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Abstract 1

Floods of June 28–29, 1998 in Ohio
By G. F. Koltun 

ABSTRACT

During a 96-hour period extending from 
June 26 to June 30, 1998, a stalled frontal system 
produced a series of storms that dumped 10 inches 
or more of rain on parts of Ohio. The storms 
occurred at the end of a relatively wet month, 
resulting in flooding and widespread damage 
throughout much of central, east-central, and 
southeastern Ohio. Twenty-three Ohio counties 
were declared Federal and State disaster areas as a 
result of the storms and flooding with an estimated 
economic impact of nearly $178 million. Twelve 
storm or flood-related fatalities were reported. 
Flooding was most severe in the Ohio counties of 
Guernsey, Noble, and Washington, which lie 
roughly along a north-south line coincident with 
the band of heaviest rainfall. Some streams in 
those counties had peak streamflows with esti-
mated recurrence intervals in excess of 100 years.

This report describes the meteorologic fac-
tors contributing to the floods and provides infor-
mation on the resulting damages. Peak-
streamflows, estimated recurrence intervals, and 
high-water elevation or stage data are reported for 
selected locations in the State.

INTRODUCTION

Storms during June 26–30, 1998, resulted in flooding 
and widespread damage throughout much of central, east-
central, and southeastern Ohio. A total of 23 Ohio counties1 
were declared Federal and State disaster areas, thousands of 
people were evacuated, more than 100 roads were closed 
because of flooding, and tens of thousands of people were 
without power. Twelve people died in Ohio as a result of the 

storms and flooding; six of the deaths occurred in Noble 
County alone. Several of the communities that were severely 
affected by the June 1998 floods had endured severe flood-
ing only 18 months earlier (Jackson and others, 1997).

Flood data are needed by Federal, State, and local 
agencies in order to make informed decisions about flood-
plain management and to provide information to assist in 
managing future flood emergencies. Given the extent and 
severity of the June 1998 floods, the U.S. Geological Survey 
(USGS), in cooperation with the Ohio Department of Natu-
ral Resources (ODNR), Division of Water, began a project to 
gather and describe pertinent flood information. 

Purpose and Scope
This report describes the floods that occurred in Ohio 

in late June 1998. Peak-streamflow, estimated recurrence 
interval2 and (or) high-water elevation or stage data are pre-
sented for selected locations within the State. The meteoro-
logic factors contributing to the floods are described, and 
information is provided on the resulting damages. 

Acknowledgments
This report represents a compilation of information 

supplied by many agencies and individuals. The author 
acknowledges the general support and contributions of the 
ODNR, Division of Water. Special thanks are extended to 
David H. Cashell and Michael Schiefer, both of ODNR, for 
their contributions to this report describing damages and ele-
vations of high-water marks. The author also thanks Julia 
Dian-Reed and Richard Kane of the National Weather Ser-
vice (NWS) for their contributions and guidance on the 
meteorology associated with the floods.

1Two counties were declared disaster areas as a result of 
storms that occurred on June 24–25, 1998.

2Recurrence interval, in years, is equal to the reciprocal of the 
annual exceedance probability for a flood of the given magnitude. 
It represents a long-term average frequency with which one would 
expect to experience a flood of the given magnitude and, as such, 
does not preclude the occurrence of two or more large recurrence-
interval floods in any given shorter time span.
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METEOROLOGY ASSOCIATED WITH THE 
FLOOD

The storms that produced the June 1998 floods were 
similar to the storms that produced severe flooding in south-
ern Ohio 18 months earlier, in March 1997. Both storms 
involved frontal systems that stalled over Ohio with mois-
ture-laden air being supplied from the Gulf of Mexico. 
Unlike the March 1997 floods, the June 1998 floods were 
immediately preceded by a fairly wet period that may have 
contributed to the severity of the floods.

Antecedent Conditions
May 1998. Precipitation for much of Ohio was below 

normal3 during May 1998. The National Oceanic and Atmo-
spheric Administration (NOAA) divides the State into 10 cli-
matological divisions. As shown in figure 1, the northern 
divisions experienced significantly below-normal rainfall, 
the central divisions experienced moderately to slightly 
below normal rainfall, and the southern divisions experi-
enced slightly above-normal rainfall. 

June 1998. Rain fell at some place in Ohio on every 
day in June. Light, scattered showers fell during the first 
week of the month, with maximum total accumulations of 
less than 2 in. Most NOAA precipitation monitoring sites 
reported less than 1 in. of accumulation for the same period. 
Storms were common throughout June 9–17, during which 
many of the NOAA precipitation monitoring sites reported 
one or more single-day accumulations of rainfall in excess of 
1 in. More rain fell around the State during the period June 
18–25, with total accumulations for the period generally 
being much less than for June 9–17. As figure 1 shows, pre-
cipitation for June was above normal in all 10 NOAA divi-
sions and in excess of 230 percent of normal in the three 
southern divisions. According to Cashell (1998), June 1998 
ranks as the second wettest June for the State as a whole 
since 1883.

Storms of June 26–30, 1998
On Thursday, June 25, 1998, a weak low-pressure 

system was positioned over the western Great Lakes and a 
trailing cold front was positioned across Wisconsin, Iowa 
and eastern Nebraska. Warm, moist air was being carried 
from the Gulf of Mexico to Ohio by strong winds from the 
southwest. By 8:00 a.m. on Friday, June 26, 1998, the low-
pressure system had moved east, and the trailing cold front 
was slowing down and dipping farther south across central 
Michigan to northern Illinois. The first heavy rainfall 
occurred in east-central Ohio between late Friday afternoon 
the 26th and early Saturday the 27th. By Saturday morning, 

the cold front had progressed farther to the south-southeast 
and became nearly stationary. At that point, the frontal 
boundary ran from northwestern Ohio to southeastern Ohio. 
This nearly stationary frontal boundary acted as a corridor or 
focus for a series of showers and thunderstorms, a phenom-
enon known as “training”. When training occurs, rain falls 
repeatedly over the same general areas, frequently aggravat-
ing flooding due to highly saturated ground conditions. 
Depending on the size and conditions at the frontal bound-
ary, training can last for 24 hours or more and cover several 
hundred square miles, or it can occur on a much smaller scale 
and last only a few hours.

A frontal boundary is an area where warm and cool air 
collide; such collision can result in lifting of the warm air 
mass and instability along the front, creating thunderstorms. 
In some cases, secondary, smaller scale frontal boundaries 
(called surface boundaries) form, resulting in scattered areas 
of even greater instability. During June 26–29, 1998, several 
surface boundaries formed in southeastern Ohio, as well as 
in some sections of central Ohio, resulting in several training 
episodes.

A surface boundary formed south of the front by late 
Saturday (the 27th) and moved southeast, causing more rain-
fall. The largest rainfall amounts occurred between June 27 
and June 29, with more rainfall occurring earlier in the 
period for areas in the northwest and later in the period for 
areas in the southeast. Storms continued through June 30, 
however, most areas received 0.5 in. of rainfall or less from 
these final storms.

Isolines4 of total accumulated precipitation for the 
96-hour period from 8 a.m. eastern daylight time (EDT) on 
June 26, 1998, to 8 a.m. EDT on June 30, 1998 (fig. 2) show 
that Guernsy, Morgan, Noble, and Washington Counties 
received the most rainfall, with accumulations in excess of 
10 in. By comparison, the 100-year, 5-day (120-hour) rain-
fall for this area is 6.98 in. (Huff and Angel, 1992).

A fairly isolated pocket of heavy rainfall also 
occurred in southwestern Franklin County and northwestern 
Pickaway County, with accumulations in excess of 9 in. The 
heaviest rainfall occurred in the Franklin-Pickaway County 
area during the early morning hours of June 29, 1998, when 
very unstable air along a surface boundary combined with 
very high moisture within the lowest layers of the atmo-
sphere. The prevailing conditions set up a training pattern 
that resulted in 5 or more inches of rainfall over the area in 
less than 6 hours, an amount in excess of the 100-year, 
6-hour rainfall for that area (Huff and Angel, 1992).

3“Normal” refers to the average value for the period 1961–90.

4Isolines are lines on a map (or chart) with each line repre-
senting a constant value of some feature.
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Figure 1.  Regionally averaged monthly total precipitation and percentage of normal precipitation by 
National Weather Service Division, May and June 1998.
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Figure 2.  Isolines of total accumulated precipitation for the 96-hour period from 8 a.m. eastern daylight 
time (EDT) on June 26, 1998, to 8 a.m. EDT on June 30, 1998.
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In addition to heavy rainfall, the storms frequently 
produced high winds and lightning. Many times storms that 
produce flash flooding are associated with an atmosphere 
that possesses very weak winds aloft. In this case, however, 
winds were rather strong aloft, resulting in occasional down-
burst straight-line winds and tornadoes. Additionally, these 
storms were very electrically active, producing significant 
cloud-to-ground lightning.

GENERAL DESCRIPTION OF THE FLOOD

The following sections provide information about the 
damages resulting from the June 28–29 storms and floods 
and their areal extent. Flood information is also provided for 
selected sites, streams, and (or) communities where specific 
flood-related data were collected. Many more communities 
and streams were affected by flooding than are mentioned 
here and their omission is not meant to reflect on the severity 
of those floods or the impact on the communities.

Areal Distribution of the Flood
The June 1998 storms caused flooding and other dam-

age in much of central, east-central, and southeastern Ohio 
and in parts of northwestern, north-central, and central West 
Virginia. Flood and storm damage was sufficient to make 23 
counties in Ohio (Athens, Belmont, Coshocton, Franklin, 
Guernsey, Harrison, Holmes, Jackson, Jefferson, Knox, 
Meigs, Monroe, Morgan, Morrow, Muskingum, Noble, 
Ottawa5, Perry, Pickaway, Richland, Sandusky5, Tuscara-
was, and Washington) and 21 counties in West Virginia 
(Braxton, Cabell, Calhoun, Clay, Doddridge, Gilmer, Harri-
son, Jackson, Kanawha, Lewis, Marion, Marshall, Ohio, 
Pleasants, Ritchie, Roane, Tyler, Webster, Wetzel, Wirt and 
Wood) eligible for Federal disaster assistance (fig. 3). Flood-
ing was most severe in the Ohio counties of Guernsey, 
Noble, and Washington and the West Virginia counties of 
Jackson, Kanawha, and Wood. All six counties lie roughly 
along a single north-south line coincident with the band of 
heaviest rainfall.

Flood Stages, Streamflows, Recurrence 
Intervals and High-Water Elevations

Peak-stage and peak-streamflow data for the June 
1998 floods are listed in table 1 for selected stream locations 
in Ohio. Also listed are the maximum known stages and 
streamflows at these same locations prior to 1998 and the 
estimated recurrence-interval ranges for the June 1998 

floods. The estimated recurrence-interval range was deter-
mined by comparing the peak streamflows to tables of peak 
streamflows and associated recurrence intervals computed 
from either (1) all available peak-streamflow data for the 
location using the Interagency Advisory Committee on 
Water Data (1982) guidelines for determining flood fre-
quency, or (2) a regional regression equation for estimating 
flood-frequency data, developed by Koltun and Roberts 
(1990).

Peak streamflows for the June 1998 floods were 
determined either by use of standard USGS techniques for 
streamflow data collection and processing (Rantz and others, 
1982) or by indirect means. Indirect determinations of peak 
discharge were made at four locations by the USGS. The 
slope-area method of determining peak discharge (Dalrym-
ple and others, 1967) was used at three of the locations and 
the contracted-opening method (Matthai, 1967) was used at 
the fourth location. Both the slope-area and contracted-open-
ing methods for indirectly determining peak discharge 
require that high-water marks be located and surveyed. Data 
gathered for indirect determinations of peak discharge dis-
cussed in this report are on file in the USGS, Water 
Resources Division district office in Columbus, Ohio.

The ODNR, Division of Water, identified and sur-
veyed high-water marks after the floods at selected locations 
in Athens, Guernsy, Knox, Morrow, Muskingum, Noble, 
Perry, Tuscarawas, and Washington counties. Third-order-
accuracy surveys were run to determine the elevations of the 
high-water marks reported in table 2.

Significant effort was expended during and after the 
floods to document peak streamflows on selected streams in 
the flood-affected areas. Details of some of those efforts are 
presented below for Duck Creek, Federal Creek, Hellbranch 
Run, the Little Muskingum River, and Wills Creek.

Duck Creek (Washington County) — Many commu-
nities that border Duck Creek and its tributary streams (such 
as Belle Valley, Caldwell, Elba, Lower Salem, Macksburg, 
and Whipple) experienced severe flooding during June, 
1998, resulting in fatalities and extensive property damage. 
The USGS indirectly determined the peak discharge for 
Duck Creek by means of the slope-area method at a location 
approximately 7.7 mi downstream from the confluence of 
the East and West Forks of Duck Creek, in the community of 
Whipple (fig. 4). The slope-area calculations were based on 
data collected for about a 1,700-ft-long stream segment 
whose upstream end was approximately 200 ft downstream 
from the confluence of Whipple Run and Duck Creek. The 
peak streamflow calculated for Duck Creek is 41,600 ft3/s 
(table 1). No streamflow data have been collected on Duck 
Creek from which to make a direct estimate of the flood 
recurrence interval; however, an estimate derived from the 
most current regional regression equations for estimating 
flood magnitude and frequency (Koltun and Roberts, 1990) 
indicates that the recurrence interval for the 1998 flood was 
greater than 100 years.

5Damages to Ottawa and Sandusky Counties occurred on 
June 24–25, 1998, primarily as a result of high winds and a tor-
nado.
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Federal Creek (Athens County) — The Village of 
Amesville (figs. 4 and 5) has experienced several large 
floods this century including three large floods since 1963. 
Mayo and Webber (1969) stated that in March 1963, water 
was 7 ft deep on the main street (presumably the present 
State Route 550) and that a flood of similar magnitude 
occurred in the early 1920’s. Severe flooding occurred again 
in March 1997. Flood levels in 1997 were reported to be 
about 6 ft lower than those in 1998 (Federal Emergency 
Management Agency, 1998), indicating that the flood of 
1997 reached levels somewhat higher than the 1963 flood. 
The flood of 1998 is the flood of record, with peak flood lev-
els in the Village of Amesville exceeding 1963 levels by 
about 7-8 ft.

The USGS indirectly determined the peak discharge 
for Federal Creek by means of the slope-area method. The 

slope-area calculations were based on data collected for a 
stream segment beginning about 1,500 ft downstream from 
the confluence of Federal Creek and McDougal Branch and 
extending downstream approximately 9,800 ft. The peak 
streamflow calculated for the Federal Creek stream segment 
described above is 31,800 ft3/s (table 1). No streamflow data 
have been collected on Federal Creek from which to make a 
direct estimate of the flood recurrence interval; however, an 
estimate derived from the most current regional regression 
equations for estimating flood magnitude and frequency 
(Koltun and Roberts, 1990) indicates that 1998 flood was 
considerably in excess of a 100-year flood.
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Figure 4.  Selected east-central and southeastern Ohio areas affected by storms and (or) flooding in 
late June 1998.
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Hellbranch Run (Franklin County) — Hellbranch 
Run, a tributary to Big Darby Creek, drains about 37.7 mi2 
in southern Franklin County (fig. 6). The USGS has operated 
a streamflow-gaging station on Hellbranch Run near Harris-
burg, Ohio (station number 03230450), since October, 1992. 
Floodwaters prevented USGS crews from reaching the gage 
during the peak of the flood on June 29, 1998. The apparent 
magnitude of the flood relative to previously measured 
streamflows required that the peak discharge be determined 
indirectly. 

Conditions at the streamflow-gaging station were not 
suitable for an indirect determination of discharge. Conse-
quently, the peak discharge was determined indirectly by 
means of the contracted-opening method (Matthai, 1967) at 
the Beatty Road bridge, approximately 2.1 mi north of the 
gaging-station site. The peak discharge determined for the 
Beatty Road site was transferred to the streamflow-gaging 
station site by means of a drainage-area-ratio-based function. 
The peak streamflow calculated for Hellbranch Run near 

Harrisburg is 3,180 ft3/s (table 1). The streamflow-gaging 
station on Hellbranch Run has not been in operation long 
enough for reliable computation of flood-frequency informa-
tion; however, estimates based on regional regression equa-
tions developed for Ohio (Koltun and Roberts, 1990) 
indicate that a flood of that magnitude would have a recur-
rence interval of between 10 and 25 years.

Daily suspended-sediment discharge has been deter-
mined for Hellbranch Run near Harrisburg since October, 
1992. The streamflow-gaging station is equipped with a 
pumping sampler controlled so as to collect water samples at 
every 0.5 ft of rise in the water surface and at every 1.0 ft of 
fall in the water surface. Samples collected by the pumping 
sampler were augmented by samples collected by USGS per-
sonnel (once they could reach the site). The suspended-sedi-
ment load for June 29, 1998 is estimated to have been 4,420 
tons and represented more than half of the suspended-sedi-
ment load passing that site during the entire 1998 water year.

Photograph by Demitrios Prokos (reproduced with permission)

Figure 5.  Aerial view of flood waters at the confluence of McDougal Branch and Federal Creek in the 
Village of Amesville, Ohio (view looking northeast).
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Figure 6.  Selected central and south-central Ohio areas affected by storms and (or) flooding in late 
June 1998.
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Little Muskingum River (Washington County) — 
Peak-stage and peak-streamflow for the June 1998 flood 
were the largest recorded during systematic operation of the 
streamflow-gaging station on the Little Muskingum River at 
Bloomfield (fig. 4 and table 1) and may have been the largest 
to have occurred this century. Prior to the 1998 flood, the 
March 1963 flood was considered to have been the largest 
since 1913. Data are insufficient to ascertain whether the 
1998 flood magnitude was greater than the 1913 flood mag-
nitude at this site.

The streamflow-gaging station on the Little Muskin-
gum River at Bloomfield, Ohio (station number 03115400), 
was unreachable during the flooding; consequently, the 
USGS indirectly determined the peak discharge for the Little 
Muskingum River at Bloomfield by means of the slope-area 
method. The slope-area calculations were based on data col-
lected for a 2,353-ft-long stream segment whose down-
stream end was approximately 28,200 ft upstream from the 
gage in the community of Rinard Mills (fig. 4). The peak dis-
charge determined for the Rinard Mills site was transferred 
to the streamflow-gaging station site by means of a drainage-
area-ratio-based function. The peak streamflow calculated 
for the Little Muskingum River at Bloomfield is 32,300 ft3/s 
(table 1).On the basis of an analysis of peak streamflows 
using the Interagency Advisory Committee on Water Data 
(1982) guidelines for determining flood frequency, the recur-

rence interval for the June 1998 flood is estimated to be 
greater than 100 years.

Wills Creek (Guernsey County) — The City of Cam-
bridge and the Village of Byesville were severely impacted 
by flooding from Wills Creek (figs. 4 and 7). The USGS has 
operated a streamflow-gaging station on Wills Creek at 
Cambridge, Ohio (station number 03142000) (fig. 4), since 
May 1937. A gage was also operated during the period June 
1926 to September 1928. Senecaville Lake, located on Sen-
eca Fork, a tributary of Wills Creek, has regulated stream-
flow in Wills Creek at both Cambridge and Byesville since 
about 1937. The U.S. Army Corps of Engineers operates the 
dam on Senecaville Lake principally for flood control and 
was not releasing water from the dam during the peak of the 
flood. However, on June 29, 1998, water levels in Senecav-
ille Lake came within less than 1 ft of the spillway crest and 
eventually reached a record peak level of 842.39 ft above sea 
level (0.17 ft lower than the spillway crest) on July 3, 1998 
(Gary Mankin, U.S. Army Corps of Engineers, written com-
mun., 1999). 

On June 29, 1998, the streamflow-gaging station on 
Wills Creek at Cambridge recorded a record peak stage of 
26.91 ft with a corresponding streamflow of 11,400 ft3/s. 
The peak stage of 26.91 ft, which corresponds to an elevation 
of 799.25 ft above sea level, is larger than any historically 
documented peak stage at that site (including pre-regulation 

Figure 7.  Flooding from Wills Creek along State Route 209 in Cambridge, Ohio (view looking 
northwest).
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peaks dating to as early as 1913). A USGS crew measured a 
streamflow of 9,490 ft3/s (at a stage of 25.30 ft) on June 30, 
once floodwaters had receded sufficiently to gain access to 
the gage. Water levels on Wills Creek at Cambridge, Ohio, 
exceeded the NWS flood stage of 15 ft for a period of 
approximately 130 hours, spanning 7 calendar days.

Flood and Storm Damages in Ohio

By David H. Cashell6

The impact of the June 1998 storms and floods to 
Ohio’s citizens was considerable on both a personal and pub-
lic level. An estimated 9,000 people were evacuated during 
the flooding. Twelve deaths were related to the storms and 
floods in Ohio: eight by drowning and one each due to light-
ning, heart attack, electrocution, and injuries sustained dur-
ing a tornado. The fatalities occurred in Belmont (2), 
Fairfield (1), Guernsey (1), Meigs (1), Noble (6), and Wash-
ington (1) Counties. Information compiled and reported by 
the Ohio Emergency Management Agency (OEMA) indi-
cates that access to the flood-stricken areas was hampered by 
impassable roads. More than 100 road closures occurred 
throughout the area, including periodic closings of I–70 and 
I–77. During the peak of the disaster, more than 24,000 resi-
dences were without electricity and in excess of 5,800 were 
without telephone service. At one point during the flooding, 
five public water-supply systems were not operating and at 
least 24 others were operating under boil-water advisories 
because of potential contamination of source supplies, treat-
ment facilities, or distribution systems by floodwaters.

Estimates of the damages associated with the June 
1998 storms and floods, prepared by the OEMA, indicate 
that the economic impact to Ohio’s citizens, communities, 
and businesses may approach $178 million. These estimates 
include individual assistance and temporary housing, $14.9 
million (includes cost of purchased trailers); public assis-
tance, $33.6 million; Small Business Administration (SBA) 
loans (businesses, homes, and churches), $24.1 million; 
insured losses, $47 million; agriculture-related assistance, 
$3.2 million; Federal highways, $28.5 million; Natural 
Resources Conservation Service (streambank stabiliza-
tion/repair and erosion control), $17 million; and other State 
and Federal agency and volunteer organization expenditures, 
$9.6 million.   OEMA also estimates that fourteen mitigation 
projects costing $18 million will be undertaken.

Effect of Storms and Floods on Public 
Infrastructure

The June 1998 storms and floods resulted in more 
than $36 million damage to public infrastructure (which 
includes roads, bridges, water-control facilities, public 
buildings, public utilities, and parks and recreation facilities) 
in north-central and eastern Ohio. Categorized infrastructure 
damage, listed by county and state agency, is summarized in 
table 3 (at back of report). 

Effect of Storms and Floods on Private Property

The June 1998 storms and floods affected many resi-
dences and businesses throughout north-central and eastern 
Ohio. More than 7,000 homes were affected; temporary-
housing applications approved totaled 4,160. At least 1,050 
structures were completely destroyed or declared uninhabit-
able. The SBA’s records indicate that at least 292 business or 
commercial structures incurred some damage during the 
storms and floods. The effects of the June 1998 storms and 
floods on residential and commercial structures and other 
personal property are reflected by the number of applications 
for assistance and by the approved loan and grant amounts. 
These disaster-recovery statistics for individual and other 
private-sector assistance are summarized in table 4 (at back 
of report).

SUMMARY

Storms during June 26–30, 1998, resulted in flooding 
and widespread damage throughout much of central, east-
central, and southeastern Ohio (flood and storm damage also 
occurred throughout parts of northwestern, north-central, 
and central West Virginia). The largest rainfall amounts 
occurred in Ohio between June 27 and June 29, with more 
rainfall occurring earlier in the period for areas in the north-
west and later in the period for areas in the southeast. More 
than 10 in. of rain fell during a 4-day period in parts of 
Guernsy, Morgan, Noble, and Washington Counties and 
more than 9 in. of rain fell during the same period in a small 
part of southern Franklin and northern Pickaway Counties.

Twenty-three Ohio counties were declared Federal 
disaster areas as a result of the storms and flooding with an 
estimated economic impact of nearly $178 million. Twelve 
storm or flood-related fatalities were reported. More than 
100 road closures resulted from flooding, including periodic 
closings of I–70 and I–77. During the peak of the disaster, 
more than 24,000 residences were without electricity and in 
excess of 5,800 residences were without telephone service.

6Hydrologist, Ohio Department of Natural Resources, Divi-
sion of Water
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Peak streamflows were determined for several 
streamflow-gaging stations in the flood affected areas as 
well as for some ungaged stream locations. Estimated recur-
rence intervals associated with those flood peaks were quite 
variable as might be expected given the areal variability in 
rainfall amounts. Streams draining areas with the largest 
rainfall accumulations generally experienced the more 
severe floods, as indicated by larger recurrence intervals. At 
least three streams had floods with associated recurrence 
intervals estimated to be greater than 100 years.

REFERENCES CITED

Cashell, D.H., compiler, 1998, Monthly water inventory 
report for Ohio, June 1998: Ohio Department of Natural 
Resources, Division of Water, 4 p.

Dalrymple, Tate and Benson, M.A., 1967, Measurement of 
peak discharge by the slope-area method: U.S. Geolog-
ical Survey Techniques of Water-Resources Investiga-
tions, book 3, chap. A2, 12 p.

Federal Emergency Management Agency, 1989, Flood 
Insurance Study, Guernsey County, Ohio and incorpo-
rated areas; 27 p., 15 pl.

Federal Emergency Management Agency, 1998, Technical 
Assistance Team Report FEMA–1227–DR–OH [vari-
ously paginated].

Huff, F.A., and Angel, J.R., 1992, Rainfall frequency atlas of 
the Midwest: Midwest Climate Center Research Report 
92–03, bulletin 71, 139 p.

Jackson, K.S., and Vivian, S.A., 1997, Flood of March 1997 
in southern Ohio: U.S. Geological Survey Water-
Resources Investigations Report 97–4149, 21 p.

Interagency Advisory Committee on Water Data, 1982, 
Guidelines for determining flood flow frequency — 
Bulletin 17B of the Hydrology Subcommittee: U.S. 
Geological Survey, Office of Water Data Coordination, 
183 p.

Koltun, G.F., and Roberts, J.W., 1990, Techniques for esti-
mating flood-peak discharges of rural, unregulated 
streams in Ohio: U.S. Geological Survey Water-
Resources Investigations Report 89–4126, 69 p., 1 pl.

Matthai, H.F., 1967, Measurement of peak discharge at 
width contractions by indirect methods: U.S. Geologi-
cal Survey Techniques of Water-Resources Investiga-
tions, book 3, chap. A4, 44 p.

Mayo, R.I., and Webber, E.E., 1969, Floods at Amesville, 
Ohio: U.S. Geological Survey Hydrologic Investiga-
tions Atlas HA–324, 1 pl.

Rantz, S.E., and others, 1982, Measurement and computa-
tion of streamflow: U.S. Geological Survey Water-Sup-
ply Paper 2175, 2 v., 631 p.



18 Floods of June 28–29, 1998 in Ohio

T
ab

le
 3

. I
nf

ra
st

ru
ct

ur
e-

da
m

ag
e 

es
tim

at
es

 r
el

at
ed

 to
 th

e 
Ju

ne
 1

99
8 

st
or

m
s 

an
d 

flo
od

in
g 

in
 O

hi
o

[A
ll

 f
ig

ur
es

 in
 d

ol
la

rs
; D

am
ag

e 
es

ti
m

at
es

 p
ro

vi
de

d 
by

 th
e 

O
hi

o 
E

m
er

ge
nc

y 
M

an
ag

em
en

t A
ge

nc
y 

un
le

ss
 s

ta
te

d 
ot

he
rw

is
e,

 D
ep

ar
tm

en
t o

f 
P

ub
li

c 
S

af
et

y.
 A

bb
re

vi
at

io
ns

: O
D

O
T,

 O
hi

o 
D

ep
ar

tm
en

t o
f 

T
ra

ns
po

r-
ta

tio
n;

 O
D

N
R

, O
hi

o 
D

ep
ar

tm
en

t o
f 

N
at

ur
al

 R
es

ou
rc

es
: O

N
G

, O
hi

o 
N

at
io

na
l G

ua
rd

]

C
o

u
n

ty
 o

r
S

ta
te

 o
f 

O
h

io
A

g
en

cy

D
eb

ri
s

R
em

o
va

l

E
m

er
g

en
cy

P
ro

te
ct

iv
e

m
ea

su
re

s

R
o

ad
s 

an
d

b
ri

d
g

es

W
at

er
-

co
n

tr
o

l
fa

ci
lit

ie
s

P
u

b
lic

 b
u

ild
-

in
g

s,
fa

ci
lit

ie
s,

P
u

b
lic

u
ti

lit
ie

s
P

ar
ks

 a
n

d
re

cr
ea

ti
o

n
O

th
er

To
ta

l 
d

o
lla

rs

A
th

en
s

10
,8

00
0

72
3,

85
0

0
0

0
0

0
73

4,
65

0

B
el

m
on

t
0

0
2,

78
2,

50
0

0
0

0
0

0
2,

78
2,

50
0

C
os

ho
ct

on
31

,0
00

0
75

,0
00

0
0

0
0

0
10

6,
00

0

F
ra

nk
li

n1
2,

00
0

2,
00

0
34

,3
00

0
40

,0
00

0
0

0
78

,3
00

G
ue

rn
se

y
33

5,
00

0
0

1,
25

8,
00

0
20

,0
00

34
,0

00
1,

24
0,

00
0

0
0

2,
88

7,
00

0

H
ar

ri
so

n
5,

90
0

0
10

2,
00

0
0

0
0

0
0

10
7,

90
0

H
ol

m
es

55
,0

00
5,

00
0

76
,0

00
0

0
0

0
0

13
6,

00
0

Ja
ck

so
n

80
,0

00
2,

00
0

73
5,

00
0

0
0

0
0

0
81

7,
00

0

Je
ff

er
so

n
10

3,
60

0
0

10
9,

70
0

0
45

5,
76

0
0

0
0

66
9,

06
0

K
no

x
0

15
0,

00
0

67
5,

00
0

0
0

0
10

0,
00

0
0

92
5,

00
0

M
ei

gs
39

5,
00

0
75

,0
00

2,
61

2,
00

0
0

0
0

0
0

3,
08

2,
00

0

M
on

ro
e

16
,0

00
0

1,
49

5,
10

0
35

,0
00

0
0

0
0

1,
54

6,
10

0

M
or

ga
n

31
5,

00
0

0
31

6,
00

0
11

,0
00

26
,0

00
4,

00
0

16
,0

00
10

0,
00

0
78

8,
00

0

M
or

ro
w

38
,0

00
5,

00
0

57
0,

00
0

13
,0

00
15

,0
00

11
,0

00
0

0
65

2,
00

0

M
us

ki
ng

um
17

0,
00

0
0

73
5,

00
0

0
0

67
8,

00
0

0
0

1,
58

3,
00

0

N
ob

le
1,

79
0,

00
0

0
1,

27
0,

00
0

0
2,

31
0,

00
0

45
0,

00
0

14
0,

00
0

0
5,

96
0,

00
0

O
tta

w
a

33
0,

00
0

17
8,

50
0

0
0

0
0

0
0

50
8,

50
0

Pe
rr

y
15

0,
81

0
12

,3
00

67
0,

81
0

12
,0

00
13

6,
02

2
0

8,
70

0
0 

99
0,

64
2

P
ic

ka
w

ay
15

,0
00

10
,0

00
77

,3
71

0
4,

50
0

0
0

0
10

6,
87

1

R
ic

hl
an

d
10

,0
00

0
53

6,
00

0
0

0
50

,0
00

0
0

59
6,

00
0



Table 3 19

S
an

du
sk

y2
13

6,
00

0
0

0
0

0
0

0
0

13
6,

00
0

T
us

ca
ra

w
as

8,
10

0
0

15
3,

30
0

0
0

0
0

0
16

1,
40

0

W
as

hi
ng

to
n

47
6,

50
0

18
7,

60
0

2,
75

7,
20

0
3,

00
0

30
7,

00
0

80
0,

20
0

68
,5

00
2,

00
0,

00
0 

6,
60

0,
00

0

O
D

O
T

3,
50

0
0

81
9,

68
9

0
10

,3
55

0
0

0
83

3,
54

4

O
D

N
R

91
,4

97
33

,5
42

28
,9

47
76

,4
48

35
,1

09
2,

53
5

11
7,

72
0

0
38

5,
79

8

O
N

G
0

0
0

0
3,

67
7,

92
0

0
43

,5
00

0
3,

72
1,

42
0

To
ta

l d
ol

la
rs

4,
56

8,
70

7
66

0,
94

2
18

,6
12

,7
67

17
0,

44
8

7,
05

1,
66

6
3,

23
5,

73
5

49
4,

42
0

2,
10

0,
00

0
36

,8
94

,6
85

1 D
am

ag
e 

es
ti

m
at

es
 p

ro
vi

de
d 

by
 th

e 
Fr

an
kl

in
 C

ou
nt

y 
E

m
er

ge
nc

y 
M

an
ag

em
en

t A
ge

nc
y 

(V
er

no
n 

Po
e,

 w
ri

tt
en

 c
om

m
un

., 
19

99
).

2 D
am

ag
e 

es
ti

m
at

es
 p

ro
vi

de
d 

by
 th

e 
Sa

nd
us

ky
 C

ou
nt

y 
E

m
er

ge
nc

y 
M

an
ag

em
en

t A
ge

nc
y 

(B
er

na
di

ne
 P

ar
ri

sh
, o

ra
l c

om
m

un
ic

at
io

n,
 1

99
9)

, t
he

 O
tt

aw
a-

Sa
nd

us
ky

-S
en

ec
a 

Jo
in

t S
ol

id
 W

as
te

 M
an

ag
em

en
t 

D
is

tr
ic

t (
T

im
 W

as
se

rm
an

, o
ra

l c
om

m
un

ic
at

io
n,

 1
99

9)
, a

nd
 th

e 
Sa

nd
us

ky
 C

ou
nt

y 
E

ng
in

ee
r’

s 
O

ff
ic

e 
(K

ri
s 

B
ur

de
tt

e,
 o

ra
l c

om
m

un
ic

at
io

n,
 1

99
9)

T
ab

le
 3

. I
nf

ra
st

ru
ct

ur
e-

da
m

ag
e 

es
tim

at
es

 r
el

at
ed

 to
 th

e 
Ju

ne
 1

99
8 

st
or

m
s 

an
d 

flo
od

in
g 

in
 O

hi
o—

C
on

tin
ue

d
[A

ll
 f

ig
ur

es
 in

 d
ol

la
rs

; D
am

ag
e 

es
ti

m
at

es
 p

ro
vi

de
d 

by
 th

e 
O

hi
o 

E
m

er
ge

nc
y 

M
an

ag
em

en
t A

ge
nc

y 
un

le
ss

 s
ta

te
d 

ot
he

rw
is

e,
 D

ep
ar

tm
en

t o
f 

P
ub

lic
 S

af
et

y.
 A

bb
re

vi
at

io
ns

: O
D

O
T,

 O
hi

o 
D

ep
ar

tm
en

t o
f 

T
ra

ns
po

r-
ta

ti
on

; O
D

N
R

, O
hi

o 
D

ep
ar

tm
en

t o
f 

N
at

ur
al

 R
es

ou
rc

es
: O

N
G

, O
hi

o 
N

at
io

na
l G

ua
rd

]

C
o

u
n

ty
 o

r
S

ta
te

 o
f 

O
h

io
A

g
en

cy

D
eb

ri
s

R
em

o
va

l

E
m

er
g

en
cy

P
ro

te
ct

iv
e

m
ea

su
re

s

R
o

ad
s 

an
d

b
ri

d
g

es

W
at

er
-

co
n

tr
o

l
fa

ci
lit

ie
s

P
u

b
lic

 b
u

ild
-

in
g

s,
fa

ci
lit

ie
s,

P
u

b
lic

u
ti

lit
ie

s
P

ar
ks

 a
n

d
re

cr
ea

ti
o

n
O

th
er

To
ta

l 
d

o
lla

rs



20 Floods of June 28–29, 1998 in Ohio

T
ab

le
 4

. P
riv

at
e 

an
d 

pe
rs

on
al

 p
ro

pe
rt

y 
da

m
ag

e 
re

co
ve

ry
 e

st
im

at
es

 fo
r 

th
e 

Ju
ne

 1
99

8 
st

or
m

s 
an

d 
flo

od
in

g 
in

 O
hi

o
[A

ll
 g

ra
nt

 a
nd

 lo
an

 f
ig

ur
es

 a
re

 in
 d

ol
la

rs
; D

is
as

te
r 

re
co

ve
ry

 e
st

im
at

es
 p

ro
vi

de
d 

by
 th

e 
O

hi
o 

E
m

er
ge

nc
y 

M
an

ag
em

en
t A

ge
nc

y 
un

le
ss

 s
ta

te
d 

ot
he

rw
is

e,
 D

ep
ar

tm
en

t o
f 

Pu
bl

ic
 S

af
et

y.
 F

E
M

A
, F

ed
er

al
 E

m
er

ge
nc

y 
M

an
ag

em
en

t A
ge

nc
y;

 S
B

A
, S

m
al

l B
us

in
es

s 
A

dm
in

is
tr

at
io

n]

C
o

u
n

ty

F
E

M
A

 t
em

p
o

ra
ry

 
h

o
u

si
n

g
 g

ra
n

ts
S

B
A

 h
o

m
e 

an
d

 p
er

so
n

al
 

p
ro

p
er

ty
 lo

an
s

S
B

A
 B

u
si

n
es

s 
an

d
 e

co
n

o
m

ic
 

in
ju

ry
 lo

an
s

S
ta

te
 o

f 
O

h
io

 in
d

iv
id

u
al

 
an

d
/o

r 
fa

m
ily

 g
ra

n
ts

To
ta

l
N

u
m

b
er

 o
f 

ap
p

lic
a-

ti
o

n
s

A
m

o
u

n
t 

ap
p

ro
ve

d

N
u

m
b

er
 o

f 
ap

p
lic

a-
ti

o
n

s

A
m

o
u

n
t 

ap
p

ro
ve

d

N
u

m
b

er
 o

f 
ap

p
lic

a-
ti

o
n

s

A
m

o
u

n
t 

ap
p

ro
ve

d

N
u

m
b

er
 o

f 
ap

p
lic

a-
ti

o
n

s 
ap

p
ro

ve
d

A
m

o
u

n
t 

ap
p

ro
ve

d

A
th

en
s

32
8

74
7,

81
1

61
1,

69
0,

30
0

20
57

6,
70

0
12

2
54

2,
18

1
3,

55
6,

99
2

B
el

m
on

t
20

4
37

4,
61

7
35

65
3,

20
0

3
44

,5
00

47
71

,5
36

1,
14

3,
85

3

C
os

ho
ct

on
22

23
,9

44
3

19
,2

00
0

0
5

16
,5

23
59

,6
67

F
ra

nk
li

n
19

6
33

1,
54

7
48

63
3,

10
0

11
15

7,
90

0
83

16
2,

10
5

1,
28

4,
65

2

G
ue

rn
se

y
1,

03
3

1,
74

5,
62

1
19

1
2,

53
0,

40
0

10
0

2,
73

4,
90

0
35

5
1,

17
2,

69
5

8,
18

3,
61

6

H
ar

ri
so

n
12

14
,2

10
1

3,
80

0
0

0
5

7,
85

6
25

,8
66

H
ol

m
es

1
0

0
0

0
0

0
0

0
0

Ja
ck

so
n

73
11

7,
71

1
13

34
7,

00
0

3
72

,5
00

24
70

,7
19

60
7,

93
0

Je
ff

er
so

n
98

30
7,

92
6

27
49

3,
40

0
2

1,
50

0
38

14
4,

57
5

94
7,

40
1

K
no

x
19

2
31

5,
64

9
39

42
7,

60
0

5
17

,3
00

37
66

,8
15

82
7,

36
4

M
ei

gs
12

0
19

8,
32

7
17

48
7,

60
0

6
72

,3
00

35
23

4,
14

3
99

2,
37

0

M
on

ro
e

13
4

20
0,

02
0

17
18

8,
50

0
2

10
,0

00
28

14
2,

75
0

54
1,

27
0

M
or

ga
n

87
14

3,
63

2
9

17
5,

30
0

11
16

6,
20

0
26

80
,6

03
56

5,
73

5

M
or

ro
w

10
16

,9
98

2
31

,6
00

0
0

2
2,

33
0

50
,9

28

M
us

ki
ng

um
30

3
38

6,
35

0
56

58
7,

10
0

11
12

7,
20

0
78

14
9,

19
2

1,
24

9,
84

2

N
ob

le
37

4
96

4,
31

6
11

9
3,

01
7,

20
0

47
1,

88
8,

00
0

14
5

73
9,

27
0

6,
60

8,
78

6

O
tt

aw
a

37
48

,0
18

16
32

2,
00

0
5

64
,0

00
15

63
,1

17
49

7,
13

5

P
er

ry
14

6
34

3,
72

3
19

40
3,

50
0

8
14

1,
80

0
54

24
4,

52
4

1,
13

3,
54

7



Table 4 21

P
ic

ka
w

ay
23

38
,2

57
3

42
,3

00
0

0
5

9,
75

9
90

,3
16

R
ic

hl
an

d
30

30
,1

20
10

14
1,

10
0

9
32

0,
60

0
4

6,
17

7
49

7,
99

7

S
an

du
sk

y
4

2,
01

2
2

51
,3

00
0

0
3

1,
33

8
54

,6
50

T
us

ca
ra

w
as

26
1

43
0,

87
5

51
67

5,
00

0
18

17
7,

40
0

78
18

2,
21

9
1,

46
5,

49
4

W
as

hi
ng

to
n

47
3

93
6,

33
4

12
9

3,
54

1,
90

0
31

1,
02

9,
30

0
14

7
64

1,
17

5
6,

14
8,

70
9

To
ta

l
4,

16
0

7,
71

8,
01

8
86

8
16

,4
62

,4
00

29
2

7,
60

2,
10

0
1,

33
6

4,
75

1,
60

2
36

,5
34

,1
20

1 D
am

ag
e 

re
co

ve
ry

 e
st

im
at

es
 p

ro
vi

de
d 

by
 th

e 
H

ol
m

es
 C

ou
nt

y 
E

m
er

ge
nc

y 
M

an
ag

em
en

t A
ge

nc
y 

(D
en

ni
s 

Fi
tz

pa
tr

ic
, o

ra
l c

om
m

un
ic

at
io

n,
 1

99
9)

T
ab

le
 4

. P
riv

at
e 

an
d 

pe
rs

on
al

 p
ro

pe
rt

y 
da

m
ag

e 
re

co
ve

ry
 e

st
im

at
es

 fo
r 

th
e 

Ju
ne

 1
99

8 
st

or
m

s 
an

d 
flo

od
in

g 
in

 O
hi

o—
C

on
tin

ue
d

[A
ll

 g
ra

nt
 a

nd
 lo

an
 f

ig
ur

es
 a

re
 in

 d
ol

la
rs

; D
is

as
te

r 
re

co
ve

ry
 e

st
im

at
es

 p
ro

vi
de

d 
by

 th
e 

O
hi

o 
E

m
er

ge
nc

y 
M

an
ag

em
en

t A
ge

nc
y 

un
le

ss
 s

ta
te

d 
ot

he
rw

is
e,

 D
ep

ar
tm

en
t o

f 
P

ub
li

c 
S

af
et

y.
 F

E
M

A
, F

ed
er

al
 E

m
er

ge
nc

y 
M

an
ag

em
en

t A
ge

nc
y;

 S
B

A
, S

m
al

l B
us

in
es

s 
A

dm
in

is
tr

at
io

n]

C
o

u
n

ty

F
E

M
A

 t
em

p
o

ra
ry

 
h

o
u

si
n

g
 g

ra
n

ts
S

B
A

 h
o

m
e 

an
d

 p
er

so
n

al
 

p
ro

p
er

ty
 lo

an
s

S
B

A
 B

u
si

n
es

s 
an

d
 e

co
n

o
m

ic
 

in
ju

ry
 lo

an
s

S
ta

te
 o

f 
O

h
io

 in
d

iv
id

u
al

 
an

d
/o

r 
fa

m
ily

 g
ra

n
ts

To
ta

l
N

u
m

b
er

 o
f 

ap
p

lic
a-

ti
o

n
s

A
m

o
u

n
t 

ap
p

ro
ve

d

N
u

m
b

er
 o

f 
ap

p
lic

a-
ti

o
n

s

A
m

o
u

n
t 

ap
p

ro
ve

d

N
u

m
b

er
 o

f 
ap

p
lic

a-
ti

o
n

s

A
m

o
u

n
t 

ap
p

ro
ve

d

N
u

m
b

er
 o

f 
ap

p
lic

a-
ti

o
n

s 
ap

p
ro

ve
d

A
m

o
u

n
t 

ap
p

ro
ve

d



22 Floods of June 28–29, 1998 in Ohio


