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Conversion Factors, Datums, and Abbreviations

To ohtain

Multiply By
Length
inch (in ) 254 millimeter {mm)
foot (fi) 03048 meter {m)
mile {mi) 1.609 kilometer (km}
kilometer (km} 0.621 mile {mi)
Area
square mile {mi%) 2.590 square kilometer (km?)

' Flow rate _ 3
cubic foot per second (1£°/s) © 002832 cubic metet per second (in%/s)
foot per second (ft/s) 03048 meter per second (m/s)
meter per second (m/s) 2237 ilé per hour (mish)
knot {(kts) 1.15 mile per bour (mih)

Vertical coordinate information is referenced to North American Vertical Datum of 1988

{NAVD 88}, uniess otherwise noted.

Horizontal coordinate information is referenced to the North American Datum of 1983 {NAD 83).

Elevaticn, as used in this report, refers to distance above the vertical datum,

Abbreviations

FEMA — Federal Emergency Management Agency

GIS — Geographical Information System

GPS — Global Positioning System _
HEC-RAS —Hydrologic Engineering Center-'RiverAnalysis System
NOAA — National Oceanic and Atmospheric Administration
NWS — Natio.nal Woeather Service _

Ohio EMA — Ohio Emergency Management Agency

ODNR ~ Ohio Department of Natural Resources

TIN — Triangulated Hrregular Netwaork

USACE — United States Army Corps of Engingers

USGS - U.S Geological Survey
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Floods of August 21-24, 2007,

Central Ohio

By D E. Straub', AD Ebner', and B.M. Astifan?

Abstract

Heavy rains in northwestern and north-central Ohio on
August 1922, 2007, caused severe flooding and widespread
damages to residential, public, and commercial structures
in the communities of Bluffton, Bucyrus, Carey, Columbus
Grove, Crestline; Findlay, Mansfield, Ottawa, and Shelby. On
August 27, 2007, the Federal Emergency Management Agency
(FEMA) issued a niotice of a Presidential declaration of a
major disaster affecting Allen, Crawford, Hancock, Hardin,
Putnam, Richland, Seneca, and Wyandot Counties as a resuit
of the severe flooding. Rainfal] totals for most of the flooded
area were 3 to 5 in , with some locations reportimg as much as
8 to 10 in. Three National Weather Service (NWS) gages in
the area indicated a rainfall reciurence interval of greater than
1,000 years, and two indicated a recurrence interval between
500 and 1,000 years Total damages are estimated at approxi-
mately $290 million, with 8,205 residences registering for
financial assistance '

The 1.8 Geological Survey (USGS) computed flood
recurrence intervals for peak streamflows at 22 streamgages
and 8 ungaged sites in and around the area of major flood-
ing. The peak streamflows at Sandusky River near Bucytus
streamgage and at seven of the eight ungaged sites had
estimated recutrence intervals of greater than 500 years The
USGS located and surveyed 421 high-water marks and plotted
high-water profiles for approximately 44.5 miles of streams
throughout the nine communities.

introduction

Heavy rains on Auguost 16-22, 2007, caused sevete flood-
ing in northwestemn and north-central Chio. The flooding was
the result of rain generated from the remnants of Tropical Storm
Erin, combined with an east-west-oriented stationary front that
stalled over northern Ohio. Waves of slow-moving thundet-
storms continued across the area for 5 days, causing rivers to
flood several comuunities in the area. The flooding was concen-
trated in the headwaters of three watersheds: the Maumee River,
the Sandusky River, and the Muskingum River (fig. 1). Flood

U8 Geological Survey, Columbus, Ohic
National Weather Service Cleveland, Ohio

in Northwestern and North-

damages to residential, commercial, and public buildings were
particularly severe in nine communities within these watershed
areas. The cities of Findlay and Ottawa were severely damaged
by floodwaters from the Blanchard River The village of Blufi-
ton was flooded by Riley Creek, a tributary to the Blanchard
River The village of Columbus Grove was flooded by Phium
Cieek, a small tributary to the Ottawa River. The Blanchard and
Ottawa Rivers flow into the Auglaize River, a tributary to the
Maumee River. The city of Bucyrus was flooded by the San-
dusky River The village of Carey was flooded by Spring Run,
a tributary to I'ymochtee Creek, which is a fributary to the San-
dusky River The city of Crestline was flooded by two tributar-
ies to Paramour Creek, which is the head of the Sandusky River.
The city of Mansfield was flooded by Touby Run, a tributary to
Rocky Fork Mohican River, and by the Rocky Fork Mohican
River. The city of Shelby was flooded by Black Fork Mohican
River The Rocky and Black Forks of the Mohican River are
part of the Muskingum River watershed

Because of the magnitude of and damages from this
flood, a Presidential Disaster Declaration, FEMA-1720—
DR (Federal Emergency Management Agency, 2007), was
declared for eight counties (fig. 2) on Augnst 27, 2007. Seven
coumties required both Individual® and Public’ Assistance, and
one required only Individual Assistance A Presideutial Disas-
ter Declaration puts into motion long-term Federal recovery
programs io assist individuals, businesses, and public entities.

The U.S. Geological Survey (USGS), in cooperation with

' the Federal Emergency Management Agency (FEMA), com-

pleted a study to document this historic flood by desciibing
pettinent flood infotmation including high-water marks, peak-
streamflow and stage data, estimated recurrence intervals®,

* “Individual Assistance” is defined as assistance to individuals and house-
holds (Federal Emergency Management Agency, 2008a).

* “Public Assistance " is defined as assistance to state and local governments
and certain private nonprofit organizations for emergency. work and the repair
or replacement of disaster-damaged facilities (Eederal Emergency Manage-
ment Agency, 2008b)

¥ Recurrence interval is the average length of time within which the mag-
nitude of a given flood or rainfali event will be equaled or exceeded (Riggs.
1968) Tt is determined as the reciprocal of the probability that a given event
will be equaled or exceeded in any given year For example, the 100-year
flood has a 0.01 (1 percent) probability of being eqialed or exceeded in any
given year Rainfall recurrence intervals are reported as a function of both
magnitude and storm duration, whereas flood recurrence intervals are reported
only as a function of magnitude
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and maps of estimated flood inundation. Documentation of
flood events can assist Federal, State, and local agencies in

making informed decisions on flood-plain management and
flood-emergency practices

Purpose and Scope

This report describes the meteorological and hydrologic
conditions leading to the floods, magnitude and frequency
estimates for selected rainfall and stream sites, and damage
estimates for the affecied communities The USGS located
42] high-water marks along approximately 44 .5 mi of streams
through the nine communities affected by the floods. The
affected communities, main flooding source, extent of the
high-water marks, and number of high-watet marks within
each community are described herein. Peak-streamflow and
recurrence-interval estimates were determined for the main
flooding source within each of the nine communites. Peak
gage-height, streamflow, and recurrence-interval estimates
were determined at 22 streamgages in and around the flooded
area, 3 of which are located within the 9 communites.

Meteorological Events Associated
With the Flood

The National Oceanic and Atmospheric Administration
(NOAA} divides Ohio into 10 regions based on similar clima-
tological chatacteristics The storm of August 19-22, 2007,
mainly affected parts of five regions in the northwest quarter of
the State. The state and regional rainfall totals are summarized
- from the “Monthly Water Inventory Report for Ohio™ fiom the
Ohio Departinent of Natural Resources (ODNR). The condi-
tions for the 3 months before the Angust 2007 storm are sum-
matized in the May, June, and July 2007 reports (Kirk, 2007a,
b, and ¢). The monthly report for August 2007 (Kirk, 2007d)
includes the rainfall data from this storm and associated flood

Antecedent Climatic Conditions

In general, the weather leading up to the storm was diy
Precipitation in the area was below normal® for May, Fune, and
Tuly. The State average pzecipitation amounts for these months
in 2007 were 160,292, 3 72 in, respectively These State
averages were 41, 76, and 91 percent of normal, respectively
May 2007 ranked as the third driest May over 125 years of
record (Kitk, 2007a) June was also dry, with Putnam County
receiving the least amount of precipitation in the State at 0 41
in. (Kitk, 2007b). In July, Ohio received some precipitation
from scattered showers and thunderstorms. Much of Chio
received 025 to 0 50 in. of rain from July 4 through 6 and
another 025 to 0 50 in on July 10 and 11 Most of the State

& “Normal” refers to the average value for the period 1951-2000 (Kirk,
2007 a, b, ¢, and d}

also received 1 to 3 in between July 17 and July 28 During
late July, the greatest amount of rain fell in an area from north-
western to east-central and southeastern Ohio (Kirk, 2007¢)
The 10 climatic regions of Chio, the average precipitation and
percent of normal of each region, and an isohyetal plot of the
total precipitation for Tuly are shown in figure 3A.

The “Monthly Water Inventory Report” for August
{(Kirk, 2007d} includes the rainfall during August 19—25 in the
monthly totals The precipitation for August was above normal
for most of Ohio except the southern part of the State (fig. 3B).
The statewide average was 575 in, 2.31 in. above normal.

- Precipitation was heaviest in the Northwest climatic region

with a total of 10 10 in, which was 6 91 in above normal.
August 2007 was the seventh-wettest August during 125 years
of record for the State as a whole Regionally, this was the
wettest August of record for the Northwest, North-Central, and
Northeast climatic regions of Ohio. Upper Sandusky (Wyan-
dot County) reportéd 13 77 in. and Pandora (Putnam County)
reported 13.61 in. of precipitation in August Radar ‘esti-
mates show that localized areas in Wyandot County probably
received more than 15 in. of rain for the month, and unofficial
repotts indicated more than 17 in. (Kirk, 2007d).

The precipitation fell as showers and thunderstorms and
varied greatly across the State. The first significant rain of
the month occusred on August 5. Approximately 0.5-1 5 in,
fell from northwestern to southeastern Ohio as showers and
thunderstorms. During August 7-9, another storm generally
dropped 1.5-3.0 in ofrain, with as much as 5 0 in. in some
[ocations in notthern Ohio. The most significant precipitation -
fell during August 19-22, with the northeastern two-thirds of
Ohio receiving 1 to 3 in. of 1ain. A large area in northwestern
and north-central Ohio received 3—5 in. of rain, with as much
as 8-10 in reported at some locations {(Kitk, 2007d).

The Storm of August 19-22, 2007

Tle flooding that affected northwestern and north-central
Ohio was caused primatily by the interaction between tropical
moisture associated with the remnants of Tropical Storm Erin
and an east-west-oriented stationary front that stalled over
northern Ohio, Several waves of slow-moving thunderstorms
moved across northwestern and north-central Ohio from
the evening of Saturday, August 18, through the morning of
Wednesday, August 22, producing widespread rainfall totals in
excess of 4 in across much of northwestern and north-central
Chio. The heaviest rainfall during the 5-day storm event fell
from the evening of August 20 through the morning of August
21, with as much as 10 in. in 10 hours near the Upper San-
dusky area (National Climatic Data Center, 2008) The 7-day
precipitation totals for the area from Aungust 19-25, 2007,
based on data fiom 68 NWS rainfall stations (National Oce-
anic and Atmospheric Administtation, 2007), are shown in fig-
ure 4. Ramfall intensities and recutrence intervals for selected
National Weather Service (NWS) stations (National Weather
Service, 2008) from the storms that affected Ohio from August
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19 to August 25 are listed in table 1 The time period used in
table 1 is varied in order to show the most intense period of
rainfall at each of the selected rain-gage sites. The 1-day pre-
cipitation totals at the Upper Sandusky, Bucyrus, and Ottawa
rain gages correspond to a greater than 1,000-year recurrence
interval

The meteorological origins of the floods can be traced
back to August 16, when Tropical Storm Erin made landfall

along the l'exas coastline while a cold front was moving south-

ward through Ohio. This front eventually stalled on August
18 near the Tennessee River Valley before moving back
north across Ohio on August 19 as a warm front and stalling.
once again just south of Lake Erie on August 20. As the fiont
retreated, a subtropical high-pressure system sirengthened
over the southeastern United States The clockwise circula-
tion around this large high-pressure area brought the copious
amounts of tropical moisture associated with the remnants of
Tropical Storm Erin from Texas northward through the Missis-
sippi River Valley then eastward across the Chio River Valley.
Rainfall began across extreme northwestern Ohio on the
evening of August 18 ahead of the warm front and slowly
spread south and east through the rest of northern Ohio as the
front stalled dwring the day on August 19. Following a lull
duwring the evening of the 19th, thunderstorms redeveloped
across northern Indiana in the early morning of August 20
and moved eastward across northern Ohio along the frontal

boundary. These storms intensified during the late morning as
they reached north-central Ohio, with as much as 4 in. of rain
falling in less than an hour and a half from Medina County
east to Mahoning County :

These storms dissipated along the eastern border of Ohio
during the early afternoon as sunshine returned across Indi-
ana and western Ohio, destabilizing the tropical airimass now
in place and leading to yet another round of thunderstorms
These storms again tracked eastward along the frontal bound-
ary, which had sagged slightly southward during the day
and focused the heaviest rainfall along the US 30 corridor
through Ohio.

During the evening, a westerly nocturnal low-level jet’
formed in the wake of the afterneon storms, once again trig-
gering new thunderstorm development in western Indiana.
This low-level jet intensified and pushed into northwest Ohio
during the early morning, creating a moisture-rich breed-
ing ground for continual thunderstorm development. Storms
repeatedly moved over the same areas overnight, resulting in
rainfall totals of 6 to 10 in. across a wide area stretching from
northwest to north-central Ohio

? A nocturnal low-tevel jet is defined as a jet stream (relatively strong winds
concenirated within & narrow band in the atmosphere) that forms at night,
typically near the Earth’s surface belaw an altitude of about 2 ko, and usually
attains speeds of less than 60 knots (Ahrens, 2003) -

Table 1. Precipitation totals and recurrence intervals for selected National Weather Service rain gages in Ohio, August

19-25, 2007,

[Data from National Oceanic and Atmespheric Administration 2007; >, greater than]

Station Name County EEES} I{J:;;,c:; Pr((ait:lill:!i't:st;on Recurrr::aer si;l’temal‘
Upper Sandusky Wyandot August 21 1 935 > 1,000
Upper Sandusky Wyandot August 19-25 7 1030 200-500
Pandora Putnam August 19-25 . 7 10.03 500-1,000
Bueyrus Crawford August 1925 7 914 200-500
Bucyrus Crawford August 21 1 8.68 > 1,000
Ottawa Putnam August 19 1 8.14 > 1,060
Van Wert 1 5 Van Wert August 19-25 7 998 560-1,600
Grover Hill Pauiding August 21 1 6.76 200-500
Findlay WPCC Hancock August 19-25 7 761 100200
Findlay FAA Airport Hancock August 1925 7 642 25-350
Galion Water Works Crawford August 21 1 611 106200
L ima WWTP Allen Aunpust 19-25 7 775 50-100
Manstfield WSO AP Richiand August 19-25 7 6.78 2350

From National Weather Service {2008).
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General Description of the Floods

Water levels rose in mary streams throughout the eight
counties (fig. 2) as a result of the severe rain during August
15-24,2007 Many homes, businesses, and structures were
affected by floodwaters, particularly within nine communi-
ties of these counties (table 2). The UJSGS analyzed data from
selected streamgages in and around the floeded counties to
determine the extent of the flooding Streamgage records and
other streamflow-estimation techniques were used to deteg-
mine the frequency and magnitude of this flood event within
the disaster area. Data from streamgages in and around the
disaster area are presented io show that the rivers outside and
downstream from the flooded area were abie to convey the
walter safely with minimal damages to residences and struc-
tures. The omission from this report of any 1ivers ot communi-
ties that experienced flooding is not a reflection of the severity
of the floeding o1 the impact on those communities but rather
is due to the lack of available streamflow data and/or high-
~ water-elevation data

High-Water Marks

High-water marks are an indication of the water level at
peak stage of a river duzing a flood event They can be used to
determine the peak streamflow or to calibrate peak-flow models
used to determine flood-inundation areas. High-water maarks
are usually determined from mud, seed, or debris lines (or a
combination thereof) 1éft behind as the floodwaters receded.
Examples of seed, mud, and o1 debris lines that indicated watet
elevations for this flood are shown in figure 5 Trees are gener-
ally a good place to find high-water marks because seeds and
small debris get caught in the bark, Several distinet lines can be
left after an event as floodwaters recede For example, a flood
with a secondary peak ot an upstream bank failure can leave
a distinct debris or mud line below the actual peak high-water
mark (right picture figure 5SB). The accuracy of the high-water
marks is subjectively rated by the USGS personnel locating
the mark, as outlined in Lumia and others (1986). High-watex
marks can be rated “excellent” (within 0.02 ft of the frue high-
water mark), “good” (within 0.03 ft), “fair” (within 0.10 ft), o1
“poor” (greater than .10 fi).

Table 2. Extent of high-water-mark profiles within nine communities in affected disaster area FEMA-1720-DR

[Abbreviations: 1, Interstate; SR, State Route; CR, County Road; IR, Township Road]

. Stream “Number of
Community County Flooding source Downstream limit Upstream limit miles high-water
' ) marks
Maumee River Watershad _
Bluffton Allen Riley Creek Bentley Road =75 24 30
Columbus Putnam Plum Creck Road 11 IR 1IR 29 - 27
Grove _
Findlay Hancock Bianchard River CR 140 (04189000} TR 241 76 - 87
Ottawa Putnam Blanchard River Road I-9 ) CR 8§ 75 32
' Sandusky River Watershad N 7
Bucyrus Crawford - Sandusky River Kerstetter Road , CR 121 SR 30 46 44
(04196000
Carey Wyandot Spring Run TR 100A SR 15 ' 29 30
Crestline Crawford West unnamed tributary ‘West Main Street, West Bucyrus Street, 11 6
to Paramour Creek SR30N CR 35 '
East unnamed tributary Oldfield Road, SR 61 Norfolk Southern Railroad 19 18
to Paramour Creek ‘
Muskingum River Watershed _
Mansfield Richland Rocky Fork Mohican Lucas Road, SR39 Bowman Street : 64 53
River
Touby Run Mouth Home Road 43 51
Shelby Richland Black Fork Mohican London West Read/CR58 Mickey Road 29, 43
River

! USGS streamgage Blanchard River near Findlay, Ohio
2USGS streamgage Sandusky River near Bucyrus, Ohio
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Figure 5. Examples of lines used as high-water marks at selected locations in the flooded area A, Seed line on buildings or trees.
B, Mud fines on buildings. £, Debris linss on fence or ground,
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The USGS located and surveyed 421 high-water marks
along approximately 44 5 mi of streams within the 9 conmu-
nities flooded in this event (figs 614, at back of report) All
high-water marks (table 3, at back of report) were surveyed
and referenced to the North American Vertical Datum of 1988
(NAVD 88) and the Notth American Datum 1983 (INAD 83)
The elevations of the high-water marks were determined by use
of a Global Positioning System (GPS) and differential leveling
Ihe initial horizontal position of each matk was determined
by handheld GPS units and then repositioned directly on aerial
photographs in a Geographical Information System (GIS)

_ To determine the high-water profile, a reference distauce
and elevation must be associated with each high-water mark.
ke reference distance is usually estimated by the distance
along each stream’s main channel from a selected location,
usuvally the mouth or a bridge. Flood profiles were determined
foreach stream in the nine communities by this method (figs
15-25, at back of report) except for the city of Ottawa. In and
near Ottawa, the main channel of the Blanchard River has a
high degree of meandering relative to the flood plain and, at
several locations, the main-channel flow is against the general
direction of the fioodflow; therefore, the horizontal distance
was estimated to align with the majority of the floodflow
across the flood plain. '

The USGS created maps of estimated flood inundation
superimposed on aetial photographs for the nine communities
(figs. 2634, at back of report). The estimated flood-inundation
areas were determined by the high-water-mark elevation data
placed on a Triangulated Irregular Network (1IN} generated
from LIDAR® data The extent of this flood on the tributaries
to the main flooding source may be greater than shown in the
figures because high-water marks were not collected on the
tributaries.

Fiood Stages and Streamflows

.The USGS examined the streamflow data from 22
streamgages (table 4 and fig 35, at back of report) that were in
and around the area affected by this storm. The USGS located
and surveyed high-water marks around four streamgages in
the flooded area: two active streamgages (Blanchard River
near Findlay 04189000 and Sandusky River near Bucyrus
04196000); one discontinued { Touby Run at Mansfield
03130500); and one stage-only® (Blanchard River at Ottawa
04189260). I'wo more streamgages (Sandusky River near
Upper Sandusky 04196500 and Tymochtee Creek at Crawford
04196800} are within the counties of the disaster declara-
tion, but no high-water marks were collected. The remain-
ing streamgages are listed to present the areal extent of the
flooding.

!LIDAR (L ight Detection and Ranging) is an optical remote-sensing tech-
nigue used to determine ground elevations. The data were collected as part of
the Ohio Geographically Referenced Information Program {OGRIP)

9 A stage-only streamgage records the water level only; strearflow is not
computed

Streamflow at a streamgage is generally determined by a
rating curve, which is the relation between river stage, or gage
height, and streamflow. Rating curves are usually developed
by mathematically relating measured gage heights and corre-
sponding measured streamflows ——collectively termed “input
points”—over a range of flows (Rantz and othérs, 1982).
Streamflow between ot beyond the input points is then deter-
mined by interpolation or extrapolation Ideally, the measure-
ments should span the entire probable range of flows at the
gage, but high-flow data are sometimes difficult or unsafe to
collect Extrapolating the rating curve beyond the highest data
point can lead to large errors in streamflow estimates (Rantz
and others, 1982}. Techniques to define high-streamflow data
points on a rating curve are available by applying the energy
and continuity equations at specific locations when direct
measurements are not possible, practical, or safe By indirectly
determining the streamflow on the basis of high-water marks,
the rating curve can be defined for extreme floodflows without
physically measuring the flow during dangerous measurement
conditions Indirect methods also can be used to determine
streamflow at ungaged locations where streamflow data are
unavailable. Streamflows for the August 2007 Ohio event
were determined by the rating-curve method at 20 of the 22
streamgages and are presented in table 4 (at back of report)

The USGS was able to directly measure the stream-
flow and gage height at several different water levels at both
the Blanchard River near Findlay and Sandusky River near
Bucyius gages dwing the August 2007 flood. Direct measure-
ments of stage and flow were made at the Blanchard River neat
TFindlay streamgage at the peak gage height of 18 46 ft (772.22
ft, NAVD 88) and a streamflow of 14,500 ft¥/s at about 1:00
pm on August 22, 2007 Only once, during the 1913 flood,
was there a higher estimated stage and streamflow (18 50 ft
and 22,000 {¥/s) in the 81 years of record™. Unfortunately,
conditions at the Sandusky River near Bucytus slreamgage
wete considered unsafe when the streamgage and roadway
were submerged by the flood; thus, field crews were unable to
directly measure the peak streamflow. Measurements before
and after the peak gage height, as well as high-water marks at
the Bueyrus streamgage, helped to define the flood hydrograph
for this event. As derived from surveyed high-water marks and
indusct methods, the gage height and streamflow éstimated
for the Sandusky River near Bucyrus streamgaging station
were 12.17 1t (967 21 £, NGVD 29) and 15,800 {*/s. The peak
streamflow was estimated to have occurred at about 10:00
pm. on August 21, 2007; these were the highest récorded gage
height and streamflow estimate at this site for the 55 years of
record” Becauge the Touby Run at Mansfield streamgage was
not active and the Blanchard River at Ottawa streamgage was

' The Blanchard River at Findiay streamgage was operated from Ociober
1523 until present day The 1913 flood information was determined by indi-
rect methods for this gage sife and was not part of the continuous systematic
record : :

"' The Sandusky River near Bucyrus streamgage was operated from August

1925 to November 1933, July 1938 to December 1951, Decernber 1663 to
September 1981, and October 1995 to present day




a stage-only gage, direct measurements were not done at these
locations. Surveyed high-water marks on the upstream and
downstream side of the concrete weir at the Touby Run at Man-
sfield streamgage site indicated a peak gage height of 529 ft
The streamflow was estimated to be 1,200 ft*/s and was based
on extrapolating the rating ¢urve and an indirect method using
a weir equation (Hulsing, 1967) The peak streamflow was esti-
mated to have occured on August 21, 2007; the récorded gage
height and the streamflow estimate at this site were the highest
for the 33 years of record'?. The Bianchard River at Ottawa
streamgage recorded a gage height of 31 70 fi'® on August

23, 2007 No streamflow information was available for the
Blanchard River at Ottawa streamgage; howevet, by use of an

General Description of the Floods 1

indirect method, the streamflow was estinated to be between
25,600 and 49,400 ft*/s.

An estimated streamflow was computed by an indirect
method at seven of the nine communities, owing to the lack -
of streamflow data (table 5). Selection of the most appropriate
indirect method was based on the quality of the high-water
marks, required stream-geometry data, and channel charac-
teristics associated with the particular indirect methed Four
indirect methods were used to determine streamflow at the
selected locations in the seven communities: (1} the slope-area
method, which uses a uniform-flow equation based on channel
geometry, water-surface profiles, and roughness coefficients
(Dalrymple and Benson, 1968); (2) the contracted-opening

- method, which uses the energy equation to compute the drop

12 The Touby Run at Mansfield streamgage was operated from Augnst 1946
to September 1978 A peak flow was also estimated for the July 2, 1987,
event

13 The Blanchard River at Ottawa streamgage is a stage-only station aper-
ated from November 1995 to present. This station is a river forecast site for
the National Weather Service. Historical stage data from before 1995 were
obtained from the NWS Web page (National Weather Service, 2007).

in water surface at bridges or channel contractions (Matthai,
1967); (3} the Manning’s equation method, which uses chan-
nel characteristics and roughness coefficients (Chow, 1959);
and (4} the routing method using a Hydrologic Engineering
Centers River Analysis System (HEC-RAS) mode} to match
the water-surface profile based on high-water-mark elevations
(U S. Army Cotps of Engineers, 2005).

Table 5. Pezk streamflows and estimated recurrence- -interval ranges at selected communities in the flooded area in Ohio,

‘August 21-24, 2007,

[mi?, square miles; f, feet (above streamgage datum}; ft¥/s, cubic feet per second;

>, greater than; N/A_ not available]

Streamflow determined at selected communities by indirect methods

i : Drainage Method for determining Streamflow Estlmate_d
Community Stream area recurrence-inter-
= streamflow {ft*fs) "
{mi?) val range {years}
Blufften Riley Creek 358 Slope-area 10,300 > 500
- Carey Spring Run 351 Contracted-opening 397 > 500
Columbus Grove  Plum Creek 171 Contracted-opening 1,780 100500
Crestline West Unnamed Tributary 529 Manning’s Equation 3,600 > 500
’ to Paramour Creek
Crestline East Unnamed Tributary to 176 Routing method {using HEC- 698 > 500
Paramour Creck RAS), Manning’s Equation
Mansfield Rocky Fork Mohican River 103 Contracted-opening 2,030 > 3500
Ottawa Blanchard River 625 Manning®s Equation 25,600 to > 500
49,400°
Shelby Black Fork Mohican River 304 Confracted-opening 6.340 > 500

! Recurrence-interval estimated from StreamStats (Koltun and others, 2006)

* Spring Run overflowed ifs banks upstream from the contracted-opening site at the Toledo Street bridge An undetermined quantity of that overflow may have
escaped into the unnamed tiibutary to the north, thereby bypassing the contracted-opening site Flow from the unnamed tributary enfers Spring Run approxi-

mately 300 feet downstream from Toledo Street

¥ Range based on Manning’s equations at two different locations
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Recurrence Intervals

The recurrence intervals at each streamgage were esti-
mated by compaiing the peak streamflow of this event with the
gage-weighted streamflow estimates as published m Koltun
and others (2006) For streamgages where record was insuf-
ficient to compute a reliable recurrence-interval estimate and
also for the ungaged sites, recurtence intervals were estimated
by means of Ohio StreamStats (U.S . Geological Survey,

2008). Peak stage, peak streamflow, and recurrence-interval
range for selected USGS streamgages for this flood event are
listed in table 4 {at back of report). For stations on regulated
sireams, a recurrence interval is not given

Record peak streamflow occuired on Touby Run at Mans-
field (station 03130500), Sandusky River near Bucyrus (station
04196000), and Sandusky River near Upper Sandusky (station
04196500) Ihe streamgage at Bucyrus indicated a greater
than 500-year peak floodflow At the Findlay streamgage, peak
floodflow slightly exceeded the 100-year recurrence inter-
val. Peak flows at the streamgages at Mansfield and Upper
Sandusky were in the 50-100 year flood range Recurrence
intervals at the other stteamgages were smaller.

The peak floodflows for the ungaged sites were compared
to estimates from Ohio StreamStats to establish approximate
recurrence intervals for this flood At eight of the nine ungaged
locations, the estimated recurtence interval was greater than
500 years At the Plum Creek site in Columbus Grove, the
estimated recurrence interval was between 100 and 500 years

Flood and Storm Damages Associated
With FEMA-1720-DR

Although it was not possible to determine an exact value
of the damages caused by the ficoding, Ohio Emergency
Management Agency (Ohio EMA) was able to obtain some
estimates of the extent of the damage According to the Ohio
EMA (Drew Whitehair, wiitten commun , 2008), 8,205 house-
holds 1egistered for assistance as a result of this flood. Dam-
ages to public propetty were estinated to be in excess of $290
million. FEMA approved nearly $124 million of assistance
to aid in the repair of both public and private properties. The
Small Business Administration approved an additional $114
million in loans to aid with repair of local businesses affected
by the flooding

Summary

A severe storm swept across northwestern and north-
central Ohio during August 1922, 2007, with as much as
10 in. of rain reported in some areas Rainfall recorded at
some National Weather Service sites exceeded a 1,000-year

recurence interval. Because of the intensity of the rainfali,
several streams flooded homes and businesses in nine com-
munities throughout the area. Eight counties wete declared a
Federal disaster area on August 27, 2007

The USGS located 421 high-water marks and generated
peak flood profiles on 11 streams throughout the nine commu-
nities Peak streamflows, stages, and recurrence intervals were
estimated by high-water marks and/or streamgage data at 30
locations in and around the flooded area, .

The highest peak streamflow of record occurred at three
streamgages: the Sandusky River near Bucyrus, the Sandusky
River near Upper Sandusky, and T'ouby Run at Mansfield The
streamgage on the Blanchard River near Findlay recorded the
second highest streamflow for the 81 years of record Many
of the streatns in the selected communities of the flooded area
had a peak-streamflow recurrence interval of greater than 500
years Damage was estimated by the Chio Emergency Man-~
agement Agency at more than $220 million
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Tables 3 and 4, Righ-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and inundation Maps
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profites, and Inundation Maps

“AJPAT] Te0Q STWIpURT IPISIQATY

12 “110ddns JeipIend pauq 01 3xeu PUN0IS 9A0QE 1Y §1 4 Y0P UO BUI] PasY OU6LL 069°81 BT L oE8" 8L L0 it poop Iy 1Z1
1§ 55017 WIBRIA]

“H €26 78 PUNOIZ 240G 1) £9°T MOASUMOD IDUI0D-1SSMIRION U0 QU] PIYA] LLBLL T06°L1 «1§ (LE oE8- «8CT.Z0 ol MI9[0xY LS L1

OAY WBUETIED) [¢] PUIYaq .
‘TleAL 9AQQE I 88°0 “T#f 19NAS 2TUDI Jo Tejjid 101109-1SESION U0 JUI] PIOg 98°3LL £TTLY «10 BE oE8- «<EE 0 oIT pooD BN €11
8 Aysnpueg

S8 78 "PUNOIT A0GR 1f (T JNONSUMOP JOUIOI~)SIMYINOS UO AT PO3G E6°8LL S61°Ll «10.8E £8- «8T . C0 ol ¥ poon =g L11
PAY UeRILR]) (¢ JO

9PIS 1583 “PUNOIF 9A0QR I £/°T MOPUIM JUSWSSEq JO SPIS JUTLI UO duI] pHpy 98'8LL 6ST°L1 «C0 8E o8- «EE 0 ol¥ 100 IREI) 91
e

LoD §0.L PUIYSQ "W 24002 I [§°T "PAUS SN] JO SPIS 1823 UO SUI] POy 8L'BLL OvL'9l «80 8¢ o£8- «CEZ0oTF  WBE0XT  udny Pl
1§ Avsnpueg

108 J€ "33P1E3 JO 9PIS 1589 O ‘da)s 2A0GR 1f 79°Z “DUIRIIIOOP U0 U] pUjy] LY'8LL £L991 «£0) (8L o£8- LT L0 TP TUR[R0XY ] 811
18 Aysnpueg

£T9 18 "19ABIZ 9A0qR |y £7°¢ Jn0dSUMOp U0 I9UI03 ISSMUOL 10 SUI[ Py PEBLL 8C6°CT 91 8E€ o£8- «9C.Z0o1F  IUD[[20xY 1 611
"3AY S80I

GEG JO SPIS YHOU UO “[[IS SA0GE |J §9°¢ “MODPUIA JO 3Fpa Yol U0 ouy] pnjy PIBLL 065°¢1 «LC 8E oE8- «0E.20 1%  Ws[[a0Xy Sy €11
18 A¥snpueg /(¢

12 "PUNOIZ 0A0GR IJ £§°S 100D 93RI0T (10U JO SUIRILICOP 173l U0 U] PRA] ES8LL alTel 90 8E o£8- «£C.T0 oI¥ Poos T 071
IS S80I1D) UIRAL "3 9t 18 ‘sdwiong [R1ua) Aejpuy] jo Supmq

15944 JO 9PIS 1583 UO PUNOI3 9408 |J /L'y ‘BUIPIS TeI2M U0 SUI[ Py 1S 8LL LE8°HT «1E 8 oE8- «JT20oIF  3US[[e0XY T LOT
“Burping wwiunedaq Surquimg Aejpurg

30 AT1D) 30 SpIS 3589 PUNOIS 2A0QE I G6'T *9URILIO0D OPIS-1YT11 U0 SU| Py 8C8LL 1£8°%1 «CE 8L ot~ <EE Z0olF  WR[POXE gy 801
107 180 pash Yoy B JO apIS Ynos

U0 “TESMODUIM 2A0GE I 67 “OUIRL MOPUIM BT JO 2pTs WBLI U0 SUI[ Py 6T8LL PLEYI b BE L8~ «IT.20.1F  1ua[eaxg oy 901

(88 OAVN ) Buney
Hlew aajem-ybig jo uoneso| pue uondiasag . } uonens JaALE jo wieod aaua apmibuoy apmne L, Hueqg al
W) ionendts -1a31 Woy asuesiq WMH WMH

[99R0Y "S- 5711 2103 21eXG S *DAIEI 10U N 93] Y 886 JO WITEQ]

SIGHIBA UBILIGTIY YLION “3§ (TAV N “J0IIIUSP] AISW-FIBM-USIY ‘(T A H SUCHRIAZIQQ Y "PIOU STAMIAUE0 $Sopm AU SIUANIG I, OIYQ KA [2OZ{090) "§') ) AQ P2KINCD PUE NAIH3[[C0 BIe(]]

PenUNUO]-—'/00T $Z-1Z $$NBNY UO POpaO|} SaNUNWILND Ul SUOKHE30| FA198[3S o) Sylew Jajem-yBiy Jo uaijerslg g ajqe)



‘Teals w07 uo 3neid o1y() Jo 338)g Jo1ssm sl uaunnge
Ureansdn 307 Juall ‘19948 MO 9A0QR IJ ('] *98P1Iq JO 2P 212I0U0D Io

Floods of August 21-24, 2007, in Northwestern and North-Central Dhio

28

woN0g MOFRq 1f £8°() FPLIY §9¢ S JO 19218 MO[ B0 g pnui/paag T8I8L L09°0¢ L& (ST oE8- «C1 20 ol¥ PoOD Sk €91
. 10 22n4A0U0I]
G0TT PUIYRG PUNOIS 24048 1] 79°C ‘PATS JO JWLI0D JSRIULIOU UO U] PAag [CT8L 1EL°6T «65 .CF o8- LT 2061 Jeoxy  Eny (43!
I RO JONBOS |
10¥ PUIRq “oned Jo dajs puodss 240qe 1y 140 ‘dals auots oy U0 dur; pasdg £9°18L . T98T «l1.9€ o£8- «£C L0 oIt ey 3Ny 1€1
W AIYSUAT L0t PULGaq “[is uwogmﬁ (5°¢ 092783 JO usaIds Uo SUK pry 96°08L 168°LT «31 9€ o8- «8C.T061¥  U992XE-  JUFLy] 0tl
18 A PIO 6861
PUB 661 UDIMIRG *PUROIT SAOQR 1] [ ()’ D91 INMTEM HOT]q UG SUF] PR 08'08L FEL9T «£€ .9€ o£8- «¥T Q0 o1 lood wsng 67l
"PUNOIZ 9A0GE | L) *9FRIET JO SWIRITIOOD )]3[ U0 U1 PAS 8T08L €I8°¢T O . 9€ £8- I CQolP 100g W1 8T1
RSEEE O RUL A g |
LUO.] PROJ 50108 *PUNOIT SAOGE I 7/} *IS0dudis jur-paads uo ourf psag T6'8LL £L5ET «80 (LT o£8- LT 0 ol b Toog 2T 14}
. 18 §SOL)
WeN g $Ep [ 18 ‘d0y M012q Y +70 “I00D J3] JO SUWRILIOOP 321 UO BUI POy LT'6LL 6£5°TT «ITLE o£8- «lLT.T0 ol ¥ Poo5H 3] STl
odpriq
J0 93pa UIRanSUMOD Yueq 1391 woif poddns TreIprend yigT uo url prpy LTGLL £¥T1T «VC LE o8- OF 20T peogy o1 €21
*98IN07 J108 UC [IBX USPOOM MOJag
Y L'p *93pLiq Jo 9pis ureaxsdn uo yoddns weaq-f [BATLIA UIXIS U0 UL Py 0c'6ll 85107 «CE LE L8 OE T0 olt UN sy o
15 55010 .
UIBIN "H STE1 18 ‘PUncId 240qe i 197 ‘aurerioop aered 13a7 uo =UIT PnAL LT'6LL 9£1°0T «CE LE o£8- LT.T0 1Y POOLy w1 9zl
U31S —
W] A1E)G MITALIATY JO ISBIHIOS 1§ SSOID) UILA] o 0007 18 YJemapls
8@55.0 SAOQE J ()8'T ‘SALIP INOGEPUNOL LY PIR][O4 ISIY U0 SUT PR 0T6LL 1L0°61 «EF LT o£8- ¥E .20 ol b poon au.q“ e
“HOO[I2A0
21205 18 ‘pUNeId 9A0qE I ¢/ T ‘[[ea SWUIRNSAT UIPOOA 110 DU} pay 90°6LL 008°81 bV LE o£8- 20 oI Saeg W3y 7Z1
w
Qrew sajem-1j61 jo ueneso pue uendiosag {88 AAVN 1aau Jojujod asus apmyibuo apmpeT funey al
) uoneaary - N : - WAMH ued
-Iajal woyg aaue)siq WMH

1910y 5[ S [7 0IN0Y IS YS ‘PRl 10U AN 1991 Y 15861 JO Wl

SIGHIRA WEOLIDWIY tION *3] (TAVN TRINIU2DE MIew-108A-USHY (1) MK SUOIETABINQY DAAOU HSLMINIO SSHTUN JATHIY) JOUSIIG TOIEM, OIY() “Koamg 221301000 "§'(] Y} AQ PANIGWOD puR D2102]}09 B1R(T]

PaNURUD)—£00Z 71z 18NBNY U0 Papooy SamUNWIWOS W SUORLID| pajosjas Jo; syJew Jsrem-UBiy 20 uoeAs| g ajqey



29

"[[EAPEIY 9)910T00 JO PUL THI0U JO 2PIS YUOU

0 U0 o} MOT3g 11 97T IoNIRW ATEpUNOq ABm-j0-JiSiz 93UrI0 U0 ol pnpy £4°S8L 69<°6¢€ 00 FE €8~ <1120 oI poon mary e
1=

1%}

m XOQII $TEIT JO 1580 1T (0§ “§9¢ S JO OPIS 1[UOU UD *[[MPESY LIAND JO

2 doy mor1aq Jf §7°() "MOATND X0Q JO 29D A12IOU0D ISAMUIIOU UO S| PRT/P2aG 81'$8L 695°6¢ 00 FE o£8- <01 .20 oI pooD Wang SEMA
= )

= . .

E XOqUIRUL F1EGT JO ISED 1Y (S “RHS WS JO IPIS INIOU U “[[RAMPRIL 119A]00 JO

= 40} MOT39 I 01"y “PIATND XOQ JO 098] 230I0U0D JSSMUMIOU UO SUY PRUL/PIag LETBL 695°6% 00 FE £8- 01 .20l poon W3 LEMT -
= "ABMAALIP :

H_r Jo 28pz 701589 11 09 *895 WS F1 91 Jo AumaAup Aq ‘99D 1582 Uo *asnolpiq ‘

= Jo wonoq mofaq )y 7z's “Hoddns asnoypsiq unipw-ardmd suy| pnuipeag L198L LES'GE 00 FE o£8" “1T20 617 | Wa(Pxg - W3] OFE
B

&

b ] ) .

S "80T P AL ST19T 38 ABAOATID JO SIPPIUT UL PUNOIT UO FIBUT POAIASA() SLSBL 0T3¢ LT FE oE8- W68 10 TP e PoT 6ET
[F= .

m 80T P AML LIO9T:

= JO 158 17 S01 "30T "PY UM, JO QPPILI U SIBJINS PEOJ UO HIBW PAAIASAQ) 197682 EFL'LE «ZT FE o£8- «BE 10 oIF e JaT or1
=

.ﬂwn "IOUI0D JSIMUINOS JO UUOU 1 £, “ITOA TSI AB[PUL] 10] 2I12N1]S

2 DYRII-IIEM 1B “FUBILIDAQ 21210U0D MOT3q 1T 9670 “[[eM 9121010 U0 oul[ paag 798, )Ty <00 .S€ €8~ 00 .20 11 Jus(9oxyg U 1¥FI1
e

(=]

M_.. ‘896 ¥S LLEST e PUROIT 5A0GR 1 98'T “UIE(] JO LOOP JSEIIIOU U0 2U]] POy IUE8L 866°CE W60 £ o£8- 0120 01% 00d wary CEl
5 _

B

=

£ "PUNOIT 9400 1] 9 INOQE “3al} U0 U} Pasg 06'78L 0LS"EE F1.SE o8- F0.20o1F 1004 o' Thl
£

ey 89S MS SPICT

e PUIRQ "PUNOIT 3AOQE 1] 91" “DIUS [jorm-5ed JO 9PIS 152MY1Iou Uo oul pasg SETRL £85°Z¢ wbT (SE oE§- «30.Z0,1F  Poxy  Wdng FEL
= _ _

(3]

v PUNQIF

= SAOQE Y £1°T "POUS.NOC[G-012I0100 [{EWIS FO SWRIIOOP 9] U0 W] pasg 6E°78L 887°C¢ «F 5€ o£8- «30.20 o1F pooo S| £Fl
|~

“WNSSNA] [EILI0)STE] FOOURH "07) PROI[IY

SPISIGANY T8 “PIOYSIIYL JADGE IF 6°T 100D IOLLIOD 1S9MUMIOU O oc: PN 00'TRL TLOTE L £ € o8- 91200l  WPIXH  udry £El

*100p 3uLpyfs 9311 JO 1SE9 1] 91 1noqe wow P AT, 9506

T “Useg 7O BUIPIS UOPOOM AN MOJq 1f 9.0 “NO0[q SIHOUOD U0 UT P3G 91°Z8L LOSTE B SE oE8- 8020017 poog Yot 9EET
. w
jlew sa1em-ybiy jo voneao] pue nonduosag %a__m.un_uwﬁc 20w Jo yujod asuo apmBuon apmger Huney Jjueg ai
W) ueneas)y “1BJ21 U0 S3UgSI( S WAH WAH

[0 "§'7) 7§11 1AIN0Y SIS NS DRIEI 00 g 9Y IF 9861 JO wayeq

HLINIOA UBIHIBWIY YLION "83 (JAVN JALHIUSDI NIUW-121m-U TN *(T] JALMI SSUCUBIASIGQY "PAICU S81AMIUI0 SSOIm 121020 AIUATIEG I, OIY() *AIAING [EIFO109L) "G’ 24} £ PE[IAWI0D pUE PR)2a{[aa BIE(]]

PENURUOD—'/D0Z "¥Z—1 ISNBNY U PapOO|) SARIUNWILOS LI SLONEID| PRIIB[AS Joj SYIEW Jarem-ybiy Jo uoieAag g ajqer



Floods of August 21-24, 2007, in Northwestern and Narth-Central Ohio

30

I8 SUABM, 60S PUIDQ *90ud] Jiel 1ids Jo jsoddausy 1SOUNIONION Jo

159MmNos 15Nl *prek J0 ISWI0 JO ISIMIIIO “1943] PUNOIS 1B FIBUL PIAIISGO) CE'65L +Z0°S «ZF <E0 o8- T 85 O iR ) Eiesl | OSIT
1S QUARM OZC 3® “Paq YDIMUL Jo ISu
I 8 "IAUP [BIUID JO IPIS YITOS “IALD 91210000 T TWESS 16 NIFW poaIsqQ 0¥ 09L T 9V £0 o8- «£T 5§ 0¥ PCos ey cod1
ICT PURET MOJTIM LTT PUILeq “Poq Afji 1081 , :
'P3q GOUI JO 1589 15[ “SYUNI] 901U} Y3 99T) I9IFUILIP-"UI-8 U0 AUTY SLIGA(] CO'68L 660 08 ;€0 o8- «0E &G 0¥ poog W1 90dT
eld
TUIWIEAL], 9FeMB JO 1OUI0D 1SIMUINOS 18TU DITM PAQIBY JO TONCG MY
~ Y TO'T "20UR] NUIJ-UIBYD 30 ISTHIOD0 ISOMIINOS JO ULIOG 1500 130T UO S} paog T1€19L 660 «8¥ £0 oF8- «CE (56 O peos Wy [45:¢:)
10 991D AW, T1Z PUIYeq UL S)THAL JO ISOMIUIION 1 § STopaay
DI JO 3SaMM1I0U I 7 "PUNOIT DAOE 1J T°E 221} [[BWIS UO SUI| SLIGa(T 60’852 oLsE «£5 £0 18- «S€ CC O0F a1 YT’ Lod'1
) POOMIBLIG SOT 29 $0T US9MI99 10 JUBIBA pUIgaq
'PUNOIE SAOGE I 7' “SUI0U} ABIR] i1 95} ISIOUIBIP-"UI9 U0 SUI STIGA(T 8E°LEL TITE 95 (€0 oF8- Ot 55 o0F | T 3081
-fy1ad0ad (1 POOMTLT ZOE JO JOUI0D S2MYLIOL J8] 18 “HD0]( 210U dA0qE
1 ¥0°T P3Ys USPOOM ARIT [[EUIS JO JAUI00 JSOMULION O QUT| PUTL/PAIE £T9CL §ECT L0 F0 o8~ «l¥ (ES o0F pooLy vy 60d'T
(Y AR(] AUUNG 0] PUE £(§ Ua9)2q : .
307 JUBOBA 83T EY WE *PUNOIR 9A0GR 1] 'S 001} JOINURIP-1f-7'| U0 201 pasg 0L°CCL FLLT 01 .70 18- <LV SS0F  Walpeoxy o1 0rd1
"JIRIpIBNS JSOWYLIOU To 1SBAIIOT I (7 *98p1q
1T PrOY] Woy Jueq JyaL weansdn o *9[od auoyda(a) U0 SUT[ puw/pesy £9FCL LTT «61 #0 o¥8- w57 £C OF POOL) many 11949

(1T proy digsumoy, Jo weansusmop 33 spz Jmod ¢ 03 PIITIINAL SIIUBISIP) O1Y () “AACLE) SNQUINGO) JEIU 9217 W[

‘TreL], MOPBAA UC ‘PUNOIF 2400 1] QT°T Jmoacm._m APIS YHOU U0 Jul[ pajy

95982 91E°0F «] & EE o£8~ «00 2O oI ¥ .4 "1 9¢1
"uleq por
JO U0y U0 “PUNOIS SAOYE 1] §E'T SWELI0OP ado Jo 2pIS 1Y U0 Juny pasg LE'9BL L¥L'GE «8€ £ o8- «£0. 20y JUR[[RoXy L 3t1
‘wieq pal o 3oeq :
1O "YQ0}q 912I0UOD JA0GR JJ (L' *BUILL] 100p-FUIPHS SPIS Y] UO UL padg 61'98L LFL6E «85 £€ o£8- «£0.20o1F poocs) a1 LET
(88 OAVN o Buye [
Jiew sajem-ybiy yo woyeao pue uonditosag o l1ann jojuied soua ~ apnpbuo) apnue’| 2heY Jueg al
}) uonena)y AB181 01} 3DUEYSI(] WMH WMH

TG MLITIOWY YIION ‘8§ (TAYIN - IDIUSPE NIBUI-1918 m-US0 (7] ALK ‘SUORBIAIIGYY "PRIOU ASIMIATIO S521UN 19)IA]) IOUBIOS

(21003 "§'11 ) SN0 aIIS YIS PRI 30U 1 199§ “If S§861 JO W]
Tere, en(y “Kosmg 1BaLF01020) "§°[) AlY Aq PATILLLIOD IR PANIST 0D Bl al

paNUIUO]—£00Z %717 sNBNY U0 pap0O|Y SBRUNWILD U1 SUDBRIO Ps198ISs J0i Sy Jew Jezem-BIy 0 UoneAa|3 g ajqey



31

Tables 3 and 4, High-Water-Mark Location Maps, Flood Prefiles, and Inundation Maps
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Floods of August 21-24, 2007, in Northwestern and North-Central Ohio
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps

"Aeq
99E1e3 JSOUNLIOUINGS JO YUOW 1 /¢ “FUIP|ING JO JUI0D 1SAMIUIN0S ‘Jurprs yo

WI0130q 3A0QE JF T¢*1 “FUIp[ing Paps-Tejaul au|q JO 908F 1SeM U0 U] POy PO TH1°1 £9£°T1 «L¥ 6T o8- ST &Y ol poon Yol £281

POy T[eq SUBLIRAS SI104 IS 18 Sh0TnD 1SOUMII0NSes I0

1SEAUION 3] (p *01d TEYUOZIION WONOA SA0QE 1] Of'¢ “1S0de0Ua) U0 oUTf P 00" H1°T SI9°TE «8E 6T oT8- WOT Sholb  JD[POXY Yo Z4:1

“BUPODIAL OJNY "SOLE JOYINT 1 "SI 100198 YA JO 1SRIIN0S JOT JO JBal

3uole “punold 9A0GE I [p 9913 POOMUCN00 ISRUIMIP-Y-G'Z U0 SUI PRA SO'SE]'T 96 «ET 6T oT8- W0 SVoTh  MOIPOXT  yer| sTal

DAY
SI0UTT] UC 107 QUOIS-1INWG F0 33p9 1594 JO 180M 13 (9 307 (9421 Jo Jawiod

1S9MULI0U “PUNOIT JAOQE )] §'T 991} POOMUON00 JA)QUIRIP-3§~Z UO SUI] PNIA SELETT 996°8 91 6T oT8~ «C0 SFoll e, W3 [§4: 08

"BUIPIING JU0IG-)THINUIY JO ISIOD 1SIMULIOT 18 1nodSTMOp

pISaq "aALIP 21010009 9A0QR 1] £°Z "0 # £8q FuIpLo] 3PIS YaT Uo au| pujy 860¢1'T 679°8 01 6T oT8- L0 SFolf  WWPOXY BN (44581

"3FPIIG "9 STOUL[T 12 ‘[[es TUiM JO I9WI0D 1S9MUI0U

“TIem FuThs JO doj M019q 1 9E°0 reas Surm T wesnsdn uo aurf pry 95 9E 1] FO1°8 «F0 (6T oT8" «F0 SPoly  WWR[RIXY =T LTHT

"98PLIq "PAY SIOUT[[] 1B “JUSUNNGE JO 98D5 JO Mo yJ ¢

91219009 JO d0} URY] JAMO] Jf §°() JUOUDNQE JOT WRANSUMOP UO OUI PR 9EOE]'T LSO'S «£0 67 T8 O SPoly  WRIROXT  YeT  97eT

UT AI0NDIH TEG I8 “9SNOY PUL AL JO 93D2 UnaMIa ARMI[EY DATID Jo a8pa
J89M J0 159M )] § “PUNCIE 2A0GT Jf /() “991 WBO 1AJSUIBIP-1J-£ UG Ul pajy IFCELT 8TOL «L§ 8T o8

W0 SFolF Ieg g O£l

201 NUNAHNU AYSNG JO 189M I § “NIR]J FUSTIRAL], 35emag 18 ayorlg

S9USJ 1T PAGIE] JO WON0A MOTIQ I 9¢'T 480 20USJ [BOTHA UG AU PAN LO'SEL'T 0589 9S 8T 478" £S5 b¥oly P00 udny  szaw

. "150d20U2] 1SBAYINOS
1S0W JO 3STAYINOS IF £ *9AMD JO ISEIINOS U AIONOIT] 60T # XOQ[Ieur woly

SSCIIR PUNGIE 2A0GE 3J $¢7() 990 Y993q PAIA0D-AAT-UOSIOd WL OUK PUN SLHETT FLS™9 ol .87 oT8- WBS FFoTt e PoT 1ed1
B[] Juauneal], 95emMas Jo prol '
3214425 PIRY 3PS FUOTe ‘PUNCIE 2A0QR I () 931 PAABYS-A U0 SUI| PN 86 ECET LIS «8€ BT o8- ¥ FF ol ¥ 100 Wany 6T
98PLIY 6E S :
1 "912.10U00 MO MO13q I $'Z UStMNgE J3LL WILNSAN UO DU PIULPISS  Le'/71'T LT WS LT oT8- LTI ol poon Wany [AX:1I

(peoy seanTy/ 6¢ 9oy 2eis Jo weansuMop 3 Le7 Jmod & o) padnaIeyal §90UEISIP) OIYQ ‘PRYSUELY Aeou TIAN UCHYOTAT HI0T A0y

: i
Arew 1em-4Bry jo ueneao pue uondisasag Epwcﬂ_”_www_ saap jo unod sata apnjiburoq apnye] Aubey Jueg a
}) uonens|y I p— . WMH IWMH

[SINOY 81 L IN0Y 2BIS NS TPAIRI 30U YN 193] T §86] JO W]

PISHISA TESLIUNY ULON "§Y (JAVN “JOUNUSP] SIet-io1es-uS1y ‘(T WM H SUOHEIAIGYY ‘PRI0U ASTAIS0 SSIIUN JOIUTy a3UANDG 53R OIY() ASAING TEAIFOI090) SN AU} AQ PAfIdIIOD PUE PAIOAT[OD ElEcy|

PBNURUOY—100Z '¥Z~1Z 3SNBNY UD PapoDy SanIUNLIWOI Ul SUBIEd0| Palasias Joj SYIBW Jajem-ybiy jo Uoheaag g o[ger



Floods of August 21-24, 2007, in Northwestern and North-Central Dhio

36

"0dpIIq 118 2duwIg)
1e JUAUNNGR 10 WEIISUMOP 1 ¢°Z “Tlea Sutm Jo dog s015q 3T 11°9 ‘Gurjoo;

FIRISU0D O 403 24048 I 90°T less Fulsm JUSII WesNSLMOP U0 211 poag 91'9v11 GLELT : «VE OF o8- «55.CholF WB[[ROXy  udny LOET
"A193eq] S, JAPTAUNDS 10 JSEAYINOS IUI0D JSEATfIoU
TuIpLs JO WoPOY SA0AR 1f ££°T “TUIP[ING [PIOW SUYM U U PRLYPIDS £ 'OpIT T1£0°L1 <€ .0F T8 LS SPolt  TW(POXT B o1y
1§ UBMIMAN (0$T 18 “BUIpjing Iedai-one ¥o0[q-aja1aod . ,
SHYM JO TEol Ul “PUNOIE 340G 1f g9 [ *AUOJS UONBPUNOY U0 SUT[ Pyl 9Z'Ch['T . 6v6'91 8T Ot oT8~ «F& Sl ol Hed el LTHT
"9TPLIO 1§ LRIIMAN] T8 It $3pLg 21910100 Jo dol moraq :
Y £€°7 "01910U0D M0[ 340G f 66°] ‘WaUNNQE I UBSIISUAOD U0 2T Pasg LECFLT 616°91 «6T 0 o038~ «& SV ol PoOD ManT GOERI
"28pLIq 118 sukem JO UBImNGE YT WIEANSUALD : .
T8 X0 M8 10 X0 dOIp 212I5U00 JO 0BJ ISEIYIION UO OUI| PRUYPISE 82 ] €LE°91 «ET 0 o T8~ 08 SF oI ¥ pooLy ARy 11T
. 5
QUARAY (00T 1B ‘FUIPIING YLIG P21 JO IAUI0D JSEOUINOS JuIT T00p yZnoaupiesm
P g dats 91010000 30 doy 440139 J T'T Y2104 210000 10 SUTPIN 6T FLT 001°91 81 0€ T8 «08 S¥olt  3U[POXY 2T 9141
"9AY DAE JO U3nos 1sTl “FUIP[ING JO I9ILI0D JSESYINOS TET “PIOYSAIL] . :
1991 JO 01 8A0GE 3 85'() "SUIPIS [9208 PAZILPAIET JO 2OBLISEA WO BW[ PO 78" EHT' FS9s1 «E] .0€ 58" bF Stolt  MWR[[PXY Ly S1e1
“EILIDUIY SSOTf ANOWIS (€ MS) IS UYL "5 0TE 18 “SI00p Juolf
SSE[3 JO SPIS 1523 18] *31240U0D 2A0GR I §°1 ‘SUIRL] J0OP JyB1L U 3ut] pnyy I8°EFT'T 1851 VL0 oT8- <FFLFolf  0oEOXE WSy [483L:]
DAY
pre o Sued|jeq vaddey, 1 ‘siaprea 1was Jo ynos ‘SIaYoRa[q SUTOSEq-pI) .
H99M19Q "odId JO 01 MOT3Q I £ “adid TEIOU ISPOUIRIP-"UI-G U0 OUI| PRIl 92" EpT°T LOE'ST «80 .0€ oT8" WOF Stoly  WR[PIXY Lyl FIHT
28PIIq T S JO “ISUNNGE 91910100 AR Jf Z]'( NP
19210109 JO UION0Q M0T13q I CE°Z ‘TIBm FuIM JuFix weonsdn uo sUI pajy 72 Z7H1°T 68C°11 «C0 0F oT8- «CF L¥ ol e wsry E1E
. “pIeng
TBUONEN 9] 1O BaIB PAOUS] JINO I8 “30Ua] JO ISUL0D JSBANOS ISOUT “ayoBIq
4144 PRUIEQ JO U010q MOT0q I £]°T IS2MYHOU 1S0ddoU] PIi) U0 Iu1] PRjA ILTPT'E 188°€C1 «08 (6T oC8" «9€ SFolF 19Oy Judry ST
-98pLq 1SeY 0AY NIBJ WOIY WBISUAOD :
Y 05 1n0qe "punaId 2A0GE 3 £0°1 *325] JSNI0] PACLYS-A B U0 SUI] Pajy TLTF1T $66°CT «P§ 6T o8- 8T SF ol ¥ poon WER 6Ll
"BAIY SOUBUIUIEIA] .
PIRUSIRIA 70 A17) 18 ‘donporiq 1o 93ps 1582 107 Supped J0 JBUI0D JSBAYINOS :
“punoud a40aw 33 £0'1 J5eMyirou 150d [reipaend ypnoj o suyp pnjy - 60 1711 LSSTL 5 6T oL8" «5T ST ol¥ poofy Wang 0zay
i W _ _
yrew sayem-ybiy jo uonesof pue uondussaq t“w__moﬂwwha Jana joyuod asue apmibuo apmne Huney jueg a
A aaueysiq WMH WMH

[0 "§'(] 'S 0y SE1 Y AR IOU N F33F W G8GT F0 WHIEQ

OIPRISA, UBSIIZY ULION "§§ (JAVN “TOUIIUAPT XIRW-IeM-UT1Y “(I] AMEL (SUOTETAIGQY ‘Daj0y ASIMIIO SS2UR L3313]) AOUIOG 10TBAY OTU() ROAINE [2OIZ01000) “§'[) O £q PaqIdmog pue PR3 BIR(]]

P8NUNLAZ—'7007 ‘b7--1Z 35BNy uo papooy) sagunwwos ui SUQNEI0| Pa1a8|8s Ja) syiew teem-Biy Jo uonesry g ajqer



37

"€1 |S punoqmnos 1040 33pTiq ¢ S} Jo 1aid

JSOMTINOS JO IPIS HINOS U0, PUNOIT 9A0qE I 16} 491d 91910002 w0 ouI] PrJA] 09°0ST°T 16422 «16 0€ T8~ «I¥ OF olb  JUS[[RIXH T Sl
"BAY 431ASUOT ‘M (9 17 BUIPING sa1B0[0UYA], [0NUO) WIOISHT)

uo ‘puno1d aAoqe i 11 ‘Hoddas Joor Iau102 semuypou U0 dulf pRjA | LT9TT «C0 1€ 008" «HE O ol ¥ pooH WEnR ¥01
uonnaqInsICr S29

JO 9p15 UINOS “PUROIT 3A0GR 1Y £ ¢ "dwWLI00p aFeIed 1F11 vo ouly paog 9 0sT'T LTHTT «F6 08 o8 «LE O I¥  TURMRONY HeT 01
DAY MATATUOT ‘A L§ 18 “oul ‘Fuin ooy [#ieN

MIIABUO7] I ‘PUNOIT IACGE I GS'T “0URIUS JO [[BAL 1331 OPISUL TO AUI] Py 050511 9ETT «00 1€ o8- <LEGFoly  AEY  wEnI €01

“Burp[Ing (SI9[181} *0u “[RUOIEILINUL ZILIOA] .
JO 9PIS 1882 U0 DAOIIE 11 "PUNCIT 0A0AR IF 7E'7 “BUIPLS TEI91U U0 2uT] PAsg 967051°T 0£8'1¢ 05 0F oT8" «EE.OF olF  JUS[[ROXH w1 10F

"8piIq €1 Y Jo aps W ureonsdn JuoTKNGY JuFH woLy 150d Py

PUE PU029S UGIMIAG ‘PUNOJT 9A0QE If 66T "[IRIPIENG JO HOBA UO OWI PAdS 0E0GT'T POE°TT «ZS (0 078" 8T OP.lb  PooD  wER 001

(€1 9S) 18 UIEA 909 12 101 SUISONOY] U "ue] Jo doj mo19q

Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Floods of August 21-24, 2007, in Northwestern and North-Central Bhio
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Floods of August 21-24, 2607, in Northwestern and North-Central Ohio
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Tables 3 and 4, High-Water-Mark Location Maps, Flood Profifes, and Inundation Maps
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Tables 3 and 4, High-Water-Mark Lacation Maps, Flood Profiles, and Inundation Maps
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Tables 3 and 4, Bigh-Water-Mark Location Maps, Flood Profiles, and Inundation Maps
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Foods of August 21-24, 2007, in Northwestern and North-Central Ohio
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Floods of August 21-24, 2007, in Nerthwestern and North-Central Chio
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EXPLANATION

Extent of flooding on the main stem of Riley Cresk
based on high'-water-mark data {areas afohg tibutarfes
to Ritay Creek may have experierced more flocding than
shown an:the inundation map)

Figure 26. Estimated floed-inundation area for Riley Creek in and near the village of Bluffton, Ohio.
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Extent of flooding &n the main stem of the“Sandusky River
based on Bigh-water-mark dita {areas along triblitaries to
the Sandusky River may have experiencad more-flaoding

than shown an the inundation map)

Figure 27, Estimatad flood-inundation area for the Sandusky River in and near the city of Bucyrus, Ohia
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Extent of flooding on the main stem of Spring Run,
basad an high-water-mark data (areas along tibutaries
to Spring Run may have experienced rnore'ﬂnoding than
shown on the inurdation map)

Figure 28. Estimated flood-inundation area for Spring Run in and near the village of Carey, Ohio
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==+ Extent of flooding on the main stem of Plurn Creek,
based on high-water-mark data {(areas along iributaries
fo Plum Creek may have experienced more flocding than
shownon the inundafion map)

Figure 29. Estimated flood-inundation area for Plum Creek in and near the villa ge of Celumbus Grove, Chio
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Extent of flooding on'the main stems of east and west
unnamed trbutaries of Paramour Creek, based on high-
watar-mark data {areas along tributaries o these tributaries
of Paramour Creek may have experienced more flooding
fhan shown cn the inundation map)

Figure 30, Estimated flood-inundation area for east and west unnamed tributaries of Paramour Creek in and
near the village of Crestline, Ohio, '
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Extent of floading on the main stem of the
Blanchard River. based on high-watersmark
data {areas along fributaries fo the Blanchard
River'may have experienced more flooding
than shown on the inundatian map)

Figure 31, Estimdted flond-inundation area forthe Blanchard River in and naar the city of Findlay, Ohio
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Extent of flocding on the main stems of Rocky Fork Mohican River

and Touby Run based on high-water-mark data {areas along fributaries
e Rocky Fork Mahican River and Teuby Run may have experienced maore
fleoding than shown on the inundation map)

Figure 32, ~Estimated flood-inundation area for Roeky Fork Mohican River and Touby Run in and near the
city of Mansfield, Ohio.
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EXPLANATION

Extent of flooding on the main stem of the Blanchard
River, based an high-water-mark data.{areas along
tributaries to the Blanchard River may have experienced
more flooding than shown on the inundaticn map)

Figure 33. Estimated fiood-inundation area for the Blanchard River in and near the city of Ottawa, Ohfo.
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Figure 34, FEstimated flood-inundation area for the Black Fork Mohican River in and near the city of Shelby, Ohio.
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Figure 35, Location of selected USGS streamgages, with recirrence-interval ranges, in and around the
designated disaster area for the flood of August 21-24, 2007,







