
Heights to join the Cedar Road stream at Euclid

The first four chapters of this handbook highlight some of the changes that Doan Brook
has undergone since Nathaniel Doan first settled on its banks. Human actions have altered
the stream in ways that dominate its present-day character. Understanding the behavior of
the modern brook requires understanding the impact of urbanization on the stream and
its watershed.More important, preserving the stream requires understanding how and why
the construction of our city has degraded it. In this chapter we will explore the nature of
urbanization in the Doan Brook watershed, and we will look at the ways that the city has
changed stream flows and water quality.

1 The effectiveness of the detention basin is discussed in Chapter 7.

2 Two other ponds in the watershed, the Wade Park Lagoon and the Rockefeller Park Lagoon, are not actually on Doan Brook. They

sit next to the stream and drain into it, but they are filled with City of Cleveland water.

3 The distinction between a culvert and a storm sewer is somewhat arbitrary, since both serve as underground conduits for water that

would naturally flow on the surface. In general, an underground pipe is called a culvert if it carries a stream from one stretch of

above-ground channel to another stretch of above-ground channel. If there is no stream channel at the upstream end of a pipe, it is

usually referred to as a storm sewer.

5
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Heights Boulevard. Large storm sewers now
feed into the brook in these locations, carrying
water that once flowed in open channels.

Just as tributaries to the brook were buried in
storm sewers as the city grew, some stretches
of the brook itself were forced underground
into culverts to make way for roads and
buildings. The University Circle culvert, the
largest and longest culvert on Doan Brook,
carries the main stream channel almost a
mile (5,160 feet) between the base of the
Escarpment (near the intersection of Martin
Luther King, Jr., Boulevard and Ambleside
Drive) and the northwest side of the

Cleveland Museum of Art. There are two
other long culverts on the main channel in
the lower watershed: a 650-foot culvert that
begins about 1,000 feet downstream from the
outlet of the University Circle culvert and car-
ries the stream under the Cancer Survivors’
Monument, Liberty Boulevard, East 105th
Street, and Hough Avenue; and a 3,300-foot
culvert near the brook’s mouth that carries
the stream beneath Interstate 90 and the
Corps of Engineers Site 14 dredge spoil area
into Lake Erie. Many smaller culverts and
bridge openings along the brook constrain
the stream to a narrow path as it passes
beneath a road or other obstruction.

5.1.3
Channelization: The Inflexible
Stream

Some reaches of Doan Brook, although not con-
fined in culverts, have been transformed into
rectangular channels lined by vertical stone
walls. The brook has been channelized along
much of its two-mile course through Rockefeller
Park,where water spreading onto the flood plain
or a naturally meandering streammight threat-
en the road.Reinforced rectangular channels
have also been built in Ambler Park and in iso-
lated locations in the upper watershed.

5.1.4
Other Stream Channel Changes

Some sections of Doan Brook that have not
been confined in channels or culverts have
nonetheless been modified. In some places,
one or both of the banks has been reinforced to
prevent the stream from meandering. Fill
material has been added along the stream in
some other areas. The most obvious fill area
lies along the south side of the Doan Brook
gorge opposite the intersection of Kemper and
Fairhill Roads. Erosion that began there in the
late 1950s threatened to undermine the pave-
ment on Fairhill Road. Beginning in 1959, the
eroded side of the gorge was repeatedly
“repaired”by dumping loose excavated material
and construction debris. This material was
itself unstable, leading to repeated slope fail-
ures, some blockage of the brook channel, and
the erosion of significant amounts of fill mate-
rial that was carried downstream by the
brook.4 The unstable section of the bank was
finally effectively stabilized in 1976 by the con-
struction of a gabion5 retaining wall and place-
ment of properly compacted fill material on a
stable slope behind the wall.
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4 Dumped debris may have been substantially responsible for the clogging of the University Circle culvert that contributed to severe flooding in 1975.

5 Gabions are rock-filled wire mesh cages that are frequently used in stream bank stabilization.



The Doan Brook Handbook

5 The Urban Brook

41

Lake Construction

Physical Impacts: The Doan Brook lakes slow
flood waters from the upper watershed and
store some water during a flood, so that the
peak of the flood downstream from the lakes
is lower, later, and spread out over a longer
time than it would otherwise be.

Biological Impacts: The lakes affect the biology
of the stream in a number of both positive and
negative ways. They increase the downstream
water temperature (a negative impact) and
block any possible fish migration upstream
from the dams. They provide an environment
for wetland formation and a habitat for water-
fowl. They collect and concentrate pollution
from the watershed and allow sediments and
organic matter to settle out, resulting in gener-
ally cleaner water downstream; however,
large amounts of organic matter may be dis-
charged at some times of the year, and water
quality in the lakes themselves tends to be
poor. In addition, the lakes attract large num-
bers of nuisance waterfowl (such as Canada
geese) that pollute the water with their feces.

Culverts

Physical Impact: Where they are installed,
culverts completely destroy the stream’s
habitat and aesthetic value. In addition,
water flows more quickly in a culvert or
storm sewer than it does in a natural chan-
nel. Because of this, water reaches the
remaining natural stream more quickly,
resulting in higher and sharper peak flows
that occur sooner after rain begins.

Biological Impact: Culverts provide poor habitat
for stream-dwelling organisms. Water in them
flows at a relatively uniform depth, and they are
periodically flushed out by high flows. They
block light from the stream and stifle plant
growth. Long culverts block the migration of
aquatic organisms, including fish seeking to
spawn in a flowing stream. Culverts also elimi-
nate riparian corridors and their wildlife habitat
and pollution-filtering capacity.

Channelization

Physical Impact: Conventional channelization
confines the stream to a rectangular channel
with a uniform water depth across the entire
channel width. The channel will have relatively
shallow flow most of the time and will have
high-velocity, relatively deep flow during flood-
ing. Less complete modification of the stream
will have similar but less extreme impacts.
Channels along Doan Brook were designed for
much lower flows than are now common, and
they therefore overflow regularly.

Biological Impact: Channelized streams do
not readily develop the patterns of pools and
riffles that are conducive to healthy aquatic
environments. Regular flooding scours the
entire channel and washes out aquatic organ-
isms before they are well established.
Channelization also isolates the stream from
the flood plain, eliminating the riparian habitat
and the water quality benefits of the riparian
zone. Finally, flood plain pools that allow some
aquatic organisms to breed do not form adja-
cent to channelized streams.

The Impact of Change
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5.2
Moving and Shaking in the
Watershed: Changes in the Brook’s
Drainage Area

Just as the Doan Brook channel has been altered
to accommodate the human environment, the
brook’s watershed was manipulated during the
transformation of the forest into the city.Two
kinds of changes to the watershed are signifi-
cant: alterations to the size and shape of the land
area that drains into Doan Brook and alterations
to the surface of the land within the watershed.
Each of these changes has a major impact on
flow in the brook, particularly during floods.

5.2.1
Changes in theWatershed Land Area

It may seem unlikely that human activities can
change the shape of the land enough to signifi-
cantly alter the size of the area that sends
runoff to a stream. Surprisingly, though,
changes to an urban stream’s watershed are not
unusual. Drainage area changes usually occur
when storm sewers or manmade channels
reroute water that once flowed into one stream
so that it flows into another. This kind of storm
sewer rerouting has increased the size of the
Doan Brook watershed by almost 21 percent.

Topographic maps that would allow an exact
delineation of the Doan Brook drainage area
in 1799 do not exist, but a reasonable estimate
of the watershed’s original outline can be
made using maps from the 1920s and 1930s.
Figure 5-2 shows the areas where there is a
significant difference between the original and
present watersheds.

As the figure indicates, a large area has been
added to the southwest corner of the upper
watershed. This 1.8 square mile area was once
part of the drainage area of Giddings Brook
(the stream immediately west of Doan Brook),
but was diverted into Doan Brook via a storm
sewer rerouting at some time prior to the
1960s. In addition, the lower watershed appears
to have gained some land along its east side,
while losing some land along its west side, with
a resulting net increase in watershed area of
about 0.2 square mile. Taken together, these
changes to the Doan Brook watershed have
increased its area by 21 percent, from an origi-
nal area of approximately 9.7 square miles to
its current area of 11.7 square miles.

5.2.2
Changes in the Nature of the Land

While changes to the size and shape of the
watershed have had an impact on Doan Brook,
changes to the nature of the watershed surface
have had an even more profound effect. The
dense forest that covered the area before
Nathaniel Doan and the Shakers arrived
responded to rainfall very differently from the
modern urban landscape of parking lots,
streets, driveways, rooftops, and lawns.
Estimates of the fraction of the Doan Brook
watershed that is impervious6 indicate that
about 28% of the area is now covered with

Area that has been subtracted
from the surface watershed

Area that has been added to
the surface watershed

3000 ft.
N

Ô

Sections of Doan Brook
and its tributaries that
have been buried or filled

Site 14 Dredge
Spoil Area

St. Clair Ave.

Eu
cli

d Blvd
.

Co
ve

nt
ry

Rd
.

Cedar Rd.

I-90

Ea
st

10
5

St
.

W
ar

re
ns

vi
lle

Ce
nt

er
Rd

.

Ri
ch

m
on

d
Rd

.

M
LK

B
lv

d.

Lower Shaker Lake
Fairmount Blvd.

Horseshoe Lake

Marshall Lake
Green Lake

Chagrin Blvd.

Shaker Blvd.

Lake
Erie

Giddings Brook

Superior Ave.

Le
e

Rd
.

Mayfield Rd.Doan Brook

Figure 5-2 Original Doan Brook Watershed

6 Impervious area is land surface that allows little or no water to infiltrate into the ground. Paved areas and building roofs are the primary impervious surfaces in most urban watersheds.
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Changes in Watershed Size and Shape

The most obvious impact of the increase in the
Doan Brook watershed area is a corresponding
increase in the amount of water that flows into
the stream. The additional flow to the brook
during heavy rains will increase the frequency
and severity of downstream flooding. The flow
from the Giddings Brook watershed enters the
brook in University Circle (see Chapter 7),
which tends to increase flooding in University
Circle and farther downstream. Where the
stream is not channelized, the brook will erode
its bed and banks to adjust to the increased
flow. This erosion leads to high sediment loads
in the stream and generally degrades the
stream’s habitat. The channelized stretches of
Doan Brook in the lower watershed cannot
change to adjust to the increased flow. As a
result, the stream overflows more often.

The increased flooding from the Giddings Brook
watershed is more than it might otherwise be
because of the watershed’s shape. The upper
part of the Giddings Brook area lies on the mod-
erately sloped western edge of the Plateau;
however, the western part of the area lies on
the steep upper edge of the Escarpment.
Because this land is steep and heavily urban-
ized, storm runoff will flow very quickly to the
brook, resulting in a short, sharp peak flow and
further increasing the maximum flood flow in
University Circle and the lower watershed.

Changes in Watershed Surface

Physical Impact: Rainfall flows off a paved
surface more quickly and in larger quantities
than it would flow from a forest floor. At the
same time, less rainwater is absorbed into the
ground to replenish groundwater and be slow-
ly released to the stream at a later time. The
urbanization of the Doan Brook watershed
surface has thus had two main impacts: it has
increased the speed and degree of flooding
and decreased the groundwater-fed flow in
the brook during dry periods.7 A rough esti-
mate of the impact of urbanization on Doan
Brook flow indicates that in an average year,
the runoff from a given area is as much as
three times greater than it was before devel-
opment. A five-year flood8 may be four times
larger than it was in Nathaniel Doan’s time.
Where it can, the stream erodes its bed and
banks to accommodate the higher flows.

Biological Impact: The water that flows to
Doan Brook from the urban surface of its
watershed carries a wide variety of contami-
nants. Runoff from streets carries oil, grit,
road salt, and traces of other manmade chem-
icals. Runoff from lawns carries fertilizers,
pesticides, and domestic animal waste. Runoff
from construction sites carries sediment.
Additional sediment is generated as the brook
erodes its bed and banks in response to high-
er flows. Contamination flowing into the brook
has a significant impact on water quality, but

the impact is perhaps less than might be
feared. Water quality in the brook is discussed
in detail in Chapter 6.

More frequent and severe floods wash out
stream and flood plain habitats, making it diffi-
cult for aquatic organisms to become estab-
lished. Lower flows that may occur during dry
periods also eliminate aquatic habitat.

7 Decreases in dry-weather flow may be offset by runoff from human activities such as washing cars and watering lawns.

8 See Appendix H for the definition of the five-year flood.

The Impact of Change
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buildings or pavement. Land that has not been
paved altogether has generally been trans-
formed from deep forest with a forest floor cov-
ered in leaf litter to manicured lawns with rela-
tively few trees and little underbrush. Rainfall
quickly runs off the modern landscape, leading
to more frequent Doan Brook flooding.

5.3
Where Do the Sewers Fit In? The
Sewershed and Storm Sewer
Drainage

Anyone who has followed the water quality
debate in recent years is aware that overflows of

sanitary sewage into streams and lakes— gen-
erally called Combined Sewer Overflows, or CSOs
— are a major water quality concern in older
urban areas.CSOs are, in fact, the major single
cause of poor water quality in Doan Brook.How
did a sewer system that allows sanitary sewage
to discharge to Doan Brook come about, and
why weren’t such discharges corrected long ago?

As people developed the Doan Brook water-
shed, they found it necessary to move the
streams and rivulets that ran to Doan Brook
underground and out of the way. Over time, a
sometimes-confusing web of culverts and
sewers grew beneath the city to replace the
streams. During the city’s early life, sanitary

sewage was drained directly into this pipe net-
work, and the combined stormwater and sani-
tary sewage was discharged straight into
streams and Lake Erie.When it became evi-
dent that we could not continue to dump our
sewage directly into streams and the lake, the
combined sanitary and storm sewers were
diverted so that the combined sewage could be
treated before it was discharged to Lake Erie.
Unfortunately, the combined sewer system and
the sewage treatment plants could not be
made large enough to treat all the surface
runoff from even a small storm. Combined
sewer systems are therefore designed to over-
flow, sending mixed sanitary sewage and
stormwater back to the streams and the lake
whenever it rains more than a few drops.

Sewer systems for newer developments were
designed to keep sanitary sewage and
stormwater in separate pipes, diverting sani-
tary sewage for treatment and discharging
storm flows to surface streams. However, the
cost of replacing the old combined systems was
too high, and they stayed in place.

Because different parts of the sewer system in
the Doan Brook watershed were built at differ-
ent times, there are both combined (storm and
sanitary together) and separated (storm and
sanitary kept apart) sewer systems in the
watershed. The following sections describe the
separated and combined sewer systems and
their interactions with each other and with
Doan Brook.

5.3.1
The Sanitary Sewer System and the
Sewershed

Figure 5-3 shows that the sewershed associated
with Doan Brook is larger than the surface
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Why Does the Storm Sewer Stink? Problems with Separated Sewers

watershed. For Doan Brook, the sewershed is
defined as the area over which the sanitary sew-
ers drain to the Doan Valley Interceptor (DVI), a
large combined sewer line that roughly parallels
Doan Brook in the lower watershed between
East 105th Street and I-90.9 Some areas in the
upper sewershed that send surface water to
adjacent streams nonetheless contribute sani-
tary sewage to the DVI.10 About 8.4 square
miles that are not in the surface watershed send
sanitary sewage to the DVI,making the total
sewershed area about 20.1 square miles.

5.3.2
Separated Storm and Sanitary
Sewers: The UpperWatershed

In most of the upper watershed, where the
sewer systems are newer, the sewers are
designed to keep sanitary sewage separated
from stormwater runoff. Ideally, the sanitary
sewer system carries only sanitary sewage,
which it diverts to a sewage treatment plant (the
Northeast Ohio Regional Sewer District’s
Easterly Wastewater Treatment Center in this
case), while the storm sewer carries the storm
runoff to the brook. Figure 5-3 shows the part of
the Doan Brook watershed that has separate
sanitary and storm sewers. Unfortunately, the
separate sanitary sewer system from the upper
watershed empties into the Doan Valley
Interceptor, which is part of the lower watershed
combined sewer system (described in the next
section). Thus, sewage that is kept out of the
brook by the upper watershed’s separate sewers
may nonetheless contaminate the stream in the
lower watershed, as described below.

If the sewers in the upper Doan Brook water-
shed separate sanitary sewage and storm
runoff, why does the storm sewer outlet in the
Nature Center marsh (for example) sometimes
stink of sewage? In a perfect world, the sepa-
rate systems would be just that — separate,
without any chance of accidental mixing
between storm flows and sanitary sewage. In
the real world, sanitary sewage finds a num-
ber of pathways to the storm sewers:

• Older designs of separate systems typically
allow mixing when there is a minor disrup-
tion of the system. For example, water from
an overflowing storm sewer may flow into
the sanitary sewer, causing it to become
too full. An over-full sanitary sewer is
designed to relieve itself back to the storm
sewer or directly to surface water. (The
alternative would be for the sewage to
back up into your basement.)

• Heavy rain can overtax the sanitary sewers
even if they do not directly receive storm
sewer overflow. The pipes that carry sani-
tary sewage are rarely completely water-
tight, and as they age they can allow a
great deal of water to enter. Infiltration of
groundwater into a sanitary line during a
storm can overfill the sanitary system,
causing spills to surface water.

• Blocked or damaged pipes may also
cause sanitary sewage to back up into the
storm system.

• Finally, there are occasionally accidental or
deliberate illegal connections of sanitary
lines from buildings directly into the storm
sewers. A number of such connections
have been identified in the upper Doan
Brook watershed, but the process of cor-
recting them has been slow.

9 The DVI empties into the Easterly Interceptor Sewer near I-90. The Easterly Interceptor carries its flow to the Northeast Ohio Regional Sewer District’s Easterly Wastewater Treatment Center, which is

located near Lakeshore Boulevard and East 142nd Street.

10 For example, surface water from most of the part of Cleveland Heights that lies northeast of the intersection of Fairmount Boulevard and Coventry Road drains into Dugway Brook (the stream that runs

through Lakeview Cemetery). However, sanitary sewage from this neighborhood drains into the Doan Valley Interceptor.
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Who Owns the Sewers?

11 The combined sewer system is a complex network of interlocking pipes, and inflow to the brook from a given outlet will depend on many factors. Figure 5-4 shows approximate drainage areas that are

generally correct but far from precise.

12 Instead of showing the outflow point of every storm sewer that flows to the brook, Figure 5-4 consolidates the outflows so that the watershed is broken up into significant drainage areas and outflow

points. For example, there are several storm sewer outflows to the north and middle forks of Doan Brook upstream from Horseshoe Lake, but the watershed map shows only a single, large area contribut-

ing to the lake. The drainage area is shown this way because Horseshoe Lake, like most lakes, controls flow from the area that lies upstream. As a result, a fairly complete understanding of the behavior of

the stream can be obtained by lumping the upstream area into a single unit that contributes flow at the lake.

Sanitary and combined sewers that intercept
the sewage at your curb are owned by your
city, which is responsible for their mainte-
nance. When sanitary sewers from several
cities combine, or when a sewer line crosses
from one city into another, the Northeast Ohio
Regional Sewer District takes responsibility.
Storm sewers that collect surface runoff are
almost always owned by individual cities.

Physical Impact: The storm sewer system in the
upper watershed and the combined sewer sys-
tem in the lower watershed change the points at
which stormwater runoff enters Doan Brook. As
a result, the sewer system affects the amount of
water flowing in the stream at any point. During
periods of high rainfall, this may lead to more
flooding in some areas and less in others. During
periods of very light rain, the combined sewer
system in the lower watershed may reduce
inflow to the brook by diverting runoff that would
otherwise flow to the stream.

Biological Impact: The combined sewer sys-
tem and, where the system is damaged, the
storm sewer system, carry human waste and
household chemicals to the brook, as well as
providing a conduit for contaminated runoff
from streets and yards. The inflow of sanitary
sewage to the brook is the stream’s greatest
single water quality problem, particularly in
the lower watershed.

5.3.3
The Combined Sewer System: The
LowerWatershed

In the lower watershed, where the sewer system
is generally older, the storm and sanitary sew-
ers are combined into a single pipe (see Figure
5-3). In dry weather, the combined sewer sys-
tem carries sanitary sewage and any surface
water runoff to large interceptor sewers, which
divert the flow to the Easterly Wastewater
Treatment Center for treatment.As a result,
both sanitary sewage and urban runoff (which
may contain lawn chemicals, oil from streets,
or other contamination) are treated during dry
weather and during very small storms. During
slightly larger storms, however, the combined
sewer system is overwhelmed by the storm
runoff.When this happens, excess flow consist-
ing of mixed stormwater and sanitary sewage
overflows the sewer system and is released to
the brook. Under the conditions that existed in
the year 2000, the combined sewer system gen-
erally released its contaminated mix to Doan
Brook more than 60 times each year.

5.3.4
Flowing into the Doan:Where
Storm and Combined Sewers Feed
the Brook

In order to understand flood flows or water
quality problems in Doan Brook, it is necessary
to understand where flows from different parts
of the watershed enter the stream. Since the
brook’s modern tributaries are mostly storm or
combined sewers, an examination of the sewer
maps is required. Figure 5-4 shows where the
watershed’s large sewers feed the brook, togeth-
er with the approximate land area that drains
to each outflow. Table 5-1 summarizes the

information in tabular form. In the part of the
watershed with separate sewer systems (gener-
ally the upper watershed), the outlets shown
flow from the separated storm sewers. In the
combined sewer area, the outlets shown flow
from the combined system.11, 12

Figure 5-4 and Table 5-1 show that runoff from
much of the upper watershed (a total of 3,190
acres) passes through the Lower Shaker Lake.
Almost three quarters of this area is also in the
watershed of Horseshoe Lake (1,200 acres) or
Green and Marshall Lakes (1,140 acres). Thus,
runoff from about 43 percent of the total
watershed area of 7,500 acres passes through
the Shaker Lakes. Two other sections of the
upper watershed, totaling approximately 470
acres, contribute runoff to the brook between
the Lower Shaker Lake and the entrance to the
University Circle culvert.

The remaining runoff from the upper watershed
is carried down the Escarpment in storm or
combined sewers and discharged to the brook
near University Circle. Runoff from a 670-acre
area in Euclid Heights (the wedge of land within
the watershed west of Coventry Road and north
of Doan Brook) is collected in a sewer that runs
down Cedar Glen (the Cedar Glen sewer) and
enters the University Circle culvert near the
point where MLK crosses under the railroad
tracks. Runoff from a large area (approximately
1,000 acres) south of the brook and west of Van
Aken Boulevard is collected in a storm sewer
that joins the University Circle culvert just down-
stream from the culvert inlet.Much of this 1,000-
acre area was originally part of the Giddings
Brook drainage area, and this storm sewer is
therefore called the Giddings Brook culvert.

Farther downstream from the inlet to the
University Circle culvert, runoff from the Lake
Plain (lower watershed) begins to enter the

The Impact of Change: Sewers
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Figure 5-4 Doan Brook Subwatersheds

Table 5-1 Summary of Estimated Doan Brook Drainage Areas13

Location Drainage Area13 Cumulative Drainage Notes

Entering (acres) Area (acres)

Horseshoe Lake 1,200 1,200

Green and Marshall Lakes 1,140 1,140

Lower Shaker Lake 850 3,190

Just D/S from Lower Shaker Lake 320 3,510

Lower Shaker Lake to MLK Detention Basin 150 3,660

Giddings Brook Culvert 1,000 4,660 Formerly part of the Giddings Brook watershed. Enters University Circle culvert

just downstream from the culvert inlet.

Cedar Glen Sewer 670 5,330 Enters University Circle culvert a short distance downstream from the culvert inlet.

Euclid Avenue 230 5,560

East 105th Street 820 6,380

Rockefeller Park 1,120 7,500

13 Drainage areas are approximate. Information on surface watershed areas sometimes conflicts. The data presented here represent good estimates of Doan Brook drainage areas.
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brook.Runoff from this area reaches the stream
through three main inlets and a number of
smaller ones.About 230 acres south of Euclid
Avenue drain into the University Circle culvert at
Euclid.A strip of land along the west edge of the
watershed and a smaller area north of Euclid
drain into the stream at East 105th Street,
adding a total of 820 acres. The remaining
downstream area (1,120 acres) drains into the
brook at a number of points in Rockefeller Park.

5.3.5
Change in Progress: The Impact of
the Heights/Hilltop Interceptor

As this handbook is being prepared, a new
interceptor, the Heights/Hilltop Interceptor
Sewer (HHI), is under construction in the
upper watershed. One purpose of this system
of deep underground sewers is to gather sani-
tary sewage from the Doan Brook sewershed
east of Coventry Road (see Figure 5-5), divert it
away from the Doan Valley Interceptor com-
bined system, and carry it directly to the
Easterly Wastewater Treatment Center.

The completion of the HHI14 will reduce the
amount of combined sewage that reaches Doan
Brook by about 50%.Although this sewage
diversion will reduce the levels of bacterial con-
tamination in the brook, it will not solve the
stream’s water quality problems (see Chapter
6). Because the HHI is designed to intercept
sanitary sewage (rather than stormwater flow)
from the separate sewer area, the volume of
storm flows into the brook will not change
much after the completion of the interceptor
sewer. The lower watershed’s combined sewer
system will still discharge combined sewage
into the brook many times each year— when-
ever there is significant rainfall — but the frac-
tion of sanitary sewage in the combined sewage
mix will be less.

5.4
What Difference Does it Make?
Summarizing the Impacts of Change

This chapter began with the assertion that
Doan Brook today bears little resemblance to
the stream of 200 years ago and has reviewed
the transformation wrought by urbanization.
The condition of today’s brook can be summa-
rized as follows:

• Doan Brook has more total flow and more
frequent, larger floods than it did a relatively
short time ago. The combined effect of the
larger watershed and more impervious area
in the watershed leads to an increase of
about four times in average annual flow and
an increase in the five-year peak flow of
about five times. The brook erodes its bed
and banks as it tries to adjust its size and
shape to its new flow regime.

• The upper watershed’s four lakes and, to a
lesser extent, the MLK detention basin store
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14 The portion of the HHI in the Doan Brook watershed is expected to be partially in service by the end of 2001. The system is expected to be complete some time in 2005.
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and slowly release water during floods. They
reduce the peak flows downstream and par-
tially counter the higher flood peaks that
result from urbanization of the watershed.

• Doan Brook is confined to a rigid channel or
culvert in many places and therefore con-
strained to flow in a straight path within
defined limits or to completely overflow its
channel and flood its surroundings. The
channels were designed for yesterday’s flows,
so today’s runoff leads to frequent floods.
The fixed channels thwart the stream as it
works to adjust to today’s conditions.

• Runoff to Doan Brook from its urban water-
shed carries a variety of contaminants,
including sanitary sewage. The runoff
degrades the stream’s water quality. Frequent
flows that scour the channel, the culverts,
and the lined channel sections combine with
poor water quality to yield an aquatic envi-
ronment poor in both species diversity and
numbers of individual organisms.

• Long culverts in the lower watershed and
dams in the upper watershed prevent free
movement of fish and other aquatic organ-
isms from Lake Erie into Doan Brook.

This summary of the effect that urbanization
has had on Doan Brook paints a grim picture
of the health of the stream.While it is true that
the ecosystem of the brook is unlikely ever to
regain the diversity and purity that Moses
Cleaveland’s surveyors found, an understand-
ing of the negative impacts of urbanization
must be balanced by an appreciation for the
brook’s remaining assets.As Chapter 4 demon-
strates, much of Doan Brook is still surround-
ed by a riparian corridor that preserves a bit of
wild landscape and provides habitat to a fair
variety of wildlife. The Shaker Lakes, although

they are not natural features, provide a migra-
tion stop for many species of waterfowl and
other birds and are an active breeding area for
still others. The challenge for stewards of the
urban brook is to manage the stream to take
best advantage of its strengths and minimize
the impact of its urban setting.Approaches to
watershed management that can be used to
maximize the potential of Doan Brook are dis-
cussed in Chapters 8 and 9.
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When you defile the pleasant streams

And the wild bird’s abiding place,

You massacre a million dreams

And cast your spittle in God’s face.

— John Drinkwater

Olton Pools: To the Defilers.

A black-crowned night-heron fishes amidst overgrown duckweed in the Lower Shaker Lake. Photograph by L.C. Gooch.

The Doan Brook Handbook
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6

6.1
How Dirty Is the Brook?WhatWater
Quality Measurements Show

Water quality in Doan Brook has been of
interest to local residents and government
agencies since the late 1960s.A somewhat
bewildering array of water quality tests has
been made at different times and places over
the past thirty years.Most of the resulting data
are summarized in Appendix I. The most com-
prehensive and most recent study was per-
formed in 1998 as part of the Northeast Ohio
Regional Sewer District’s evaluation of the
Doan Brook watershed.

The results of Doan Brook water quality tests
—made at different places and different times
using different sampling and analysis tech-
niques— can be difficult to interpret. This
discussion examines information about the
brook’s water from the following angles in an
effort to make sense of all the data:

• Water quality in the brook was evaluated sep-
arately from water quality in the lakes, since
the lake and stream environments lead to dif-
ferent chemical and bacterial concentrations.

• Four categories of water quality parameters
were considered:

• Nutrients (primarily phosphorus, ammonia,
and other forms of nitrogen);

• Bacteria (fecal coliform and E. coli);

• Metals (copper, lead, cadmium, etc.) and
other miscellaneous contaminants
(chiefly chlorides);

• Manmade toxic organic compounds (pes-
ticides, herbicides, PCBs, etc.).

• Water quality was evaluated for changes
over time.

• Water quality was evaluated for changes
along the length of the brook.

• Water quality was compared to the water
quality in natural (unpolluted) streams in
Ohio.

• Water quality was compared to Ohio EPA
water quality criteria that are applicable to
Doan Brook.1

What the water quality data tell us about the
brook and the lakes is discussed in detail in
the following subsections, and Section 6.2 out-
lines the effects that contamination has on the
stream. The picture that emerges shows a
stream that is heavily contaminated with non-
toxic compounds that are typical of urban
runoff. The data do not show significant toxic
contamination or other contamination that
would have a long-lasting, difficult-to-remedy
impact on the stream if the inflow of new con-
tamination stopped.

Urbanization of Doan Brook and its watershed has harmed water quality in the brook in
many ways (see Chapter 5). In this chapter, we will review data from the stream and lakes to
determine how serious the damage is.We will also discuss the sources of the observed con-
tamination and explore some approaches to improving water quality.

1 Data were generally compared to the water quality criteria for the maximum allowable level in the stream. The resulting

assessment of whether a given criterion is violated is not precise but should be generally correct. In some cases,

violation of a water quality criterion may be indicated when none occurred.
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6.1.1
Water Quality in the Brook

Table 6-1 summarizes the fraction of Doan
Brook stream samples that contained concentra-
tions of selected chemicals or bacteria greater
than those found in unpolluted streams.Table 6-
2 summarizes violations of Ohio EPA water qual-
ity criteria.2 Looking at all of the water quality
data from the different perspectives outlined in
Section 6.1 leads to the following conclusions:

• Comparison to Concentrations in
NaturalWaters—Water in Doan Brook
has consistently elevated levels of nutrients
(phosphorus, ammonia, and other forms of
nitrogen), chlorides, iron, and bacteria.
Concentrations of copper, chromium, zinc,
and lead are also elevated at times.

• Comparison toWater Quality
Criteria—The brook’s water violates
Ohio EPA water quality criteria for bacteria
in all samples taken during wet weather and
in many dry weather samples as well.
Criteria for a number of metals (copper,
zinc, and sometimes lead) are also consis-
tently violated during wet weather sampling.
There are occasional violations of other cri-
teria during dry weather.

• Toxic Contamination—Concentrations
of toxic metals (lead, arsenic, mercury, etc.)
in brook samples are generally comparable
to those found in unpolluted streams,
although lead concentrations are some-
times elevated, particularly in wet weather.
No samples from the brook have been ana-
lyzed for toxic organic compounds (PCBs,
herbicides, pesticides, etc.). Because there
are no major industrial sources for these
chemicals in the watershed, it would be

surprising to find them in significant con-
centrations. Low concentrations of pesti-
cides and herbicides from lawn and golf
course runoff may be present. However,
limited lake sampling in the early 1970s
(see Section 6.1.2) found no detectable
concentrations of pesticides or herbicides.

• Variation Along the Length of the
Brook (1998 Data)—Although water
quality varies along the brook, the variation is
less consistent than might be expected, given
that the upper brook is in a separated sewer
area and the lower brook in a combined
sewer area with frequent overflows.During
dry weather, bacteria levels appear to be
somewhat higher upstream from Horseshoe
Lake and along the lower brook than they are
elsewhere.Differences in dry weather concen-
trations of nutrients and metals are insignifi-
cant. However, the impact of the lower brook’s
combined sewer system is evident during wet
weather,3 when there are much higher bacte-
ria and nutrient concentrations along the
lower brook than in the upper watershed.

• Variation Over Time—Because very
few data were collected prior to 1987, it is
difficult to evaluate long-term water quality
trends in the brook.Limited bacteria sampling
in 1966–67 and 1973–74 (SeeAppendix I)
appear to show much higher bacteria levels
in the brook than current samples.
Phosphorus and ammonia data from the
1960s also appear to indicate higher concen-
trations than current sampling.4 No clear
trends emerge in data collected since 1987.5

Taken together,Doan Brook stream sampling
data indicate the impact of non-toxic urban
runoff — elevated nutrients and chlorides, bac-
teria, and a few commonmetals. The effects that

these contaminants have on the stream are dis-
cussed in Section 6.2. The stream’s aquatic com-
munity is somewhat more diverse than might
be expected in such an urban setting, possibly
because of the intact riparian corridor that lines
the brook in many places. The contamination
that is present in the brook is reversible. If cont-
amination stops flowing to the stream, a healthy
ecosystem will begin to restore itself in a
remarkably short time.6

6.1.2
Water Quality in the Lakes

Water quality information for the Shaker
Lakes (see Appendix I) leads to the following
conclusions:

• Comparison to Concentrations in
Natural Waters—Water in all of the
Shaker Lakes has consistently elevated con-
centrations of nutrients and iron.Although
concentrations of these chemicals in the
Lower Shaker Lake and in Horseshoe Lake
are sometimes within the range of concen-
trations found in natural waters, they are
almost always high enough to stimulate
excessive plant growth. Bacteria levels in the
lakes are considerably lower than those in
the brook, but bacteria concentrations are
still elevated, as are those of iron.
Concentrations of metals other than iron
and of other contaminants in the lakes are
not significantly elevated.

• Comparison toWater Quality
Criteria—Data from the 1998 lake sam-
pling indicated few violations of water quali-
ty criteria. The only violations were for E. coli
in some August samples from the Lower
Shaker Lake.

2 See Appendix I for the data that were used to create the summary tables and reach the conclusions stated in the text.

3 Wet weather data are available only from NEORSD 1998 sampling points 1 through 4 (sampling point 1 is near the mouth of the brook; sampling point 2 is at the University Circle culvert outlet; sampling

point 3 is downstream from Coventry Road; and sampling point 4 is on the south fork upstream from the Lower Shaker Lake).

4 A reduction in phosphorus is to be expected, since the use of phosphates in detergents was banned in the 1980s.

5 Prior to 1997, contamination levels were consistently much higher at NEORSD sampling point N-17 (just downstream from the outlet of the University circle culvert) than they were at other sampling points.

In 1996, a major sanitary sewer blockage that fed sewage from the Cedar Hill area directly into the culvert was discovered and repaired. Subsequent sampling (1997 and 1998) has shown concentrations at

N-17 that are comparable to those elsewhere along the brook.

6 Physical barriers, the physical condition of the stream, and the past elimination of some species of organisms would limit the stream’s recovery. See Chapters 5 and 8.



The Doan Brook Handbook

6 Is It Polluted?Water Quality in the Brook

53Ta
bl

e
6-

1
Pe
rc
en
ta
ge
of
Sa
m
pl
es
W
ith
Co
nc
en
tra
tio
ns
Th
at
Ar
e
Si
gn
ifi
ca
nt
ly
Gr
ea
te
rT
ha
n
Th
os
e
in
Un
po
llu
te
d
St
re
am
s
(S
el
ec
te
d
Co
nt
am
in
an
ts
)

Sa
m

pl
e

Lo
ca

tio
n

an
d

Ti
m

e
Va

lu
es

Si
gn

ifi
ca

nt
ly

G
re

at
er

Th
an

N
at

ur
al

W
at

er
s

#
of

Am
m
on
ia

Ph
os
ph
or
us

N
itr
at
es

TK
N
**

Ch
lo
rid
es

Co
pp
er

Ch
ro
m
iu
m

Zi
nc

Iro
n

Le
ad

Fe
ca
l

E.
Co
li

Sa
m
pl
es
*

Co
lif
or
m

19
87

–1
99

7:

N
ea
rt
he
M
ou
th
of
th
e
Br
oo
k

13
••
••
••
••
•

••
••
••
•

••
••

••
••
••
••

••
••
••
••
••
••

•
••
•

••
••
••

Un
iv
er
si
ty
Ci
rc
le
Cu
lv
er
tO
ut
le
t

13
••
••
••
••
••

••
••
••
••
••

••
••
••
••
•

••
••
••
••

••
••

••
••
••
••
•

•
••
••
••
••
•

••
••
••
••
••

N
or
th
Fo
rk
U/
S
fro
m
Lo
w
er
La
ke

14
••
••
••
••

•
••

••
••
••

•
•

••
••
••
••
••

•
•

••
••
••

So
ut
h
Fo
rk
U/
S
fro
m
Lo
w
er
La
ke

14
••
••
••
•

••
••
••
••

•
•

••
••
••
••
•

•
••

19
98

W
et

W
ea

th
er

:

N
ea
rt
he
M
ou
th
of
th
e
Br
oo
k

3
••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

Un
iv
er
si
ty
Ci
rc
le
Cu
lv
er
tO
ut
le
t

3
••
••
••
••
••

••
••
••
•

••
••
••
••
••

••
••
••
••
••

••
••
••
•

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

Be
tw
ee
n
Cu
lv
er
tI
nl
et
an
d
Co
ve
nt
ry

3
••
••
••
••
••

••
••
••
•

••
••
••
•

••
••
••
••
••

••
••
••
•

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

So
ut
h
Fo
rk
U/
S
fro
m
Lo
w
er
La
ke

3
••
••
••
••
••

••
••
••
•

••
••
••
••
••

••
••
••
••
••

••
•

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
••
••

19
98

D
ry

W
ea

th
er

:

N
ea
rt
he
M
ou
th
of
th
e
Br
oo
k

8
••
••
•

••
••
••
••
••

••
••
••
••
••

••
•

••
••
••
•

Un
iv
er
si
ty
Ci
rc
le
Cu
lv
er
tO
ut
le
t

8
••

••
••
••
••

••
••
••
••
••

••
••
••
••
••

••
••
••
•

••
••
••
••
••

Be
tw
ee
n
Cu
lv
er
tI
nl
et
an
d
Co
ve
nt
ry

8
••
••
•

••
••

••
••
••
••
••

•
••
•

N
or
th
Fo
rk
U/
S
fro
m
Lo
w
er
La
ke

9
••
••

••
•

••
••
•

••
••
••
••
••

•
••
•

So
ut
h
Fo
rk
U/
S
fro
m
Lo
w
er
La
ke

9
••

••
••
•

••
••
••
••
••
••

••
••
••
••
••

••
••

••
••
••
••

U/
S
fro
m
Ho
rs
es
ho
e
La
ke

9
••
••
••

••
••
••
••

••
••
••
••

••
••

••
••
••
••
••

••
••
••
••
••
••

••
••
••
••

••
••
••
••
••

•
Th
e
nu
m
be
ro
fd
ot
s
is
pr
op
or
tio
na
lt
o
th
e
fra
ct
io
n
of
th
e
sa
m
pl
es
th
at
ha
s
co
nc
en
tra
tio
ns
hi
gh
er
th
an
th
os
e
in
na
tu
ra
lw
at
er
s.

*
N
ot
al
lp
ar
am
et
er
s
w
er
e
sa
m
pl
ed
fo
ra
ll
sa
m
pl
in
g
ev
en
ts
.

**
To
ta
lK
je
ld
ah
lN
itr
og
en
.



The Doan Brook Handbook

54

Table 6-2 Percentage of Samples That Violate Water Quality Criteria*

Sample Location and Time Water Quality Violations

# of Dissolved Phosphorus Copper Zinc Iron+ Lead Fecal E.Coli

Samples** Oxygen Coliform

1987–1997:

Near the Mouth of the Brook 13 •• • ••• ••••••

University Circle Culvert Outlet 13 ••• • ••••••••• ••••••••••

North Fork U/S from Lower Lake 14 • • ••••••

South Fork U/S from Lower Lake 14 • • ••

1998 Wet Weather:

Near the Mouth of the Brook 3 •••••••••• •••••••••• •••••••••• ••••••••••

University Circle Culvert Outlet 3 •••••••••• •••••••••• ••••••• •••••••••• ••••••••••

Between Culvert Inlet and Coventry 3 •••••••••• ••••••• ••• •••••••••• ••••••••••

South Fork U/S from Lower Lake 3 •••••••••• •••••••••• ••••••• •••••••••• ••••••••••

1998 Dry Weather:

Near the Mouth of the Brook 8 ••• •••••••

University Circle Culvert Outlet 8 ••••••• ••••••••••

Between Culvert Inlet and Coventry 8 • •••

North Fork U/S from Lower Lake 9 • •••

South Fork U/S from Lower Lake 9 •••• ••••••••

U/S from Horseshoe Lake 9 •• •• •••••• ••••••••••

• The number of dots is proportional to the fraction of the samples that violates the criteria.

* The analysis used to determine when water quality violations for metals occurred is not precise. It should give a generally correct evaluation of the occurrence of violations but may show some violations

when none occurred.

** Not all parameters were sampled for all sampling events.

+ Some violations for iron during wet weather are shown on the tables in Appendix I. While these samples exceeded the 30-day maximum concentration for iron (the only criterion for this metal), they are

maximum concentrations rather than 30-day averages and probably do not indicate an actual violation.

• Toxic Contamination—Horseshoe
Lake and the Lower Shaker Lake were sam-
pled for a number of toxic organic com-
pounds (chiefly pesticides and herbicides)
in 1973. No detectable concentrations were
found. No elevated concentrations of toxic
metals have been found in the lake waters.

• Variation Among the Lakes—There
is little clear variation in the water quality in

the four Doan Brook lakes. Careful examina-
tion of the 1998 data indicates that there
appears to be some tendency for water quali-
ty to be slightly poorer in the upstream lakes
— Green Lake and Horseshoe Lake— than
in Marshall Lake and the Lower Shaker Lake.
In general, phosphorus concentrations appear
to be slightly higher in the south fork lakes
— Green and Marshall Lakes— than in
Horseshoe Lake and the Lower Shaker Lake.

• Variation Over Time—Too few water
quality data were collected from the Shaker
Lakes before 1998 to allow any valid
assessment of changes in lake water quali-
ty over time.

Because the lakes have high concentrations of
nutrients, algae and other water plants grow in
great abundance. These plants deplete the oxy-
gen supply in the water, resulting in very low
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dissolved oxygen levels in the deeper parts of
the lakes during the summer. Because of the
excessive plant growth and resulting low dis-
solved oxygen, the lakes are classified as
eutrophic or hypereutrophic. Only very stress-
tolerant fish,macroinvertebrate, amphibian,
and plant communities can survive in the
resulting lake environment.

6.1.3
Sediment Contamination

Sediment samples taken from the Shaker Lakes
indicate that concentrations of a number of
metals, including copper, zinc, iron, lead, and
arsenic,may be somewhat elevated in the lake
sediments. Levels were higher in samples taken
during the 1970s than in more recent samples.

NEORSD’s 1998 sampling showed that lead was
slightly elevated in sediments from Horseshoe
Lake and the Lower Shaker Lake and that cop-
per was slightly elevated in sediments from
Horseshoe Lake.7 Bacteria concentrations were
extremely elevated in samples taken from the
Lower Shaker Lake in 1973.8

Sediment samples taken from the brook
streambed (collected only in 1998) had lower
metal concentrations than samples of the lake
sediments. Concentrations in these samples
were generally in line with metal concentra-
tions in natural soils, although elevated lead
concentrations were found in two samples, one
collected near the mouth of the brook and one
collected on the north fork of the brook
upstream from Horseshoe Lake.

6.2
Why Does It Matter? The Impact of
Contamination

We now have a list of the contaminants that are
present in Doan Brook and its lakes and sedi-
ments. How do these contaminants affect the
stream and the creatures that live in and
around it? This question is best answered by
looking again at the groups of contaminants
we used to evaluate water quality — nutrients,
bacteria,metals and other miscellaneous cont-
aminants, and toxic organic compounds.

• Nutrients are necessary for all plant
growth.When they are present at moderate
levels they allow a healthy aquatic environ-
ment to develop.When their concentrations
are high, however, they promote excessive
growth of algae and other nuisance vegeta-
tion, which in turn depletes oxygen in the
water, stifles more desirable plants,makes
the water cloudy (turbid), and kills all but
the hardiest fish and other aquatic organ-
isms. The impact of high nutrient concen-
trations is most pronounced in Doan Brook’s
lakes, where it can lead to foul odors,
unsightly algae on the water surface, and the
death of many fish.

• High bacteria concentrations, like exces-
sive nutrients, lead to low oxygen levels in
the stream and lakes. They can also be
directly toxic to aquatic organisms or trans-
mit disease to animals that depend on the
brook. In addition, they make the brook
unsafe for human contact — it is no longer
wise to wade, swim, or fish in Doan Brook
because of the high bacteria levels that are
frequently present.

Figure 6-1 Lower Shaker Lake when the lake was drained in 1998, looking west from the Larchmere Road bridge. Lake drainage

revealed deep sediment deposits and a great deal of trash. Hay bales near the center of the picture were placed to protect the mud flat

at the lake’s east end. Photograph by L. C. Gooch.

7 Sediment in the Lower Shaker Lake was sampled in 1995 to determine whether there were any toxic metals or organic contaminants that would require that sediment dredged from the lake be classified

as a hazardous waste. The only toxic chemical detected in this test was barium, found at levels far below hazardous concentrations. Because the test procedures used to classify a material as a hazardous

waste are quite specialized, results from these tests cannot be directly compared to other sediment data.

8 Sediment bacteria concentrations have not been evaluated since 1973; however, bacteria concentrations in lake sediments are probably still elevated.
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• Metals such as lead, copper, and zinc, and
chlorides can be directly toxic to aquatic
plants and animals.

• Toxic organic compounds can kill
aquatic plants and animals even when they
are only present in very low concentrations.
Although pesticides, herbicides, and other
toxic organics do not appear to be present at
detectable levels in Doan Brook, testing has
been limited.

Contaminated sediments have the same kinds
of impacts as contaminated water, except that
the organisms that are affected are those that
live or feed on the brook and lake bottoms. In
addition, sediments sometimes store contami-
nation that may be released back into the water
when the bottom is disturbed. It is thus possi-
ble that contamination collected at the bottom
of the Doan Brook lakes could continue to pol-
lute the water for some time even if new pollu-
tants no longer flowed into the stream. This
“contaminant recycling”might increase the
time that it takes for water quality to improve
once contaminant inflows are reduced.

6.3
Where Does the Pollution Come
From? Contaminant Sources

The contaminants that make their way into
Doan Brook begin at every home, lawn, golf
course, and small business in the watershed.
Sanitary sewage that enters the stream during
wet-weather overflows or as a result of improp-
er sewer connections (See Chapter 5) carries a
significant amount of bacteria and some
household chemicals into the brook. Runoff
from lawns carries fertilizers, pesticides, herbi-
cides, and domestic animal waste into the
stream. Streets and driveways contribute road

salt, grit, oil, gasoline, and other waste chemi-
cals. Wild animals living in and adjacent to the
brook also contribute bacteria-laden feces to
the stream. The discussion below looks at the
relative importance of different sources of bac-
teria, nutrients, and other contamination.

6.3.1
Sources of Bacteria

Under the conditions that exist in the Doan
Brook watershed today, sanitary sewer over-
flows are the most significant single source of
bacterial contamination to the brook. The
Heights/Hilltop Interceptor Sewer (HHI), when
complete, will divert a significant volume of
sanitary sewage away from Doan Brook. In
fact, the completion of this project and other
smaller on-going projects will cut the amount
of combined sewage that reaches the stream
approximately in half. Unfortunately, a large
volume of combined sewage will still flow into
the brook after these projects are finished. Even
after the HHI is in place, the volume of com-
bined sewage that reaches the brook will be on
the order of 400 million gallons per year. That is
enough sewage to fill the Lower Shaker Lake 25
or 30 times or to fill the Cleveland Browns’ foot-
ball stadium with a column of water that would
dwarf downtown’s 948-foot-tall Key Tower.

Even more perplexing, water quality modeling
of Doan Brook indicates that the bacteria con-
centrations in the brook would violate water
quality regulations at least 70% of the time
even if there were no combined sewers over-
flowing into the brook. This means that
enough bacteria are carried into Doan Brook
by surface water runoff that the Ohio EPA
would not consider it safe to wade or swim in
the brook much of the time. These bacteria

probably originate mostly in domestic and
wild animal waste.

Although animal waste was certainly present in
the Doan Brook watershed before urbaniza-
tion, its impact on the stream has increased in
a number of ways. First, there are far more
domestic animals in the watershed than would
be here under natural conditions.9 While
responsible owners take care of their pets’
waste (by picking it up and either throwing it
in the trash or flushing it down the toilet),
most domestic animal waste is left on the
ground and finds its way to the brook. Second,
our management of the land on the water-
shed’s golf courses, around the Shaker Lakes,
and around theWade Park and Rockefeller
Park Lagoons has created extensive lawns adja-
cent to the water, an environment that is very
attractive to Canada geese. Beautiful though
they are, the geese produce large quantities of
feces and probably contribute significantly to
bacteria levels in the brook. Finally,many of
the watershed’s natural mechanisms for filter-
ing and removing bacteria (slow runoff, pools,
wetlands, and vegetation growth at the water’s
edge) have been destroyed by urbanization, so
that any bacteria on the watershed surface have
a relatively unobstructed path to the brook.

6.3.2
Sources of Nutrients

Sanitary sewage, the primary source of bacteri-
al contamination in Doan Brook, is also a sig-
nificant source of the nutrients flowing into the
stream.However, surface runoff from the
watershed plays an even larger role as a nutri-
ent source than as a source of bacteria. Golf
course and park managers in the watershed
regularly apply fertilizers to their fairways and

9 Dogs, in particular, generate a large quantity of bacteria-laden waste. Data indicate that the average dog produces almost as much fecal material each day as the average human, and that dog feces are

higher in fecal coliform and fecal streptococci bacteria than human waste.
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lawns. Homeowners do the same. The chemi-
cals that nourish the grass — primarily nitro-
gen and phosphorus— are the same chemi-
cals that cause eutrophication (due to over-
stimulated plant growth) in the watershed’s
lakes. Fertilizers may be applied in a way that
minimizes the amount that is washed into
streams, but some nutrients are inevitably car-
ried to the brook. Improper application (too
much fertilizer or application immediately
adjacent to a stream) or application just before
a heavy rain makes the problem even worse.

6.3.3
Sources of Other Contamination

As the water quality sampling results indicate,
Doan Brook has relatively low levels of conta-
minants other than bacteria, nitrogen, and
phosphorus. Some sources of other contami-
nation are:

• Road salt used for de-icing and then washed
from the roads into the brook contributes
chlorides that may pose a significant threat
to sensitive forms of aquatic life.

• Sediment from road grit or construction
sites, as well as material eroded from the
brook’s bed and banks by high flood flows,
clouds the brook’s water.

• Copper may come from wearing automobile
brake pads. Leaded gasoline was a major
source of lead until it was banned in the
1970s. Both of these metals are present in
elevated concentrations in brook sediments.

• Watershed residents sometimes dump toxic
chemicals — usually automobile oil or anti-
freeze— down storm sewer grates. This
deliberate dumping may be a significant
source of toxic chemicals.

• Toxic contaminants from household chemi-
cals find their way to the brook through the
sanitary sewers. Some toxics are present in
storm runoff as well.

• Storm runoff probably carries moderate
amounts of toxic chemicals that have been
applied to lawns and golf courses as pesti-
cides and herbicides.

6.4
Solutions toDoanBrookPollution

Pollution reaches Doan Brook via one of two
avenues:

• Combined sewer overflows (CSOs);

• Surface water runoff.

Adequate control of combined sewer overflows
will require additional large projects like the
on-going construction of the Heights/Hilltop
Interceptor sewer. The requirement that sewer
overflows be controlled is already in place,10

and the authority and responsibility for mini-
mizing CSOs in the Doan Brook watershed lies
with the Northeast Ohio Regional Sewer
District (NEORSD). NEORSD’s 1998 Doan
Brook watershed study was undertaken largely
to determine what additional CSO controls are
needed.Work that NEORSD is expected to do
as a result of their study is described in
Chapter 8.

Unlike CSO control, reduction of the contami-
nation that reaches Doan Brook via surface
water runoff cannot be achieved by a few large
projects.We have seen that significant quanti-
ties of bacteria and nutrients come from
sources spread over the watershed. The work
required to control this contamination must
also span the watershed. Like improvement of

the watershed’s ecology, improvement in the
quality of surface runoff will require many
small changes in both facilities and behavior
that are carried out over the entire watershed
and implemented over a number of years.
Measures that might improve water quality and
development of the watershed management
plan that will be needed to support water quality
restoration are discussed in Chapters 8 and 9.

10 Such requirements are part of federal and state EPA regulations on CSOs formulated under the federal Clean Water Act.
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For it was rather exciting. The little dry ditches in which Piglet had nosed about so often had
become streams, the little streams across which he had splashed were rivers, and the river,
between whose steep banks they had played so happily, had sprawled out of its own bed and was
taking up so much room everywhere, that Piglet was beginning to wonder whether it would be
coming into his bed soon.

— A.A.Milne

Winnie-The-Pooh

The Lower Shaker Lake dam overflows into North Park Boulevard. August 31, 2001. Photograph by L.C. Gooch.

The Doan Brook Handbook
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7.1
A History of Doan Brook Floods

The earliest reported flood on Doan Brook
occurred in 1901, when a flash flood roared
down Cedar Hill from the Heights. Entire
neighborhoods were inundated. Flooding was
relatively rare in 1901, but high water has been
a regular occurrence since the 1920s, when
true urbanization of the upper watershed
began. Readily available flood records are
incomplete, but it seems that at least once each
decade the brook erupts above ground in
University Circle, reminding us that it once
flowed there. Significant floods left 10 to 11 feet
of water in the Circle in 1959 and 1975. Lesser
floods in 1962, 1976, during the 1980s, and in
1994 also inundated the area. General flooding
in the lower watershed was reported in 1929,
during the 1940s, and in 1956. Table 7-1 sum-
marizes records of the more damaging floods.

The worst Doan Brook flood occurred in August
1975,when a man was swept to his death in a
culvert near the intersection of East 105th Street
and East Boulevard.With University Circle
under eleven feet of water, the Sears Library and

other buildings at CaseWestern Reserve
University (CWRU) were flooded, causing the
destruction of 11,850 books and damage to
almost 100,000 other books and maps. Other
University Circle buildings were also flooded,
and there was extensive destruction in the
parks both upstream and downstream from
University Circle. Both of the Shaker Lake
dams were damaged, with severe damage at
Horseshoe Lake. In addition, erosion of the
stream bank in the Doan Brook gorge threat-
ened Fairhill Road near its intersection with
Kemper Road. Total monetary losses from this
flood were estimated at over $10,000,000.

Although other floods have not been as serious
as the one in August 1975, news of flooding
along the brook has been a recurring refrain.
Water has flowed over Horseshoe Lake dam at
least four times, resulting in serious damage
and subsequent repairs to the dam. Repairs
made in 1997 were intended to make the dam
safer during future overtopping. The brook
banks near Fairhill and Kemper were damaged
repeatedly by flood erosion between 1959 and
1976, when a definitive slope repair was

Most of the time, Doan Brook seems a peaceful, harmless trickle.We cross it without a
thought.Most of us don’t even really know that it is there. Sometimes when it rains, though,
Doan Brook wakes up and gives us a shake to remind us of the power that it has to shape
the land. Then, briefly, the brook mocks our efforts to control it. It turns roadways into
whitewater rapids; it forces its way into buildings and destroys their contents; it erodes its
banks, threatening the streets that run along them; it eats at the dams that we have thrown
across its path.

Concern about flooding along Doan Brook rises and falls with the flood waters. Each large
flood generates a wave of interest and a call for action. By the time a study is made and a
solution proposed, the sense of urgency created by the flood has receded. Funding is hard
to come by, and work is postponed. In effect, the community’s decision over the years has
been that we can live with an occasional flood along Doan Brook. This chapter explores the
nature, origins, and impacts of Doan Brook’s floods.

7
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performed.Minor damage to bridges and
retaining walls and disruption of traffic along
Martin Luther King, Jr., Boulevard is a regular
occurrence in the lower watershed.After the
1975 flood, CWRU decided that it was best to

simply get out of the brook’s way and moved
facilities that could be damaged out of the
reach of the flood waters. They also installed
water-tight “submarine” doors to keep the
brook out of some buildings. Partly as a result

of this action by CWRU and partly because
subsequent floods have been less severe, no
major damage has been caused by more
recent floods.

Table 7-1 An Incomplete History of Doan Brook Flooding

Date Description Technical Data

1901 A flood roars down Cedar Hill and inundates entire neighborhoods.

June 1929 A flood washes out some sections of the retaining walls along Doan Brook.

1940s Horseshoe Lake dam overtops and the south end of the embankment washes out.

1956 Eleven floods between May and August seriously damage the stream banks, retaining walls, For a Single Storm (date unknown):

and adjacent developments within the City of Cleveland. Rainfall: 3"

Peak flow = 2,500 cfs

June 1, 1959 A major flood leaves water 10 feet deep in University Circle. Horseshoe Lake dam partially Rainfall: 3" in < 1 hr.

fails. The bank of the brook along Fairhill just downstream from Kemper erodes so that the Peak flow = 18,000 cfs

north curbing of Fairhill is exposed. Return Period = 50 yr.

June 4, 1962 Flooding leaves 3 to 4 feet of water in University Circle. Rainfall: 1.5" in < 1/2 hr.

Return Period = 10 yr.

July 28, 1964 A more minor flood occurs, bringing the Lower Shaker Lake dam close to overtopping.

July 17, 1968 A relatively minor flood washes away the banks along Fairhill Road to within 6 feet of the

pavement at one point. There is also damage at Fairhill and East Blvd.

August 24, 1975 A rainfall of 6 inches falls on the Doan Brook watershed and results in a flood depth of 11 First Storm:

feet in low areas of University Circle. The storm causes severe flood damage and is followed Rainfall: 3.25" in < 1 day at the

August 29-31, 1975 by a second storm and flood of nearly equal magnitude 4 days later. A man swept into a cul- Lower Lake; over 6" in some areas.

vert near East 105th Street and East Boulevard is killed during the first storm. The stream Return Period = 50 yr.

bank near the intersection of Fairhill and Kemper Roads fails due to erosion. Horseshoe Lake Second Storm:

dam is severely damaged by overtopping. Rainfall: 3.5" in 3 days at Lower Lake.

July 14, 1976 The University Circle area floods with several feet of water. Horseshoe Lake dam overtops Rainfall: 3.5" to 4.5";

and is severely eroded, leaving the downstream side of the stonework exposed. time unknown, but < 1 day.

July 1990 Flooding along the lower brook, including a drowning.

August 13, 1994 A storm causes traffic disruption and property damage in University Circle and damage to

Horseshoe Lake dam.
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7.2
Where Does theWater Come From?
Watershed Runoff Patterns

The history of Doan Brook flooding makes it
clear that the most damaging floods along the
brook occur at University Circle. Flooding there
results from a combination of the hydrology of
the watershed and the design of the University
Circle culvert, which periodically interact to
dump an overwhelming quantity of water into
University Circle.

The Circle lies at the base of the Escarpment
and near the middle of the Doan Brook water-
shed.1Water in the brook (as it passes through
the University Circle culvert) originates in five
distinct areas:

• The Plateau upstream from the Lower
Shaker Lake (57% of the University Circle
watershed);

• The Plateau that drains to the brook between
the Lower Shaker Lake and the Martin Luther
King, Jr., Boulevard (MLK) detention basin
(9% of the University Circle watershed);

• The Plateau and Escarpment that were part of
the former Giddings Brook drainage area
(18% of the University Circle watershed);

• The Plateau and Escarpment that drain to the
Cedar Glen storm sewer (12% of the
University Circle watershed);

• The Lake Plain and Escarpment that drain to
the Euclid Avenue storm sewer (4% of the
University Circle watershed).

When the brook enters the University Circle
culvert, it carries runoff from the Plateau that
originates both upstream and downstream
from the Lower Shaker Lake. Just downstream
from the main culvert inlet, two large storm

sewers— the Giddings Brook culvert2 and the
Cedar Glen sewer— connect with the main
University Circle culvert. These two storm sew-
ers carry the runoff from the former Giddings
Brook watershed and the Euclid Heights area,
respectively.A third storm sewer intersects the
main culvert at Euclid Avenue. The total
drainage area that contributes flow to University
Circle is approximately 5,560 acres, or 74 per-
cent of the Doan Brook watershed. (See Figure
5-4 and Table 5-1 for a summary of drainage
areas at critical points in the watershed.)

Because of the Shaker Lakes, flow from the
Plateau upstream from the Lower Shaker Lake
reaches University Circle much later than flow
from areas downstream from the lake. In fact,
runoff from the area upstream from the lakes
plays a minor role in University Circle flooding.
The slope of the land and the density of the
urban area are moderate upstream from the
lakes, so water collects relatively slowly.More
important, runoff must pass through the lakes
before it reaches University Circle. The lakes play
a critical role by storing and slowly releasing
water that flows through them (seeWhat Do the
Lakes Do?).As a result, downstream floods are
much smaller than they would otherwise be.3

Unlike water that flows through the lakes, water
that originates downstream from the Lower
Shaker Lake finds few barriers in its path as it
flows toward University Circle. The areas that
drain into the downstream brook channel and
into the Cedar Glen sewer and the Giddings
Brook culvert are the denser urban neighbor-
hoods that lie on the western edge of the
Plateau and on the Escarpment.Water from
these areas collects quickly and takes an unob-
structed path through the storm sewer network
to the brook at University Circle.4 As a result,
the sharp, high flood peaks from these areas

(which together make up about 39 percent of
the watershed at University Circle and 28 per-
cent of the brook’s total drainage area) reach
the stream much sooner than the flow making
its way through the Shaker Lakes. Figure 7-1 is
a schematic representation of the timing and
magnitude of flows from upstream and down-
stream from the Lower Shaker Lake as they
reach University Circle. It clearly shows the rel-
ative contributions of runoff that originates
upstream and downstream from the lakes.

7.3
Why Is There a Flood? The Brook
Under Duress

The reasons that the fast-flowing runoff from
the uncontrolled areas of the Plateau and
Escarpment so often overwhelms the brook at
University Circle can be summarized in two
phrases: Giddings Brook and the impact of
urbanization.As Chapter 5 discusses in detail,
the urban watershed, with its abundant build-
ings, pavement, and storm sewers, sends far
more water into Doan Brook than flowed into
the brook under pre-development conditions.
The average annual runoff to the stream from
a given area may be three times as great as it
was in Nathaniel Doan’s time, and a five-year
flood5 may be four times as large. The extra
watershed area added by the diversion of
Giddings Brook into Doan Brook further
increases floods, so that the annual runoff is as
much as four times greater and the five-year
flood may be increased by a factor of five.

The culverts and channels that were built in
the lower Doan Brook watershed beginning in
the late 19th century might have been ade-
quate to carry the brook before urbanization
and before the Giddings Brook diversion, but

1 See Chapter 3 for a discussion of watershed topography and the definition of the Escarpment and other topographic regions.

2 This culvert runs down Baldwin Road and is sometimes called the Baldwin Road culvert or sewer.

3 For example, during a moderate flood that might occur once in five years, the Shaker Lakes are estimated to reduce the peak flow from the upstream watershed by about one-half and to delay the peak

flow downstream from the Lower Shaker Lake for over two hours.

4 Runoff that does not pass through a lake or other structure that would slow and reduce the peak flow is referred to as uncontrolled runoff. Areas that are not upstream from a control structure such as a

dam or detention basin are called uncontrolled drainage areas.

5 See Appendix H for a definition of the 5-year flood.
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they cannot carry the modern runoff.6 We
have built around and on top of the brook, so
that any adjustments the stream tries to
makes to accommodate larger flows are
destructive — they erode banks, threaten
roadways, and overtop the Shaker Lake dams.
In short, there are frequent floods along Doan
Brook because we have caused more water to
flow to the brook and we have given the
stream less room to carry the flow.

7.4
How Strong Are the Dams? The
Safety of the Shaker Lake Dams

In the late 1970s, the Ohio Department of
Natural Resources (ODNR) and the U.S.Army
Corps of Engineers evaluated the Horseshoe
Lake and Lower Shaker Lake dams to see
whether or not they were in danger of failing
and to assess the danger that a dam failure

would create. They concluded that the failure of
either of the dams could cause serious property
damage and some risk to human life. This risk
would stem from the inundation of roads and
bridges and from high water in the University
Circle area as the flood wave from the dam fail-
ure moved downstream. The agencies deter-
mined that both dams were subject to failure by
overtopping7 during the Design Flood—a
flood one-half the size of the Probable Maximum
Flood.8 Because of the risk created by failure of
either dam, they were given “high”hazard rank-
ings by the Corps of Engineers. Because both
dams were considered to have a reasonable pos-
sibility of failure, the agencies indicated that
action was needed to protect them.

Several measures have been taken since the
initial evaluation of the dams to increase their
safety. The Horseshoe Lake dam was repaired
in 1995 by filling a low spot on its crest, paving
the pathway across the crest, and placing large

rock riprap9 on the dam’s downstream face.
This was intended to protect the dam by elimi-
nating a low spot that would overtop before the
rest of the dam, by reinforcing the crest against
erosion, and by making the downstream face
more erosion resistant. The Lower Shaker Lake
dam has also been repaired. Fill was placed on
the downstream face of the dam north of the
outlet channel, and some additional work was
done to reinforce the downstream slope near
the ruin of the Shaker sawmill. In 1999, the
stonework in the dam’s spillway was repaired,
and an outlet was installed in the lake so that
the water level could be lowered to allow future
dam inspections.

ODNR has continued to express concern about
the condition of both of the Shaker dams and
the possibility that either dam could be seri-
ously damaged or fail as a result of overtop-
ping. After their most recent formal inspection
in May 1996, ODNR required minor, routine
repairs to both dams. These minor repairs
appear to have been completed since.More sig-
nificantly, ODNR required that studies be per-
formed to evaluate the size and design of
emergency spillways that would prevent over-
topping during the Design Flood.Action on
this last requirement has been slow.

7.5
How Big Is the Pipe? The University
Circle Culvert and the Downstream
Channels

When Doan Brook floods, the University
Circle culvert overflows. The 5,160-foot-long
culvert that carries the brook from the inter-
section of Martin Luther King, Jr., Boulevard
(MLK) and Ambleside Drive past the
Cleveland Museum of Art is actually a series

Figure 7-1 Typical Flows at University Circle

Fl
ow

Time

Inflow to University Circle from Area Below Lower Shaker Lake

Not To Scale

Inflow to University Circle from Area Above Lower Shaker Lake

6 In fact, the first sign that urbanization was overwhelming the rigid channels in the lower watershed came as early as 1929, when a flood washed out part of the channel. The first enlargements to the

channel in Rockefeller Park were made in 1932 and 1940.

7 A dam is “overtopped” when water flows over the dam at a point where it is not designed for overflow. Overtopping is dangerous to an earth dam because it causes erosion and may carry away enough of

the dam to create a channel and lead to an uncontrolled release of the water in the reservoir.

8 The Probable Maximum Flood, or PMF, is defined as “…the flood that can be expected from the most severe combination of critical meteorologic and hydrologic conditions that are reasonably possible…”

in a given area (National Research Council, 1988). In other words, the PMF is the worst flood that can be imagined if science is used to guide the imagination. The Design Flood is the flood that a structure

must, by regulation, be designed to withstand. The Design Flood for Ohio dams with a high hazard ranking is one-half of the PMF.

9 Riprap is rock with a controlled range of sizes that is designed to protect the underlying soil from erosion.
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When flooding and the Shaker Lakes are dis-
cussed, two topics often come up: 1) the lakes’
ability to reduce downstream flooding, and 2)
sediment in the lakes. How do lakes reduce
downstream flooding? Does sediment in the
lakes change their flood control potential?

When the weather is dry, lakes store water at
or below the elevation of the lowest open out-
let. For Horseshoe Lake, that elevation is the
lip of the semi-circular overflow spillway at
the dam. For the Lower Shaker Lake, that ele-
vation is the top of the stone spillway under
the “Lovers’ Lane” bridge at the west end of
the lake. Sediment generally accumulates in
the lakes below the dry weather lake eleva-
tion (that is, below the crest of the spillway).

When a storm begins, water starts to flow into
the lake faster than it can flow out over the
spillway, and the water surface in the lake
rises (see Figure 7-2). As the water surface
goes up, the flow out of the lake (over the
spillway) increases. The elevation of the lake
at the end of the storm and the peak outflow
from the lake depend upon the balance of the
rate of inflow, the water surface elevation,
and the outflow rate during the storm. The
lakes slow and reduce downstream flood
peaks by forcing water to leave the lake more
slowly than it flows in and thus storing water
during the storm.

The ability of the Shaker Lakes to ease flood-
ing in University Circle is not increased by
dredging the lakes. Dredging has no impact
on flood control because the volume of water
stored during a storm is the volume contained
in the layer of water between the lakes’ water
surface at the beginning of the storm and the

water surface at the end of the storm. This
layer of water lies above the spillway eleva-
tion and is not filled as sediment accumulates.

The storage and slow release of storm water
by the Shaker Lakes plays an important role in

reducing flooding at University Circle.
Although periodic dredging is necessary to
preserve the health and aesthetics of the
lakes, dredging (or failing to dredge) has no
impact on University Circle flooding.10

s

s

Sediment below normal lake level

(I) Inflow
(O) Outflow
(S) Stored Water

Before the storm: Inflow = Outflow
Lake at normal level

spillway

The Storm Ends: Inflow < Outflow
Volume of stored water (S) decreasing

I
O

Note that all flood water
is usually stored above
the normal lake level,
so sediment in the lake
below normal lake level
does not decrease the
volume of water stored
during a storm.

Peak of Storm: Inflow > Outflow
Water Stored (S)

I
O

O
I

What Do the Lakes Do? Lake Sedimentation and Flood Storage

Figure 7-2 Lakes: Sediment Storage and Storm Flows

10 If lake dredging were to be used in combination with a program that kept the lakes almost empty during dry periods, dredging could change the lakes’ ability to store flood water. It is very unlikely that the

Shaker Lakes will ever be managed in this way.
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of shorter culverts that were pieced together
over the years as the stream was pushed far-
ther and farther out of sight. The result of the
culvert’s piecemeal construction is a pipe with
different shapes and sizes and different capac-
ities along its length. Illustrations that show
the profile and shape of the culvert are includ-
ed in Appendix H.

Whenever the culvert’s capacity is exceeded,
water in the pipe begins to flow under pres-
sure, backing up in the pipe and eventually
flooding up through manholes and then into
streets and buildings. If the culvert is com-
pletely overwhelmed, as in the 1975 flood, it
can no longer carry the water that rushes
down the Escarpment, and Doan Brook once
again flows above ground through University
Circle. Estimates indicate that the culvert can
carry no more than about 2,000 cfs11 without
some flooding.When the culvert is partially
blocked with debris, as it frequently is, its
capacity is reduced, and flooding will occur at
lower flows.12

Estimates made in the 1960s indicate that the
capacity of the culvert will be exceeded more
than once every two years.More recent esti-
mates suggest that the culvert’s capacity will
only be exceeded once in about every ten years.
The history of flooding at University Circle
suggests that the true frequency of flooding
may be somewhere between these two esti-
mates: minor flooding seems to occur every
three to five years, with a significant flood
about one year in six.13

The culverts and stone-lined channels along
MLK downstream from University Circle are
also too small for the urban brook. The capac-
ity of the channels varies along the stream, as
does the amount that the stream must rise
before it flows out of the park and onto the

adjacent roadway. The most frequent flooding
occurs near the downstream end of the brook,
between St. Clair Avenue and the Conrail
Railroad tracks. Here, recent estimates indi-
cate that the brook can be expected to leave a
foot or more of water in the road for a short
time as often as once a year. Once in ten years,
this area and the area upstream from St. Clair
can be expected to be several feet under
water. Once in 50 years, flooding can be antic-
ipated along much of MLK downstream from
Euclid Avenue.

The culvert that carries Doan Brook under I-90
and Site 14 into Lake Erie was designed to
carry the flow generated by the 100-year
storm.13 Recent calculations did not include
storms larger than the 50-year storm, but they
confirm that the culverts have enough capacity
to carry the 50-year flow.

7.6
What CanWe Do? Solutions to
Flooding

We began this chapter by saying that the com-
munity has, over the years, decided to live with
occasional flooding on Doan Brook.Most of
the work done in recent years, aside from the
construction of the Martin Luther King, Jr.,
Boulevard (MLK) detention basin and occa-
sional removal of debris from the University
Circle culvert, has concentrated on restoring
flood-damaged sections of the channel to their
previous condition. Little effective work has
been done to address the underlying causes of
flooding. Given that Doan Brook is a confined
stream in a fully developed watershed, what
can we do to reduce flooding in the future?
How important is it to prevent future floods?

Floods in an urban stream can be reduced in

three basic ways: by reducing runoff (the inflow
to the stream) ; by storing and slowly releasing
runoff; and by increasing the capacity of the
stream so that it can carry higher flows with-
out flooding.We will look at each of these
approaches in general terms here, saving more
detailed discussion of actual measures that
might be taken for Chapter 8.

• Reducing runoff —Once a watershed is
fully urbanized, as the Doan Brook water-
shed is, it is difficult to make dramatic
reductions in runoff. However, small mea-
sures can be taken throughout the water-
shed to reverse some of the impacts of
urbanization. These include (among oth-
ers): redesigning parking lots so that they
encourage infiltration rather than runoff;
re-landscaping with natural vegetation that
retains rainfall; and disconnecting down-
spouts from storm sewers so that water can
run onto the ground surface and infiltrate.

• Storing and slowly releasing runoff—Lakes
and other impoundments store and slowly
release stormwater runoff. The Shaker Lakes
effectively perform this function for much of
the upper watershed, and the MLK detention
basin was an attempt to increase the storage
and slow release of some of the inflow to
Doan Brook between the lakes and University
Circle.Additional flood storage capacity could
be added to the Doan Brook watershed by
building either a few large impoundments or
a number of small impoundments.

Large flood storage projects tend to be just
that — large— and adding new large
impoundments in an urban area like the
Doan Brook watershed is difficult and
expensive. New flood storage capacity would
be most effective in the uncontrolled part of
the watershed upstream from University

11 Cubic feet per second. A basketball's volume is about one cubic foot. Imagine basketballs flowing past you at the rate of 2,000 per second.

12 Flooding in University Circle is exacerbated by the fact that Euclid Avenue is higher than the streets upstream, so that a sort of lake is formed upstream from Euclid Avenue when the brook escapes from

the culvert.

13 See Appendix H for an explanation of how floods are estimated and definitions of the 50- and 100-year floods.
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In 1997, the City of Cleveland took advantage
of some available funding and built a flood
detention basin on Doan Brook just upstream
from the entrance to the University Circle cul-
vert (immediately downstream from MLK).
Although the basin was intended to reduce
the five- and ten-year floods in the lower
watershed, subsequent studies performed
during the NEORSD Doan Brook Study have
shown that the basin will have little or no
impact on floods that occur less than about
once in ten years, and will have significant
impact only during very large floods (as large
or larger than a flood that would occur once
in fifty years). How, then, did the basin come
to be built?

To answer this question, we must look at the
history of flood studies on Doan Brook. The
first major study of Doan Brook flooding was
performed by Stanley Engineering Company in
1964. Not surprisingly, the study concluded
that flooding in University Circle came primari-
ly from three sources: runoff directly to the
brook downstream from the Lower Shaker
Lake; the Giddings Brook culvert; and the
Cedar Glen sewer. A smaller contribution to
flooding came from the Euclid Avenue sewer.
Construction of a detention basin on Doan
Brook upstream from MLK (on Cleveland land
that is leased by Cleveland Heights) was rec-
ommended as one of a number of measures
that could be taken to alleviate University
Circle flooding.

As proposed in the Stanley report, the deten-
tion basin had the potential to reduce the
peak flow in University Circle by about 23 or
24% during a five- to ten-year flood by using
MLK as a dam to back water up into the Doan
Brook gorge. Even with this much flow reduc-
tion, the Stanley detention basin would not
have eliminated flooding in University Circle
during the five- to ten-year floods unless it
was combined with a number of other pro-
posed measures, including enlargement of the
University Circle culvert.

Over thirty years after the detention basin was
originally proposed, the City of Cleveland
began to move ahead with a detention basin
project almost identical to that originally rec-
ommended by Stanley. Significant opposition
from the public and the Cleveland Heights city
government arose because of the unavoidable
damage to the Doan Brook gorge (see
Chapter 2), and because of questions about
whether the basin would, by itself, make a
worthwhile reduction to downstream floods.
In response, Cleveland moved the basin
downstream from MLK onto City of Cleveland
land that is not leased by Cleveland Heights.
The design of the basin was significantly
changed, so that the restriction to the outflow
and the volume of water that would be
detained were dramatically less than those
proposed by Stanley. Hydraulic calculations
performed to evaluate the new design do not
seem to have accounted for the fact that the

redesigned basin and outlet provided much
less flow restriction and flood storage than
the original design. In addition, analyses made
as part of the NEORSD Doan Brook Study sug-
gest that inflows to the basin will be some-
what lower than those estimated by Stanley.
Because of the design changes and the lower
inflows, the detention basin is expected to
have little or no impact on the five- to ten-year
events for which it was built and to have no
significant impact on flooding in University
Circle except during floods that occur less fre-
quently than once in fifty or 100 years.

Figure 7-3 The flood detention basin on Doan Brook just

downstream from Martin Luther King, Jr., Boulevard. Photograph

by L.C. Gooch.

Impact on Flooding: What Does the MLK Detention Basin Do?
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Circle. This is the heavily urban area in the
Cedar Glen sewer and Giddings Brook water-
sheds, where it would be almost impossible
to build a new lake or detention basin.

It would be somewhat easier to add a num-
ber of small storage and release areas in the
uncontrolled Doan Brook watershed
upstream from University Circle. For exam-
ple, small ponds and wetlands could be
added in open areas adjacent to the stream
or in road medians. New parking lot designs
could include storage that would delay
runoff from small and moderate storms.A
sustained effort to install small retrofit stor-
age areas in the Giddings Brook culvert and
Cedar Glen sewer watersheds could have a
significant cumulative impact on flooding.

• Increasing the capacity of the stream—
Regardless of the number of new storage
basins and the reduction in runoff that is
achieved in the Doan Brook watershed, it is
unlikely that we can reduce the flow in the
stream enough to prevent relatively frequent
flooding in University Circle and Rockefeller
Park unless we also increase the capacity of
the culverts and the channels.

The capacity of the University Circle culvert
could be increased by simply installing a
larger pipe, or by “daylighting” the brook;
that is, by building a new above-ground
channel in University Circle. Either approach
would be expensive and difficult in such a
heavily urban area. Increasing channel
capacity in Rockefeller Park would be easier
in some places but would conflict with the
road or with the historic Schweinfurth
bridges in others.

For flood control, as for many other problems
faced by Doan Brook, there is no single easy
solution. Coordinated implementation of many
measures over many years will be needed to
decrease flooding. In addition, it will be neces-
sary to evaluate the importance of preventing
an occasional flood and weigh it against the
importance of other changes that might, for
example, improve the brook’s water quality or
aquatic habitat. The process of evaluating
options and priorities and developing a water-
shed management plan is the subject of
Chapters 8 and 9.

Figure 7-4 Erosion around the end of the trash rack upstream from Martin Luther King, Jr., Boulevard is one result of high flows in Doan

Brook. Photograph by L. C. Gooch
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Our conservation must be not just the classic
conservation of production and development,
but a creative conservation of restoration and
innovation. Its concern is not with nature
alone, but with the total relations between
man and the world around him. Its object is
not just man’s welfare but the dignity of man’s
spirit.

— Lyndon B. Johnson

Message to Congress, February 8, 1965

A jack-in-the-pulpit growing in a wild area along the Doan Brook. Photograph by L. C. Gooch.

The Doan Brook Handbook
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8.1
Simplifying the Problem: Getting a
Handle onWhat Doan Brook Needs

The array of problems that confronts Doan
Brook can be bewildering.How can the prob-
lems be organized so that we can begin to for-
mulate solutions? In order to avoid being over-
whelmed as we sort through alternatives for
Doan Brook restoration, it is useful to keep the
following three categories of problems in mind:

• Problems of Hydrology—Flooding, too
little water during dry periods, undersized
existing channels and culverts, and the con-
dition of the Shaker Lake dams.

• Problems ofWater Quality—Contamination
in the brook and the Shaker Lakes.

• Problems of Habitat—Physical and
chemical conditions in the brook and its
surroundings that are detrimental to healthy
aquatic and riparian ecosystems.

Issues associated with Doan Brook hydrology,
water quality, and habitat are detailed in
Chapters 7, 6, and 4, respectively. Table 8-1 pre-
sents a working summary of Doan Brook’s

problems sorted into these three categories.As
the table shows, the three categories interact
with each other. For example, hydrologic prob-
lems and poor water quality contribute to poor
habitat; elevated sediment levels created by
hydrologic problems cause poor water quality.
We will use the three categories as a framework
for evaluating Doan Brook restoration mea-
sures, keeping in mind the interactions among
different kinds of problems and the likelihood
that a restoration measure that helps in one
area may also help in another.

8.2
What AreWe Trying to Accomplish?
The Target of Restoration

Before we plunge into a discussion of the many
options for restoring Doan Brook, it is useful to
consider briefly what it is that we are trying to
accomplish.What exactly do we mean by
stream restoration?

In a general sense, stream restoration means
returning a stream to the condition it was in
before humans settled in its watershed.

The last several chapters have outlined a sometimes disturbing picture of the problems of
Doan Brook. In a nutshell, the brook now runs through a heavily urban area, and it suffers
from all of the maladies that can be expected in an urban stream. It has too much water
during floods and too little during droughts; its waters are polluted by the city around it; it
is buried and confined; its aquatic community is poor. Unlike many similar urban streams,
though,much of the brook still runs through a relatively undisturbed riparian corridor
that hosts a wide variety of birds and animals and preserves some of the stream’s native
beauty.What avenues can we now take to make the most of the brook’s assets and minimize
its defects? How can we preserve the Shaker Lakes, the gorge, and Rockefeller Park for
future generations?What is already being done? In this chapter we will explore the physical
measures that might be taken to restore the brook. The political and social process of mak-
ing restoration a reality is the subject of Chapter 9.

8
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However, it is unrealistic to think that a stream
in a heavily urban watershed like Doan Brook’s
can be completely restored through human
efforts. Such a complete restoration would
require drastic reduction of the number of
people in the watershed and destruction of the
buildings and streets we’ve created, followed by
a period of many years during which the nat-
ural ecosystem could reestablish itself. So,
when we talk about restoring Doan Brook we
are talking about moving the stream back

toward its original condition without expecting
ever to achieve a stream that could be mistaken
for the undisturbed brook.

As we begin, we must decide what aspects of
the brook’s character we will try to restore. Do
we want flows in the stream to return to pre-
development levels? Or do we want to make a
more moderate reduction in flow and, at the
same time, adjust the stream channel so that it
can both carry the flow and accommodate a

healthy ecosystem? Do we want to prevent any
reasonable possibility of flooding that will have
impact on humans, or do we want to live with
some flooding? Do we want lakes that are aes-
thetically pleasing and that continue to be so
for the next generation? Do we want a stream
in which we can safely wade and fish? Do we
want a self-sustaining ecosystem so that there
will be fish to be caught? How much can we
afford to do?

Table 8-1 Summary of Doan Brook’s Problems

Problem Source of the Problem

Hydrology Water Quality

Giddings Increased Lakes Stream Culverts Decreased CSOs Contaminated

Brook Div. Runoff Modifications Infiltration Runoff

Hydrologic Problems:

Damaging Floods ° ° + ° °
Dam Safety • +
Inadequate Channel or Culvert Capacity ° ° + ° °
Stream Channel and Bank Erosion ° ° + °
Low Dry Weather Flows •

Poor Water Quality:

High Bacteria Levels ° °
High Nutrient Levels ° °
Elevated Salt Levels •
Elevated Sediment Levels ° ° + °
Trace Contamination ° °
Increased Temperature ° °
Degraded Habitat:

Low Species Diversity ° ° ° ° ° ° °
Lake Eutrophication ° °
Poor Physical Habitat ° ° ° ° °
Blocked Migration Pathways ° ° °
• Entire Source

° Partial Source
+ Helps the Problem
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Obviously, there are many possible targets for
restoration. Setting goals for Doan Brook will
need to involve many people so that different
perspectives and interests are considered. The
necessary goal setting is part of the watershed
planning process discussed in Chapter 9.

8.3
What Methods Are Available? The
Universe of Restoration Techniques

The list of actions that could be taken to pre-
serve and restore Doan Brook— that is, to
improve its hydrology, water quality, or habitat
— is long. Restoration projects may be large,
aiming to make a substantial change with one
action and requiring strong political backing
and significant financial resources. They may
be small, seeking to make a slight improve-
ment or to address the problems of a small
part of the watershed and requiring less politi-

cal unanimity and more modest financing. Or,
they may muster the efforts of many individual
citizens of the watershed and seek to improve
the condition of the brook by the cumulative
effect of many very small actions.

Any given restoration project, whether large,
small, or the cumulative result of citizen
action, can improve the brook by one of several
mechanisms:

• It can reduce or eliminate the source of a
problem (source reduction). For example,
reducing fertilizer use reduces a source of
nutrients to the brook.

• It can treat existing contamination by divert-
ing it from the watershed for treatment else-
where, by treating it before it reaches the
brook, or by treating it within the brook
itself (treatment). Diversion of sanitary
sewage from the brook to the wastewater
treatment plant is the major treatment

approach now used for Doan Brook.
Treatment techniques such as the construc-
tion of treatment wetlands1 could be used
within the watershed.

• It can divert or delay flow in the brook (flow
control). The Shaker Lake dams and the
Martin Luther King, Jr., Boulevard (MLK)
detention basin are examples of flow control
projects.

• It can improve the condition of the stream
channel (channel restoration). The bio-
restoration2 of some of the stream banks
downstream from the University Circle cul-
vert is an example of channel restoration.

• It can maintain existing features that are
critical to the stream (maintenance).
Preservation of the Shaker Lakes is an
example of maintenance.

The following three sections look at some of the
restoration techniques that would have signifi-
cant impact on problems of hydrology, water
quality, and habitat, respectively.Many methods
appear in more than one section, since many
approaches to restoration address more than
one kind of problem.A technique that helps
solve more than one problem is discussed in
each appropriate section. The final section of
this chapter summarizes all of the restoration
methods and offers a first attempt at an evalua-
tion of the different approaches. The list of
techniques presented here is not complete.
Other approaches that deserve consideration
will arise as work on the Doan Brook watershed
management plan goes forward.

Because there are so many possible approaches
to Doan Brook restoration, it is difficult to sum-
marize them effectively. Brief descriptions of the
more significant restoration methods are given
in the text,with a more thorough discussion of

1 Wetlands provide a natural filter for contaminated water, causing some contamination to settle out and absorbing other contamination (particularly nutrients) into their vegetation. Properly designed and

maintained wetlands can effectively treat non-toxic contamination.

2 Stream channel biorestoration involves using plantings, tree stumps, and other natural materials to stabilize eroded channel banks and beds. Channels are designed to mimic natural channel shapes, and

the restoration is intended to create both a stable channel and good habitat in the stream. The Holden Parks Trust has installed biorestoration pilot projects on Doan Brook just downstream from the

University Circle culvert outlet and west of the Rockefeller Park Lagoon.

Figure 8-1 Canoeing on the Lower Shaker Lake — ca. 1900. Postcard from the collection of the Shaker Historical Society, Nord Library,

Shaker Heights, Ohio.
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true hydrologic source reduction. Some
stormwater retrofits3 may reduce runoff
either by replacing a previously impervious
surface (like a conventional parking lot)
with a more pervious one (like a parking lot
with pervious pavers) or by trapping runoff
in a pond, sand filter, or wetland and allow-
ing it to infiltrate over time. Some citizen
actions, such as rain barrel use, downspout
disconnects, and alternative landscaping will
encourage infiltration and decrease runoff
from private property. The cumulative
impact of stormwater retrofits and citizen
action over the entire watershed could be
significant. However, the low permeability
soils of the Doan Brook watershed (especial-
ly of the upper watershed) make source
reduction more difficult here than it is in
many places. Because of the soil’s low per-
meability, water will run off of a turf lawn
quickly, especially where the soil has been
compacted by heavy equipment during
building construction.

• Flow Control—Flow control, coupled
with channel restoration, is the approach to
hydrologic restoration that is most likely to
make a significant difference in destructive
flooding along Doan Brook. There are two
main approaches to flow control: diversion
and detention followed by slow release.

Diversion involves simply directing flow
away from the main channel of the brook
either into another watershed or into storm
sewers that bypass the brook. Examples of
diversion include:

• Redirecting the flow from the Giddings
Brook watershed away from Doan Brook.
Although this may seem like an appeal-
ing idea, the Giddings Brook watershed is
as urban as the Doan Brook watershed,

each technique included in Appendix J. The text
also explores the advantages and disadvantages
of key techniques. Those who wish to have a
thorough understanding of methods that might
be used to restore Doan Brook will need to con-
sult the appendix as well as the text and tables.

8.3.1
Hydrologic Restoration

Table 8-2 summarizes some of the measures
that might be used to improve hydrologic con-
ditions in Doan Brook. In broad terms, the

brook’s hydrology could be improved by
decreasing the size of periodic high flows, by
providing more channel capacity, and by
increasing dry weather flow. The more signifi-
cant specific approaches to improving the
hydrology of the brook are:

• Source Reduction—Reducing excess
runoff, the main source of the brook’s hydro-
logic problems, involves either reducing the
impervious area of the watershed or provid-
ing specific mechanisms that encourage
rainfall to infiltrate into the ground.
Relatively few restoration techniques involve

Table 8-2 Measures for Hydrologic Restoration of Doan Brook

Measure Project Type Impact Practical? Cost

Redirect Giddings Brook large significant no $$$$

Large New Stormwater Detention large significant difficult-no $$

Parallel Stormwater Culvert large significant difficult-no $$$$

Enlarge Rockefeller Park Culverts large significant fairly $$$

*4 Reinforce Dams Against Failure small significant yes-fairly $$–$$$

Stormwater Retrofits small med.- signif. yes-fairly $–$$$

Daylight Brook in University Circle large medium difficult $$$–$$$$

Enlarge University Circle Culvert large medium fairly $$$

Keep University Circle Culvert Clear of large medium yes $$

Debris5

Enlarge Cedar Glen Sewer large medium fairly $$$

Enlarge Rockefeller Park Channels large medium fairly $$

Revise City Codes to Require BMPs6 small medium yes $

Redesign MLK Detention Basin Outlet small medium yes $

Stream Channel Restoration small medium fairly-difficult $$–$$$

Improve Golf Course Maintenance small minor yes $–$$

Downspout Disconnects citizen minor fairly-no $

Rain Barrel Use citizen minor yes $

Alternative Landscaping citizen minor fairly $

Practicality: yes = highly practical – easy to implement; fairly = practical – not easily implemented;

difficult = may be practical, but will be very difficult to implement; no = not practical.

Cost: $ = inexpensive; $$ = expensive; $$$ = very expensive; $$$$ = prohibitively expensive.

3 Stormwater retrofits are generally small stormwater management facilities that are added to a developed watershed. Examples of stormwater retrofits include a small detention pond or wetland at a

tributary culvert outlet, a detention pond and infiltration area in a roadway median, and a sand filter that catches runoff from a parking lot. Generally, each stormwater retrofit is intended to improve

water quality or decrease peak outflow from a small subwatershed.

4 *Projects that are in progress are marked with an asterisk.

5 The culvert is now cleaned at irregular intervals.

6 BMPs are best management practices that are the most effective and practical approaches to meeting environmental quality goals.
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and it is very unlikely that it would be
possible and feasible to build a re-diver-
sion that did not create more problems
than it solved.

• Diverting high flows into a storm sewer
that runs parallel to the brook. This could
be considered for the lower brook; howev-
er, because flood flows are large, it would
be extremely costly to build a parallel
storm sewer large enough to have much
impact on a flood of any size. This
approach might, however, be feasible if
the brook could be “daylighted”7 in the
University Circle area, where the existing
University Circle culvert could then be
used to carry high flows.

Stormwater detention (followed by slow
release) involves building some form of
either above-ground or underground storage
for stormwater. The Shaker Lakes are exist-
ing examples of stormwater detention, and
they play a critical role in reducing flooding
along Doan Brook. The MLK detention basin
was also intended as a stormwater detention
facility, but it is generally ineffective in its
current configuration (see Chapter 7).

Examples of new stormwater detention facil-
ities that might be built in the Doan Brook
watershed include large above-ground
basins, underground storage,modification
of the MLK detention basin outlet to increase
the basin’s efficacy, and stormwater retrofits
such as small wetlands or ponds and rooftop
runoff storage areas for buildings.As is dis-
cussed in Chapter 7, it would be very diffi-
cult to find space for large new above-
ground or underground storage facilities in
the watershed. Stormwater retrofits are there-
fore likely to be the most effective approach.

Modification of the MLK detention basin
outlet would also provide some additional
stormwater detention at very low cost.

• Channel Restoration—Culvert
enlargement and channel restoration could,
if coupled with source reduction and flow
control measures, decrease the damage to
the brook channel and surroundings that is
caused by excess flows. Increasing the capac-
ity of the University Circle culvert, shorter
culverts in Rockefeller Park, and feeder
storm sewers would likely decrease flooding
in the areas around the culverts, but it would
not provide much benefit to the stream.
Modification of channels in Rockefeller Park
to achieve a more natural channel configura-
tion or "daylighting" the brook in University
Circle could be done in a way that decreases
flooding, strengthens eroded areas, and
improves channel habitat.

• Maintenance—Maintenance of the
Shaker Lakes and their dams is critical to
preventing Doan Brook flooding from
becoming much worse. Proper maintenance
of the University Circle culvert to keep it
clear of debris would reduce the frequency
of flooding in University Circle.

Some reduction of peak floods in the brook or
some adjustment of the channel and culverts
so that they are better suited for the flows they
now receive is needed if the brook is to main-
tain a healthy ecosystem. Some would argue
that better flood control is also needed so that
the brook will cause less damage and inconve-
nience, particularly in University Circle and
Rockefeller Park. No single restoration method
will bring Doan Brook back into harmony with
the volume of water that it now receives from
the watershed. Instead, a combination of

techniques that reduce the flow volume and
increase the stream capacity may restore some
balance to the brook’s hydrology.

8.3.2
Water Quality Restoration

Table 8-3 summarizes techniques that might be
used to improve water quality in Doan Brook.
In general, water quality in the brook can be
improved by diversion and treatment of conta-
minated flow, by in-stream treatment, or by
reduction of contamination sources within the
watershed. Some approaches to water quality
restoration for Doan Brook are:

• Source Reduction—There is no effec-
tive way to reduce the sources of contami-
nants that flow to Doan Brook through the
sanitary sewer system. Sanitary sewer flows
can be controlled, diverted and treated in a
variety of ways (see below), but there are few
ways to reduce the amount of wastes that we
put into the sewers in the first place.8

Contaminant sources in stormwater runoff,
unlike those in sanitary sewage, can be
effectively reduced. For example, cities in the
watershed can decrease the amount of salt
that reaches the stream by using alternative
deicers or simply by using less salt. They can
reduce bacteria by instituting programs that
encourage pet owners to pick up pet waste
and discourage nuisance waterfowl around
the stream.9 They can also dredge the lakes
on a regular basis. Lake dredging eliminates
contaminants that may otherwise re-enter
the aquatic ecosystem when sediments are
disturbed. This kind of contaminant recircu-
lation can be a significant source of nutri-
ents. While the other approaches discussed

7 “Daylighting” refers to re-building an above-ground channel for the brook where it is currently confined to a culvert. The Case Western Reserve University Master Plan calls for the restoration of Doan

Brook to an above-ground park in the area adjacent to the university campus.

8 One important source of phosphorus (a nutrient) that entered the brook mostly through the sanitary sewer system was greatly reduced when phosphate detergents were banned in the 1980s.

9 Geese can be discouraged by eliminating lawn area at the water’s edge and allowing taller vegetation to grow adjacent to the lakes. Appropriately chosen vegetation can provide good habitat for other

wildlife as well as discouraging geese.
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Table 8-3 Measures for Water Quality Restoration of Doan Brook

Measure Project Type Impact Practical? Cost

*4 Heights/Hilltop Interceptor large significant fairly $$$

High Flow CSO Storage large significant fairly $$$

High Flow CSO Treatment large significant fairly $$$

Stormwater Retrofits small significant yes-fairly $–$$$

Lake or Stream Biofiltration small significant? yes-difficult $–$$$

Improve Golf Course Maintenance small significant yes $–$$

Protect Riparian Corridor small significant yes $

* Cleaning Pet Waste10 citizen significant yes $

* Optimize the Existing Sewer System large medium yes $

Revise City Codes to Require BMPs small medium yes $

* Channel Stabilization small medium fairly $$–$$$

* Stormwater Outfall Monitoring small medium yes $

* Sanitary Sewer Maintenance small medium yes $$

* Lake Dredging small medium fairly $$$

Alternative Road Deicing small medium yes $$

Discourage Nuisance Waterfowl small medium yes-fairly $

Increase Riparian Vegetation small medium yes $

Erosion Control During Construction small medium yes $

Alternative Landscaping citizen medium fairly $

* Proper Auto Waste Handling citizen medium yes $

Proper Car Wash Practices citizen medium yes $

Reduce Lawn Fertilizer, Pesticides and Herbicides citizen medium yes $

* Proper Yard Waste Disposal10 citizen medium yes $

* Reinforce Dams Against Failure small med.-neg. yes-fairly $$–$$$

Aquatic Plant Management small medium fairly $

* Lake Aeration small minor yes $

* Street Litter and Debris Cleanup small minor yes $

Catch Basin Inspection and Cleaning small minor yes $

Downspout Disconnects citizen minor fairly-no $

Rain Barrel Use citizen minor yes $

* Household Hazardous Waste Disposal10 citizen minor yes $

Practicality: yes = highly practical – easy to implement; fairly = practical – not easily implemented;

difficult = may be practical, but will be very difficult to implement; no = not practical.

Cost: $ = inexpensive; $$ = expensive; $$$ = very expensive; $$$$ = prohibitively expensive.

10 At least one of the cities in the watershed has an existing program requiring or encouraging appropriate action on this measure.
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could be implemented by the cities without
great cost,11 lake dredging can be expensive.

Golf courses in the watershed could con-
tribute to source reduction by using less fer-
tilizer, using low phosphorus fertilizers,12

and reducing pesticide and herbicide use.
Given that two golf courses make up much of
the land along the south branch of Doan
Brook, the contribution of good golf course
maintenance to the health of the brook could
be significant. Homeowners throughout the
watershed could have similar impacts on
nutrients, pesticides, and herbicides by
reducing or eliminating the use of fertilizers
and other chemicals on their lawns and by
planting alternative forms of vegetation.

• Treatment and Flow Control—
Diversion and treatment of sanitary sewage
is the single action that can most improve
Doan Brook water quality. The water quality
in the stream already benefits greatly from
the diversion of the bulk of the watershed’s
sanitary sewage for treatment at the
Easterly Wastewater Treatment Center. The
Heights/ Hilltop Interceptor (HHI), when in
service,13 will divert even more sanitary
sewage for treatment.

Substantial periodic overflows from the com-
bined sanitary and storm sewer system in the
lower watershed will continue even after the
HHI is complete. The primary purpose of
NEORSD’s Doan Brook watershed study was
to evaluate the best means of further reduc-
ing these combined sewer overflows.
Alternatives under consideration include con-
struction of a tunnel in the lower watershed
to temporarily store some CSOs and divert
them to the EasterlyWastewater Treatment
Center, installation of several small treatment
facilities in the lower watershed to treat com-

bined sewage before it is discharged to the
stream, and construction of a number of CSO
storage facilities in the lower watershed.14

Although the HHI and additional CSO con-
trols will significantly improve water quality
in the lower watershed, they will not address
contamination from stormwater runoff in
the upper watershed. Treatment methods
that could restore water quality in the upper
watershed include in-stream treatment (by
lake aeration, biofiltration, stormwater retro-
fits, or aquatic plant removal), runoff filtra-
tion before it reaches the brook (by increas-
ing riparian vegetation or installing filtering
wetlands or runoff traps), regular street
sweeping, frequent inspection and cleaning
of storm sewer catch basins, and collection
of various yard and household wastes for
treatment or other disposal before they
reach the brook. Finally, bacteria discharges
to the brook can be substantially reduced by
a coordinated program that detects and cor-
rects illicit sanitary sewer connections that
now discharge directly to the storm sewers.

• Channel Restoration—Channel stabi-
lization can improve water quality in the
brook by reducing erosion of the bed and
banks and thus reducing the sediment load
in the stream.

• Maintenance—Maintenance of existing
facilities that contribute to good water quali-
ty in the brook is an important part of
improving water quality. Proper monitoring
and maintenance of the sanitary sewer sys-
tem is particularly critical. NEORSD cur-
rently has a monitoring program in place,
and NEORSD and the cities repair the sew-
ers when a problem is detected. In addition,
NEORSD plans to optimize the existing
sewer system to make maximum use of its

storage and diversion capacity.

Attention to sewer monitoring and mainte-
nance and the elimination of phosphate deter-
gents have already left Doan Brook with much
better water quality than it had in the 1960s
and 1970s.A recent system analysis and fur-
ther repairs by NEORSD resulted in still more
improvement. Ohio EPA clean water regula-
tions require that NEORSD control CSOs to the
extent feasible, and further reduction in CSOs
will be accomplished first by the completion of
the HHI and then by additional CSO controls in
the lower watershed. These large projects will
go a long way toward improving the brook’s
water quality, but they will not be sufficient to
achieve a genuinely healthy stream. Restoring
water quality sufficiently so that the stream can
support a healthy ecosystem will depend on
small projects and citizen actions spread
throughout the watershed.

8.3.3
Habitat Restoration

Habitat restoration in Doan Brook depends
heavily upon reducing flooding, redesigning
the channel to accommodate larger flows, and
improving water quality.As long as aquatic
organisms are damaged by dirty water and
swept away by high flows, the stream habitat
will remain fair at best.Methods of decreasing
flooding, restoring the channel, and improving
water quality are discussed in the two previous
sections.A few more measures that can be
taken to improve habitat in other ways are dis-
cussed below.All approaches to habitat restora-
tion are summarized in Table 8-4.

• Flow Control—Some flow control mea-
sures, such as stormwater retrofits and
enlargement of the Rockefeller Park chan-

11 Deicer cost may vary and switching to an alternative to salt could be fairly costly.

12 Shaker Heights Country Club currently uses low phosphorus fertilizer.

13 The HHI in the Doan Brook watershed should be partially in service by the end of 2001 and complete by 2005.

14 The most likely alternative is the construction of a large-diameter CSO storage and diversion tunnel in the lower watershed.
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Table 8-4 Measures for Habitat Restoration Along Doan Brook

Measure Project Type Impact Practical? Cost

Daylight Brook in Gordon Park large significant difficult-no $$$$

Stream Channel Restoration small significant fairly-difficult $$–$$$

Lake or Stream Biofiltration small significant? yes-difficult $–$$$

Protect Riparian Corridor small significant yes $

Parallel Stormwater Culvert large medium difficult-no $$$$

Daylight Brook in University Circle large medium difficult $$$–$$$$

Stormwater Retrofits small medium yes-fairly $–$$$

*4Channel Stabilization small medium fairly $$–$$$

* Lake Dredging small medium fairly $$$

* Lake Aeration small medium yes $

Enc. Native Species and Disc. Invasive Exotics small medium fairly-difficult $$

Species Reintroduction small medium fairly-difficult $

Alternative Road Deicing small medium yes $$

Improve Golf Course Maintenance small medium yes $–$$

Increase Riparian Vegetation small medium yes $

* Reinforce Dams Against Failure small med.-negative yes-fairly $$–$$$

* Heights/Hilltop Interceptor large minor fairly $$$

High Flow CSO Storage large minor fairly $$$

High Flow CSO Treatment large minor fairly $$$

Redirect Giddings Brook large minor no $$$$

Large New Stormwater Detention large minor difficult-no $$

Enlarge Rockefeller Park Channels large minor fairly $$

Revise City Codes to Require BMPs small minor yes $

* Stormwater Outfall Monitoring small minor yes $

* Sanitary Sewer Maintenance small minor yes $$

Aquatic Plant Management small minor fairly $

Discourage Nuisance Waterfowl small minor yes-fairly $

* Street Litter and Debris Cleanup small minor yes $

Catch Basin Inspection and Cleaning small minor yes $

Erosion Control During Construction small minor yes $

Flow Augmentation small minor fairly $$

Downspout Disconnects citizen minor fairly-no $

Rain Barrel Use citizen minor yes $

Alternative Landscaping citizen minor fairly $

* Proper Auto Waste Handling10 citizen minor yes $

Proper Car Wash Practices citizen minor yes $

* Household Hazardous Waste Disposal citizen minor yes $

* Cleaning Pet Waste10 citizen minor yes $

Reduce Lawn Fertilizer, Pest. and Herbicides citizen minor yes $

* Proper Yard Waste Disposal10 citizen minor yes $

Practicality: yes = highly practical – easy to implement; fairly = practical – not easily implemented;

difficult = may be practical, but will be very difficult to implement; no = not practical.

Cost: $ = inexpensive; $$ = expensive; $$$ = very expensive; $$$$ = prohibitively expensive.
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nels, can be done in a way that provides
good aquatic habitat as well as runoff deten-
tion and treatment or increased flow capacity.
Where practical, these measures should be
designed to provide habitat as well as to
serve their primary functions.Augmentation
of stream flows during dry weather could
also be used to improve in-stream habitat.15

• Channel Restoration— Improvement
to the channel and the riparian corridor
would, if done properly, significantly
improve aquatic habitat. In particular, day-
lighting the brook through the Site 14
dredge spoil area in Gordon Park would
reconnect the brook with Lake Erie and
eliminate a major migration barrier, as well
as providing additional channel habitat.

Unfortunately, such reconnection would be
very costly and is probably not practical.16

Daylighting the brook in University Circle
would also remove a major migration barri-
er and provide more channel habitat.
Bringing the brook above ground through
University Circle may be easier than day-
lighting it through Gordon Park, but it
would still be a very difficult and costly
undertaking. Restoration of the stream
channel to a more natural shape through
Rockefeller Park,Ambler Park, and along
other channelized sections of the stream
would be more practical and would reduce
the impact of high flows on aquatic organ-
isms. Maintaining and improving the

riparian corridor would provide wildlife
habitat and help keep stream temperatures
in an appropriate range.

• Maintenance—Maintenance measures
such as lake dredging, encouraging native
species and discouraging exotic species, and
possible species reintroduction could help
invigorate the stream’s ecosystem.

Once water quality is improved, flood peaks
reduced, and stream channels redesigned to
better convey high flows, the aquatic habitat in
the stream will begin to restore itself, even
without further human intervention. Some
additional work, such as channel restoration,
daylighting the brook and perhaps species
reintroduction may be worthwhile to achieve a
truly diverse ecosystem. Plans for habitat
improvement should be made with the aware-
ness that the brook will remain an urban
stream and may be somewhat limited in its
ability to support a natural habitat.

8.4
Narrowing the Choices: Sketching a
Restoration Plan

Table 8-5 gathers together all of the alternatives
for stream restoration that have been discussed
in this chapter. It indicates whether each
restoration method would improve the brook’s
hydrology, water quality, or habitat, and it
shows what mechanism the method would use
to achieve improvement. Finally, it rates each
measure as to its practicality and cost.

The list shown in Table 8-5 is not exhaustive,
and the assessments of practicality and cost
are not definitive. Other approaches to stream
restoration are possible and will undoubtedly
be considered as Doan Brook watershed

Figure 8-2 The Site 14 dredge spoil disposal area at the mouth of Doan Brook has become outstanding migratory bird habitat.

Preservation of this habitat could be part of Doan Brook restoration. Photograph by L. C. Gooch.

15 The usual approach to flow augmentation is the release of clean (usually treated) water directly into the stream. This kind of sustained release to the Doan Brook could be quite expensive, since it would

use water that was pumped from Lake Erie and treated to drinking water standards, and it would use the water during dry summer months when demand is greatest. A more practical approach to flow

augmentation in Doan Brook would be to release some untreated Lake Erie water from the Baldwin Filtration Plant directly to the brook.

16 As the bird surveys discussed in Chapter 4 demonstrate, Site 14 already harbors an extraordinary variety of bird life. There is interest in preserving it as a bird and wildlife sanctuary as well as interest in

developing it as a park, so that the area could provide either developed or undeveloped park land even if the brook remained underground.
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planning progresses. New,more thorough
assessments of practicality and cost will be
made. The table may nonetheless be useful as a
first tool for sorting out restoration measures
that may be of use for Doan Brook. The table
and other information about restoration alter-
natives for the brook lead to a few conclusions:

• Once NEORSD and the cities have taken
legally required measures to control CSOs
and improve stormwater quality (see side-
bar), further improvement to Doan Brook
will essentially be the responsibility of the
citizens and the city governments. NEORSD
may take some further action and may work
with the cities on other projects, but they
will have fulfilled their primary responsibil-
ity for control of sanitary sewage.

• The costs of flooding along Doan Brook are
not high, particularly since Case Western
Reserve University has moved sensitive
facilities out of harm’s way. Because flood
damage is not expensive, there is little moti-
vation for building costly flood control mea-
sures. Measures that reduce flooding will
therefore need to be combined with other
benefits such as aesthetic improvements to
the stream and habitat restoration.

• A number of measures that would benefit
the brook, such as daylighting the brook
through Gordon Park and University Circle
and restoring the Rockefeller Park channels,
would also benefit the parks and communi-
ties along the stream. Because these projects
will be expensive, it will be necessary to
work with all interests — advocates of the
parks, advocates of the communities and
institutions, and advocates of the stream—
to make the projects a reality.

NEORSD: NEORSD is responsible for reducing
Doan Brook CSOs to meet the requirements of
the federal Clean Water Act. The current con-
struction of the HHI is their first response to
CSO regulations. The completion of this pro-
ject and the optimization of the existing sewer
system will reduce CSO discharges to the
brook to about half their current level.
However, regulations require that NEORSD
further reduce CSOs to the extent practical.
To meet this requirement, they will undoubt-
edly move forward with additional CSO reduc-
tions. Likely measures include some combina-
tion of CSO diversion, storage, and treatment
in the lower watershed, as is discussed in
Section 8.3. These measures will be designed
to handle storms that occur three to four
times each year. They are expected to further
reduce CSOs to less than half of their volume
after the completion of the HHI (to about 20%
of their current volume).

The Cities: U.S. EPA’s Phase II Storm Water
Program requires that cities like Cleveland
Heights and Shaker Heights (Cleveland is
largely covered under CSO regulations) take
steps to reduce contamination in stormwater
runoff discharged from separate storm sewer
systems. Storm Water Management Programs
are to be in place by 2007. “Minimum controls”
that must be part of the programs include:

• Public education about steps citizens can
take to reduce stormwater pollution.

• Public involvement and participation in
developing and implementing a Storm
Water Management Plan.

• Elimination of illicit sanitary sewage dis-
charges to the stormwater system.

• Revision of city ordinances to require that
construction site sediment runoff be con-
trolled.

• Revision of city ordinances to require that
new developments and redeveloped areas
incorporate stormwater best management
practices.

• Minimization of stormwater pollution from
city operations such as park maintenance
and city vehicle maintenance.

These required measures include many of the
restoration options for Doan Brook that are
discussed in Section 8.3. If the cities do a thor-
ough job of designing and implementing their
Storm Water Management Programs, Doan
Brook will undoubtedly benefit. If they use the
requirements of the Phase II Storm Water
Program as an opportunity to focus on Doan
Brook restoration, benefits will be even greater.

What the Law Requires: Actions by NEORSD and the Cities
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Table 8-5 Summary of Doan Brook Restoration Techniques

Measure Practical and Impact of Measure Improvement Mechanism

Cost Effective?

Hydrology Water Quality Habitat Source Red. Treatment Flow Control Chan. Improv. Maintenance

Large Projects:

*4Heights/Hilltop Interceptor fairly/$$$ tiny significant minor �

High Flow CSO Storage fairly/$$$ tiny significant minor �

High Flow CSO Treatment fairly/$$$ significant minor �

* Optimize the Existing Sewer System yes/$ medium tiny �

Redirect Giddings Brook no/$$$$ significant minor �

Large New Stormwater Detention difficult-no/$$ significant minor �

Parallel Stormwater Culvert difficult-no/$$$$ significant medium �

Daylight Brook in University Circle difficult/$$$-$$$$ medium medium �

Daylight Brook in Gordon Park difficult-no/$$$$ tiny significant �

Enlarge University Circle Culvert fairly/$$$ medium �

Keep University Circle Culvert Clear yes/$$ medium �

of Debris

Enlarge Cedar Glen Sewer fairly/$$$ medium �

Enlarge Rockefeller Park Channels fairly/$$ medium minor �

Enlarge Rockefeller Park Culverts fairly/$$$ significant tiny �

Small Projects:

Revise City Codes to Require BMPs yes/$ medium medium minor � � �

Redesign MLK Detention Basin Outlet yes/$ medium tiny �

Stormwater Retrofits yes–fairly/$-$$$ medium to significant medium � �

signif.

Stream Channel Restoration fairly–difficult/$$-$$$ medium significant � �

* Channel Stabilization fairly/$$-$$$ medium medium �

* Stormwater Outfall Monitoring yes/$ medium minor �

* Sanitary Sewer Maintenance yes/$$ medium minor �

* Reinforce Dams Against Failure yes–fairly/$$-$$$ significant medium to medium to � � �

negative negative

* Lake Dredging fairly/$$$ 17 medium medium � �

* Lake Aeration yes/$ minor medium �

Aquatic Plant Management fairly/$ medium minor �

Lake or Stream Biofiltration yes–difficult/$-$$$ significant? significant? �

Encourage Native Species and fairly–difficult/$$ medium �

Discourage Invasive Exotics

17 Lake dredging will not increase the flood control capacity of the Shaker Lakes. See Chapter 7.
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Table 8-5, continued Summary of Doan Brook Restoration Techniques

Measure Practical and Impact of Measure Improvement Mechanism

Cost Effective?

Hydrology Water Quality Habitat Source Red. Treatment Flow Control Chan. Improv. Maintenance

Small Projects, continued:

Species Reintroduction fairly-difficult/$ medium

Alternative Road Deicing yes/$$ medium medium �

Improve Golf Course Maintenance yes/$-$$ minor significant medium � � � �

Discourage Nuisance Waterfowl yes–fairly/$ medium minor �

Protect Riparian Corridor yes/$ significant significant �

Increase Riparian Vegetation yes/$ medium medium �

* Street Litter and Debris Cleanup yes/$ minor minor �

Catch Basin Inspection and Cleaning yes/$ minor minor �

Erosion Control During Construction yes/$ medium minor �

Flow Augmentation fairly/$$ tiny minor �

Citizen Action:

Downspout Disconnects fairly-no/$ minor minor minor � �

Rain Barrel Use yes/$ minor minor minor � �

Alternative Landscaping fairly/$ minor medium minor �

* Proper Auto Waste Handling10 yes18/$ medium minor �

Proper Car Wash Practices yes18/$ medium minor �

* Household Hazardous Waste yes18/$ minor minor �

Disposal10

* Cleaning Pet Waste10 yes18/$ significant minor �

Reduce Lawn Fertilizer, Pesticides yes18/$ medium minor �

and Herbicides

* Proper Yard Waste Disposal10 yes/$ medium minor �

Practicality: yes = highly practical – easy to implement; fairly = practical – not easily implemented; difficult = may be practical, but will be very difficult to implement; no = not practical.

Cost: $ = inexpensive; $$ = expensive; $$$ = very expensive; $$$$ = prohibitively expensive.

Area of Impact: Significant = measure has a significant impact on the problem; medium = measure helps the problem some; minor = measure helps the problem a little; tiny = measure

has a very small but positive impact; negative = measure makes the problem worse.

Mechanism of Impact: � = sole mechanism; � = one of several mechanisms.

18 A number of “citizen action” measures are quite easy to implement and have relatively small costs that are dispersed among the watershed’s residents. Although some of these measures could have sig-

nificant positive impact on the brook if they were widely embraced, obtaining compliance by a large number of people is difficult, at least over a short period of time. Very well run public education cam-

paigns change the behavior of at most 20% of the targeted population. Time and persistent delivery of a consistent message may influence more people.
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• Many of the measures that may benefit the
brook involve small efforts spread over the
watershed and over time. Because such dis-
persed efforts require fewer resources at any
one time, they may be a more practical
approach to Doan Brook restoration than a
few large projects. However, successful exe-
cution of a long-term, dispersed effort will
require not only close attention to a well-
conceived watershed management plan, but
also on-going monitoring to evaluate the
success of each incremental effort.

• The gradual redesign of the urban Doan
Brook watershed — the transformation of
the way that water runs off from streets,
parking lots, lawns, and rooftops — will
require a combination of voluntary citizen
action and modification of local building
codes and ordinances. Some ordinances
will need to be rewritten to allow less
impervious construction; others will need
to be rewritten to require changes in con-
struction practices. The three watershed
cities will need to cooperate to rewrite their
ordinances to restore the health of the
brook. In addition, the cities will need to be
willing to explore new approaches to road
construction, drainage design, bank stabi-
lization, park maintenance, deicing, and
other activities.

• Citizen education and participation will be
essential.

• The combined efforts of the watershed
cities, institutions, agencies, and citizens will
be needed if we are to successfully restore
the stream.

It should be obvious by now that the formation
of a coherent watershed management plan is
the first step in an on-going effort to restore

Doan Brook. In 1998, NEORSD convened the
Doan Brook Study Committee as part of their
study of the Doan Brook watershed. The study
committee was charged with creation of a
watershed management plan, and the plan that
they created (available through NEORSD and
the Nature Center at Shaker Lakes) is an excel-
lent starting point for restoration of the brook.
The final chapter of this handbook outlines the
steps that will make the plan a reality.
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At times we do fall back and become discouraged, but it is not that we are making no progress.
Simply, this is the very nature of life — that it is a climb — and that the resolution of each issue
in turn creates other issues, born of plights which are unimaginable today. The pursuit of
happiness is never-ending; happiness lies in the pursuit.

— Saul D.Alinsky

Rules for Radicals

A garden club dedication in June 1968. Photograph by M.E. Croxton. From the Nature Center at Shaker Lakes collection.
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The Future of the Doan: The Need forWatershed Management

9.1
Step Zero: The Commitment

Restoration of Doan Brook will stem from citi-
zens’ conviction that the brook and its parks
are worth preserving and restoring. Such con-
viction was evident in the efforts of those who
opposed the Clark and Lee freeways, who
worked to stop dumping in the gorge, and who
fought the construction of Site 14. It is again
evident in the work that the Doan Brook Study
Committee undertook to prepare the NEORSD
watershed management plan. The watershed
cities have supported their citizens by creating
the new Doan BrookWatershed Partnership to
move the watershed management plan for-
ward. A continued commitment from both the

cities and their citizens will be needed to fund
and realize work for the benefit of the brook.

9.2
Step One: Gathering the Players

Doan Brook and its watershed span parts of
Cleveland, Cleveland Heights, and Shaker
Heights. The three cities have jurisdiction over
some things that affect the brook— the
streets, the building codes, the parks, and some
of the sewers— while the Northeast Ohio
Regional Sewer District (NEORSD) has juris-
diction over significant aspects of the sanitary
sewer system. Ohio EPA has certain regulatory
authority over water quality in the brook. The

The first eight chapters of this handbook depict the past and present of Doan Brook and
the options for its future.We must finally ask where we want to take the brook from here.
Human beings are now the dominant species in the brook’s watershed— its future
depends entirely upon us. If we do not act to protect Doan Brook, the Shaker Lakes will
gradually clog with overgrown vegetation, and Rockefeller Park will never again be a place
to appreciate the beauty of the stream.

As previous chapters suggest, there is much interest in the brook, and there are many
exciting plans for it. Our challenge now is to make these plans a reality and to do so as
effectively as possible. Changes that are made one-by-one may be beneficial, but no single
change will best help the stream, and an uncoordinated series of improvements will be a
poor use of resources. To best restore the brook, we need a watershed management plan
that sets forth a coordinated series of actions that can be taken over a period of time by
many participants.

The process of creating and implementing a watershed management plan for Doan Brook
is far along. The NEORSD study and its Doan Brook Study Committee assessed the
stream’s problems, set goals for restoration, evaluated options, and developed a conceptual
plan for the watershed. The task of refining the conceptual plan,making it into a concrete
blueprint for restoration, and carrying it forward will be spearheaded by the newly-created
Doan BrookWatershed Partnership. This chapter describes the steps that are involved in
creating and realizing a watershed management plan and discusses the process of making
the plan for restoration of Doan Brook a reality.

9
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Existing Meetings of the Players

U.S.Army Corps of Engineers may have
authority over work in the watershed’s wet-
lands. The Ohio Department of Natural
Resources has responsibility for the safety of
the Shaker Lake dams. The Nature Center at
Shaker Lakes and the Shaker Historical Society
are intimately concerned with different aspects
of the upper watershed’s environment and his-
tory. The Holden Parks Trust has similar inter-
ests in the lower watershed. The Cultural
Gardens Association is involved in the upkeep
and restoration of part of Rockefeller Park.
University Circle, Inc., is interested in control-
ling flooding on the brook in University Circle,
and perhaps also in restoring the brook there
so that it can serve as the focus of the area.
CaseWestern Reserve University (CWRU), the
brook’s neighbor and the chief victim of flood-
ing, shares these interests. Scientists and engi-
neers at CWRU, John Carroll University,
Cleveland State University, and the Cleveland
Museum of Natural History are interested in
the brook’s biology, geology, and hydrology. In
addition to these and other organizations,
many individual citizens are interested in the
fate of the brook and willing to be active to
influence its future.

The collective energies and resources of all of
these organizations and individuals will be
needed to plan and carry out a successful Doan
Brook restoration. The political entities with
primary responsibility and jurisdiction— the
cities and NEORSD—must work together in
all phases of planning to form the core of the
restoration effort. Other agencies must be
involved when they may have useful input to
offer or when they have jurisdiction over an
activity. Interested institutions should be
included whenever their ideas and resources
might make a contribution. Finally, all interested
citizens should have an opportunity to take part

in watershed planning.

In 2001, the Joint Committee on the Doan
BrookWatershed formed the Doan Brook
Watershed Partnership to provide a focal point
for those interested in Doan Brook and to fur-
ther Doan Brook watershed management. The
Partnership’s first task will be to bring all of
the players together and use the existing
efforts toward coordination and communica-
tion as a springboard to the future. The
Partnership should seek to combine the
resources and interests of all the parties for
the benefit of the brook.

9.3
Step Two: Assessing the Problem

Once the players are gathered, the next step
will be to assess Doan Brook’s problems.We
are fortunate here, because much or all of the
necessary work has been done. NEORSD’s
Doan BrookWatershed Study has provided
more information about Doan Brook than is
generally available about any stream. This
information and other data summarized in the
earlier chapters of this handbook provide a
clear picture of the brook’s problems. It should
be possible to review the data and move ahead
with little or no additional data collection.

9.4
Step Three: Setting Goals

The next step, goal setting, will be more com-
plicated than assessing the brook’s problems.A
variety of sometimes conflicting interests will
need to be weighed. The goals should take into
account a realistic assessment of the stream’s
condition and its watershed and should include
an unsentimental evaluation of the best condi-

Various efforts toward gathering the Doan
Brook stakeholders have been made over the
years. The Joint Committee on the Doan Brook
Watershed is an ongoing effort by Cleveland,
Cleveland Heights, and Shaker Heights to
coordinate activities for the benefit of the
brook. In addition, the NEORSD Doan Brook
Study Committee brought more interested citi-
zens and community groups together. The
newly-formed Doan Brook Watershed
Partnership, created in 2001 to further water-
shed management, includes members from
the three cities, Holden Parks Trust, the
Nature Center at Shaker Lakes, and NEORSD.
In addition to standing groups, the Nature
Center at Shaker Lakes, University Circle, Inc.,
and others have convened periodic gatherings
in the interest of the brook.
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tion that is achievable for the urban brook.
Overall goals should be broken down into short
and long term goals, and a mechanism for
measuring progress toward the goals should be
established.Again, the work done by NEORSD’s
Study Committee has gone far toward setting
goals for restoration of Doan Brook.

9.5
Step Four: Evaluating Options

As goals for the watershed are set, considera-
tion of options for achieving the goals will
need to begin. Goal setting, at least for short
term goals, and the evaluation of options
should go hand-in-hand; goals that can be
readily achieved using available measures
deserve special consideration.As is discussed
in Chapter 8, options for restoring Doan Brook
will include large projects, small projects, and
citizen action. No single approach will solve all
of the stream’s problems, and data about the
effectiveness, feasibility, and cost of different
options will be incomplete.

The task of evaluating the options will be
somewhat daunting in the face of many possi-
ble approaches and incomplete information
about the effectiveness and feasibility of each
option. To make the evaluation more manage-
able, it should be broken down into several
stages. One workable set of evaluation stages is
as follows:

• Stage 1— Information gathering to review
previous planning efforts by the NEORSD
Study Committee and others (chiefly for the
Rockefeller Park area [by Holden Parks
Trust] and the Shaker Lakes area).Also
information gathering about legal and
institutional issues that may have an impact

on watershed management options.

• Stage 2— General screening to eliminate
options that clearly have little benefit or are
infeasible for one reason or another.

• Stage 3—Moderately detailed screening to
gather information needed to determine the
effectiveness and feasibility of the remaining
options. This screening should include suffi-
cient additional information gathering to
indicate whether additional options are inef-
fective or infeasible.

• Stage 4— Detailed screening of remaining
options to allow a comparative evaluation of
effectiveness, level of impact, feasibility, and
approximate cost. This evaluation should be
done in sufficient detail to allow remaining
options to be combined into a watershed
management plan.

The criteria and methods that are used for
each evaluation should be clearly spelled out,
and the results of the evaluations should be
documented.Although the process of defining
and documenting evaluations is cumbersome,
it is essential. Otherwise, options that have
been evaluated and discarded will continue to
re-surface, and the work of the evaluation will
be endlessly repeated.

The work done by the NEORSD Study
Committee will again serve as the foundation
for this step; however, it may be desirable to
broaden the plan developed by the Study
Committee to include some more ambitious
projects (development of a Gordon Park
wildlife sanctuary or creation of a park around
a daylighted brook in University Circle, for
example) that might be accomplished by coor-
dinating a number of different interests.

Step 0
The Commitment

Step 1
Gathering the Players

Step 2
Assessing the Problem

Step 3
Setting Goals

Step 4
Evaluating Options

Step 5
Formulating the Plan

Step 6
Communicating

Step 7
Realizing the Plan

Step 8
Evaluating Progress

Reevaluating the Plan

Figure 9-1 The Watershed Planning Process
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9.6
Step Five: Formulating the Plan

Formulating the watershed management plan
involves taking the options that emerge from
the Step Four evaluation and combining them
to meet watershed management goals. The final
plan should include the following elements:

• A clear statement of the plan goals.

• The measures that are included to reach
each of the goals and a statement of how
each measure will help achieve each goal.

• A timeline for implementation of the plan.

• A statement of the priority attached to each
measure included in the watershed manage-
ment plan.

• Methods to monitor progress toward the
goals and the effectiveness of each measure.

• A mechanism for regular reporting on the
progress of the watershed management plan.

• A mechanism for keeping the general public
informed about watershed management
work.

• A provision for a periodic reevaluation of
the plan and the progress that has been
made.

In formulating the watershed management
plan and the approach to monitoring the
progress of the plan, it may be useful to break
the watershed into subwatershed areas. This
will make it easier to evaluate the impact of
any given part of the plan.

While the watershed management plan pre-
pared by the NEORSD Doan Brook Study
Committee includes a good framework of goals
and actions, it is largely a conceptual plan
rather than a concrete plan of action. There is

no timeline for implementation of the plan,
and there are no specific mechanisms for mon-
itoring progress or updating the plan over
time. These elements will need to be part of
the final watershed management plan in order
for the plan to be implemented and in order for
the long-term effort needed to restore the
brook to be sustained.

9.7
Step Six: Communicating

The long-term success of watershed manage-
ment will require that the general public be
educated about the need for watershed
restoration, the progress of watershed plan-
ning, and the progress of watershed manage-
ment. Communication among the various
“stakeholder” entities will also be important.
The watershed management plan must there-
fore include a sustained emphasis on commu-
nication with the general public and among
participating entities.

9.8
Step Seven: Realizing the Plan

This step moves the watershed management
plan from paper to reality, and it is here that
the commitment of the watershed’s citizens
and cities becomes critical.Although the effort
required to create the plan is substantial, the
effort that will be required to realize it is much
greater. Restoring Doan Brook will require that
the cities not only continue their own financial
commitments, but also combine their interests
with those of other institutions that surround
the brook and procure additional funding from
appropriate outside sources.

9.9
Step Eight: Evaluating Progress,
Reevaluating the Plan

Once the watershed management plan is being
implemented, its success and progress will need
to be evaluated, and it will need periodic review
and revision. The plan for each restoration
measure should be accompanied by a means
for its evaluation.As each measure is imple-
mented, its success should be monitored, and
its success or failure should be considered in a
periodic reevaluation of the overall watershed
management plan. Reevaluation should include
assessments of whether plan implementation is
on schedule, whether work has been more or
less effective than expected, and whether the
plan should be changed to reflect the successes
or failures to date. The results of the evaluation
should be communicated to watershed citizens
and institutions.
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American white pelican at the Lower Shaker Lake. Photograph by L. C. Gooch.
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Epilogue

Doan Brook has much about it that is unique
and uniquely interesting— its history and
geology, its carefully planned and preserved
parks, the museums that lie along it, and the
fine neighborhoods of its watershed.At the
same time, it is like many other small, urban
streams that run almost unnoticed through our
cities.We began the last century by taking these
streams completely for granted and assuming
that they could absorb whatever we dumped
into them.Now,we view them as a resource that
we need to protect. The impacts of our past
negligence are visible whenever we look at a
stream, river, or lake. The question is whether
we will do what it takes to remedy old errors.

Our emphasis on urban stream restoration
has grown out of an increasing awareness that
small streams are ecologically important.
They not only connect to larger streams and
lakes, but they also provide significant habi-
tats in their own right. As our cities have con-
tinued to expand, we have begun to realize
that no stream is untouched by our presence.
We have become aware that we must treat the
watersheds we live in more carefully to save
any remnant of natural stream habitat.

Growing awareness of our impact on the
streams we live with is the continuation of a
process that began almost a hundred years
ago. Then, we realized that it mattered when
we dumped sewage into a stream. Now, we
realize that even the occasional overflow of a
combined sewer is important, that stormwater
runoff from paved landscape causes floods,
and that the chemicals we leave on the ground
make a difference. Just as we worked to stop
direct sanitary sewage discharges in the early
part of the twentieth century, we must now
work to control the remaining sewage dis-
charges and the damage caused by stormwater.

As we undertake this effort, we need to keep
the reason for our labor in view.Walk the Doan
Brook at any season. Look at the snow-covered
trees in winter, listen to the red-winged black-
birds in spring, explore the Cultural Gardens in
summer, and hike the gorge in the fall. Take
advantage of the gift the philanthropists gave
us in 1900.And make sure that their gift will
still be here in another one hundred years.

Believe one who knows: you will find some-
thing more in woods than in books. Trees and
stones will teach you that which you can
never learn from masters.

— St. Bernard of Clairvaux

Epistles
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Words used in definitions that are themselves included in the glossary are shown in italics.

ague A malarial fever with recurring chills and sweating fits.

anoxic Lacking oxygen.

aquifer A layer of soil or rock that is saturated and is capable of transmitting significant
quantities of water. Some material, such as clay, can transmit very little water
and will not generally be thought of as an aquifer. Other material, such as sand,
gravel, or sandstone, can transmit significant quantities of water.

base flow Flow in a stream during dry weather than is fed by groundwater seeping into the
stream through its bed and banks.

B.C.E. Before the Common Era. Equivalent to B.C. when used with dates.

bedrock The layer of solid rock that underlies the surface soil. Bedrock in the upper Doan
Brook watershed is sedimentary rock that lies a few feet below the surface. The
sedimentary bedrock of the lower watershed lies several hundred feet below the
surface.

biofiltration The process of passing water through a concentrated colony of microorganisms
that feed on contaminants found in the water. Biofiltration experiments on Doan
Brook have used naturally occurring microbes to reduce the high concentrations
of nutrients in the brook water.

BMP Best Management Practice. BMPs for watershed management and development
are the most effective and practical approaches to controlling point and non-point
source pollution to levels that meet environmental quality goals.

C.E. Common Era. Equivalent to A.D. when used with dates.

cfs Cubic feet per second. Cfs is the unit typically used to report the rate at which
water flows past a given point in a culvert or stream.

COE United States Army Corps of Engineers.

combined sewer A sewer line that carries both stormwater runoff and sanitary sewage.

confluence The place where two streams meet.

CSO Combined Sewer Overflow. Overflows of combined sewers to streams and lakes
generally occur during wet weather, when the volume of stormwater is too large
for the sewers to carry.
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culvert A pipe that carries a stream from one above-ground section to another above-
ground section. For example, the pipe that carries a stream under a road is a
culvert as is the long pipe that carries Doan Brook beneath University Circle.

CWRU Case Western Reserve University.

daylighting Restoring a section of a stream that has been confined in a culvert or storm
sewer to an above-ground channel.

Design Flood The flood that a dam or other structure must, by regulation, be designed to safely
withstand. The Design Flood for Horseshoe Lake dam and the Lower Shaker Lake
dam is one half of the PMF.

drainage area or See watershed.
drainage basin

dredge spoil Soil material that is removed (dredged) from the bottom of a lake or stream and
then must be disposed of.

DVI Doan Valley Interceptor sewer. The DVI is a combined sewer that runs roughly
parallel to Doan Brook in the lower watershed.

EPA Environmental Protection Agency.

Escarpment A long, cliff-like ridge of land or rock. In this handbook, the Escarpment (capital-
ized) refers specifically to the Portage Escarpment, the sharp fall in elevation that
represents the westernmost edge of the Appalachian Plateau and separates the
lower and upper Doan Brook watersheds.

eutrophic Having high nutrient content and high biological activity. Refers specifically to
lakes.

exotic species Species of plants or animals that are not native to the area.

fissile Geologic term referring to rock (generally shale) that breaks along parallel planes
as it weathers, resulting in thin, plate-like fragments.

flood See Appendix H for a discussion of flood return periods (that is, the definition of a
5-year flood, etc.).

gabions Rock-filled wire baskets (generally square) that are stacked together to reinforce
an eroding stream bank.

glacial till A soil made up of jumbled clay, silt, sand, gravel, and sometimes larger particles,
that was deposited in a relatively thin layer (generally less than a few tens of
feet) by the glaciers as they retreated. Glacial till makes up much of the soil of
the Doan Brook watershed.
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groundwater Water that soaks into the soil and then flows within the matrix of soil or rock
particles. Many people picture groundwater as a series of streams flowing in
caverns beneath the ground. This is only rarely the case. Most of the time, and
certainly in the Doan Brook watershed, groundwater works its way through the
soil and rock, winding tortuously among the soil or rock grains and seeping
through cracks in rock. If you dig into an aquifer beneath the Doan Brook water-
shed, all you will find is wet soil or rock.

headwaters The upstream-most sections of a stream; the area where a stream originates.

HHI Heights/Hilltop Interceptor sewer. The HHI is a network of large-diameter inter-
ceptor sewers that is under construction in the upper watershed. When complete,
it will divert much of the upper watershed’s sanitary sewage away from the Doan
Valley Interceptor.

hydrology The science that deals with the circulation, distribution, and properties of the
waters of the earth.

hypereutrophic Having excessively high nutrient content and biological activity. Refers specifically
to lakes. Hypereutrophic lakes (like all of the Shaker Lakes) are aesthetically unap-
pealing at times due to odor, excessive plant and algae growth, and high turbidity.
The dissolved oxygen content in the lakes is sometimes depleted by excessive
plant growth, so that they support poor biologic communities.

impermeable See impervious.

impervious Allowing little or no water to infiltrate; water tight. Paved areas and building
roofs are the primary impervious surfaces in most urban watersheds.

impoundment A lake, reservoir, or detention basin.

infiltrate To filter into or through. Groundwater infiltrates into permeable material (like
soil), but does not infiltrate through impervious surfaces (like pavement or
rooftops).

interceptor sewer A large sanitary or combined sewer line that collects flow from a number of
smaller sewers.

invasive exotic Exotic species that thrive in the local environment and grow excessively at the
species expense of native species. Purple loosestrife, Japanese knotweed, and many

kinds of honeysuckle are examples of invasive exotics that are found in the Doan
Brook watershed.

JCDBW Joint Committee on Doan Brook Watershed.

lacustrine Originating in lake water. Lacustrine sediments are those deposited on lake bottoms.
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Lake Plain The relatively flat area adjacent to Lake Erie that once lay under the waters of the
lake’s ancestors. The Doan Brook lower watershed lies in the Lake Plain.

lower watershed The part of the watershed extending from Lake Erie to the sharp change in eleva-
tion (the Escarpment) just upstream (south and east) from University Circle.

macroinvertebrates Invertebrates (animals without backbones) large enough to be seen without a
microscope. Macroinvertebrate species include aquatic insect larvae, crus-
taceans, aquatic worms, and shellfish, among others. The health of the macroin-
vertebrate population is an indicator of the water and habitat quality in a stream.

MLK Martin Luther King, Jr., Boulevard.

NCSL The Nature Center at Shaker Lakes.

NEORSD Northeast Ohio Regional Sewer District.

non-point source Pollution that originates from the accumulation of low concentrations of pollutants
collected over a large area. Most of the nutrients that are discharged to Doan
Brook accumulate from lawns and golf courses that are spread over the entire
watershed. Nutrient contamination in the brook is thus the result of non-point
source pollution.

nutrients Essential chemicals needed by plants or animals for growth and health. In the
context of water quality, "nutrients" refers primarily to nitrogen-containing com-
pounds (ammonia, nitrates, nitrites, organic nitrogen) and phosphorus-containing
compounds. Lack of these compounds (especially phosphorus) limits the growth of
aquatic organisms. When nutrients are present in excessive quantities (as in
Doan Brook), they promote excessive plant growth that creates eutrophic or
hypereutrophic conditions.

ODNR Ohio Department of Natural Resources. ODNR is responsible for the safety of the
Shaker Lakes dams and has authority or expertise in a number of other areas rel-
evant to Doan Brook.

organic chemicals Chemicals containing carbon. Naturally occurring organic chemicals are the basis of
life on earth. However, in the context of water quality, "organics" generally refers to
manmade carbon containing compounds such as synthetic oils, PCBs, poly-aromatic
hydrocarbons (PAHs), pesticides, and herbicides that are often toxic and that often
remain toxic for a long time when they are released into the environment.

overtopping In the context of hydrology, overtopping refers to water flowing over the top of a
dam or other water barrier, generally in a manner that the barrier is not intended
to withstand. None of the Shaker Lakes dams is intended to withstand water
flowing over its main earthen embankment.

pollution
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PCBs Polychlorinated biphenyls. A group of manmade, toxic organic chemicals that per-
sist in the environment and have been linked to cancer, reproductive defects, and
other health problems.

permeable Allowing water to infiltrate.

Plateau Generally refers to a level land area raised above the surrounding land. In this
handbook, the Plateau (capitalized) refers to the Appalachian Plateau, the western-
most edge of which forms the upper watershed and terminates at the Escarpment.

PMF Probable Maximum Flood.

point source Pollution that originates at a single location such as a factory waste discharge pipe.
pollution

Probable Maximum The Probable Maximum Flood, or PMF, is defined as “…the flood that can be
Flood expected from the most severe combination of critical meteorologic and hydrologic

conditions that are reasonably possible…” in a given area (National Research
Council, 1988). In other words, the worst flood that can be imagined if science is
used to guide the imagination.

QHEI Qualitative Habitat Evaluation Index. A physical habitat index designed to provide
an empirical, quantified evaluation of the general stream microhabitat character-
istics that are important to fish communities.

riparian Having to do with the bank of a river. Used to refer generally to the area sur-
rounding any natural body of water.

riparian corridor The strip of land immediately adjacent to and including a stream. A riparian corridor
that is left in its natural condition protects the stream’s water quality and habitat.

riprap Large rocks that are dumped or placed to prevent erosion. The downstream face
of Horseshoe Lake dam has been armored by riprap.

runoff Water that flows along the surface of the land.

sandstone A sedimentary rock composed of sand particles cemented together.

sanitary sewage Wastewater (sewage) collected from households and businesses.

sanitary sewer A sewer that is designed to carry only sewage collected from household and busi-
ness indoor drainage systems. Sanitary sewers are not intended to collect
stormwater runoff.

sediment Particulate material suspended in or settled to the bottom of a water body.
Sediment may originate from natural sources such as natural soil erosion or from
human activity such as construction, road grit, disturbed land, or agriculture.
Increased flow in an urban stream like Doan Brook also increases the quantity of
sediment eroded from the stream bed and banks.
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sedimentary rock A rock formed by the accumulation and cementation of mineral (sand, silt, clay,
etc.) grains. Sedimentary rocks are generally formed when layers of material that
were deposited over many years by wind or water are subsequently buried and
compressed until they become rock.

sedimentation Deposition of sediments in lakes or other areas of relatively still water. Over time,
lake sedimentation degrades lake habitat and transforms lakes into marshes and
eventually valleys. Lake sedimentation rarely changes a lake’s ability to decrease
downstream flooding (see Chapter 7).

sewershed The area that drains into a sanitary or combined sewer system. The sewershed is
generally related to the surface watershed, but it need not correspond exactly. The
sewershed of the Doan Valley Interceptor Sewer (DVI) is currently much larger
than the Doan Brook watershed. However, the completion of the Heights/Hilltop
Interceptor Sewer (HHI) will make the DVI sewershed smaller than the Doan
Brook watershed.

shale A very fine-grained sedimentary rock composed of silt and clay. Shale tends to break
apart along planes parallel to the plane in which the silt or clay was originally
deposited. As a result, shale frequently weathers into thin plate-like fragments.

Site 14 The Corps of Engineers Diked Disposal Facility Site No. 14. The area of landfill
over the mouth of Doan Brook at Lake Erie where the Corps of Engineers has dis-
posed of material (dredge spoil) from the mouth of the Cuyahoga River and nearby
Lake Erie navigation channels.

storm sewer A sewer designed to carry stormwater runoff without any mixture of sanitary
sewage.

stormwater Runoff that flows from the surface of the watershed during a storm.

surface runoff See runoff.

stormwater retrofit Stormwater retrofits are new stormwater control structures (small or large)
designed to reduce flooding or improve water quality. They are retrofit into
already developed areas.

subwatershed A small area of a larger watershed for which surface runoff drains to a particular
point. The area that drains to Horseshoe Lake is an example of a subwatershed
within the Doan Brook watershed. The area that drains to the Lower Shaker Lake
is another subwatershed that contains the Horseshoe Lake subwatershed.

till See glacial till.

uncontrolled drainage Drainage areas (or watersheds) that do not include a lake or other structure that
areas reduces flood peaks or slows storm runoff.
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upper watershed The part of the Doan Brook watershed that lies on the higher elevation land east
of the line of the Escarpment.

watershed A stream’s watershed is the area of land over which water running along the
ground surface (called runoff or surface runoff) will eventually flow into the
stream. Also called a drainage area or drainage basin.



98

The Doan Brook Handbook



The Doan Brook Handbook

99

Annotated Bibliography

The following bibliography divides references into a number of categories (see the following list). A brief
description of the content of the reference is given where useful, as is a notation of where the reference
can be found.

Reference Categories:

Biology and Ecology
General Doan Brook and Shaker Lakes
General References
Geology and Topography
History
Stream, Sewers, Hydrology, and Flooding
Water Quality and Sedimentation
Watershed Education
Watershed Management

Biology and Ecology

Cibula, William. Undated (ca. 1965?). A Partial Survey of the Higher Fungi Found in the Shaker Lakes Area
– Discussion of mushroom types, environments, and locations around the Shaker Lakes. Available at the
Nature Center at Shaker Lakes.

Coburn, Miles. July 24, 2000. Reintroduction of Native Fishes into Doan Brook. Report to the Northeast
Ohio Regional Sewer District. John Carroll University. Cleveland, Ohio. Unpublished – Report on 1999
experimental reintroduction of three species of minnows into Doan Brook between Horseshoe Lake and
the Nature Center at Shaker Lakes. Reintroduction appeared successful as of the summer of 2000.

Davey Resource Group. June 1997. The Nature Center at Shaker Lakes: Vegetation Survey and Plant
Community Mapping – Including Recommendations for Dredging and Habitat Management. Prepared for
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Gordon Park about 1930. Photographer unknown. From the Nature Center at Shaker Lakes collection.
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Appendix A

A.1
A Lake Erie Picnic: Gordon Park and
the Brook Beneath

Doan Brook once ran through a beautiful land-
scape in Gordon Park and entered Lake Erie in
the midst of a popular public bathing beach.
The landscape of the park is less manicured
now, and the brook is nowhere to be seen, hav-
ing been buried in a culvert during the con-
struction of I-90. Gordon Park is nonetheless a
good spot for a picnic on the lake with a view
of downtown Cleveland and for a bit of lake-
front fishing. Public boat ramps are available if
you want to venture out onto the lake.

When you’ve finished your picnic, walk east
from the boat launch area and up the hill. The
overgrown and fenced area on your left is the
Corps of Engineer’s Site 14 dredge spoil area.
Doan Brook now flows into Lake Erie through
a culvert buried deep beneath the fill.As you
walk up the hill, you will see a large concrete
vault on your left inside the dredge spoil area
fence. This vault gives access to part of the cul-
vert that contains the brook. Imagine how
Gordon Park might be transformed if Doan
Brook flowed in the open once more and the
park and the dredge spoil area were land-
scaped around it! Bringing the stream to the
surface may be too difficult, but Holden Parks
Trust would still like to make Site 14 into a
park. Others support the idea that the area
should be maintained as a sanctuary for birds

and other wildlife.Although it is closed to the
public at present, it supports an extraordinary
variety of migratory and nesting birds (see
Appendix G).

If you follow the bike path to the top of the hill,
you’ll find another piece of Cleveland Lakefront
State Park sitting on a bluff overlooking the
boat launch and the dredge spoil area. This,
too, is a good place for a picnic. There are an
Ohio Department of Natural Resources Office,
a few tables and grills, and some play equip-
ment. You can also reach this area from
Lakeshore Boulevard. Take the first driveway
east of the Martin Luther King, Jr., Boulevard
(MLK) interchange with I-90.

There is more of Gordon Park south of I-90,
although this part of the park has not been as
heavily used since the freeway severed it from
the lake. The only automobile access to the
park is from East 72nd Street. The abandoned
Cleveland Aquarium building is here, as are a
number of tennis courts and baseball fields.
There is a good view of the lake as well. The
footbridge across I-90 that connects the two
pieces of Gordon Park is infrequently used and
overgrown, and pedestrian access from one
part of the park to the other is generally via the
MLK underpass.

The parks along Doan Brook offer a wealth of places to explore and opportunities for
recreation. This general brook tour will give you an idea of some of the possibilities so that
you can begin to explore on your own. If you are specifically interested in history or geolo-
gy, see the tours in Appendices C and F.We begin at the mouth of the brook on Lake Erie
and work our way upstream.

A General Tour of Doan Brook



112

The Doan Brook Handbook

A.2
I-90 to East 105th: Rockefeller Park
and the Cultural Gardens

Rockefeller Park Greenhouse

Tucked away on the east side of Doan Brook
just south of I-90 is the City of Cleveland’s
Rockefeller Park Greenhouse. To get there, turn
east from MLK just south of the Conrail tracks
(the last of the historic stone bridges over
MLK). The greenhouse, completed in 1905,
was made possible by a donation from John D.
Rockefeller. The 4-acre site includes indoor
and outdoor gardens. There are a number of
shows each year, including seasonal flower dis-
plays and flowering orchids. It’s a great place
to warm up in a bit of the tropics on a
Cleveland winter afternoon!

As you walk around the outdoor Talking
Garden for the blind and Japanese Garden,
note the two large mill stones that are garden
centerpieces.Although the history of these
stones seems to have been lost, it is likely that
they came from the Crawford sawmill that was
once located on Doan Brook near Superior
Avenue, or perhaps from the Cozad grist mill
that was located near Wade Park Lagoon.

The Bike Path and the Cultural
Gardens

A shaded bike path winds along Doan Brook
through Rockefeller Park and the Cultural
Gardens (between St. Clair Avenue and East
105th Street). The path is flat (it’s in the Lake
Plain!) and has few road crossings — an ideal
place for a leisurely ride or stroll.You can stop
along the way to explore the gardens adjacent
to the path or detour up the hill to the east to
see the gardens that face East Boulevard.
Historic stone bridges designed by Charles
Schweinfurth in the late 1800’s span the path.

Note the shape of Doan Brook’s valley— a
shallow, broad“U”cut into the surrounding
landscape.

As the path crosses and re-crosses the brook
you will see that the stream that once mean-
dered back and forth to cut the valley is now
confined in stone-walled rectangular channels.
Near Superior Avenue, the stone channel walls
have been replaced with steel sheetpiling.What
would the park be like if the brook could be
restored to a more natural channel? If you look
at the stream valley just upstream from
Superior, you will see that there is barely room
here for the road and the existing channel. It
would be very difficult to restore a more natur-
al stream in the confined space available at this
point. Other parts of the valley are wider and
offer more possibilities for restoration.

As you move north, you will note a number of
places where the stone retaining walls along
the stream are damaged. Two good examples
are north of Ansel Avenue on the west side of
MLK and north of Wade Park Avenue on the
east side of MLK.At theWade Park Avenue site
you can see that the brook has sometimes
escaped from its banks and worn away at the
bank behind the walls.

Near East 105th Street you will find a play-
ground and public tennis courts, as well as the
Rockefeller Park Lagoon. Notice that the brook
detours around the lagoon, which is filled with
treated water from the City of Cleveland.

If you continue upstream from East 105th, past
the cancer survivor’s monument all the way to
the outlet from the University Circle culvert,
you will come to one of the areas where the
stream channel was stabilized and restored in
1999 using a “biorestoration” approach.You can
also reach this area by parking on MLK along

the west side of theWade Park Lagoon and
walking down hill (north) until you see the
brook appear to the right. Beginning at the out-
let of the culvert and continuing for about 100
yards downstream (to about the point where a
chain link fence comes near the bank), a series
of three pools has been created in the brook
using natural stone. The pools and the riffles
between them are intended to aerate the brook
water as it emerges from the culvert and to cre-
ate a natural environment where macroinverte-
brates can thrive. The west bank here has been
stabilized by embedding large tree trunks in
the bank and by planting scrub willows and
other native vegetation. New trees and bushes
were also planted on the banks.

A.3
Wade Park and University Circle:
Cultural Institutions and the Culvert

Although Doan Brook was once at the heart of
Wade Park and University Circle, you’ll be
hard-pressed to find a trace of it there now.
The University Circle culvert carries the brook
underground between the Cleveland Museum
of Art and the base of the main, steep hill of
the Portage Escarpment. Keeping in mind that
the brook is beneath your feet, you can stroll
around the Wade Park Lagoon (the culvert
runs just along the west side), play Frisbee on
Wade Park Oval, visit the Cleveland Museum
of Natural History, play in the Cleveland
Botanical Gardens’ playground, stroll through
the herb and Japanese gardens, take in the art
museum, explore history and the antique cars
and planes at the Western Reserve Historical
Society and Crawford Auto Aviation Museum,
check out the Children’s Museum of Cleveland
— and much more.
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As you enjoyWade Park and University Circle,
imagine how the area might look if an open
brook once again formed the heart of the
parks.A design sketch prepared in 2000 sug-
gested that the brook might be brought above
ground and might some day cascade intoWade
Park Lagoon.Although this is an appealing
idea, it would be very costly. It addition, it will
be necessary to significantly improve water
quality in the brook before it can be allowed to
flow throughWade Park Lagoon. The lagoon is
a clean and appealing lake now because it is
filled with treated city water.With current
water quality in Doan Brook, the brook’s waters
would leaveWade Park Lagoon choked with
unsightly vegetation.

A.4
Up the Hill Through Ambler Park

Ambler Park carries the brook up the steepest
part of the Portage Escarpment.As you walk
through the park, it is clear that it was once a
showpiece of the brook, complete withWPA-
built stone paths and steps along the cascading
stream.Ambler Park has suffered over the years,
though. It has become isolated by heavy traffic
on the adjacent roads (MLK and Fairhill Road),
the lower part of the park has been filled in, and
the upper part has been given over to the MLK
detention basin. There is little parking nearby,
and to reach the park on foot or by bicycle you
must brave some difficult road crossings.

It is still interesting to explore the park,
though.Take a friend for safety (this area is
isolated and often deserted) and wear stur-
dy shoes. You can reach the park by bicycle or
on foot from the path along Fairhill, or you can
park on one of the side streets near the inter-
section of North Park Boulevard and MLK and
walk down the hill.

Beginning at the lower end of the park, oppo-
site the intersection of MLK and Ambleside,
you will see an open field screened from the
adjacent roads by trees. The brook used to flow
here, until it was covered with fill material
from the excavation of the Baldwin Filtration
Plant reservoirs.Walk upstream (southeast)
through the field and you will come to the
entrance to the University Circle culvert. The
inlet isn’t too exciting most of the time, but it
can be fairly interesting in a flood.

If you continue along the brook from the inlet,
you will find yourself in a hidden valley sur-
rounded by tall trees. Traffic on MLK and
Fairhill rushes faintly by overhead, seeming far
away. The brook is confined in a stone-walled
channel here, but it has eroded under the wall in
many places, and the wall has collapsed in a few.

It is difficult to walk up the brook through the
park, now, because the stepping stones that
once crossed the stream have crumbled.You
can either continue along the south side as best
you can or go back past the culvert inlet and
then follow one of the roads up the hill. There
is a paved path along Fairhill. From the top of
the hill, where MLK crosses the stream, you
can get a good look at the MLK detention
basin. If you walk back down the hill toward
the detention basin dam, notice the design of
the basin: It has an outlet at the base to allow
the stream to pass through during low flows
and a large dam to back the stream up during
floods. Unfortunately, the relatively large cul-
vert at the base of the dam (6.5 feet high by 9
feet wide) will not detain sufficient water to
have much impact on any but very large floods
(see Chapter 7 for more discussion).

If you are adventurous, you can climb over the
crest of the dam and explore the oldWPA stone
pathways on the northeast side of the brook

below the dam. Some of the paths have crum-
bled away, and the steps lead nowhere, so pro-
ceed with caution.

A.5
MLK to Coventry: The Gorge and
The Old Stone Grist Mill

Warning: Some parts of the Doan Brook
gorge can be dangerous. In the steeper
areas of the gorge, you can fall over 40 feet
from the top of the slope straight to the
stone floor below.A Shaker child was killed
in such a fall in 1834. Slopes elsewhere are
steep and slippery, and the rocks in the
streambed can be slick with moss or ice.
Rock walls overhang the stream in some
places. Explore with caution.

The reach of Doan Brook between MLK and
Coventry Road is hidden, but it is the most
scenically dramatic part of the stream. In
most places, walking or driving along the
upper banks (on North Park or Fairhill)
reveals little of the character of the gorge.You
have to climb down to the stream to see the
valley it has created.You can enjoy simply
exploring the gorge, or you can go there to see
what the brook has revealed about the geology
that underlies the watershed or to explore the
remains of the Shaker stone grist mill or one
of several stone quarries. Tours of the brook’s
historic sites and geology are included in
Appendices C and F.A few sites of particular
interest are described below.

The Trash Rack and the Lower Gorge

If you climb down the slope immediately
upstream (east) from MLK and North Park
Boulevard you find yourself overlooking a wide
spot in the brook channel. If the City of
Cleveland had built the MLK detention basin

Appendix A – A General Tour of Doan Brook
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according to their original proposal, you would
now see a 40-foot tall, 20-foot diameter vertical
concrete pipe sticking into the air in front of
you, with its top almost as high as the top of
the roadway embankment behind you. During
a flood, water would have backed up until it
overflowed the top of the vertical pipe, filling
the gorge in front of you (about as high as the
top of your head) with water. During normal
flow, a small outlet at the bottom of the pipe
would have allowed the brook to pass.

Since these plans for the detention basin were
defeated by public opposition, what you see
instead of an enormous vertical pipe is simply
the brook crossed by an odd-looking concrete
and steel structure. This structure, which looks
like a giant set of concrete highway barricades
with steel I-beam teeth sticking out of the top,
is a trash rack that is intended to catch branches
and debris that are carried by Doan Brook dur-
ing floods and prevent them from clogging the
culvert under MLK or the University Circle cul-
vert farther downstream.During normal flow,
the stream should pass through the gaps
between the concrete sections. However, the
brook frequently erodes a new channel around
one end of the barricade (generally the south
end), so that the main flow goes around, rather
than through, the trash rack, rendering the
structure much less effective for catching
debris. Erosion along the downstream base of
the trash rack indicates that considerable quan-
tities of water have flowed over the rack at
times, and debris caught on the upstream side
shows that the rack is not completely ineffective.

Walking upstream from the trash rack quickly
becomes difficult. If you persist, you pass
through a wooded gorge where the stream has
cut through sloping layers of shale and sand-
stone. However, this area of the gorge is more

easily approached from the sandstone quarry
farther up the brook.

Sandstone Quarry and Bank
Reconstruction

If you walk up North Park Boulevard from
MLK, you can follow the top of the gorge as far
as Delaware Road.As you walk along, you may
notice bronze medallions set in concrete at the
bases of a number of the trees. Eight hundred
and fifty of these markers and the adjacent oak
trees were planted in 1919 to commemorate
soldiers killed inWorldWar I. The markers
once extended all the way from Gordon Park to
Horseshoe Lake. Several hundred remain, scat-
tered along the original "Liberty Row."

At Delaware Road, a set of stone steps leads
down toward the stream. If you pause at the
bottom of the first set of steps, you will see ver-
tical sandstone walls to your left, indicating
that you are in one of the old sandstone quar-
ries on Doan Brook. The Shakers and others
quarried sandstone (some Berea Sandstone
and some Euclid Bluestone) from this area and
others along the brook.

More steps lead to the brook from the first
quarry site, and you can explore the valley in
both directions from here. Some of the more
interesting geologic features and historic sites
are nearby – see the tours in other appendices
if you are interested.

Old Stone Grist Mill and the Berea
Sandstone Falls

Still farther upstream from the sandstone
quarry, just upstream from Roxboro Road, lie
the scant remains of the Shaker stone grist
mill, its flume and dam, and the quarry that
replaced the mill. The mill was carefully locat-
ed to take best advantage of the brook’s descent

over the edge of the tough Berea Sandstone, so
the stream descends a 12 foot fall between the
dam site and the mill. See Appendix C for a
description of the mill and quarry remains and
Appendix F for a description of the geology.

Looking across the gorge at the mill site, you
can see a number of stone-filled wire baskets
along the far bank of the stream. These gabions
are part of the repair of the slope failure that
threatened Fairhill Road in 1975. The gabions
reinforce the toe of the slope. Compacted fill
was placed on an even slope behind the
gabions and vegetation was established. If you
examine the south gorge slope from the mill
site for about 300 feet downstream you may
see signs of an unusually even slope and trees
that are less than 25 years old.

A short distance upstream from the mill site,
you will see a series of road piers crossing the
gorge. Kemper Road once crossed the brook
here. Notice that the stream channel under the
piers is smooth stone. This is the cap of the
hard Berea Sandstone. It formed the falls just
downstream and created a desirable site for a
mill. See the geology tour for more details.

The Mill Race and the Brook

Just a bit below the Lower Shaker Lake dam,
between the intersections of Woodmere and
Demington with North Park, you find the con-
fluence of two brook channels: the northern
one is almost dry, while the southern one car-
ries the outflow from the Lower Shaker Lake.
The northern channel was reportedly the origi-
nal outlet of the lake, while the southern chan-
nel was built by the Shakers as the lake spill-
way. The northern channel was once the mill
race for the Shaker sawmill just below the
Lower Shaker Lake dam (see the next section).
The channel and outlet through the dam were
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blocked after the mill was abandoned, so that
the channel now carries little water.

A careful examination of the two channels
does not reveal either of them to be obviously
manmade, and the southern channel, suppos-
edly dug by the Shakers, cuts a wide swath
through the surrounding sandstone bedrock.
Although this channel may be completely
manmade, it seems more likely that it was an
existing but disused channel that had been cut
by the stream.

A.6
The Lower Shaker Lake and the
Nature Center at Shaker Lakes

The Lower Shaker Lake and the Nature Center
at Shaker Lakes are in the midst of popular,
heavily-used parks, but they still hold some
surprises even for the most frequent visitors.
The Shaker sawmill site lies just downstream
from the dam, southeast of the intersection of
North Park Boulevard and Coventry Road. The
mill site is described in Appendix C.Although
the Shakers originally built a dam at this site in
the 1820s and rebuilt the dam a number of
times, few identifiable traces of the original
dam remain on the surface. Some of the stone
work that is visible near the north end of the
downstream face might be Shaker work.

In the spring, forsythia, crab-apple, cherry, and
other ornamental fruit trees bloom along the
shores of the Lower Shaker Lake and
Horseshoe Lake. Jack-in-the-pulpit,May apple,
Virginia waterleaf, Solomon’s seal and other
wildflowers bloom downstream from the dam,
and trout lily lines the lake shore.Many of
these plants, both native and exotic, were plant-
ed and nurtured by area garden clubs.

A stroll around the lake and along the board-
walk at the Nature Center can reveal birds as
well as wildflowers, particularly during migra-
tion season.Most casual visitors see only a
small fraction of what is there to be seen, so
you may want to take binoculars and allow
time to look more closely.Muskrat swim in the
brook and lake, and white-tailed deer frequent
the Nature Center area, particularly in the
spring, when you may see a fawn or two. Red-
winged blackbirds dominate the marsh by the
Nature Center, but keep your eyes open for
song sparrow, red-tailed hawk, and others. The
area along the south fork of the brook between
the Nature Center and Shaker Boulevard pro-
vides a glimpse of the forest that was once typ-
ical of wet lowlands in the upper watershed
(see Chapter 4).Visit the Nature Center itself to
find out more about the area and about activi-
ties centered around the parks.

A.7
South Park Boulevard to Horseshoe
Lake

Upstream from the Nature Center, the brook
crosses South Park Boulevard. Between South
Park and Horseshoe Lake, the stream runs
through a protected wildlife area where use of
trails along the stream is prohibited.You can
still walk or bike on the path along North Park
Boulevard and enjoy the shade of the wood-
lands along the stream. The trees here are
some of the largest and oldest in the water-
shed, dating from the latter part of the 19th
century. The deer that can sometimes be seen
at the Nature Center spend much of their time
in this area, as does other wildlife. The brook
meanders through the trees in a relatively
undisturbed state.

On the south side of the brook, upstream (east)
from Lee Road, you will find the grave of Jacob
Russell, RevolutionaryWarVeteran. Russell was
the patriarch of the Russell family that settled
in the upper watershed in 1812, just after the
Warren family. His son, Ralph, founded the
North Union Shaker community in 1822. The
intersection of Lee and South Park was the cen-
ter of the first Shaker community and later of
the North Union Center family.You can find a
memorial to the Shakers a bit to the south, at
the northeast corner of Lee and Shaker
Boulevard.More information about visible
remains of the Shaker community is given in
Appendix C.

Continuing around Horseshoe Lake, you can
enjoy the flowering trees and other plantings
that the garden clubs have maintained over the
years. The marshes in the upstream arms of
the lake provide good habitat for waterfowl,
and red-headed woodpeckers sometime nest
in the standing dead trees.With luck and per-
sistence, you might even see a pileated wood-
pecker here.

Upstream from Horseshoe Lake, you can catch
glimpses of the north and middle forks of the
brook along Shelburne and South Park respec-
tively. The above-ground portions of both
forks now end in culverts at Warrensville
Center Road. See Chapter 5 for maps showing
where the brook ran before it was buried in
the storm sewers.

Appendix A – A General Tour of Doan Brook
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A.8
The South Fork: The Nature Center
to Green and Marshall Lakes

South of the Nature Center at Shaker Lakes, the
south fork of Doan Brook flows through an
area that has a relatively undisturbed channel
and intact natural environment. There are
fewer trees here than along the north fork
above the Lower Shaker Lake, but the aquatic
habitat is still relatively healthy, and the park
land along the stream is a good place to wan-
der. There is a good path and a fitness trail.

Much of the land around Green and Marshall
Lakes is private property, where there are some
beautiful mansions. The lakes themselves are,
unfortunately, heavily impacted by poor water
quality and sedimentation. There is extremely
heavy algae and plant growth on the lakes dur-
ing the summer (quite possibly because of
unusually heavy fertilizer runoff from the sur-
rounding houses and the upstream Shaker and
Canterbury golf courses). The lakes are too
shallow to allow a healthy lake environment.
Mowed grass reaches to the water’s edge,
encouraging Canada geese and increasing
water quality problems.

Upstream from Green Lake, the brook runs
entirely through the Canterbury and Shaker golf
courses. It is carried between the two courses in
a culvert that actually passes under theVan
Aken shopping center. The banks are eroded in
some places on the Shaker Country Club course,
and the grass is mowed all the way to the
stream.The brook runs along one edge of the
Canterbury course, and is generally buffered
from the course by some un-manicured land.
However, lawns from the adjacent houses imme-
diately abut the brook in some places.
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Appendix B

Before 1640: Native Americans of unknown origin occupy the Lake Erie shore in the vicinity of Doan
Brook. In about 1640, their established settlements are deserted for unknown reasons.

1662: King Charles II of England grants the Connecticut Colony the right of self government
and a strip of land extending from the Colony’s western border to the Pacific Ocean.
This grant includes what was later to become the Connecticut Western Reserve.

Before 1796: Native Americans traveling along Lake Erie cross Doan Brook at a ford near present-
day Euclid Avenue and East 105th Street.

1786: Connecticut reserves an area of northeast Ohio for her citizens in exchange for other
western land that was included in King Charles’ original grant. The Connecticut
Western Reserve includes the Cleveland area and extends 120 miles west from the
Pennsylvania border between Lake Erie and 41˚ north latitude (just south of Akron).

1795: The Connecticut Land Company purchases title to most of the Connecticut Western
Reserve, including the land in the Cleveland area.

1796: Moses Cleaveland’s surveying party comes to explore and map the area for the
Connecticut Land Company. Cleaveland identifies the mouth of the Cuyahoga River
as an ideal spot for the capital city of the Western Reserve. The surveyors in his
party later name the spot Cleaveland. He negotiates a treaty with the Iroquois in
which the Native Americans give up claim to all land east of the Cuyahoga River.

1797: Nathaniel Doan (or Doane) comes to Cleaveland as the blacksmith for the second
surveying party sent to the area by the Connecticut Land Company.

1798: Nathaniel Doan returns to northeast Ohio with his wife, six children, and nephew.
They initially settle near the Cuyahoga River on Superior Street.

1799: The Doan family is forced from the area near the Cuyahoga River by fever, ague
(malaria), and mosquitoes. They resettle at what is now Euclid Avenue between
East 105th and 107th Streets. The nearest neighbors are Nathan Chapman at what
is now Euclid and East 55th and a small group of settlers on the ridge to the south
along what is now Woodhill Avenue.

Beginning in 1799: The area around Nathaniel Doan’s cabin, which comes to be known as "Doan’s
Corners," is the ford where travelers along the main east-west artery between
Buffalo and Cleveland cross Doan Brook. Doan and other settlers eventually build a
tavern, a store, a blacksmith shop, a church, a school, and a saleratus (baking soda)
factory near the ford. Pioneers making their way west in wagons camp on the level
ground east of Doan Brook (where Case Western Reserve University is later built)
and frequent the tavern.

1808: Daniel and Margaret Warren and their infant son come to Ohio. They eventually
settle in Lot 42, Township 7, Range 11, which later becomes Warrensville Township.

An Outline of Doan Brook History
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1810: In January, Daniel and Margaret Warren move into their newly completed log cabin
near what is now the intersection of Lee and Kinsman Roads with their 2-year-old
son and three-week-old baby. They are the first settlers in the upper Doan Brook
watershed.

1811: Revolutionary war veteran Jacob Russell purchases 475 acres of land in the upper
Doan Brook watershed. Jacob’s sons, Elijah and Ralph, travel from Connecticut to
inspect the property and begin to clear land for a house and the beginning of a farm.
They return the following year to build a cabin and plant the first crops.

1812: Jacob Russell moves his family of 20 from Connecticut during the summer.

1816: November 7 – The first election is held in Warrensville Township. Daniel Warren is
elected Justice of the Peace. Jacob Russell, Elijah Russell, and Chester Risley are
elected township trustees. Some references give this date as 1817.

1821: Jacob Russell dies. His sons bury him near the present-day intersection of South
Park and Lee Roads (north of South Park, east of Lee).

1822: The North Union Shaker community is started by Ralph Russell, Jacob Russell’s son,
who had become a Shaker. The colony is established on the Russell property in the
upper Doan Brook watershed, where it eventually acquires as many as 300 members
(in 1850), land holdings of 1,366 acres, and 60 buildings. The Shaker community
originally occupies the area along Lee Road between Shaker and South Park.
Additional villages are built on Fontenay Road (south of Shaker and west of Eaton)
and at Coventry and North Park.

1824: By this date, the North Union Shakers are operating a sawmill near the current
location of the Lower Shaker Lake dam. The first Shakers move to the Mill Family
village site. It is not clear whether or not the brook is dammed to provide power
for the first sawmill.

1829: The Shakers build a wood frame grist mill a short distance downstream from the
Lower Shaker Lake. A small dam is built of earth and timber near the location of the
current Lower Shaker Lake dam to provide power for the mill.

1831: The Shakers rebuild the dam for the Lower Shaker Lake.

1834 (or 1835): The first railroad in Cleveland is built to carry stone from quarries in the Doan Brook
gorge to downtown Cleveland.

1837: The Shakers again rebuild the Lower Shaker Lake dam. They also rebuild the grist
mill. The rebuilt lake reportedly covers about 20 acres, approximately the area of
today’s lake and the adjoining marsh.

1843: The Shakers build a five-story stone grist mill in the Doan Brook gorge downstream
from the previous grist mill location. The new mill lies on the north side of the brook
just upstream from the current intersection of North Park and Roxboro.
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1852: The North Union Shakers dam Doan Brook at Horseshoe Lake to provide power for
their woolen mill.

1854: The North Union Shakers complete their woolen mill located at what is now the
northeast quadrant of the intersection of Lee Road and South Park Boulevard. They
raise Horseshoe Lake dam a few feet to better power the mill.

1870: Glenville is incorporated as a village on October 4.

1870: The Glenville Racetrack is built.

1872: Jeptha H. Wade begins to develop 63.5 acres of natural woodland in the Doan
Brook valley north of Euclid Avenue as a public park (Wade Park).

1880s: John Lowe begins development of the upper watershed on 20 acres near the inter-
section of Cedar and Overlook. Most of the houses on this allotment are sold to
Czech farm workers.

1880: Daniel Caswell opens the Blue Rock Spring House at the intersection of Cedar Road
and Doan Brook (now the location of Emerson Gym on the CWRU campus), including
a resort devoted to a water cure based on the sulfur-rich, blue-green spring water
available at that location. The facility closes in 1908.

1880 (approximate): William J. Gordon begins to develop a public park on his 122-acre lake-front estate
at the mouth of Doan Brook (Gordon Park).

1882: Jeptha H. Wade presents Wade Park to the City of Cleveland.

1883: Western Reserve University moves its campus to University Circle.

1885: Case School of Applied Science moves from downtown Cleveland to University Circle.

1886: The Shakers lease the sandstone quarry on the north side of Doan Brook opposite
the intersection of North Park and Roxboro to Charles Reader, who is not a Shaker.
The stone grist mill, which stands on part of the quarry, is imploded with great fan-
fare on July 5.

1889: North Union Shakers, having declined to 27 members, dissolve their community. The
remaining family members disperse to other Shaker communities.

1889: A zoological collection makes its home in Wade Park.

1892: North Union Shaker land is sold to a land development syndicate.

1893: The City of Cleveland receives the deed to Gordon Park as a gift from
William J. Gordon.
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1894: The Ambler family donates 33 acres of land along Doan Brook between Cedar
Avenue and Fairhill for use as park land. The new park is described as a wild area
with white water, towering trees, thick underbrush, ferns, mosses, and wildflowers.

1894 – 95: The City of Cleveland Park Commissioners acquire approximately 208 acres of land
along Doan Brook, connecting Gordon Park and Wade Park. This area of virgin forest
and rolling meadows was first referred to as "Doan Brook Parkway" and later as
Rockefeller Park.

1895: The City of Cleveland purchases 10.4 acres as an addition to Wade Park.
Maintenance of the park system is financed by an annual half-mill tax levy.

1895 (approximate): Shaker Lake dams are rebuilt.

1896: The City of Cleveland receives the deed to Shaker Heights Park from the Shaker
Heights Land Company (headed by H.W. Gratwick). The park area covers almost 279
acres, and includes the Lower Shaker Lake and Horseshoe Lake, some mill runs, and
natural woodlands. John D. Rockefeller donates an additional 22 acres for Ambler
Park and 254 acres designated as Rockefeller Park. The 254 acre donation includes
land along Doan Brook Parkway which has already been acquired by the City (for
which Rockefeller now reimburses the City), and areas connecting Wade Park with
Ambler Park and Ambler Park with Shaker Heights Park. On one Sunday in May,
43,715 people use East Boulevard (the High Level Drive) in carriages, on bicycles,
and on foot.

1897: Patrick Calhoun donates land along Cedar Glen to the City of Cleveland.

1898: The Western Reserve Historical Society moves to University Circle. The society relo-
cates to its current building in 1938–41.

1900 (or before): A street network is built to connect the continuous park area along Doan Brook
between Lake Erie and Horseshoe Lake. Notable streets are MLK (originally Low
Level Drive, then Liberty Boulevard), East Boulevard, North Park Drive, and Lakeshore
Drive. Many of the bridges crossing the stream have been built. Shore protection,
including three jetties and two piers, are installed at Gordon Park. Stone arch
bridges are built to carry streetcar lines at Wade, St. Clair, and Superior.

1900 (approximate): Daniel Caswell and William Eglin Ambler begin a housing development in Ambler
Heights (the area between Cedar Road, South Overlook, MLK, and North Park now
known as Chestnut Hills).

1900 – 1918: Residential areas around University Circle are built.

1901: A flash flood roars down Cedar Hill and inundates entire neighborhoods.

1902 – 26: Stone walls are built to line much of the Doan Brook channel downstream from
MLK, and many culverts and bridges are built in Rockefeller Park.
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1903: Cleveland Heights is incorporated as a village.

1905: Glenville is formally annexed into the City of Cleveland on June 19.

1905: The Van Sweringen brothers begin to buy the North Union Shaker land. They com-
plete their purchase of the land in 1906.

1908: The Glenville Racetrack is abandoned.

1908 – 1950: The Doan Brook culvert under University Circle is constructed in segments. The
lower part of Ambler Park is filled with material excavated during the construction
of the Baldwin fresh water reservoir. Doan Brook is diverted to a culvert beneath the
fill, and the overlying area is made into a playground.

1911: Shaker Heights is incorporated as a village.

1914: The last of the Wade Park zoological garden animals is moved from Wade Park to
Brookside Park on the west side of Cleveland.

1915: Mrs. J.H. Rogers, Mrs. J. Ranney, Mrs. G.H. Gardner, and Mrs. H.J. Crawford orga-
nize the Shaker Lakes Garden Club to improve maintenance and preservation of the
Shaker Lakes park land.

1916 – 39: Areas along the brook between Lake Erie and Wade Park are set aside as cultural
gardens and developed by various ethnic groups. The Shakespeare Garden is dedi-
cated in 1916. After a second garden, the Hebrew Garden, is built in 1926, the idea
for a series of cultural gardens is conceived. Then-existing gardens are dedicated as
a group in 1939. WPA and City of Cleveland funding and labor do further work on
the gardens during the depression. Work on existing gardens and occasional dedica-
tions of additions or new garden areas continue.

1916: The Cleveland Museum of Art is built adjacent to Wade Park Lagoon.

1920: The Van Sweringen brothers open the Shaker Rapid, providing transit service from
two eastern termini (Van Aken at Lynnfield and Shaker at Warrensville Center) to
Public Square. The two lines are later extended eastward to Van Aken at
Warrensville Center (1929) and Shaker at Green (1937).

1921: Cleveland Heights is incorporated as a city.

1922: The Shaker Lakes Garden Club initiates development of the old Shaker sawmill site
at the west end of the Lower Shaker Lake as a wildflower garden.

1925 – 50: Green and Marshall Lakes are built on the south fork of Doan Brook.

1928: The Epworth-Euclid United Methodist Church is constructed at East 107th and Chester.

1929: In June, Doan Brook floods, overflowing its banks and washing out some sections of
its retaining wall.
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1930: The Garden Center of Greater Cleveland (now the Cleveland Botanical Garden) is
located at the edge of the Wade Park Lagoon. The center moves to its current loca-
tion during the 1960s.

1931: Shaker Heights is incorporated as a city.

1931: University Hospitals (then Lakeside Hospital) is dedicated on Adelbert Road in
University Circle. Severance Hall is built.

1932: Modifications are made to the Doan Brook channel in Rockefeller Park to improve
the channel hydraulics.

1935: The Shaker Lakes Garden Club and a number of other area garden clubs landscape
and develop gardens on the point between the arms of Horseshoe Lake. Hemlocks
are donated anonymously by the Van Sweringen Company.

1940: The Doan Brook channel in Rockefeller Park begins to show signs of being inade-
quate to convey flood flows, which have been increased by urbanization.

1947: The Shaker Historical Society is founded to preserve the history of the North Union
Shakers, Warrensville Township, and Shaker Heights.

1958: The first building for the Cleveland Museum of Natural History is constructed at 1
Wade Park Oval.

1959: On June 1, 3 inches of rain fall on the Doan Brook watershed in 1 hour, resulting in a
flood depth of 10 feet in low areas of University Circle. It is estimated that a storm
of this or greater magnitude will occur once every 50 years. Horseshoe Lake dam
overtops and partially fails. The south bank of the Doan Brook gorge near Kemper
and Fairhill is severely eroded.

1959: The City of Cleveland arranges to have 50,000 cubic yards of material dumped along
the south side of the Doan Brook gorge opposite the intersection of Fairhill and
Kemper. Topsoil is later added and the area is seeded and planted with trees. The
dumped material is intended to repair the slope failure caused by the June 1 flood.

1962: A rainfall of 1.5 inches on the Doan Brook watershed results in a flood depth of 3 to
4 feet in low areas of University Circle. It is estimated that a storm of this or greater
magnitude will occur once every 10 years.

1962 (approximate): A trash rack is installed immediately upstream from the entrance to the culvert that
carries Doan Brook under MLK.

1964: The Cleveland VA Medical Center opens at its current location on East Boulevard.

1966: The Shaker Lakes Regional Nature Center (now the Nature Center at Shaker Lakes)
is founded, primarily as part of an effort to stop the construction of the proposed
Clark and Lee Freeways. Plans call for the freeways to run directly over the east end
of the Lower Shaker Lake and all of Horseshoe Lake.
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1968: The Shaker Lakes Regional Nature Center leases 5.5 acres near the intersections of
South Park, North Park and North Woodland on which to build the Nature Center
building and associated trails. The leased land lies at the proposed location of the
Clark and Lee freeway interchange.

1968: A July 17 flood damages the 1959 repairs to the south wall of Doan Brook gorge
near Kemper and Fairhill. The bank is eroded to within six feet of Fairhill Road.

1968: In Glenville, a shootout between a black militant group and Cleveland Police on July
23 triggers five days of social unrest that leave 63 businesses damaged, with a total
estimated cost of $2.6 million.

1969: Frank Myers donates the home of his father, Louis Myers, to the Shaker Historical
Society. The house at 16740 South Park Boulevard, which is located on land used by
the North Union Shakers for part of their apple orchard, becomes the permanent
home and museum for the society.

1969: The City of Cleveland allows contractors to dump material excavated from University
Circle construction in the Doan Brook gorge opposite the intersection of Kemper and
Fairhill. The dumped material is intended to repair the slope failure caused by the
July 17, 1968, flood.

1971: The U.S. National Park Service names the Nature Center at Shaker Lakes a National
Environmental Education Landmark.

1972: Approval for construction of the proposed Clark and Lee Freeways is withdrawn.

1975: A rainfall of 6 inches results in a flood depth of 11 feet in low areas of University
Circle. The storm causes severe flood damage, and is followed by a second storm
and flood of nearly equal magnitude 4 days later. The storm also causes severe ero-
sion to previous repairs to the south bank of the gorge near Kemper and Fairhill. It is
estimated that a storm of this or greater magnitude will occur once every 50 years.

1975: A velocity breaker and trash rack are built near the railroad bridge at MLK. The
structure is intended to protect University Circle during floods which overflow the
culvert. The University Circle culvert is cleaned, and between 3,000 and 5,000 tons
of debris are removed.

1976: A durable repair is made to erosion damage along the south side of the Doan Brook
gorge near Kemper and Fairhill.

1977: The Doan Brook culvert under MLK is reported to be eroding badly and in danger of
at least partial collapse. The channel downstream from MLK is also reported to be
eroding badly, particularly adjacent to Fairhill Road. Debris is reported to have accu-
mulated in the culvert under University Circle, worsening flooding problems.
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1977: The Corps of Engineers begins filling in the Site 14 dredge spoil area at the mouth of
Doan Brook. The culvert that already carries the brook under I-90 is extended under
the dredge spoil area.

1985: The Cleveland Botanical Garden relocates to its current location over Wade Park
ravine.

1987: In December, Baldwin Filtration Plant stops discharging filter backwash wastes to
Doan Brook. NEORSD begins systematic monitoring of Doan Brook water quality.

1995: Improvements are made to the Horseshoe Lake dam crest and downstream area to
reduce the risk of dam failure during overtopping.

1996: A blocked sanitary sewer regulator is repaired. Before repair, the blockage was
resulting in the discharge of approximately 100,000 gallons per day of untreated
sewage to Doan Brook in the University Circle culvert.

1997: A new impoundment is built in the Doan Brook ravine downstream from MLK in an
attempt to reduce flooding in University Circle.

1999: The Lower Shaker Lake is drained and a low water outlet is installed. Work is done
to strengthen the structure.

2001: The NEORSD study of the Doan Brook watershed is complete.

2001: The Doan Brook Watershed Partnership is formed.

2001: On August 31, heavy rains flood Doan Brook. The Lower Shaker Lake Dam overtops,
flooding North Park Boulevard.
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C.1
The LowerWatershed

Early settlement in the lower watershed cen-
tered first around the village at Doan’s Corners
and the associated farms and later around the
parks that were developed along the brook.
There are only a few signs of the first settle-
ment left, but much that was built in the late
19th and early 20th centuries is still part of the
life of the lower watershed. This tour points out
a few of the historic sites that are most closely
tied to Doan Brook.

C.1.1
The Rockefeller Park Greenhouse
and the Old Mill Stones

The City of Cleveland’s Rockefeller Park
Greenhouse, built in 1905, was made possible
by a donation from John D. Rockefeller. The
original brick buildings form the core of
today’s greenhouse. Two mill stones in the out-
door gardens (one in the Japanese Garden and
one in the Betty Ott Talking Garden) suggest
the previous life of the lower watershed.
Although no one seems to know exactly where
the mill stones came from, it is likely that they
were once part of the Crawford sawmill that
was located on Doan Brook near Superior
Avenue in the mid-nineteenth century.

To reach the Rockefeller Park Greenhouse, take
Martin Luther King, Jr., Boulevard (MLK)

north almost to Lake Erie. Turn east (right)
from MLK just before you get to the Conrail
tracks (the last of the historic stone bridges
over MLK). The greenhouse will be at the top
of the hill directly in front of you. Follow the
road around to the right. The parking lot is on
your right past the main buildings.

C.1.2
Cultural Gardens

Cleveland’s Cultural Gardens line the Doan
Brook valley between Superior and St. Clair
Avenues. The first garden, built in 1916, was
the Shakespeare Garden. In 1926, Leo
Weidenthal led the establishment of the
Cultural Garden League, an organization
founded with the purpose of establishing a
series of gardens to honor each of the city’s
national communities. The Hebrew Garden, the
first garden completed with this purpose in
mind, was installed next to the Shakespeare (or
British) Garden in 1926. The city set aside land
for a series of gardens in 1927, and many more
communities built gardens between 1927 and
1939, when the Cultural Gardens were formally
dedicated.Additional gardens honoring newer
Cleveland communities have been built since.

The gardens lie both on the Doan Brook flood
plain and on the upper part of the east side of
the brook valley between Superior and St. Clair.
Some are most easily accessible from East

At a casual glance, the Doan Brook watershed seems a model of modern suburbia, filled
with houses, streets, and shops. Some of the houses are “old”— built in the late 19th or
early 20th century— but there seem to be few traces of life here before the city arrived. If
you take a little time to look carefully, though, you can find signs of the early settlement of
the watershed and of the parks that were built at the end of the 19th century. This appendix
gives a tour of some of the signs of the past that you can find in the watershed.

Doan Brook History: AWatershed History Tour
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Boulevard, others from the bike paths along
MLK. The gardens fell into disrepair and suf-
fered from vandalism in the 1960s and 1970s.
Fountains were turned off and some statuary
was removed for safety. However, an effort has
been made to maintain and restore the area in
recent years, and the community has taken
more interest in the gardens again. Restoration
and maintenance efforts are led by the Cultural
Gardens Association, the Holden Parks Trust,
and the City of Cleveland.Although they have
not yet regained their past stature, the gardens
are nonetheless a pleasant place to stroll and
marvel at what area communities built to
honor their diverse cultures in the heart of the
Great Depression.

C.1.3
Schweinfurth Bridges

When the Doan Brook park lands were first set
aside in the late 1800s, park planners designed
a boulevard along the brook (now Martin
Luther King, Jr., Boulevard) and one along the
top of the valley on the east side (East
Boulevard). Streetcar lines were extended so
that city dwellers could get from downtown
Cleveland to the new parks. To insure that the
bridges that carried the streetcars across the
Doan Brook valley would enhance the new
park rather than detract from it, the park plan-
ners commissioned bridge designs from well-
known Cleveland architect Charles
Schweinfurth. Schweinfurth— designer of
many houses on Euclid Avenue’s “Millionaire’s

Row,”Trinity Cathedral, the Union Club, and
Harkness Chapel, among others — designed
the stone bridges that carry the CSX railroad
and Superior, St. Clair, andWade Park Avenues
across the brook valley. Note the ornamental
stone and tile work, the brick arches overhead
as you pass under the bridges, and the curving
stairways that provide pedestrian access
between the park and the roadways.

C.1.4
Wade Park: Mills, Springs, and Bear
Dens

Wade Park has been the home of some of
Cleveland’s key cultural institutions since the
Cleveland Museum of Art was established there
in 1916. There is still a little bit of evidence of
the uses of this land before the museum came.

The current location of theWade Park Lagoon
must have been a natural place for a reservoir,
since Samuel Cozad built a dam and grist mill
there in the early nineteenth century. The mill
pond reverted to a marsh overrun by cattle
after the mill was no longer in use, only to be
later converted into a landscaped pond to pro-
vide a vista for the art museum.

Both Charles Asa Post and Earl Gurney Mead
report that a spring in the ravine behind the
Cleveland Botanical Garden was an important
source of high quality drinking water for early
settlers. This same ravine, now part of the
Botanical Garden’s Japanese Garden, was used
as a bear den when the Cleveland Zoological
Society housed its animal collection inWade
Park (from 1889 to 1914).

Figure C-1 Superior Road bridge over Martin Luther King, Jr., Boulevard. Designed by Charles Schweinfurth. From the Nature Center at

Shaker Lakes collection.
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C.1.5
Western Reserve Historical Society

TheWestern Reserve Historical Society (at
10825 East Boulevard, adjacent toWade Park)
houses extensive collections about the history
of the Cleveland area, an exceptional collection
of cars and aircraft, and an outstanding
research library. It is well worth a visit if you
are curious about the history of any part of the
Connecticut Western Reserve.

C.1.6
Doan’s 100 Acres

Nathaniel Doan’s original 100 acres extended
from East 105th Street to Severance Hall and
from Carnegie Avenue to the south side of the
Cleveland Museum of Art (see Figure 2-1 in
Chapter 2). None of the original buildings is
left, but the Ronald McDonald House, which sits
on the corner of East 105th and Euclid where
Doan’s tavern once stood, sometimes has
exhibits about the history of Doan’s Corners.

C.1.7
Ambler Park

Ambler Park, which lies on the edge of the
Escarpment between MLK and Fairhill
(between the point where MLK crosses the
brook and the rapid transit and railroad
tracks), was part of the original park system
that extended along Doan Brook from Lake
Erie to Horseshoe Lake.Although the park has
fallen into disrepair, you can still see evidence
of the paths and stairways that were built in
the park as part of the depression era public
works projects. Explore the area between the
inlet to the University Circle culvert and the
MLK detention basin.

C.2
The UpperWatershed

Most of the upper watershed is as developed as
the lower watershed, and signs of its early his-
tory are few. However,much of the Shaker set-
tlement of the area was inside the band of
parks along the brook.Although the Shaker
buildings were demolished by the Van
Sweringens, their remains have been somewhat
protected because they are inside the parks,
and careful exploration can reveal a number of
remnants of the Shaker communities.

C.2.1
The Shaker Stone Grist Mill and
Dam

The Shakers’ five-story stone grist mill, built in
1843, was surely one of the most spectacular
structures in the early upper watershed (see
Figure 2-7), and the colorful story of its
destruction (see Chapter 2) adds to curiosity
about what may remain.As you walk along the
north edge of the Doan Brook gorge today, it is
surprising to see how few traces of the once-
impressive mill and dam can be found.

About 0.44 mile downstream from the Lower
Shaker Lake dam, between the point where the
bridge piers for the former Kemper Road
bridge cross the brook and the intersection of
Roxboro Road and North Park Boulevard, there
is a notch in the top of the cliff on the north
side that allows you to step down a few feet
below the lip of the gorge. This is the narrowest
spot in the gorge. Just downstream, the brook
begins to descend rapidly over a series of sand-
stone ledges. Peering across the gorge from the
notch, you can see signs of workmanship in the
rock on the far side. Similar traces are faintly
visible in the bank where you are standing.

Turning back to face North Park, you will
notice that you crossed over a stone slab with
a hollow under it as you stepped down into the
notch. This was once the inlet to the stone
flume that carried water from the dam to the
grist mill. The flume was a rectangular chan-
nel, deeper than it was wide, that was carved
into the rock along the edge of the gorge and
then covered with flat stone slabs like the one
in front of you. The flume took water from the
top of the reservoir behind the dam and car-
ried it to the grist mill, where it was dropped
down a penstock to power the mill.

When you climb back out of the notch to the
top of the cliff, you can follow the line suggest-
ed by the stone slab through the underbrush,
and see the partially buried remains of the
stone flume running west along the edge of
the gorge. Surprisingly, the flume ends abrupt-
ly at the cliff edge about thirty feet west
(downstream) from the notch.You can see the
end of the flume by walking about fifty feet
downstream and looking back to where the
cliff curves toward the brook. Descriptions of
the grist mill say that it was located one-
twelfth of a mile downstream from the dam,
much farther than the current end of the
flume. If you continue downstream along the
edge of the gorge to a point about one-twelfth
of a mile (about 440 feet) from the dam, you
will note a semicircular notch in the lip of the
gorge with definite signs of workmanship.
This is the point where the grist mill is report-
ed to have been, although exploration of the
top of the gorge at this point reveals few, if any,
signs of the building that once stood here. The
stone that held the rest of the flume, between
the current flume end and the grist mill site,
was removed by the quarry that replaced the
grist mill in 1886.
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If you continue downstream for a short dis-
tance, you can descend to the stream and make
your way back up toward the grist mill site.
Great caution and some scrambling are
required to reach the site. Be careful of the
overhanging cliff and the slick rocks under
foot.At the base of the cliff below the semicir-
cular notch where the grist mill stood, you can
see numerous chisel marks in the stone. These
continue up the cliff below the notch. Some
distance away from the base of the cliff, there is
a straight row of large stones that looks as if it
may have been laid as part of the foundation
for the grist mill.A considerable distance
upstream, the rectangular cut of the flume sits
mysteriously near the top of the cliff.

Aside from some puzzling triangular notches
in the stone of the stream bed opposite the
end of the flume, and some stones and thread-
ed metal rods downstream from the mill site
on the lip of the gorge, few other traces of the
mill remain.

C.2.2
The Lower Shaker Lake and the
Sawmill

The Shakers’ original sawmill lay just down-
stream from the Lower Shaker Lake near the
north end of the current dam. The sawmill sat
in what is now a depression between the road
along the dam and Coventry Road.Water that
flowed across the mill wheel continued down-
stream from the mill in a channel (the mill
race) that is now blocked by Coventry Road.
You can find the remnant of the channel
(almost dry now that it is cut off from the lake)
by crossing Coventry and exploring the area
between Fairmount and North Park. The aban-
doned mill race channel rejoins the channel

from the Lower Shaker Lake spillway a bit
downstream (between the intersections of
Demington andWoodmere with North Park).

There is still considerable stone work amongst
the brush in the depression where the sawmill
stood, but it is difficult to separate what may
have been part of the Shaker mill from what
was built as part of a wildflower garden estab-
lished there by the Garden Club of Cleveland
and the Shaker Lakes Garden Club in April
1923. The foundations of the Shaker mill
reportedly remain. The foundation of an ice
house that once lay south of the mill was buried
when fill was placed to strengthen the dam.

The Shaker sawmill site is the focus of much
interest from local historians, from those who
would like to restore the former wildflower gar-
dens, from area archeologists who would like
to explore what remains in more detail, and
from the Ohio Department of Natural
Resources, which is concerned with the safety
of the Lower Shaker Lake dam and sees the
depression behind the dam as a threat to the
integrity of the dam embankment.

C.2.3
Jacob Russell’s Grave

When RevolutionaryWar veteran Jacob Russell
died in 1821, his family buried him on the Ohio
land he had purchased for them.Russell bought
the land ten years before and brought his family
there the following year to become the second
group of settlers in the upper watershed.His
son, Ralph, established the North Union
Shakers’ Center Family on that land a year after
Jacob’s death, and the Shakers’ Center Family
Village grew up near the grave. Because it was
protected by the establishment of the Doan
Brook parks, Jacob Russell’s grave has never
been moved. The fenced grave and large stone
marker lie just northeast of the intersection of
Lee Road and South Park Boulevard.

C.2.4
TheWoolen Mill and Its Flume

The corner of the Shakers’ 1852 woolen mill lay
at the edge of the Center Family Village, a few
feet north of Jacob Russell’s grave. The mill was
built to facilitate the production of wool,
brooms, and iron goods, all of which were
important parts of Shaker industry in the early
1850s. James Prescott (1880) described the
woolen mill this way:

In 1852 a building was erected for a woolen
factory, twenty four, by fifty feet, three stories
high, on the south side, and on the north, four
stories, including the basement. The upper
story is occupied by a spinning jack of one
hundred and sixty spindles, two power looms,
for weaving cloth, a twister — the next story
below is occupied with the carding machines,
etc. they manufacture the most of their wool
into stocking yarn, as there is a great demand
for it just now, 1870.

Figure C-2 Shaker sawmill ruin and site of later wildflower

garden. Just downstream from the Lower Shaker Lake dam – May

1966. Photograph by M. E. Croxton? From the Nature Center at

Shaker Lakes collection.
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The next story below is an iron lathe for turn-
ing iron, and another lathe for turning broom
handles, etc. And in the basement story is
hung a large grind-stone, and a buz-saw
[sic], for sawing stove wood, for fuel, to keep
forty or fifty fires going through the winter.
The whole machinery is carried by water
power by an Overshot wheel — with water
drawn from the upper pond.

Few if any remains of the mill are visible, but
the flume that carried water along the south
side of the Doan Brook valley between
Horseshoe Lake (called the “upper pond”by
Prescott) and the woolen mill is still clearly
visible.You can reach it by scrambling through
the bushes directly north of Russell’s grave, but
it is easier to find and get to if you walk back
upstream, following the edge of the grass lawn.
As you go upstream, you will come to a point
where you can see an open, dry ditch on the
side of the hill that leads toward the brook, just
inside of the trees and bushes that fringe the
mowed grass. The ditch, five or six feet deep
and perhaps ten or fifteen feet wide, is separat-
ed from the brook valley proper by another
embankment. If you scramble down into the

ditch, you will find a trail that follows the line
of the ditch in some places and runs along the
top of the north embankment in others. This
ditch held the wooden flume that conveyed
water from Horseshoe Lake to the woolen mill.
You can follow the ditch upstream almost to
the Horseshoe Lake dam, but the brook has
eroded away a section about 100 yards down-
stream from the dam, and changes to the dam
itself have obscured the outlet that originally
fed water to the flume.

C.2.5
Horseshoe Lake Dam

The Horseshoe Lake dam that was built to
power the woolen mill was an impressive struc-
ture in its day.A visitor who viewed the dam
under construction in 1852 wrote the following:

The dam is built of dirt. It is twenty rods [330
feet] or more in length and upwards of twenty
feet high, a stone drain at the bottom to carry
off the waste water, a stone penstock which
connects at the upper end of the drain. This
penstock is built around about ten feet in
diameter of black stone. The water pours over
the top all around, the bottom is flat stone
laid in water cement. This is the best and
most durable floor I ever saw of the kind. It is
not finished for they calculate to raise the
dam four feet higher and have a cast iron
curb around the top of the floom [sic] to pre-
vent the frost getting hold of the top stone
(quoted from Klyver, 1992).

The design and core of the Shakers’ original
dam are still in place, although the dam has
been strengthened and modified a number of
times. The spillway (referred to as a penstock
in the quote above) retains its original shape,
and there is still reportedly a Shaker-built

stone face on the upstream side of the dam,
although it is normally below the water level
and therefore not visible. Some of the original
stonework can be seen immediately around the
downstream end of the outlet, though.You can
see the original stonework by walking down
the grass “peninsula” on the south side of the
brook downstream from the dam. Looking
back at the outlet, you see a rectangular open-
ing beneath the dam. The stonework immedi-
ately around the opening does not match the
rest of the stone, and appears to be original
Shaker work— precisely cut stone with very
tight joins between the individual blocks. The
surrounding work and much of the other stone
work now visible on the dam was done as part
of Depression-era works projects in the 1940s.
The large stone riprap that sits on the down-
stream face of the dam was placed in 1995 to
prevent the dam from failing in the event that
water flows over the crest.

C.2.6
The Shaker Historical Society and
Museum

The Shaker Historical Society and Museum,
located adjacent to the south side of Horseshoe
Lake at 16740 South Park Boulevard, houses a
permanent collection of items relating to the
North Union Shakers and to Shaker life in gen-
eral and hosts changing exhibits about both
Shaker history and other local history. The
Society’s Elizabeth B. Nord Library houses a
good collection of books and archival materials
about the Shakers, earlyWarrensville history,
and the development of Shaker Heights.

Figure C-3 Remains of the earth channel that once carried a

wooden flume along the south side of Doan Brook between

Horseshoe Lake and the Shaker woolen mill near South Park

Boulevard and Lee Road. Photograph by L. C. Gooch.
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Over the years, the ribbon of parks along Doan Brook has attracted a number of cultural
institutions in search of appealing locations. Some, such as the Nature Center at Shaker
Lakes and the Shaker Historical Society, have a purpose that ties them directly to the
brook. Others, such as the Cleveland Museum of Art, simply chose the banks of the brook
as an attractive place to make their home. Still others were brought to the brook or the
watershed by the proximity of other cultural institutions. Some of the many cultural
resources to be found along the Doan Brook are listed below.

Ambler Park
Between Fairhill and Martin Luther King, Jr.,
Boulevards west of Martin Luther King, Jr., Blvd.

Case Western Reserve University
10900 Euclid Avenue
216-368-2000

Children’s Museum of Cleveland
10730 Euclid Avenue
216-791-7114

Cleveland Botanical Garden
11030 East Boulevard

Cleveland Cultural Gardens
Rockefeller Park (see below)

Cleveland Institute of Art
11141 East Boulevard
216-421-7000

Cleveland Institute of Music
11021 East Boulevard
216-791-5000

Cleveland Museum of Art
11150 East Boulevard
216-421-7340

Cleveland Museum of Natural History
1 Wade Oval Drive
216-231-4600

Cleveland Music School Settlement
11125 Magnolia Drive
216-421-5806

Dittrick Museum of Historical Medicine
11000 Euclid Avenue
216-368-2000

Fine Arts Garden and Lagoon
Between Euclid Avenue and the Cleveland
Museum of Art

Gordon Park
Martin Luther King, Jr., Boulevard at Lake Erie

Horseshoe Lake Park
On the upstream side of Horseshoe Lake, between
South Park and North Park Boulevards and Lee Road

Nature Center at Shaker Lakes
2600 South Park Boulevard
216-321-5935

Rockefeller Park
Along Martin Luther King, Jr., Boulevard between
I-90 and East 105th

Rockefeller Park Greenhouse
750 East 88th Street
216-664-3103

Sculpture Center
12206 Euclid Avenue
216-229-6527

Severance Hall
11001 Euclid Avenue
216-231-1111

Shaker Historical Society and Museum
16740 South Park Boulevard
216-921-1201

Wade Park
University Circle

Western Reserve Historical Society and
Crawford Auto-Aviation Museum
10825 East Boulevard
216-721-5722

Doan BrookWatershed Cultural Institutions
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E.1
Geologic History of the Doan Brook
Watershed

The Doan Brook watershed is a small part of a
much larger area that was shaped by a series of
geologic events that began in Precambrian
times, over a billion years ago. This appendix
describes the processes that shaped the larger
area and the place of Doan Brook in the overall
geologic picture.

E.1.1
The Shaping of Northeast Ohio

A billion years ago, a great mountain chain—
the Grenville orogenic belt — stood over much
of North America, including the area that
became northeast Ohio. Over time, the geologic
activity that built these mountains ceased, and
wind and rain began to wear them down. By
about 600 million years ago (the beginning of
the Paleozoic Era), the once-enormous moun-
tains had been reduced to a flat plain made up
of the granite and gneiss that had originally
been the mountains’ roots. This plain became
warped, and in Ohio it was pushed far below
sea level. This granite “basement,” on which
subsequent rock layers were built, now lies
approximately 5,000 feet below sea level in the
Cleveland area.

As the granite plain warped downward, the sea
advanced, covering northeast Ohio and much
of the North American continent. The sea that
first flooded the area as much as 600 million
years ago persisted for millions of years, some-
times advancing, sometimes retreating. To the
east, the ancestors of the Appalachian
Mountains rose and eroded, and the sea floor
was covered with many hundreds of feet of mud
and sand carried down from the mountains.

Buried mud and sand deposits compressed
into rock— shale and sandstone, respectively
— beneath the weight of the overlying materi-
al. Each time the sea retreated, some of the
rock that was exposed eroded away; each time
the waters advanced once again, new layers of
sand and mud came to rest on the eroded rock
surface.

The sea withdrew from Ohio for the final time
about 300 million years ago.As the land rose
above the sea, the surface of the rock was again
eroded by wind and rain. Erosion continued
until about 2 million years ago. Then, the ice
ages began and glaciers scraped over the
ground, carving out the basins of the Great
Lakes. East of the lake basins, the ice encoun-
tered the edge of the Appalachian Mountains
(the Appalachian Plateau). The glaciers
advanced across northeast Ohio four times
over a period of almost 2 million years, retreat-
ing for the last time about 15,000 years ago.

When the ice finally left northeast Ohio, it left a
thin layer of jumbled clay, silt, sand, and gravel
soil called glacial till on the surface of the
bedrock. The ancestors of the current Great
Lakes were trapped between the edge of reced-
ing glaciers to the north and the land surface
along the edge of the scraped out lake basins to
the south. The lakes, filled with water from the
melting glaciers, had considerably higher water
levels than the current lakes, and their shores
were typically the edge of the Appalachian
Plateau. The cliffs they carved in the edge of
the Plateau can now be seen many feet above
Lake Erie, and the silts, sands, and clays that
were deposited in their waters form the soil
that lies along the current lake shore.

Doan Brook and other streams flowing north
toward the lakes from the Plateau carved nar-
row valleys through the lifted layers of bedrock

Doan Brook Geology and Soils
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to meet the falling lake levels. Over time, lake
levels declined to their current elevations, leav-
ing a series of carved shorelines and beaches in
their wake. Forests advanced from the south to
blanket the newly exposed land, and northeast
Ohio began to resemble the land that Moses
Cleaveland found when he arrived here in 1796.

E.1.2
The Geology of the Doan Brook
Watershed

The forces that shaped all of northeast Ohio left
us the Doan Brook of today. The upper reaches
of the watershed lie in the glacial tills that thinly
coat the sedimentary bedrock of the western
margin of the Appalachian Plateau.Here, the
soil is a thin layer of the glacial till that was left
behind when the glaciers retreated to the north.
A few feet beneath the surface lie the sedimen-
tary Meadville Shale, Sharpsville Sandstone,
and Orangeville Shale that were laid down
beneath the ancient sea about 330 million years
ago. These bedrock units underlie much of the
upper watershed. The brook flows gently across
the gradually sloped surface of the bedrock,
meandering and bending across a shallow valley.

Toward the western part of the upper water-
shed (downstream from the Lower Shaker
Lake), the land becomes steeper as it
approaches the Escarpment that forms the
edge of the Appalachian Plateau. Here, the flow
of the water quickens, and the course of the
brook straightens. The slope of the land gives
the water enough strength to cut a deep chan-
nel into the underlying rock, and the brook has
created a narrow gorge that is as much as 50
feet deep in some places. In the gorge, the older
rock units that lie beneath the shales and con-
glomerate of the upper watershed are exposed.

Following the brook down the gorge between
the Lower Shaker Lake and the intersection of
Martin Luther King, Jr., Boulevard (MLK) and
Ambleside, one can see layer beneath layer of
the sedimentary bedrock that formed beneath
the ancient seas. Orangeville Shale, Berea
Sandstone, Bedford Shale (including the well-
known Euclid Bluestone sandstone), Cleveland
Shale, and Chagrin Shale are all exposed as
Doan Brook rushes down toward Lake Erie.
Bedrock outcrops along the brook are
described in detail in the tour of brook geology
in Appendix F.

The steep hill traversed by MLK, Fairhill, Cedar
Glen, and Edgehill Roads is the main slope of
the western edge of the Appalachian Plateau.
The waves of one of Lake Erie’s ancestral lakes
once lapped at this cliff, and Doan Brook’s
waters flowed directly into the lake here. The
soil below the Escarpment changes from the
glacial silty clay till to layered silts, clays, sands,
and gravels that were deposited at the bottom
of the ancient lakes. The total thickness of
these deposits in the lower watershed varies
from a few feet to possibly as much as 600 feet
near the mouth of the brook, where it crosses
the buried valley of the ancient Cuyahoga
River. In the buried river valley, the lake-
deposited soils are layered with the jumbled till
left behind by glaciers, demonstrating that
glacial advances were interspersed with
warmer periods during which the lower water-
shed was inundated by the ancient lakes. The
level of Lake Erie decreased over the centuries,
leaving ridges to mark the locations of a series
of lake shores.

The bottom of the ancient lake became flat as
soil was deposited, and the slope between the
edge of the Escarpment and the current Lake
Erie shore became very gradual.As the brook

flows across this flat plain, it begins to meander
once more, as long as it is not confined within
retaining walls. Over many years, the stream’s
meanderings across this broad plain created
the relatively wide valley that now accommo-
dates both the confined brook and MLK.

E.2
Doan BrookWatershed Soils

Soils found in the upper Doan Brook water-
shed consist almost entirely of glacial tills. In
the lower watershed, soils are primarily made
up of intermixed layers of lacustrine1 silts,
clays, and fine sands deposited by the ancient
glacial lakes. Some layers of till are intermin-
gled with the lacustrine materials in the lower
watershed, indicating that the lakes periodical-
ly retreated and were replaced by glaciers. Table
E-1 describes the watershed soils in some
detail.More information about the watershed’s
soils, including maps that show the locations of
different soil units and tables that give techni-
cal data about the soil, can be found in the U.S.
Soil Conservations Service’s Soil Survey of
Cuyahoga County.

1 Lacustrine is used to indicate soil materials that are deposited by lake waters.
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Appendix E – Doan Brook Geology and Soils

Table E-1 Significant Soils in the Doan Brook Watershed2

Location Soil Type Description

Lower Watershed: UeA – Urban land-Elnora complex Mixture of urban land and a deep, moderately well-drained Elnora loamy fine sand with slopes ranging from 0-

General 3%. Soil is typically very dark grayish brown, very friable loamy fine sand. Soil has moderate permeability and

slow runoff (Hydrologic Soil Group B3). Area is about 70% urban land, 30% Elnora soil.

Lower Watershed: OsF – Oshtemo sandy loam Deep, very friable sandy loam on steep or very steep Doan Brook valley sides. Permeability is moderately rapid

Brook Valley Sides and runoff is rapid (Hydrologic Soil Group B, with 25–55% slopes).

Lower Watershed: Tg – Tioga loam, frequently flooded Deep, nearly level, well drained soil with slope 0–2%. Dark brown, very friable loam with surface soil about 8

Brook Valley Bottom inches thick. Permeability is moderate to moderately rapid, and runoff is slow (Hydrologic Soil Group B).

Escarpment: Ub – Urban land More than 80% of the area (University Circle) is covered by buildings and pavement.

Lower Area

Escarpment: LuC – Loudonville-Urban land complex Mixed urban land (50%), Loudonville silt loam (35%) and Ellsworth soils (15%). Loudonville surface soil is dark

South of Norfolk and grayish brown, friable silt loam about 6 inches thick. Deeper strata are friable silt loam, silty clay loam and friable

Western/RTA Tracks channery silt loam. Bedrock lies at a depth of about 25 inches (Hydrologic Soil Group C).

Upper Watershed: LuC – Loudonville-Urban land complex See above. There is a moderately large area of this soil in the western part of the upper watershed.

General

Upper Watershed: UnB – Urban land-Mitiwanga complex Mixture of urban land (70%) and moderately deep, somewhat poorly drained, undulating Mitiwanga silt loam

General (20%) (other soils 10%). Mitiwanga surface soil is dark grayish brown, friable silt loam about 11 inches thick.

Deeper strata are friable flaggy loam, with sandstone bedrock at a depth of about 30 inches. Permeability is moder-

ate and soil may be strongly acid (Hydrologic Soil Group C). Large areas of this soil are mixed with smaller areas

of LuC in the western part of the upper watershed.

Upper Watershed: UmB – Urban land-Mahoning complex Mixture of urban land (70%) and deep, somewhat poorly drained Mahoning silt loam (20%) (other soils 10%).

General Mahoning surface soil is dark grayish brown, friable soil loam about 7 inches thick. Deeper strata are silty clay

loam and clay loam. Permeability is slow to very slow, and soil may be strongly acid. Runoff is slow or medium

(Hydrologic Soil Group D). This soil forms most of the general watershed soil in the eastern part of the upper

watershed.

Upper Watershed: Tg – Tioga Loam, frequently flooded See above for descriptions of Tg and LuC. Ellsworth-Urban land complex consists of a mixture of urban land

Brook LuC – Loudonville-Urban land complex (30%) and Ellsworth silt loam (55%) (other soils 15%). Ellsworth soil has a dark brown, friable silt loam surface

EsC – Ellsworth-Urban land complex layer about 7 inches thick. Permeability is slow or very slow, and runoff is rapid or very rapid (Hydrologic Soil

ElB, C, D– Ellsworth silt loam Group C). Near the headwaters of Doan Brook, some land becomes exclusively Ellsworth silt loam with slow or

very slow permeability and moderate to rapid runoff.

2 Data on soils are from United States Department of Agriculture Soil Conservation Service. Undated. Soil Survey of Cuyahoga County.

3 Hydrologic Soil Groups are designations used by hydrologists to indicate the tendency of rainfall to run off from or infiltrate into a particular soil. Hydrologic Soil Group designations are as follows (after

Bras 1990): A — Low runoff potential. Soils such as drained sands and gravels with high infiltration rates; B — Moderate runoff potential. Soils such as fine sands and silts with moderately fine to moder-

ately coarse textures and moderate rates of infiltration and water transmission; C — Moderately high runoff potential. Soils such as fine silts and moderate clays with moderately fine to fine texture and

slow infiltration rates and rates of water transmission; D — High runoff potential. Clay soils with permanently high water table and very slow infiltration rates and rates of water transmission.
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Appendix F

Warning: The Doan Brook gorge is beautiful and well worth visiting. However, you should
keep in mind that some parts of the gorge are steep, with dangerous cliffs and overhanging
rocks. Exercise appropriate caution here as you would in any natural area. Some parts of
the gorge are also somewhat isolated and infrequently visited.You may wish to take a
friend along for safety. Finally, the water in the brook may contain high concentrations of
bacteria, particularly after a rain.While contact with the water is unlikely to make you sick,
you should be aware that it may have high levels of bacteria and either avoid contact or
wash carefully when you return home. Children should always be accompanied by an adult.

The Doan Brook gorge offers excellent opportu-
nities for an amateur geologist to identify and
examine some of the sedimentary rocks of
northeast Ohio. Puzzling out the locations of
the different formations and finding them
along the stream can be both fun and challeng-
ing. Even though the rocks exposed along Doan
Brook are sedimentary deposits that were laid
down in relatively regular layers, the formations
don’t always appear quite as you would expect.

The tour offered here is intended to give the
amateur geologist or interested layman a start-
ing point — to point out where the different
rock types can be seen and what they look like
along Doan Brook. Some of the more interest-
ing features of the rocks are also described.
The descriptions should help you identify the
different formations even if you don’t know
much about geology when you start. See
Appendix E for an account of how the rocks
got where they are.

Geologic descriptions in the tour and in Table
F-2 are based on the work of a number of
geologists (see the bibliography) and on the
author’s own exploration of brook geology.
The true enthusiast may want to look at some
of the references for more detailed descrip-
tions of Doan Brook rocks. There is more to be
seen and understood than is described here,

so you may want to make your own explo-
rations. If you find something really interest-
ing, let the Nature Center at Shaker Lakes
know so that they can pass it on to others.

The tour begins with the lowest (and oldest)
rocks that are exposed along the brook and
works its way upstream into the younger for-
mations in the upper part of the watershed.
Figure F-1 shows a schematic cross-section of
the bedrock in the Doan Brook watershed.
Figures F-2 and F-3 show the locations of most
of the formations that are described in the text.
Table F-1 summarizes the stops and sidetracks
on the tour. Because the text is organized by
geologic formations instead of by stops, forma-
tions that you can see at a single stop are
sometimes discussed in more than one text
section. The text is keyed to the stops shown in
Table F-1, but it may be helpful to read ahead a
bit.You will also want to refer to Table F-2 for
more detailed descriptions of the rocks than
are included in the text.

A Geologic Doan Brook Tour
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Table F-1 Summary of the Geologic Tour

Stop # Location Formations Text Section/ Notes Suggested Parking1

1 North of Wade Park Lagoon Chagrin Shale F.1 MLK along W. side of

Wade Park Lagoon

2 Lower Ambler Park Chagrin Shale F.1 University Circle, Chest-

Cleveland Shale F.2 nut Hills at North Park, or

Baldwin Rd. near Fairhill

3 East Side of MLK between North Cleveland Shale F.2

Park and Ambleside Lower Bedford Sandstone F.2

Sidetrack 1 South Side of Fairhill East Cleveland Shale F.2 Baldwin Road, or go on

of Baldwin Road Lower Bedford Sandstone F.2 foot from Ambler Park

4 MLK Detention Basin Cleveland Shale F.2/look for fossils Chestnut Hills at North

Bedford Gray Shale F.2 Park, or go on foot from

Lower Bedford Sandstone F.2 Ambler Park

5 Brook opposite North Park and Euclid Bluestone F.3 South Overlook (or another

Harcourt side street) and North Park

6 Brook near North Park and Bedford Formation Shale F.3

Delaware Berea Sandstone F.4

7 Top of gorge at North Park and Berea Sandstone F.4/cross-bedding

Grandview and thin bedding

8 Gorge between North Park at Berea Sandstone F.4/gorge and falls

Roxboro and Woodmere

Sidetrack 2 South side of Brook Berea Sandstone F.4/massive, thin bedding, Kemper at Fairhill, or on

opposite Kemper and Fairhill cross-bedding foot from the Lower

Shaker Lake dam

9 Fairhill at bridge between North Berea Sandstone F.4/thin bedding Lower Shaker Lake dam,

Moreland and Coventry or the Nature Center at

Shaker Lakes

10 Brook from Lower Shaker Lake Orangeville Shale F.5

dam to Coventry

11 South branch of Brook at Nature Orangeville Shale F.5

Center at Shaker Lakes

12 Lower Shaker Lake Glacial erratics F.6

1 If you are more energetic, the best way to take most of the geology tour is to pick a single parking spot on one of the side streets off of North Park between Coventry and MLK and explore Stops 2 through

10 from there.
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Appendix F – A Geologic Doan Brook Tour

F.1
Chagrin Shale: The Base of the
Escarpment

The oldest rock that is exposed in the Doan
Brook watershed, or anywhere in the Cleveland
area, is the almost 400 million year old Chagrin
Shale. The Chagrin Shale extends from several
hundred feet below Lake Erie’s current surface
to approximately 175 feet above the lake level
(see Figure F-1). In Doan Brook’s lower water-
shed, the shale was generally eroded or
scraped away by glaciers, and it is covered by
as much as 600 feet of newer sediment.As a
result, the shale can first be seen at the toe of
the Escarpment, just below University Circle.
The appearance of the Chagrin Shale in the
Doan Brook streambed is one of the first signs
that you are approaching the edge of the
Escarpment, where Lake Erie’s ancestors
lapped at their highest shorelines.

You can find good exposures of Chagrin Shale
in two reasonably accessible places:

• STOP 1 Chagrin Shale: Just downstream
from the University Circle culvert outlet —
Take the sidewalk down hill (northwest)
along the west side of the Wade Park
Lagoon until you see the culvert outlet and
brook about 50 yards away to your right.
The Chagrin Shale outcrops in a number of
places along the banks, with a particularly
good exposure on the west (left if you are
facing downstream) bank about 50 feet
downstream from the culvert outlet. The
appearance of the shale here is quite char-
acteristic of the Chagrin Shale – it is gray
with some weathering to a reddish tan and
breaks into irregular fragments rather than
consistently flaking into thin sheets. The
shale bank is so soft that it turns to mud if
you rub your boot across it.When there is

not too much vegetation, you can see
another Chagrin Shale outcrop if you con-
tinue downstream to the far side of the
fenced maintenance building and look
across the brook at the cliff on the far side
(just below the Cleveland Museum of Art
parking garage).

• STOP 2 Chagrin Shale: Lower Ambler Park
upstream from the University Circle culvert
inlet —Ambler Park is a bit difficult to get
to, but the surprising beauty and peace of
this park surrounded by busy streets make
the effort worthwhile.You can park on one of
the side streets off of North Park Boulevard
(Chestnut Hills Drive, for example) and walk
down the hill, you can park in University
Circle and walk up, or you can park on
Baldwin Road at Fairhill. In any case, you
should enter the park roughly opposite the
intersection of Ambleside and MLK.Walk up
the center of the park (southeast) until you
find the culvert inlet. Continue upstream,
following the brook, looking for areas where
the brook has eroded away the bottom of its
retaining walls as you go.Where the retain-
ing walls are eaten away, you will see a dark
shale below them. This is the Chagrin Shale.
You can get a somewhat better look at the
rock if you continue for about 100 yards
until you reach a small, perhaps artificial,
waterfall. The shale is well exposed in the
face of the falls.

The Chagrin Shale that is visible in this part
of Ambler Park is all within the streambed
and it is generally wet. It looks very dark
gray here, with some areas stained to a deep
reddish brown. The visible areas have weath-
ered into moderately thin but somewhat
blocky fragments. If you venture into the
stream channel (this is somewhat difficult

— be careful and remember that the brook’s
water is not entirely clean) you will find that
the shale is soft and breaks easily between
your fingers. The thin (one to two inch
thick) very fine sandstone (or siltstone) lay-
ers that are characteristically interbedded
with the Chagrin Shale are clearly visible
here. They are the lighter colored stone that
projects from the shale in the face of the
waterfall and in many other places.

See Section F.2 for a description of the expo-
sure of the Cleveland Shale that lies near the
waterfall in Ambler Park.

F.2
The Cleveland Shale and the Lower
Bedford Formation: The Edge of the
Escarpment and the MLK Detention
Basin

The Cleveland Shale lies immediately above
the Chagrin Shale. The top of the Chagrin
Shale shows evidence of weathering, indicat-
ing that the land surface emerged from the
water and was eroded between the time that
Chagrin Shale deposition ended and Cleveland
Shale deposition began.Although the Chagrin
rock and the Cleveland rock are both shales,
the difference in the two materials is quite
obvious. The Cleveland Shale is a hard, brittle
shale that generally weathers into thin, sharp-
edged sheets. The shale is black when it is first
broken, but it appears dark gray or deep red
when weathered. The thin edges may appear
tan in a cliff face where they have been coated
by eroded material from above. The Cleveland
Shale does not weather to a soft mud as the
Chagrin Shale does.

The Cleveland Shale is exposed in the middle
part of the steep part of the Escarpment.
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Figure F-1 Doan Brook Bedrock Cross-Section
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Where it appears along Doan Brook, it is gener-
ally capped with a clearly visible sandstone
layer from the lower part of the Bedford
Formation. Like the Chagrin Shale exposures in
Ambler Park, the Cleveland Shale cliffs along
Doan Brook lie in Ambler Park and along busy
MLK and Fairhill and are a bit difficult to
reach. They are readily identifiable once you
reach the spot, though. Good exposures can be
found in the following places:

• STOP 2 As you stand by the waterfall in
Ambler Park that is described at Stop 2 in
Section F.1, you can see that a flaky shale
forms the steep slope to your right (as you
face upstream— spectacular tree roots
wrap the top of the shale mound). This is
the hard, brittle Cleveland Shale. If you break
a piece, you’ll see that the freshly broken sur-
face is dark, reddish black.

• STOP 3 Cleveland Shale and Bedford
Formation Sandstone: East side of MLK
between North Park and Ambleside—As
you curve down the steep hill of the
Escarpment on MLK, you see a steep cliff on
the right (northeast) side of the road. This
cliff is made of Cleveland Shale capped by
the sandstone at the base of the Bedford
Formation.You must walk along the sidewalk
(up fromAmbleside or down from North
Park) to see the rock. On foot, you will see
that the lower part of the cliff is made up of a
sharp-edged, thinly bedded shale that
appears to be a dirty tan color. Fragments of
the shale that you can pick up from the piles
that collect along the base of the retaining
wall show that the shale is actually black
(look at the edge of a freshly broken piece)
but weathers to gray and deep red. The tan
appearance of the shale on the cliff seems to
be the result of coating by material washed

down from above. The shale is hard and brit-
tle, breaking cleanly between your fingers.

Toward the top of the cliff, massive layers of
tan sandstone replace the shale. Some of the
sandstone layers (maybe rocks that have
fallen from above) project from the cliff and
give platforms for overhanging trees. The
sandstone is the basal (bottom) rock unit of
the Bedford Formation that overlies the
Cleveland Shale.

• SIDETRACK 1 Cleveland Shale and Bedford
Formation Sandstone: South of Fairhill
between Baldwin Filtration Plant and
Baldwin Road—As you drive up the
Escarpment on Fairhill Road, you will see a
cliff on your right just after you pass the
open water reservoirs and the intersection
with Baldwin Road. This cliff shows an
exposure of Cleveland Shale and overlying
Bedford Formation Sandstone very similar
to the one on MLK directly across the brook.
The only significant difference is that the
sandstone seems to be absent or to form
only a thin layer at the top of the cliff.

• STOP 4 Cleveland Shale and Bedford
Formation Shale and Sandstone: Doan
Brook Streambed between MLK and the
MLK Detention Basin Dam—As you walk
west from MLK toward the MLK detention
basin dam you descend into the Doan Brook
valley. The Cleveland Shale is visible in the
streambed and in the lower part of the cliff
on the north side of the stream.A manmade
retaining wall tops the Cleveland Shale.
Above the wall is a layer (perhaps 20-30 feet
thick) of gray shale that belongs to the
Bedford Formation.Above the gray Bedford
Shale, the basal sandstone of the Bedford
Formation appears once again. Some fossils
have been found in the upper part of the

Cleveland Shale just below the Bedford
Formation in this area.

F.3
The Bedford Formation: Red Shale
and Euclid Bluestone

Tracing the location and character of the
Bedford Formation presents one of the more
challenging geologic puzzles along Doan
Brook. The formation is generally described as
consisting of a very soft red or blue shale
interbedded with sandstone layers. However, a
stroll along Doan Brook where the Bedford for-
mation is exposed (between MLK and a bit
downstream from Roxboro) might lead you to
the conclusion that the Bedford Formation is
entirely dark blue-gray sandstone. In fact, the
lower part of the formation along Doan Brook
consists of massive sandstone that appears tan
in some places and dark gray or blue in others.
This layer appears to be more than 25 feet
thick along Doan Brook, and additional layers
of dark blue sandstone appear to be interbed-
ded with the shale above this basal layer. This
massive, hard, fine-grained sandstone is the
Euclid Bluestone that was a greatly valued
building material and was quarried not only
along Doan Brook but also farther north, where
you now find Bluestone Road and Quarry Park.
A layer of dark red, very soft shale overlies the
sandstone, but the shale is so soft that it is easy
to miss— there are no obvious cliffs of the red
Bedford Shale. In fact, you can stand on a bank
of the red shale and notice only that the mud is
stained deep red. The blue (or gray) Bedford
Shale seems to be scarce along Doan Brook,
only appearing obviously at Stop 4, as is men-
tioned in Section F.2.
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Figure F-2 Doan Brook Geology Tour Map: Lower Watershed
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You can see the very bottom of the Bedford
Formation sandstone where it intersects with
the underlying Cleveland Shale in the locations
described in Section F.2. In addition, the
Bedford formation extends from the top to the
bottom of the Doan Brook gorge between MLK
and South Overlook— almost any rock that
you see in the gorge in this area is from the
Bedford Formation, unless it was carried there
from outside. Particularly good exposures of
both the Euclid Bluestone and the red Bedford
Shale can be seen in the following locations:

• STOP 5 Euclid Bluestone: The Brook
Opposite Harcourt — The Euclid Bluestone
is visible in the Doan Brook gorge in many
places between MLK and Delaware.2 The
most spectacular place to see the Bluestone,
though, is in the streambed about opposite
the intersection of North Park and Harcourt.
To get to this point, you must descend into
the gorge opposite South Overlook and walk
back downstream. If you work your way
down toward the brook, you will eventually
reach a point where the streambed is formed
of dark, smooth rock rather than of mud or
cobbles. The banks here are dark, greenish
sandstone that juts into the brook in a hori-
zontal stair-step pattern, with regular blocks
that almost look manmade (the retaining
walls on the south side of the stream are
manmade). If you break a piece of this
stone, the broken surface will be a lighter
bluish gray, and the sandstone will appear
dense and fine-grained. This is the classical
exposure of the Euclid Bluestone. If you look
carefully at the chunks of sandstone along
the banks and in the gorge, you will see
some examples of cross-bedding, or places
where the layers of sandstone are at angles
to each other.You may also find ripple marks
in the stone— places where you can see

evidence of wave action on the sand that was
later compressed to make the stone.

Although the classic Euclid Bluestone is best
found at this location, the same name was
used generally to refer to all of the dense,
fine-grained sandstone that was found in
the Bedford Formation. Some of this stone
(like the material that is visible at Stop 4) is
tan, without the slightest hint of blue.

• STOP 6 Bedford Formation Shale:
Downstream from North Park at Delaware
— The best place to find the elusive Bedford
Formation red shale is on the banks of the
brook downstream from Delaware Road.
Opposite the intersection of North Park and
Delaware, there is a set of stone steps that
lead from North Park into the gorge. Take
the steps down, and continue toward the
brook and downstream.When you reach the
stream bank, look down at the mud under
your feet. If you are on a Bedford Shale bank,
the mud will be stained red. If the bank
where you are standing isn’t reddish, walk
up or downstream and dig around a bit
along the stream bank until you find a spot
where it is.When you find a reddish bank,
examine it closely until you find small bits of
projecting, brick red, soft rock. This red
shale, which looks more like small chunks of
solid red mud than anything else, is the red
Bedford Shale.

As you continue a bit farther downstream
along the bank (no farther than South
Overlook), you will see that the far (south)
bank of the stream looks quite red. If you
venture across the brook (the rocks are slip-
pery and the water is dirty) you will find a
clear exposure of the red Bedford Shale on
the far bank.You can also reach this bank by
taking the path that leads toward the brook

from Fairhill Road just east of the condo-
miniums at Fairhill and East 126th Street.

F.4
Berea Sandstone: The Lower Shaker
Lake to the Grist Mill

The Berea Sandstone’s resistance to erosion led
to the formation of the deepest, steepest part of
the Doan Brook gorge and created the waterfall
that the Shakers used to help power their five-
story stone grist mill. The formation consists of
light colored gray or tan pure quartz sandstone
that is relatively coarse compared to the
Bedford Formation sandstones. The individual
sand grains are loosely cemented together, so
that the rock can hold a great deal of water.
Because of this, the Berea Sandstone is one of
the most important aquifers in the area. The
bottom part of the formation is massive—
that is, it has few layers — while the upper
parts are thinly bedded, with many clearly visi-
ble layers that may be less than an inch thick.
The lower,massive part of the formation is also
very erosion resistant, so that many streams,
including Doan Brook, form waterfalls over the
lip of this level of the Berea Sandstone.

The interface between the Berea Sandstone and
the underlying Bedford Formation is irregular.
It is evident that the seas receded after the
Bedford Formation rocks were deposited, so
that the surface of the formation was eroded
before the seas returned to deposit the sand
that was to become the Berea Sandstone.

The Berea Sandstone is hard to miss along
Doan Brook. It extends from the top of the
gorge to the streambed from below Coventry
Road to below Roxboro Road. It forms the walls
of the most spectacular part of the Doan Brook
gorge, as well as the stream’s stone bottom.

2 Caution – The stone at the top of the gorge beginning slightly downstream from Delaware and extending upstream is Berea Sandstone, not Euclid Bluestone.
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Some particularly interesting spots to examine
the sandstone are as follows:

• STOP 6 Berea Sandstone: North Park at
Delaware—At the bottom of the first flight
of the stone steps that lead down into the
gorge at the intersection of North Park and
Delaware you find yourself in an open area
with heavily-grafittied sandstone walls to the
left and straight ahead. This is the first
appearance of the Berea Sandstone at the top
of the gorge, and it is one of many areas
along the brook where sandstone was quar-
ried. There is often water seeping from the
rock, showing that the Berea Sandstone does
indeed carry water. If you follow the steps
down and around the rocks that lie straight
ahead, you will see evidence of cross-bedding
on the back of the sandstone.

• STOP 7 Berea Sandstone with cross-bedding
and thin bedding: North Park and Grandview

— Just upstream from the intersection of
North Park and Grandview, you can take a
path that leads down into the gorge and
upstream.A few feet down the path, you will
see layers of exposed dark sandstone on your
left. This rock is very thinly bedded, looking
almost like sidewalk stones that have been
cut and stacked. The formation has excellent
examples of cross-bedding. That is, some
layers of the rock have been turned aslant,
only to be topped by still other layers that
remain horizontal.

• STOP 8 Berea Sandstone in the gorge and the
falls: North Park from Roxboro Road to
Woodmere Road— If you follow along the
north side of the top of the gorge between
Roxboro Road andWoodmere Drive, you can
see the point where the brook cuts most
steeply through the sandstone. The gorge walls
here are nearly vertical, and the stream bottom
is smooth sandstone. The brook plunges about
twelve feet over a waterfall, although the falls
are difficult to see from the top of the gorge.
Some of the stone has been quarried out, par-
ticularly near the downstream end of this
stretch. This was the site of the Shakers’ stone
grist mill and the dam that provided its power
(see Appendix C and Chapter 2). Just a bit
downstream fromWoodmere, you will see the
footings of an abandoned bridge in the
streambed.This is the point where Kemper
Road once crossed the brook.

• SIDETRACK 2 Berea Sandstone bedding and
cross-bedding: Fairhill at Kemper Road—
You can see an exposure of about thirty feet of
the Berea Sandstone from the bottom of the
south side of the gorge opposite the intersec-
tion of Fairhill and Kemper. Follow the
remains of the abandoned Kemper Road
Bridge down into the gorge until you find

yourself standing just above the sandstone
floor of the gorge across the stream from a
vertical sandstone cliff. The lower part of the
cliff is massive sandstone with little or no evi-
dence of layering,while the upper part is com-
posed of many fairly thin layers. The layers of
one section are aslant from another (cross-
bedded), showing that some sections of the
stone were tilted after they were deposited.
Doan Brook’s twelve foot falls over the massive
section of the Berea Sandstone lie a short dis-
tance to the left (downstream).

• STOP 9 Berea Sandstone thin bedding:
Fairhill Road Bridge over the Brook between
North Moreland and Coventry — The thin-
ly-bedded upper part of the Berea Sandstone
is visible in the bed and banks of the brook
betweenWoodmere and Coventry Roads.You
can get a good look at the shelving layers of
the streambed from either side of the Fairhill
bridge over the brook or by walking along
the south side of the stream between Fairhill
and Coventry.

F.5
Orangeville Shale: Coventry Road
and Farther Upstream

The varied rocks of the Cuyahoga Formation
overlie the Berea Sandstone in the upper parts
of the Doan Brook watershed. Only the lowest
layer — the Orangeville Shale — is visible
along the brook. The next two layers — the
Sharpsville Sandstone and the Meadville Shale
— are buried beneath the upper watershed’s
glacial till. Still younger layers of the Cuyahoga
Formation are found at higher elevations out-
side of the Doan Brook watershed.

The Orangeville Shale is a soft, blue-black shale
that weathers very quickly where it is exposed.

Figure F-4 Berea Sandstone in the Doan Brook gorge, showing

massive bedding along the brook and thin, cross-bedded layers

above. Photograph by L. C. Gooch.
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Table F-2 Bedrock Outcrops in the Doan Brook Watershed – Highest Formation to Lowest3

Formation Description Location

Cuyahoga Formation Orangeville Shale, Sharpsville Sandstone, and Meadville Shale underlie the Orangeville Shale appears on the banks of the brook between the Lower

Doan Brook watershed. Only the Orangeville Shale is exposed. The main Shaker Lake dam and Coventry Road. It is also sometimes visible along the

body of the Orangeville Shale is a soft blue-black clay shale. Some beds are south fork of the brook just upstream from the Lily Pond marsh at the

fissile,4 others more solid, but all are weak and yield rapidly to the weather. Nature Center at Shaker Lakes.

The exposures along Doan Brook below the Lower Shaker Lake appear very

flaky and weather to reddish rusty brown and gray. The edges of the frag-

ments are tan, but the flat sides are reddish brown or gray. The shale is so

fragile and the fragments so thin that the exposed edge of the formation

looks almost like a dry pile of decaying leaves.

Berea Sandstone Light gray to yellowish brown, medium to fine grained clay-bonded quartz The Berea Sandstone forms the banks and channel of Doan Brook between

sandstone. May be ripple marked or cross-bedded. The formation is massive Coventry and Roxboro Roads and is present at the top of the gorge as far

at its base and thinly bedded in its upper parts. This unit is highly erosion- downstream as the quarry opposite Delaware Road. The sandstone forms

resistant, leading to the formation of deep, steep-walled channels. the erosion-resistant layer in the stream bed that creates the falls at the

Shaker grist mill site, opposite the intersection of North Park and Roxboro.

Bedford Formation: Soft clayey shale ranging in color from blue gray to maroon or black, with The basal sandstone of the Bedford Formation can be seen capping the

Shale and Euclid thin interbeds of fine-grained blue-gray sandstone. Contains hard dark-gray Cleveland Shale in the cliffs up the hill from the intersection of MLK and

Sandstone Member concretions. Thicker sandstone interbeds form the Euclid Sandstone Member. Ambleside and up hill from the intersection of Fairhill and Baldwin Roads.

Sandstone may be ripple-marked; shale layers may be tilted. The base of this Euclid Bluestone (part of the sandstone) can be seen in the stream bed op-

unit is frequently a rather thick sandstone layer. posite the intersection of North Park and Harcourt and along the gorge walls

between MLK and South Overlook. The red Bedford Formation Shale can be

seen on the north and south banks of the brook between Delaware and

South Overlook. The grey Bedford Formation Shale can be seen in the mid-

dle part of the cliff on the north side of the brook just upstream from the

MLK detention basin.

Cleveland Shale Dark gray to black, weathering into thin, sharp-edged, slaty fragments which Cleveland shale can be seen along the east side of MLK down the hill from

are stained reddish-brown. Pyrite and marcasite concretions may be found. Chestnut Hills Drive (going down the hill after the intersection of MLK with

A thin film of pyrite (<2" thick) is present along the base of this formation in North Park). The lower part of the cliff here is composed of Cleveland

some areas. A few fossils have been found in the upper part of the Cleveland Shale, as are the piles of shale fragments along the retaining wall at the

Shale along Doan Brook. base of the cliff. Cleveland shale can also be found in the lower part of the

cliff on the southwest side of Fairhill Road below Baldwin Filtration Plant

(between the plant and Baldwin Road), in the streambed and lower part

of the cliff on the north side of the MLK detention basin, and on the south-

west slope above the brook at the waterfall in Ambler Park.

Chagrin Shale Soft clay shale, blue-gray, which weathers to sticky, soft clay. Interbedded Chagrin shale can be seen on the banks of Doan Brook just downstream

with thin (one to two inch) sandstone layers. from the University Circle culvert outlet. It can also be seen in the Doan Brook

channel upstream from the University Circle culvert inlet in Ambler Park,

where the brook has eroded the bottoms of the retaining walls. Thin sand-

stone layers that project from the surrounding shale are clearly visible here.

3 Geologic data are from a variety of sources. See the bibliography.

4 Fissile is a geologic term that indicates that a rock unit tends to break along parallel planes, resulting in thin, plate-like fragments.
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Some parts flake readily into thin sheets, while
others do not. The Aurora Sandstone, a fine-
grained blue gray sandstone that weathers to
yellowish brown, lies between the main body of
the shale and the Berea Sandstone in some
areas.Along Doan Brook, this layer is either
absent or difficult to distinguish.

• STOP 10 The easiest place to find the
Orangeville Shale is along Doan Brook’s
banks between the Lower Shaker Lake dam
and Coventry Road. Here, the shale appears
rusty reddish brown and gray with tan
edges. It breaks into very thin, weak flakes,
so that the bank looks almost like a pile of
dry, decaying leaves.

There is an interesting contrast between the
materials of the streambed and banks
upstream and downstream of the Coventry
Road bridge. Upstream from the bridge, the
banks are purely soft, flaky Orangeville Shale
— no hint of sandstone here. Downstream
from the bridge, by contrast, you will find
only the thinly bedded sandstone of the
upper Berea Sandstone, with no sign of any
shale. The interface between the two forma-
tions seems to occur entirely beneath the
Coventry Road bridge.

• STOP 11 The Orangeville Shale is some-
times exposed along the south branch of
Doan Brook adjacent to the trails at the
Nature Center at Shaker Lakes.As you walk
along the trails, examine the steep banks
that the stream has cut, looking for places
where there is fresh erosion.You should be
able to pick out some shale layers.Where
there is no recent erosion, the shale weathers
and is covered with soil from above, so that
no clear rock layers are visible.

F.6
Glacial Erratics:Where Did That
Rock Come From?

• STOP 12 As you walk along Doan Brook you
will occasionally see a large boulder that is
quite unlike the sedimentary rocks that form
the area bedrock. These boulders — usually
granite but sometimes limestone or other
rock— that don’t seem to belong here are a
legacy of the ice sheets that once covered the
area.As the glaciers scraped across the land
to the north, they pulled the rock apart and
absorbed the resulting debris.Most of the
material that the glaciers carried was in the
form of the small particles —mixed clay,
silt, sand, and gravel — that was left to
become glacial till soil when the glaciers
departed. Sometimes, though, the glaciers
picked up large boulders and carried them
hundreds of miles, only to drop them again
as they receded. These boulders, scattered in
a seemingly random pattern, are called
glacial erratics.You can find a number of
them in the Doan Brook watershed; some
can be found easily along the shores of the
Lower Shaker Lake.



152

The Doan Brook Handbook



The Doan Brook Handbook

153

Appendix G

List of Biological Data Tables

G-1 Trees of the Doan Brook

G-2 Shrubs of the Doan Brook

G-3 Herbaceous Plants of the Doan Brook

G-4 Fungi of the Shaker Lakes Area

G-5 Birds of the Doan Brook

G-6 Mammals Along the Doan Brook

G-7 Reptiles and Amphibians of the Doan Brook

G-8 Fish in the Doan Brook

G-9 Fish Expected in the Doan Brook

G-10 Macroinvertebrates in the Shaker Lakes

G-11 Macroinvertebrates in the Doan Brook

The efforts of many people over the years have created a rich database about the flora and
fauna of Doan Brook. The results of a number of these past studies were considered during the
preparation of the main Handbook text. This appendix includes tables that summarize some of
the background data on the brook’s biology.1

1 Every effort has been made to present the data in a logical and consistent way. Data users should nonetheless keep in mind that

data collected by different investigators at different times and using different methods may not be directly comparable. Original data

sources should be consulted where appropriate.

Doan Brook Biology Data
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H.1
Flood Return Periods:What DoWe
Mean by the 100-Year Flood?

When we talk about flooding on Doan Brook,
we talk about what will be under water during
a “ten-year flood,” or a “100-year flood.”But
what do we mean by the ten-year flood? Flood
frequency, flood return period, and flood mag-
nitude have technical definitions that are not
obvious and require some explanation.

A ten-year flood is defined as a flood1 that has
a one in ten chance of being equaled or
exceeded in any given year. This can be restat-
ed in two different ways:

(1) There is a one in ten (ten percent)
chance that a flood as large (or larger) than
the ten-year flood will occur in any year. (2)
On average, one flood with the magnitude of
the ten-year flood, or a larger flood, will
occur in any given ten-year period. (Note
that the second statement does not imply

that two ten-year floods cannot occur in two
consecutive years.)

The definition of the ten-year flood can be
applied to a flood with any return period. Thus
there is a one in X chance that the X-year flood
will be equaled or exceeded in a given year.

Before we go on to discuss flood frequencies
on Doan Brook, it is worth noting several
points about the nature of flood return periods
and flood magnitudes:

• Historical records are used to estimate the
magnitudes of the floods that can be expect-
ed on a stream.Where actual historical data
on stream flow are available (from a stream
gage), these data are used.Where not enough
stream flow data are available (as for Doan
Brook), rainfall data are used in conjunction
with runoff modeling and the available
stream flow data to estimate flood levels.

• The magnitude of the ten-year flood is an

This appendix includes a discussion of the meaning and calculation of flood return peri-
ods (Section H.1), a summary of basic background information about the hydrology of
Doan Brook (Section H.2), and a list of the references that were used to compile hydrologic
information (Section H.3).

Hydrologic data are summarized in the following tables:

H-1 Summary of Doan Brook Hydrologic Information

H-2 Summary of Information About Major Doan Brook Culverts

H-3 Doan Brook Peak Ten-Year Flood Flows: Estimates from Different Sources

Figure H-1 shows a plan and profile of the University Circle Culvert.

Different sources give many conflicting figures for the basic data about the brook.Where
possible, the information given here has been confirmed by direct measurement.Where
measurement was not possible, different data sources were examined and the information
that appeared to be most reliable was included.

1 Ten years is the flood frequency or flood return period. The magnitude (usually expressed in cubic feet per second, or cfs) of the ten-year flood is the peak flow during the flood that has a ten-year return period.

Doan Brook Hydrology Data
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estimate. There are many different tech-
niques for estimating flood magnitudes, and
two different techniques may give very dif-
ferent results.As a glance at Table H-3 will
show, estimates for the ten-year flood on
Doan Brook vary widely (see further discus-
sion below).

• Floods are independent events, with each one
having no impact on any other.2 Thus the
fact that a 100-year flood may, for example,
have occurred last year does not change the
likelihood (one in a hundred) that a 100-year
flood, or a larger flood,will occur this year.3

Table H-3 dramatically illustrates that the mag-
nitude of the ten-year flood is an estimate. In
1999,MontgomeryWatson estimated that the
ten-year flood flow in Doan Brook at University
Circle would be approximately 2,243 cfs.More
than thirty years earlier, the Stanley Engineering
Company estimated that the ten-year flood at
the same spot would be 5,515 cfs— over twice
as large. The Doan Brook watershed changed lit-
tle between 1964 and 1999.Why are these esti-
mates so different and which is correct?

The answer to this question stems from the
fact that two valid but very different tech-
niques were used to estimate the two flood
flows. Generally stated, the methods used by
Stanley and Montgomery Watson can be
described as follows:

• The authors of the Stanley report had no
stream gage data from Doan Brook that they
could use to correlate rainfall with flow in
the brook. They therefore used rainfall data
for the watershed to estimate flood flows. To
do this, they divided the watershed into logi-
cal subwatersheds, evaluated the land use in
each subwatershed, estimated the runoff
from each area that would result from a

given rainfall, and “routed” the runoff from
the subwatersheds to estimate flows in Doan
Brook.While a complete evaluation of the
work described in the Stanley report is far
beyond the scope of this handbook, the
methods used were generally appropriate in
the absence of stream flow data.

• Unlike the engineers who prepared the
Stanley report,MontgomeryWatson’s
hydrologists had access to some stream flow
data. For a four-month period in the spring
and summer of 1998,MontgomeryWatson
installed stream gages at a number of points
on Doan Brook and collected rainfall and
stream flow data from the watershed. The
sampling period contained one moderate
flood with about a one- to two-year return
period. They used their rainfall and stream
flow data to create a computer model of the
way that the watershed responds to rainfall,
checking their watershed model by seeing
whether it could predict some of the storms
they had actually observed. They then put
historical rainfall data into their model and
used it to extrapolate larger floods such as
the five-, ten-, and fifty-year flows. Like the
methods described in the Stanley report, the
methods used by MontgomeryWatson were
generally appropriate given the information
they had to work with.

These two apparently appropriate models of
Doan Brook result in two estimates of the ten-
year flood, one twice as large as the other.
Which should we believe? One’s first instinct is
to rely on the estimate given by Montgomery
Watson. It is based on some actual data from
the watershed, and MontgomeryWatson’s engi-
neers had the benefit of the hydrologic models
and computers available in the year 2000. The
results of their model can certainly be expected

to be accurate for small floods like those that
they observed while their stream gages were in
place. However, the use of this kind of model
to estimate larger floods may give less accu-
rate results. For these larger floods, the results
of techniques like those used by Stanley must
still be considered, and the strengths and
weaknesses of each approach to estimating
flood magnitude must be taken into account.

Historical records of flooding in University
Circle do not shed much light on the appropri-
ate size of the ten-year flood. However, records
do show that several feet of water have inun-
dated University Circle seven times since 1959,
or about once every six years.Montgomery
Watson’s estimates do not predict that there
should be significant flooding in University
Circle quite so often. Stanley’s estimates, by
contrast, predict that flooding might be more
frequent. The historical data therefore suggest
that the “true” ten-year flood flow may lie
somewhere between the estimate developed by
MontgomeryWatson and the estimate devel-
oped by Stanley.

2 While this statement does not always hold for floods that are caused by a single weather pattern, it is generally valid.

3 The occurrence of several 100-year or larger floods within the space of a few years suggests (but does not prove) that the estimated magnitude of the 100-year flood should be reevaluated.
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Table H-1 Summary of Doan Brook Hydrologic Information

Item Values Notes

Stream Length About 8.4 miles (along the north branch)

Total Surface Watershed 11.7 square miles (7,500 acres) Montgomery Watson 1999 (b)

Total Sewershed 20.1 square miles (12,900 acres) in 1999 Montgomery Watson 1999 (b, c)

9.8 square miles (6,300 acres) after completion of the Heights/Hilltop Interceptor

University Circle Watershed 8.7 square miles (5,560 acres) Montgomery Watson 1999 (d)

Lower Shaker Lake Watershed: 5.0 square miles (3,190 acres) Montgomery Watson 1999 (a, d); Dam data from ODNR

Surface Area: 17.6 acres (19.2 acres including Lily Pond marsh) 1980 (a); Notes: Data on dam may have changed due to

Volume: 2,454,000 cubic feet subsequent repairs. Watershed reflects adjustment to

Average Depth: 3.2 feet Horseshoe Lake watershed.

Maximum Depth: 8.3 feet

Elevation of Dam: 905.3 feet MSL

Top Width of Dam: 45 feet

Top Length of Dam: 600 feet

Maximum Dam Height: 17.3 feet

Spillway: 39.5-foot crested masonry drop structure at elevation 903 feet MSL.

Three feet clearance to bridge.

Horseshoe Lake Watershed: 1.9 square miles (1,200 acres) Montgomery Watson 1999 (a, d); ODNR 1980 (b) for

Surface Area: 12.5 acres dam data; Notes: Data on dam may have changed due

Volume: 1,547,000 cubic feet to subsequent repairs. Watershed area includes some

Average Depth: 2.8 feet area between lake arms not included in Montgomery

Maximum Depth: 6.5 feet Watson area.

Outlet Elevation: 978.0 feet MSL

Elevation of Dam: 982.2 feet MSL

Top Width of Dam: 14 feet

Top Length of Dam: 615 feet

Maximum Dam Height: 30 feet

Spillway: 10-foot diameter drop inlet at elevation 978 feet MSL

Green Lake Watershed: 1.5 square miles (967 acres) Montgomery Watson 1999 (a)

Surface Area: 7.4 acres

Volume: 940,000 cubic feet

Average Depth: 2.9 feet

Maximum Depth: 5.3 feet

Marshall Lake Watershed: 1.8 square miles (1,440 acres) Montgomery Watson 1999 (a)

Surface Area: 6.3 acres

Volume: 924,000 cubic feet

Average Depth: 3.4 feet

Maximum Depth: 6.6 feet

Martin Luther King, Jr., Watershed: 5.7 square miles (3,660 acres) Montgomery Watson 1999 (c)

Boulevard Detention Basin Elevation of Dam: 761.9 feet MSL

Outlet: 9-foot by 6.5-foot box culvert with upstream invert at 733.9 feet MSL (at the base of

the dam)

Maximum Dam Height: 28 feet (approximate)

H.2
Hydrologic Data Summaries
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Table H-2 Summary of Information About Major Doan Brook Culverts

Culvert Data Source

South Branch – Canterbury Golf Course to Length: 2000 feet (very approximate) USGS topographic maps

Shaker Country Club Golf Course

Middle Branch – South Park to Courtland Length: 950 feet (very approximate) USGS topographic maps

Under MLK at North Park Length: 340 feet Stanley 1964

Cross-Section: 8-foot by 12.5-foot concrete box culvert

University Circle Culvert Length: 5,160 feet (approximate) Montgomery Watson 1999 (b)

Cross-Section: Varies – (see figure H-1)

Rockefeller Park Culvert (at MLK and Length: 650 feet (approximate) Montgomery Watson 1999 (b)

East 105th) Cross-Section: Varies – 11-foot maximum height by 36-foot arch at the inlet; divided

24-foot wide by 9-foot maximum height at outlet

Gordon Park Length: 3,300 feet COE 1976; Montgomery Watson 1999 (b)

Cross-Section: Varies – entrance is a 14.3-foot by 17-foot box culvert



The Doan Brook Handbook

185

Appendix H – Doan Brook Hydrology Data

Table H-3 Doan Brook Peak 10-Year Flood Flows: Estimates from Different Sources

Location Estimated Flow for 10-Year Flood (cfs)

Montgomery Watson (2000) Stanley (1964) ODNR (1977 a, b)

Inflow to Green Lake 1,298 -- --

• Flow reduction from Green Lake (592) -- --

Outflow from Green Lake 706 -- --

Inflow to Marshall Lake 713 392 --

• Flow reduction from Marshall Lake (135) (29) --

Outflow from Marshall Lake 578 363 --

Inflow to Horseshoe Lake 2,600 797 612

• Flow reduction from Horseshoe Lake (2,310) (478) --

Outflow from Horseshoe Lake 290 319 356

Inflow to Lily Pond 1,033 1,623 --

• Flow reduction from Lily Pond Marsh (188) (577) --

Inflow to Lower Lake 845 1,046 1,523

• Flow reduction from Lower Lake (185) (378) --

Outflow from Lower Lake 660 668 1,162

D/S from Fairhill Road 1,025 -- --

U/S from Martin Luther King, Jr., Blvd. 673 1,685 --

• Flow reduction from MLK detention dam (0) NA --

Doan Brook Culvert Inlet 668 1,843 --

• Inflow from Giddings Brook Culvert 750 684 1,702 --

• Inflow from Cedar Glen Culvert ?? 687 610 --

• Inflow Cedar Glen to Euclid Avenue Culvert ?? 159 1,369 --

University Circle 2,243 5,515 --

• Inflow from East 105th St. Culvert 590 493 -- --

• Inflow from Ashbury and Superior Culverts 620 144 -- --

Doan Brook at Superior Avenue 2,419 -- --

Mouth of Doan Brook 2,187 -- --

Notes:

1. In general, all figures represent the peak flow at the point shown. Where there are two figures shown for inflows to the brook, the left

number shows the peak inflow and the right number shows the difference in the peak flow in the channel upstream and downstream

from the inflow point.

2. Bulleted entries indicate flow reduction from a dam or other control structure or inflows to the brook (rather than flow in the stream itself).
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H.3
Hydrology References

Cleveland Department of Public Utilities,Water
Quality Program. 1976.Doan Brook: Shaker
Lakes Water Quality Assessment and Watershed
Management Plan. Cleveland, Ohio.

MontgomeryWatson. February 1999(a).
Briefing Document for the Doan Brook Study
Committee. Prepared for the Northeast Ohio
Regional Sewer District. Cleveland, Ohio.

MontgomeryWatson.May 1999(b).Task A:
Sewer System Evaluation Survey Summary
Report. Prepared for the Northeast Ohio
Regional Sewer District. Cleveland, Ohio.

MontgomeryWatson.May 1999(c).Briefing
Document for the Doan Brook Study Committee.
Prepared for the Northeast Ohio Regional
Sewer District. Cleveland, Ohio.

MontgomeryWatson. 1999(d)? Map: Doan
Brook: Separate Stormwater Basins.

MontgomeryWatson.March 2000. Preliminary
results of Doan Brook routing performed as
part of the Doan Brook watershed study for the
Northeast Ohio Regional Sewer District.

Ohio Department of Natural Resources,
Division of Water.April 1980(a).Dam
Inspection Report: Lower Shaker Lake. File No.
1314-001. Columbus, Ohio.

Ohio Department of Natural Resources,
Division of Water.April 1980(b).Dam
Inspection Report: Upper Shaker Lake. File No.
1314-002. Columbus, Ohio.

Stanley Engineering Company. 1964.Report on
Flood Control: University Circle Area, Cleveland,
Ohio. Cleveland, Ohio.

U.S.Army Corps of Engineers. February 12,
1976. Final Environmental Statement Diked
Disposal Facility Site No. 14: Lake Erie,
Cleveland Harbor, Cleveland, Ohio.

U.S.Army Corps of Engineers. October 1, 1977.
Section 205, Flood Control Reconnaissance
Report, Doan Brook, Cleveland, Ohio. Buffalo,
New York, District.
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List of Figures

I-1 Doan Brook Sampling Locations: Lower Watershed

I-2 Doan Brook Sampling Locations: University Circle to Lower Shaker Lake

I-3 Doan Brook Sampling Locations: Upper Watershed

List of Water Quality Data Tables

I-1 Summary of Doan Brook Sampling

I-2 Water Quality Sampling Results for the Brook

I-3 Summary of 1998 Lake Sampling

I-4 Temperature, pH, and D.O. Profiles of the Shaker Lakes

I-5 Water Quality Sampling Results – Lower Shaker Lake

I-6 Water Quality Sampling Results – Horseshoe Lake

I-7 Water Quality Sampling Results – Marshall Lake

I-8 Water Quality Sampling Results – Green Lake

I-9 Water Quality Sampling Results – Bacteria

I-10 Biological Sampling Results

I-11 Water Quality Index Sampling Results

I-12 Herbicide and Pesticide Lake Sampling

I-13 Lake Sediment Sampling Results

I-14 Sediment Sampling in the Brook

Water quality samples were taken from Doan Brook in 1966–67, 1973 and 1974. Annual water
quality sampling by the Northeast Ohio Regional Sewer District (NEORSD) began in 1987.
Although it is not possible to include all of the voluminous sampling data here, as many of the
data as possible are summarized in the tables that follow. Table I-1 gives an overview of the
sampling that has been performed. Figures I-1, I-2, and I-3 show sampling locations. Notes that
apply to all sampling follow.

Doan BrookWater Quality Data
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Key to Water Quality Sampling Sites
See Figures I-1 through I-3 for actual sampling locations.

Site # Site Description

H-# Havens and Emerson 1966-67 Sampling Site.

C-# City of Cleveland 1973-74 Sampling Site.

O City of Cleveland 1973-74 Outfall Sampling Site.

A-# City of Cleveland 1974 Chemical Sampling Site.

AB-# City of Cleveland 1974 Bacteria Sampling Site.

L-# City of Cleveland 1974 Lake Sampling Site.

R-71 NEORSD 1991 Dry Weather Sampling Site.

N-## NEORSD 1987-1998 Stream Sampling Site.

B-# NEORSD 1998 Biological Sampling Site.

NS-# NEORSD 1998 Sediment Sampling Site.

SS## NEORSD 1998 Stream Sampling Site.

SR## NEORSD 1998 Continuous Stream Sampling Site
(locations are the same as NEORSD stream
sampling sites SS01 through SS04).

GLW-# NEORSD 1998 Green Lake Sampling Site.

MLW-# NEORSD 1998 Marshall Lake Sampling Site.

USW-# NEORSD 1998 Horseshoe Lake Sampling Site.

LSW-# NEORSD 1998 Lower Shaker Lake Sampling Site.
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Notes and references apply to all water quality sampling tables. References are indicated by
numbers in parentheses ( ). Notes are indicated by numbers in square brackets [ ].

References:

(1) Havens and Emerson. 1968. Master Plan for Pollution Abatement, Cleveland, Ohio. Cleveland, Ohio.
(2) Hina, Charles E. 1975.Water Quality Index Using Chemical Parameters Which Are Correlated to the

Trophic Condition. Masters Thesis, Biology Department, Cleveland State University. Cleveland, Ohio.
(3) Ohio EPA. 1973-74. Water Quality Sampling Results, published in reference 4.
(4) Water Quality Program: Cleveland Department of Public Utilities. 1976. Doan Brook – Shaker Lakes

Water Quality Assessment and Watershed Management Plan. Cleveland.
(5) City of Cleveland (Garlauskas, A.B., S. Nacht, R. Kalynchuk, A. Pliodzinskas, and J. Eakin). 1974.

Preliminary Assessment for Restoration of Doan Brook and Shaker Lakes: City of Cleveland Water
Quality Program.

(6) Havens and Emerson. 1991. CSO Facilities Plan Phase I Study. Prepared for NEORSD. Cleveland,
Ohio.

(7) NEORSD Sampling results. Dates vary.
(8) Manahan, Stanley E. 1991. Environmental Chemistry. Fifth Edition. Lewis Publishers. Chelsea

Michigan.
(9) Firehock, Karen. 1995. Hands on Save Our Streams: Teacher’s Manual. Save Our Streams Program,

Izaak Walton League of America.
(10) Water Quality data from the USGS gage on the Grand River near Painesville, Ohio, Water Year

October 1993 to September 1994. Source of underlined values.
(11) Cox, Craig A., and George H. Colvin. March 1995. Investigation of Background Metal Concentrations

in Ohio Soils. Draft Copy. Cox-Colvin Associates, Inc. Hilliard, Ohio.
(12) Biotest Laboratory, Department of Biology, University of Akron. January 1978. Trophic Assessment of

Ten Publicly-Owned N.E. Ohio Lakes. Prepared for the Northeast Ohio Areawide Coordinating
Agency.

(13) City of Cleveland. June 1996. Application for Department of the Army Permit: Lower Shaker Lake
Dredging. Sediment Sampling Results.
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Notes:

[1] Reference 4 contains conflicting information about sampling locations for the City of Cleveland 1974
sampling program in the brook. The locations shown on Figure I-1 may or may not be correct.

[2] Water quality criteria listed on the Appendix I tables are Ohio maximum values outside the mixing
zone for warm water habitat, human health criteria, or agricultural use criteria, whichever is lowest.
Values that are underlined in the tables indicate a probable violation of some criteria; however, a
strict application is complicated, and some underlined entries may meet criteria. Criteria marked with
asterisks depend on temperature, pH, or hardness. For these criteria, a range of values is given.
Possible violations are evaluated on the basis of measured pH, temperature and hardness and under-
lined where appropriate.

[3] Mean concentrations in natural waters were taken from a variety of sources (see references). They
are intended to give a sense of concentrations generally found. However, it should be kept in mind
that natural waters vary considerably, and that a measured value greater than the range given does
not necessarily represent human-generated contamination. Measured values in the Doan Brook which
are felt to represent concentrations significantly greater than those generally found in natural waters
are in bold type.

[4] Sampling locations are shown on Figures I-1 through I-3.
[5] Metal concentrations in Ohio Soils are the 95% upper confidence limit on the mean concentration of

samples taken from non-industrial sites. There is a strong probability that metal concentrations in
excess of the values given are the result of contamination.

[6] Bacteria criteria are set for primary contact recreation, and are based on E. coli and Fecal coliform
concentrations. Criteria are not set for single values, but rather for the averages of a number of values
taken over a period of time. Underlined entries on Table I-8 are those in excess of the average require-
ment. Because they are not directly comparable to the criteria, they may or may not represent actual
violations. Criteria are: Fecal coliform — geometric mean based on not less than 5 samples within a
30-day period < 1,000 cells/100 ml; not more than 10% of samples > 2,000 cells/100 ml. E. coli geo-
metric mean based on not less than 5 samples within a 30-day period < 126 cells/100 ml; not more
than 10% of samples > 235 cells/100 ml. Where the volume of sample used is unknown (1995–96), a
100 ml sample is assumed in evaluating the results.

[7] Some of the maximum and minimum values for City of Cleveland data from 1973–74 appear to be
reversed in the original data table. That is, maximum values were recorded in the minimum column
and minimum values in the maximum column. This apparent error has not been corrected in this data
summary.

[8] NEORSD averages from 8/30/90 and 9/26/90 are from a different source from the data for 8/30/90.
Although the two data sets probably overlap, they are both given in the summary tables.
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Table I-1 Summary of Doan Brook Sampling
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Table I-1 Summary of Doan Brook Sampling, continued
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Table I-1 Summary of Doan Brook Sampling, continued
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Table I-9 Water Quality Sampling Results – Bacteria [6]
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Table I-9 Water Quality Sampling Results – Bacteria, continued
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Table I-9 Water Quality Sampling Results – Bacteria, continued
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Table I-12 Herbicide and Pesticide Lake Sampling Units are ug/L.
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Table J-1 Description of Watershed Restoration Measures

Measure Discussion

Large Projects

*1Heights/ Hilltop Interceptor The HHI is a network of deep, large diameter sanitary sewers that is designed to collect sanitary sewage from a large part of

Cleveland’s eastern suburbs and divert the sewage directly to the Easterly Wastewater Treatment Center. The HHI (now under construc-

tion) will divert sanitary flow from much of the Doan Brook upper watershed and prevent it from flowing into the combined sewer sys-

tem in the lower watershed. When completed, the HHI will reduce the volume of CSOs to Doan Brook to about 50% of its current level.

The HHI will be partially in service in the Doan Brook watershed in 2001 and will be completed during 2005. Although the volume of

CSOs will still be large after the HHI is complete (see Chapters 5 and 6), the HHI or a similar diversion is absolutely necessary if water

quality in the brook is to be significantly improved.

High Flow CSO Storage High flow CSO storage is one of the alternatives for meeting Ohio EPA CSO regulations that has been considered by NEORSD. As cur-

rently envisioned, the alternative would consist of some combination of the following: 1) a large diameter storage and diversion tunnel

running along the brook between Gordon Park and Ambler Park (this is the alternative that is currently favored by NEORSD); or 2) large

underground storage tanks at six locations in the lower watershed. Because there is a legal requirement that CSOs be reduced to the

extent feasible, and because none of the smaller projects under consideration would accomplish this, some remedy that includes stor-

age or high flow CSO treatment can be expected to be part of NEORSD’s work in the watershed. The capacity of a high flow CSO stor-

age system would be designed to control CSOs, not to reduce floods. As a result, the storage systems would probably be designed with

enough capacity to contain CSOs from a storm that would occur every 3 to 4 months. This system would not provide enough capacity to

have a major impact on flooding problems in the lower watershed.

High Flow CSO Treatment High flow CSO treatment is among the alternatives NEORSD is considering for meeting Ohio EPA CSO regulations. A high flow CSO

treatment system would intercept and treat CSO flows before discharging them to the brook. A preliminary alternative considered by

NEORSD would involve small treatment facilities in six different locations in the lower watershed. NEORSD currently favors storage

(and subsequent treatment at existing NEORSD treatment plants) rather than the installation of dispersed high flow treatment plants.

* Optimize the Existing Sewer System The performance of the existing sewer system can be optimized to maximize the use of existing storage volume and minimize

CSOs.Optimization will be part of any NEORSD effort to reduce CSOs.

Appendix J

The table that follows includes descriptions of many of the techniques that could be used to
restore Doan Brook. The restoration measures described match those discussed in Chapter 8.
More detailed descriptions are given here to better define many of the techniques.Although
the list of techniques is as complete as possible, the reader should keep in mind that other
approaches to watershed restoration will arise as a detailed watershed management plan
for the brook takes shape, as will new information about various measures that have
already been discussed. This table and those in Chapter 8 should be considered only as
starting points for an in-depth evaluation of measures included in the Doan Brook water-
shed management plan.

1 *Projects that are currently in progress are marked with an asterisk.

Watershed Restoration Techniques for Doan Brook
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Table J-1, continued Description of Watershed Restoration Measures

Measure Discussions

Large Projects, continued

Redirect Giddings Brook Because much of the flooding on Doan Brook can be attributed to the diversion of Giddings Brook into Doan Brook, it is reasonable to

consider the possibility of remedying Doan Book flooding by redirecting Giddings Brook flow back into the Giddings Brook watershed.

However, given that the Giddings Brook watershed is also a heavily urbanized area with flow constrained almost entirely to a storm

sewer system, it is extremely unlikely that such a rediversion would be possible without causing major problems in the old Giddings

Brook watershed. It is even more unlikely that a rediversion would be cost effective.

Large New Stormwater Detention Build additional large surface lakes or detention basins (like the MLK basin). Basins would be most effective at the western edge of the

Escarpment or the eastern edge of the Lake Plain and should intercept flow that now goes to the Cedar Glen sewer or the Giddings

Brook culvert. The watersheds of both of these culverts are dense urban areas, and it would be very difficult or impossible to find an

appropriate location for additional large stormwater detention facilities.

Parallel Stormwater Culvert Build a large culvert that would parallel the brook (most likely in the lower watershed) to divert non-CSO stormwater from the brook and

carry it directly to Lake Erie. Because the volume of stormwater for even relatively small floods (one- to two-year frequency) is very

large, it is unlikely that an effective stormwater diversion culvert could be built economically. Engineering issues associated with build-

ing such a culvert in the lower watershed would also be significant. Note that a parallel stormwater culvert is not the same as a high

flow CSO storage tunnel (see above). A high flow CSO storage tunnel would be designed with sufficient capacity to control CSOs from a

storm that could be expected to occur every three to four months. While a large tunnel (perhaps 20 feet in diameter) would be required

for this, an additional large tunnel would be required for effective stormwater diversion.

Daylight Brook in University Circle Recreate a stream channel near the former Doan Brook alignment for some or all of the reach of the stream that is now carried in the

University Circle culvert. The channel could be used in conjunction with the existing culvert to carry the full flow of the brook in relatively

large floods (up to at least ten-year) without flooding the Circle. Case Western Reserve University and others have recently expressed

interest in a restored Doan Brook in University Circle. Daylighting the brook would be difficult and expensive (although not impossible) in

this heavily urban area.

Daylight Brook in Gordon Park Excavate a channel in the dredge spoil material in the Corps of Engineers Site 14 dredge spoil area at the mouth of the brook.

Reopening the brook to Lake Erie could be expected to have a significant positive impact on the habitat in the brook; however, the cost

of doing so would be extremely high, and the technical challenges involved in building any kind of natural stream channel in the dredge

spoil would be significant. The 2000 Holden Parks Trust master plan includes a park on the dredge spoil area, but does not consider day-

lighting Doan Brook through the area.

Enlarge University Circle Culvert The University Circle culvert is actually a series of culverts with different capacities and different cross sections that were connected

over time. This measure would involve enlarging the culvert, particularly in its most constricted sections, so that it could carry the flow

from larger floods. Under current conditions, it is unlikely that it would be feasible to enlarge the culvert enough so that it could convey

floods larger than the ten-year flood (and perhaps not that large). This measure would need to be combined with others that reduce flow

into the culvert in order to have a significant impact on University Circle flooding. An approach to enlarging the University Circle culvert

was included in the 1964 Stanley Engineering study of Doan Brook flooding. Enlarging the University Circle culvert would not decrease

flooding downstream from University Circle and might make downstream flooding more severe.
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Table J-1, continued Description of Watershed Restoration Measures

Measure Discussions

Large Projects, continued

Keep University Circle Culvert Clear The University Circle culvert is prone to gradual clogging as debris builds up in the culvert. It is not unusual for debris to fill half of the

of Debris culvert. This measure involves instituting a program of regular maintenance to keep the culvert relatively free of debris. The concept of

keeping the culvert clear is not new – it was recommended by Stanley Engineering in 1964. However, no regular cleaning program has

ever been followed.

Enlarge Cedar Glen Sewer Enlarge the storm sewer that carries flow down the Escarpment beneath Cedar Road and into the University Circle culvert. At present,

the sewer is too small to carry flows from a five-year flood, so that water flows in the street down Cedar Hill during larger rains.

Enlarging this sewer would be physically difficult, and, by itself, it would not have much impact on flooding except on Cedar Road.

Enlarge Rockefeller Park Channels Enlarge Rockefeller Park channels so that they could convey larger floods without overflowing into the adjacent road. This measure is

practical through most of Rockefeller Park, although limited space may make it difficult in some places. Channel enlargement alone, with-

out accompanying culvert enlargement (see below), would not alleviate all flooding, since much of the flooding in Rockefeller Park results

from water that is backed up by constrictions at the culverts that carry water under the historic bridges. Channel enlargement could be

done in conjunction with the restoration of a more natural channel shape that would improve habitat. Enlarging the channels, even with-

out channel restoration, would have some ecological benefit, since it would reduce the frequency of channel scouring by high flows.

Enlarge Rockefeller Park Culverts Enlarge the culverts that carry the brook under the Rockefeller Park bridges. Enlarging the channel at the road crossings would be

somewhat expensive in all cases. In addition, several of the bridges are designated as historic landmarks, so that modifications needed

to enlarge some culverts could conflict with historic preservation interests. As is mentioned above, the culverts in Rockefeller Park are

the greatest channel constrictions in many places, and they create much of the street flooding. Some modification to some of the cul-

verts will almost undoubtedly be needed to alleviate flooding in this area.

Small Projects

Revise City Codes to Require BMPs Revise city codes to require that new construction and redevelopment incorporate stormwater ”best management practices” (BMPs).

Revisions might, for example, require that stormwater detention be included in new parking lot design, that road reconstruction incorpo-

rate grassed swales adjacent to the road where possible, or that new home construction incorporate some on-site stormwater deten-

tion. Although code revision may be politically difficult, it is essential to the sustained restoration of Doan Brook.

Redesign MLK Detention Basin Outlet Redesign the outlet of the existing detention basin at MLK to more effectively control flows from the five- to ten-year storm. Preliminary

analysis performed as part of the ongoing NEORSD study indicates that the basin outlet could be redesigned to somewhat reduce the

area flooded during large floods (25- to 50-year), but that it would be difficult to redesign the basin to control smaller floods without

causing the dam to overtop during the 50-year flood. Modification of the basin outlet would be relatively inexpensive.
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Table J-1, continued Description of Watershed Restoration Measures

Measure Discussions

Small Projects, continued

Stormwater Retrofits Stormwater retrofits are generally small stormwater management facilities that are added to a developed watershed. Examples of

stormwater retrofits are: a small detention pond or wetland at a tributary culvert outlet; a sand filter that catches, temporarily detains, and

filters runoff from a parking lot; a grassed roadside swale that captures and detains runoff, allowing some to infiltrate. Stormwater retrofits

can be designed to improve water quality (by allowing sediment to settle, filtering contamination, or providing biological treatment of cont-

amination by wetland vegetation), to decrease flooding, or, most often, to combine flood reduction with water quality improvement. They

differ from measures described under “Large Projects” primarily in scale. Each large project is intended to address the problems of a sub-

stantial part of the watershed. By contrast, a single stormwater retrofit is generally intended to improve water quality or decrease peak

outflow from a small part of the total watershed. Benefits to the watershed as a whole result from the cumulative impact of a number

of stormwater retrofits strategically located throughout. A study of possible stormwater retrofit locations has been conducted by the

Center for Watershed Protection as part of NEORSD’s Doan Brook watershed study.

Stream Channel Restoration Restore existing rigid sections of Doan Brook to more natural channel configurations. In general, a “natural” channel is winding,

includes deeper pools and shallower riffles, has a pilot channel for low flows, a “bank full” channel that fills once every year or two,

and an adjacent flood plain into which the stream overflows during floods. Restoration of the Doan Brook channel to a more natural

shape is feasible to varying degrees along different reaches of the channelized stream, depending upon the space available. It could be

undertaken one stretch of the brook at a time.

* Channel Stabilization Stabilize eroding sections of the stream channel and banks. The preferred means of stabilization is to use natural and living materials

such as stone, tree roots, and live plantings. Channel stabilization alone, without stream channel restoration, does not address the

underlying tendency of the stream to create a channel that matches current flow conditions. As a result, the stream will have a continuing

tendency to erode its banks and channel; however, channel stabilization is sometimes necessary to protect roads and bridges. In addition,

it reduces the amount of sediment carried by the stream at least temporarily. Holden Parks Trust has installed natural channel stabilization

measures and done some channel restoration along two stretches of the lower brook (just downstream from the University Circle culvert

outlet and along the side of the Rockefeller Park Lagoon) as part of a pilot project.

* Stormwater Outfall Monitoring Institute a regular monitoring program to verify that stormwater outfalls are not contaminated by sanitary sewage, followed by repairs

to problems detected. NEORSD has a monitoring program in place.

* Sanitary Sewer Maintenance Institute a regular sanitary sewer maintenance program to detect and repair cross connections and defects in the sanitary sewers that

might lead to sewage discharge to surface water. Sanitary sewer maintenance is now undertaken by the cities and by NEORSD.

* Reinforce Dams Against Failure Take steps to insure that the Shaker Lake dams will not fail during large storms. The Shaker Lakes play a critical role in controlling

floods on Doan Brook and in the parks of the upper watershed. Their maintenance is very important.

* Lake Dredging Institute a regular program of dredging for the Shaker Lakes. The lakes accumulate sediment that is washed into them and additional

material deposited from the decay of organic matter. Over time, they become shallow and warm and are unable to support a healthy and

diverse aquatic ecosystem. Although dredging does not address the sources of contamination to the lakes, it does foster a healthier lake

ecosystem. It may also remove accumulated nutrients (primarily phosphorus) that have been deposited in the sediments. These nutrients

may be recycled through the lake and add to eutrophication. The lakes have been dredged at irregular intervals; however, high costs

have generally led to incomplete and irregular dredging.
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Table J-1, continued Description of Watershed Restoration Measures

Measure Discussions

Small Projects, continued

* Lake Aeration Install “bubblers” or artificial means of inducing lake circulation at several locations in each of the Shaker Lakes to bubble air through

the water column. Aeration would help prevent dissolved oxygen levels in the lakes from falling to the extremely low levels that some-

times occur now, would increase fish and other organism survival, and would reduce the formation of noxious anoxic bacteria. However,

aeration alone would not decrease plant growth, and it is unlikely that it would make much real impact on the health of the lakes unless

it was combined with other measures. Aerators have been installed in Green Lake.

Aquatic Plant Management in Lakes Take active measures to remove algae and aquatic plants from the Doan Brook lakes. Possible approaches include use of algacides or

other chemicals, plant harvesting, and skimmers that prevent algae and plants from passing out of the lakes. Algacides and other chemi-

cal treatments are undesirable because of side effects. Other measures might improve the lakes aesthetically or improve downstream

water quality and might remove moderate amounts of phosphorus from the aquatic ecosystem.

Lake or Stream Biofiltration Install biofilter units in the stream or in the lakes to remove excess nutrients from the water. A pilot project at the outlet from Green

Lake in 1999 demonstrated that biofilters effectively remove nutrients from the water. However, the overall effectiveness of biofilters in

a natural stream system has not been demonstrated. Although biofiltration may have a significant role to play in restoring health to

Doan Brook, the costs and effectiveness of the technology are uncertain.

Encourage Native Species and Identify existing native and exotic vegetation in the natural areas of the watershed. Protect and encourage native vegetation while

Discourage Invasive Exotics discouraging invasive exotic species. Insure that new plantings are of native species where possible and that no new

invasive exotic species are introduced.

Species Reintroduction Over time, a number of plant and animal species that once lived along Doan Brook have been eliminated from the habitat. Fish that once

migrated from Lake Erie can no longer pass the culverts and dams; macroinvertebrate populations may have been eliminated by periods

of particularly bad weather or high pollution levels; frogs and salamanders may have been killed by poor water quality and lack of

breeding habitat; native plants were cleared by the Shakers and by later developers and must compete with exotic vegetation. If the

water quality and habitat in the brook are improved, it may be possible to reintroduce some of these native species. Researchers from

John Carroll University reintroduced three species of minnow to the brook between Horseshoe Lake and the Nature Center in 1999.

Initial results indicated that these relatively hardy fish may once again thrive in the brook. Some species of plants or animals may reap-

pear as the habitat improves, even without active reintroduction. Species reintroduction may enhance the biotic community of the brook,

but sensitive new species will not thrive unless the brook habitat and water quality can support them.

Alternative Road Deicing Use road deicers that are less toxic to aquatic plants and animals than sodium chloride and/or use more restraint when applying deicer.

Improve Golf Course Maintenance Use less fertilizer, pesticide, and herbicide on golf courses, use low phosphorus fertilizer (as Shaker Heights Country Club already does),

incorporate riparian buffer zones adjacent to the stream, restore the stream channel on the golf courses to increase habitat and reduce

erosion, and incorporate stormwater retrofits in the golf course design. The golf courses in the Doan Brook watershed are private prop-

erty, and owners and members must see the benefits to changes in golf course management before they can be implemented. However,

there are several national programs that encourage golf courses to adopt environmentally positive practices. Canterbury and Shaker

Heights golf courses own a large part of the land immediately adjacent to the south fork of Doan Brook, and the way that the courses

manage their land has a major impact on the stream.
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Table J-1, continued Description of Watershed Restoration Measures

Measure Discussions

Small Projects, continued

Discourage Nuisance Waterfowl Large numbers of waterfowl, particularly Canada geese, are probably significant contributors to bacterial contamination in Doan Brook

and the Shaker Lakes. Geese can be discouraged by limiting lawn areas adjacent to the lakes and allowing taller vegetation to grow up

– that is, by promoting proper riparian buffer zones. Artificial means such as “scare goose” balloons can also be used, but they are gen-

erally only effective for a short time.

Protect Riparian Corridor Protect the existing riparian corridor from development and inappropriate vegetation clearing.

Increase Riparian Vegetation Increase the vegetative buffer adjacent to the brook by reducing lawn areas and encouraging the growth of native vegetation. This

approach could be used in manicured parks, on golf courses, and by homeowners with property adjacent to the stream. Encouraging

homeowners to plant buffer zones could be particularly useful in the upper reaches of all forks of the stream, since lawns frequently

extend to the water’s edge in these areas.

* Street Litter and Debris Cleanup Increase cleanup of litter and debris (particularly from lawn care) in the streets. Approaches could include street sweeping, voluntary

“adopt a block” programs, and citizen education.

Catch Basin Inspection and Cleaning A regular program of inspection and cleaning of storm sewer catch basins to remove grit, oil, organic matter, and other contamination

before it is carried to the brook.

Erosion Control During Construction Require that sediment erosion from building sites be controlled.

Flow Augmentation Increase dry weather flow by artificially introducing additional water to the stream. The most likely source of flow augmentation for Doan

Brook would be the direct release of untreated Lake Erie water from the Baldwin Filtration Plant to the brook in Ambler Park.

Citizen Action

Downspout Disconnects Disconnect downspouts from the storm drain and divert flow from rooftops onto lawns where it can infiltrate, or at least be stored to

some extent, rather than being carried directly to the storm sewers. Although downspout disconnects work well in many places, the

clayey tills of the upper Doan Brook watershed make this measure of limited value there. Water will run off almost as fast from a lawn

as it did from the rooftop. Because of the heavy clay soil and the associated risk of basement flooding, downspout disconnects should

be evaluated with care to see whether they can be accomplished without flooding basements and to see whether they will provide a

worthwhile benefit.

Rain Barrel Use Reroute downspouts so that they flow into rain barrels. Overflow from the barrels can either be routed to the surrounding lawn (effec-

tively a downspout disconnect) or to the storm sewers. Rain barrels will quickly be filled during really heavy rain2, so that rain barrel

storage will have an impact primarily during moderate rains.

2 A 0.1 inch rain will fill a 50-gallon rain barrel that collects rainfall from an 1800 square foot two story home.
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Table J-1, continued Description of Watershed Restoration Measures

Measure Discussions

Citizen Action, continued

Alternative Landscaping Encourage individual homeowners to reduce the amount of turf in their yards, increase the amount of natural ground cover and bushes,

and plant buffer zones to slow runoff. This could significantly increase infiltration and rainwater storage in each yard. It could also

reduce the use of lawn fertilizers, herbicides, and pesticides.

* Proper Auto Waste Handling Encourage proper disposal of automotive waste oil, anti-freeze and other fluids by regulation and public education and by providing con-

venient means of proper disposal. Existing programs should be reviewed and improved as appropriate.

Proper Car Wash Practices Encourage residents to wash cars at commercial car washes that drain soapy runoff to the sanitary sewer rather than to the storm drain

or, if this is not possible, to wash cars on lawns rather than in driveways and streets. Soap used for washing cars can be a significant

source of phosphorus, and grit washed from cars can add sediment and oil to the brook. Use of low-phosphorus soaps for washing cars

is also helpful.

* Household Hazardous Waste Encourage residents to properly dispose of household hazardous waste by regulation and public education and by providing easy proper

Disposal disposal. Existing programs should be reviewed and revised as needed.

* Cleaning Pet Waste Require residents to pick up pet waste and dispose of it in the sanitary sewer system (not in the storm sewer!) or with household

garbage. Pet (mostly dog) waste is probably the most significant single source of bacteria contamination in the watershed after CSOs.

Appropriate measures include encouraging proper disposal by regulation and public education. Existing regulations should be reviewed,

revised, and enforced as appropriate.

Reduce Lawn Fertilizer, Pesticides Encourage residents to reduce or eliminate the use of fertilizers, pesticides and herbicides on lawns. Encourage use of low phosphorus

and Herbicides fertilizer when fertilizer is used. Appropriate measures include public education and education of lawn care providers.

* Proper Yard Waste Disposal Encourage residents to dispose of yard waste in proper compost piles or in city yard waste pickup, not in gutters, drainage ditches or

streams. Appropriate measures include regulation, public education, and city yard waste collection. Existing programs should be

reviewed and revised as appropriate.
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ague, 3, 5, 7, 119
Albright, J.J., 13-14, 122
Ambler,

Martha, 14
Nathan, 6
William Eglin, 13, 122

Ambler Heights. See Chestnut Hills
Ambler Park, 14, 16-17, 40, 77, 113, 122-123,

131, 143-145, 150, 231, 236
amphibians, 34, 55, 172
Appalachian Mountains, 27, 137
Appalachian Plateau. See Plateau
aquifers. See groundwater

Baldwin Filtration Plant, 16, 77, 113, 126, 236
base flow, 23
birds, 28, 32-33, 35, 49-50, 77, 111, 115, 163-

170, 239
bridges, historic. See Schweinfurth, Charles
Blue Rock Spring House, 6, 121
Brown, John Hartness, 13

Calhoun, Patrick, 13-14, 122
CaseWestern Reserve University, 13, 59-60, 73,

78, 84, 119, 121, 232
Caswell, Daniel, 6, 13, 121-122
Canada geese, 41, 56, 73, 116, 236
Cedar Glen

location, 6
sewer. See under culverts

channelization, 38, 40-41, 43, 77, 131, 234
citizen activists, 15-17
Chestnut Hills, 13, 122
Clark and Lee Freeways, 16-17, 124-125
CleanWater Act, 57, 78
Cleaveland,Moses, 3-4, 119
Cleveland, 3, 14-17, 65, 112-113, 121-125, 129-

130

Cleveland Botanical Garden, 24, 124, 126, 130
Cleveland Cultural Gardens, 15, 84, 111-112,

123, 129-130, 239
Cleveland Heights, 4, 14, 16-17, 65, 78, 83-84,

123
Cleveland Museum of Art, 13, 112, 123, 130-

131
Cleveland Museum of Natural History, 30, 84,

112, 124
Combined Sewers. See under sewer systems
Connecticut Land Company, 4-5, 119
Connecticut Western Reserve, 4-5, 119, 131
contamination. See pollution
Croxton,Mary Elizabeth, 16
cultural gardens. See Cleveland Cultural
Gardens
culverts

Baldwin Road. See culverts, Giddings
Brook

Cedar Glen sewer, 46-47, 61, 64-66, 72, 79,
232-233

Doan Brook. See culverts, University
Circle

Euclid Avenue culvert, 47-48, 61, 64-65,
185

Giddings Brook, 46-47, 61, 64-66, 185, 232
Gordon Park, 20, 40, 64, 79, 111, 184
impacts on brook, 23, 35, 39-41, 48-49
Rockefeller Park, 40, 184
major culverts on Doan Brook, 20, 40, 184
University Circle, 16, 20, 40, 46-48, 61-66,

72-73, 79, 112-114, 125-126, 184,
186, 232-233

dams
Green Lake, 183
Horseshoe Lake, 2, 9, 59-60, 62, 121, 124,

126, 133, 183

Index

"Never index your own book," she stated.

—Kurt Vonnegut, Jr.
Cat's Cradle
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impacts on brook, 35, 39, 41
Lower Shaker Lake, 9, 12, 58-60, 62, 120,

126, 132, 183
Marshall Lake, 183
overtopping of, 59-60, 62, 124, 126
safety of, 62

daylighting Doan Brook, 66, 73-77, 85, 232
detention basin. SeeMLK Detention Basin
Dike 14. See Site 14
Doan,

Nathaniel, 1, 3, 6-7, 119, 131
Sarah, 5

Doan Brook physical data
hydrologic data, 183-185
original configuration, 39-40
profile, 25
stream data, 4, 19-20, 183

Doan Brook Study Committee, 81, 83-86
Doan BrookWatershed Partnership, 83-84, 126
Doan BrookWatershed Study, 57, 75, 84, 234
Doan Valley Interceptor. See under sewer

systems
Doane, Nathaniel. See Doan, Nathaniel
Doan's Corners, 3, 5-7, 9, 13, 119, 129, 131
drainage area. See watershed
drainage basin. See watershed
dredge disposal area. See Site 14

Eakin, Jean, 16
Escarpment, 25-27, 29-32, 43, 112-113, 138-

139, 143-145
erosion, 40, 43, 48, 57, 59-60, 66, 70, 113-114,

116, 124-125
Euclid Heights, 13, 46, 61

fish, 32, 34-36, 41, 55, 172-173
floods

10-year return period, 181-183, 185
definitions and estimation, 181-183
Design Flood, 62
impact of, 34-35
on Doan Brook, 39-44, 46-49, 58-66, 72-

73, 78, 119-120, 122-126, 181-187

Probable Maximum Flood, 62
remedies for, 64-66, 69, 72-73

Frost, Robert, 1

gabions, 40, 114
Garden Clubs, 16, 82, 115, 123-124, 132
geology

Aurora Sandstone, 151
basement rock, 137
beach ridges, 27, 30, 32, 138
Bedford Formation, 138, 144-148, 150
Berea Sandstone, 18, 27, 114, 138, 144,

148-151
Chagrin Shale, 138, 143-150
Cleveland Shale, 138, 142-145, 150
cross-section of, 144
Cuyahoga Formation, 144, 149-151
Euclid Bluestone, 114, 121, 131, 138, 144

148, 150
fossils, 142, 145, 150
glaciers, 27, 137-138, 151
Grenville orogenic belt, 137
of Doan Brook watershed, 27, 138, 141-

151
of Northeast Ohio, 137-138
Meadville Shale, 138, 149-151
Orangeville Shale, 138, 144, 149-151
Sharpsville Sandstone, 138, 149-151
tour of, 141-151

Giddings Brook, 42-43, 46-47, 61, 65-66, 72-73,
79, 185, 232

Giddings Brook culvert. See under culverts
Glenville, 5-7, 13, 121, 123, 125
Glenville Racetrack, 6, 121, 123
golf courses, 20, 56-57, 72-76, 80, 116, 184, 235-

236
Gordon,William J., 14, 121
Gordon Park, 14-15, 17, 19-20, 76-79, 110-111,

121-122, 184, 231-232
gorge, 1, 6, 11-12, 16-18, 24, 26-27, 30-31, 35,

40, 59, 65, 113-114, 120, 124-125, 131-132,
138, 141-150

Gratwick, H.W., 13-14, 122
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Index

Greater Cleveland Committee for Park
Conservation. See Park Conservation
Committee

groundwater
base flow from, 23
in Doan Brook watershed, 18, 23-24
infiltration to, 23-24, 64, 72, 139, 234, 236-

237
use in Doan Brook watershed, 24
springs, 24, 130

Heights/Hilltop Interceptor Sewer (HHI). See
under sewer systems

Hough, 5, 13
hydrology, 58-67, 69-73, 79-80, 181-185

John Carroll University, 36, 84, 235
Joint Committee on Doan BrookWatershed
(JCDBW), 84

lagoons
Rockefeller Park, 20, 39, 112, 234
Wade Park, 6, 20, 26, 112-113, 123-124,

130, 142-143
Lake Plain, 25-27, 29-30, 32, 112, 137-138
lakes

contamination in, 52, 55, 213-221
dams. See dams
dredging of, 55, 63, 73-77, 234
eutrophic conditions in, 55, 57, 70, 234
Green Lake, 20-21, 39, 54, 116, 183, 185,

213-214, 221, 235
Horseshoe Lake, 2, 9, 14-17, 19-23, 39, 46-

47, 52-57, 59-63, 115, 121-122, 124,
126, 132-133, 183, 185, 213-214, 218-
219

impact on flooding, 39, 41, 61-63, 185
Lower Shaker Lake, 4-5, 9, 12, 16-17, 19-

21, 39, 46-47, 50, 52, 54-57, 58-63, 71,
88, 114-117, 120, 122-124, 126, 131-
132, 183, 213-217

Marshall Lake, 20-21, 39, 52-55, 183, 213-
214, 220

on Doan Brook, 20, 39
sedimentation and, 63

Lily Pond Marsh, 9, 21, 183, 185

macroinvertebrates, 34-35, 55, 112, 174-178,
235

malaria. See ague
mammals, 32-35, 171
Mead, Earl Gurney, 9-11, 130
memorial plaques in honor of WW I soldiers,

114
Miller, Betty, 16
mills

Cozad, 6, 32, 130
Crawford, 6, 32, 123, 129
grind stones from, 112, 129
Shaker. See under Shakers

MLK Detention Basin, 17, 39, 64-66, 72-73, 79,
113-114, 131, 142-145, 150, 183, 185, 233

Native Americans, 3-5, 119
National Environmental Education

Landmark, 16, 125
Nature Center at Shaker Lakes, 16, 28, 30-31,

33-36, 45, 81, 84, 115-116, 124-125, 151,
235, 239

Northeast Ohio Regional Sewer District
(NEORSD), 45-46, 51-52, 55, 57, 65, 75, 78,
81, 83-86, 126, 187, 231, 233-234

Park Conservation Committee, 16-17
parks, 14-15, 85, 122. See also individual park

names
passenger pigeons, 28, 32
Pease, Seth, 4-5
Plateau, 25-27, 29-30, 32, 137-138
pollutants

ammonia. See nitrogen
bacteria, 51-57, 222-224, 235, 237
chlorides, 34, 43, 51-57, 70, 73, 235
fertilizer, 43, 56-57, 73-76, 80, 116, 235,

237
herbicide, 51-57, 74-76, 80, 189, 227, 235,

237
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metals, 51-57
nitrogen, 51- 57
nutrients, 51-57, 70-73, 75, 234-235, 237
organic compounds, 51-57, 227
pesticide, 43, 51-57, 74-75, 80, 235, 237
pet waste, 56, 73, 237
phosphorus, 51-57, 73, 75, 234-235, 237
salt. See pollutants, chlorides

pollution
eutrophication as a result of, 50-52, 55, 57,

70, 234
impact of, 51, 55-56
level of in Doan Brook, 51-55, 196-229
sources of, 51, 56-57, 234, 237
solutions to, 57, 73-75

Portage Escarpment. See Escarpment
Post, Charles Asa, 28, 32, 130
Prentiss family, 7
Prescott, James, 2, 12, 24, 132-133

quarries, 6, 12, 18, 113-114, 120-121, 131, 145,
149-150

racetrack. See Glenville Racetrack
railroad, 6, 120. See also Shaker Rapid Transit
rattlesnakes, 5, 32, 34
Reader, Charles, 12, 121
reptiles, 34-35, 172
riparian corridor, 15-17, 29, 31-36, 41, 49, 69,

74-77, 80, 235-236
Rockefeller,

John D., 14, 112, 122, 129
Laura, 14

Rockefeller Park
Cultural Gardens, 15, 19-20, 84, 111-112,

123, 129-130, 239
greenhouse, 113, 129
park, 14-15, 32, 38-40, 66, 71-73, 75-79,

83-84, 112, 122, 124, 129, 184, 233-
234, 239

Russell,
Elijah, 120
Jacob, 7-8, 115, 120, 132

Melinda, 7-8, 32
Ralph, 8, 115, 120, 132

Schweinfurth, Charles, 15, 66, 113, 129-130
sediments

accumulation in lakes, 41, 43, 55-57, 63,
73, 75, 116, 228-229, 234, 236-237

contamination in, 55-56, 70, 73, 228-229,
234

sources of, 57
See also under lakes

sewer systems
combined

definition, 44-48
in the Doan Brook sewershed, 44-48
legally required CSO cleanup, 57, 78
overflows (CSOs), 44, 56-57, 75-78,

231-232, 237
Doan Valley Interceptor (DVI), 44-48
Easterly Interceptor, 45
Easterly Wastewater Treatment Center, 45-

46, 48, 75, 231
Heights/Hilltop Interceptor Sewer (HHI),

48, 56, 75, 78, 231
illegal connections, 45, 56, 75
interceptor sewers, 45-48, 56-57, 74-76,

79, 231
odors from, 45
ownership of, 46
sanitary, 44-48, 52, 56-57, 73-76, 79, 126,

231, 234, 237
separated, 44-48
storm, 23, 39-42, 44-48, 57, 61, 64, 72-75,

78, 232-233, 236-237
sewershed, 44-45, 48
Shaker Heights, 13-15, 78, 83-84, 122-124, 133
Shaker Heights Land Company, 13-14, 122
Shaker Heights Park, 14-17, 122, 125, 133
Shaker Historical Society, 84, 124-125, 133
Shaker Lakes Regional Nature Center. See

Nature Center at Shaker Lakes
Shaker Rapid Transit, 14, 123
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Index

Shakers
beliefs, 8
Center Family, 7-11, 13, 115, 132-133
East Family. See Shakers, Gathering

Family
Gathering Family, 7, 9, 11
grist mills, 9-12, 113-115, 120-121, 131-

132, 148-150
lands, 7, 9
Mill Family, 7, 9-10, 24, 120
North Union History, 7-13, 125, 131-133
sawmills, 9-10, 12, 62, 114-115, 120, 123,

132
woolen mill, 8-11, 121, 132-133
woolen mill flume, 9-10, 12, 114, 131-133

Site 14, 17, 20, 33, 40, 64, 77, 111, 126, 232
slope failure, 17, 40, 59-60, 114, 124-125
soil types, 25-27, 137-139
StormWater Management Programs, 78
surveyors, 4-5, 32, 49, 119

topography, 25-27
trash rack, 66, 113-114, 124-125

U.S.Army Corps of Engineers, 17, 40, 62, 84,
232

University Circle culvert. See under culverts
University Circle, Inc., 84
urbanization

changes resulting from, 9, 13-15, 19-21,
31, 38-49, 59-62

impacts of, 41, 43, 46, 48-49

Van Sweringen, O.P. and M.J., 13, 123-124, 131
vegetation

current, 29-32, 73-76, 80, 112-116, 234-
236

exotic species, 29, 31-32, 76-77, 79, 115,
235

pre-settlement, 2, 4-5, 30-32, 154-162

Wade, Jeptha H., 14, 121
Wade Park, 6, 13-15, 24, 28, 39, 112-113, 121-

124, 126, 130-131, 142-143
Warren family, 7, 119-120
Warrensville Township, 7-9, 119-120, 133
water quality. See pollution
waterfalls, 12, 113, 131, 141-146, 147-150
watershed management plan, 49, 57, 66, 69-87,

231
watershed

changes in, 13-14, 42-44
subwatersheds, 46-48, 61, 72, 86, 182
configuration, 4, 6, 20-27, 46-48, 183

watershed restoration
goals, 69-71, 83-85
habitat, 35-36, 71, 75-81, 233, 235
hydrologic, 71-73, 75-79
legal requirements, 78
needs, 69-71
plan, 47, 57, 66, 71-87, 231
process, 83-87
techniques, 71-81, 231-237
water quality, 57, 71, 73-75, 77-81

Western Reserve Historical Society, 13, 112,
122, 131

wildflower garden, 16, 32, 123, 132
wildlife

amphibians, 34, 55, 172
birds, 28, 32-33, 35, 49-50, 77, 111, 115,

163-170, 239
fish, 32, 34-36, 41, 55, 172-173, 235
in Doan Brook watershed today, 32-35,

153-178
macroinvertebrates, 34-35, 55, 112, 174-

178, 235
mammals, 32-35, 171
passenger pigeons, 28, 32
potential in Doan Brook watershed, 35-36
pre-settlement, 5, 28, 32
rattlesnakes, 5, 32, 34
reptiles, 34-35, 172

Williams,Arthur B., 30

Zoological Park, 121, 123, 130


