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Floods of June 21-July 1, 2018, in the Floyd River and Little
Sioux River Basins, Northwestern lowa

By Padraic S. 0’'Shea, Jordan L. Wilson, Jared C. Vegrzyn, and Kimberlee K. Barnes

Abstract

The Floyd River and Little Sioux River Basins in
northwestern Iowa flooded on June 21-July 1, 2018, after
sustained rainfall on June 14-27, 2018. Within the Floyd
River Basin, rainfall totals from June 14 to 21 preced-
ing flooding were 3.01 inches (in.) at Le Mars, 4.50 in. at
Orange City, and 7.44 in. at Sheldon. Within the Little Sioux
River Basin, rainfall amounts for the 2-week period from
June 14 to 27 preceding flooding were 11.29 in. at Lake Park,
12.95 in. at Milford, 5.56 in. at Spencer, 7.71 in. at Sioux
Rapids, and 6.13 in. at Cherokee. Flooding in the Floyd
River Basin resulted in a recorded maximum peak discharge
of 14,300 cubic feet per second (ft3/s; annual exceedance
probability [AEP] estimate between 4 and 10 percent) at the
U.S. Geological Survey (USGS) streamgage Floyd River
at Alton, Iowa (06600100), and a recorded maximum peak
discharge of 9,180 ft3/s (AEP estimate greater than 10 per-
cent) at the USGS streamgage Floyd River at James, lowa
(06600500). Flooding in the Little Sioux River Basin resulted
in a recorded maximum peak discharge of 16,300 ft/s (AEP
estimate between 4 and 10 percent) at the USGS streamgage
Little Sioux River at Linn Grove, lowa (06605850), and maxi-
mum peak discharges of 18,700 ft3/s (AEP estimate greater
than 10 percent) and 20,000 ft3/s (AEP estimate greater than
10 percent) were recorded at the USGS streamgages Little
Sioux River at Correctionville, lowa (06606600), and Little
Sioux River near Turin, Iowa (06607500), respectively. High-
water mark elevations were surveyed at 19 locations along the
Floyd River and 22 locations along the Little Sioux River to
develop 2 flood profiles: a 52.5-mile profile along the Floyd
River from State Highway 3 at Le Mars to U.S. Highway 18
at Sheldon that includes the USGS streamgage Floyd River at
Alton and a 101-mile profile along the Little Sioux River from
U.S. Highway 59 at Cherokee to U.S. Highway 18 north of
Spencer that includes the USGS streamgage Little Sioux River
at Linn Grove.

Introduction

Severe thunderstorms during the 10th wettest June on
record in northwestern lowa, including sustained rainfall
from June 14 to 27, 2018, resulted in flooding in the Floyd
and Little Sioux Rivers on June 21-July 1, 2018 (Iowa
Department of Agriculture and Land Stewardship, 2018). As a
result, several highways in the upper half of these two basins
were closed. The U.S. Geological Survey (USGS) and Iowa
Department of Transportation collaborated to document flood
profiles by surveying high-water marks (HWMs), calculat-
ing annual exceedance probability (AEP) estimates of peak
discharges, and summarizing rainfall total amounts from the
June 21-27 event along parts of the Floyd and Little Sioux
Rivers. In support of the documentation of this flood event,
historical flood information for these two river basins also
was summarized. Although flooding in September 2018 and
March 2019 was greater than flooding in June—July 2018 in
the Floyd River and Little Sioux River Basins, flood-profile
data were not collected during the September 2018 and
March 2019 floods; therefore, flood profiles for the floods of
September 2018 and March 2019 are not presented in this
report, but brief descriptions of both floods are included for
completeness.

Purpose and Scope

This report is part of an ongoing program of document-
ing large flood events and the effects of selected highways
and bridges on flood levels of rivers and streams in Iowa. The
program is funded in cooperation with the lowa Department
of Transportation and the lowa Highway Research Board
(Research Board project HR—140) and is intended to help
inform the design of infrastructure within these two basins
based on the results of this study and other profiled storm
events. A list of other lowa flood-profile reports is included in
Eash (2014) or can be obtained by accessing https:/www.
usgs.gov/centers/cm-water/science/iowa-flood-information.

This report provides information about the rainstorms and
resulting flooding on June 21-July 1, 2018, in the Floyd River
Basin and the lowa part of the Little Sioux River Basin. The
estimated AEP ranges of the peak flood discharges at three
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streamgages in the Floyd River Basin and five streamgages
in the Towa part of the Little Sioux River Basin also are
described. HWMs at selected sites along the Floyd River are
presented in a flood profile from State Highway 3 in Le Mars
to U.S. Highway 18 in Sheldon, 52.5 river miles. HWMs

at selected sites along the Little Sioux River are presented

in a flood profile from U.S. Highway 59 in Cherokee to

U.S. Highway 18 north of Spencer, 101 river miles.

Study Basins

Descriptions of the topography and physiography and the
history of flooding for the Floyd River Basin and Little Sioux
River Basin are presented in this section. Peak stage and dis-
charge data along with the AEP ranges for the largest known
floods, including the June 2018 flood, are listed in table 1 for
the streamgages in the Floyd and Little Sioux River Basins.
The data listed in table 1 also are listed in the USGS National
Water Information System database (USGS, 2020a), and users
may obtain surface-water data for lowa streamgages, including
information on types of data available and years of data collec-
tion, at https://waterdata.usgs.gov/ia/nwis/sw.

Floyd River

The Floyd River is a tributary of the Missouri River in
northwestern lowa, entering the Missouri River at Sioux City
(fig. 1). The headwaters are in O’Brien County, near the town
of Sanborn. The river flows southwest, primarily through
Sioux, Plymouth, and Woodbury Counties. The West Branch
Floyd River, the largest tributary to Floyd River with a drain-
age area of about 282 square miles (mi?), enters the Floyd
River at Merrill. The drainage area at the mouth of the Floyd
River is 921 mi? (Heinitz, 1986).

The Floyd River Basin lies in three of lowa’s landform
regions, the Northwest lowa Plains, the Southern lowa Drift
Plain, and the Loess Hills (Prior, 1991; not shown). The
headwaters of the river are on the Northwest lowa Plains,
and the river crosses into the Southern Iowa Drift Plain near
Merrill and finally crosses into the Loess Hills about 3 miles
(mi) south of Hinton (Prior, 1991). The topography of the
Floyd River Basin is highly dissected to gently rolling with
major rivers generally flanked by flood plains underlain by
uncemented sand-and-gravel deposits (Wahl and others,
1982). More extensive descriptions of the landform regions
and physiography of the Floyd River Basin are available from
Wahl and others (1982). Land use in the Floyd River Basin is
primarily agricultural with some livestock operations (Heinitz,
1986). The Floyd River has been straightened, channelized,
lined with riprap, and banked by a high earthen levee through
Sioux City (Price, 2010).

Flood History

Floods on the Floyd River in northwestern Iowa have
been well documented after the operation of the USGS
streamgage Floyd River at James (06600500; fig. 1), since
water year 1935 and at the USGS streamgages Floyd River
at Alton (06600100), and West Branch Floyd River near
Struble (06600300), since water year 1956; however, before
streamgage installation, limited information on histori-
cal flooding existed. According to Heinitz (1986, p. 8), the
U.S. Army Corps of Engineers reported “three intense storms
that caused notable floods in the area,” including 13.0 inches
(in.) of rainfall on June 23-27, 1891, in Larrabee; 13.6 in.
of rainfall on July 1417, 1900, in Primghar; and 24 in. of
rainfall on September 17-19, 1926, in Boyden. According to
news reports, the first major flood on the Floyd River occurred
on May 18-19, 1892, when 25 people were drowned in Sioux
City (Sioux City History, 2021). The 1892 flood was described
as the greatest known flood in the Floyd River Basin before
1953 and had a flood elevation of about 1,104 feet (ft) at the
4th Street crossing in Sioux City (Heinitz, 1986). The floods
of 1926 and 1934 had flood elevations of just less than 1,102 ft
and just less than 1,103 ft, respectively, at the 4th Street
crossing in Sioux City (Heinitz, 1986). Descriptions of other
floods of note in the Floyd River Basin are described in this
section. These floods include the flood events of June 1953,
March 1962, June 1983, September 2018, and March 2019.

Flood of 1953.—The flood of June 78, 1953, is the larg-
est known flood in the Floyd River Basin. As much as 8.58 in.
of rain fell over O’Brien County in about 14 hours with about
7 in. falling over most of the Floyd River Basin (Wells, 1955).
A peak discharge of 71,500 cubic feet per second (ft3/s; AEP
estimate of less than 0.2 percent) and an estimated peak
discharge of 45,500 ft3/s (AEP estimate of less than 0.2 per-
cent) were recorded at the USGS streamgages Floyd River at
James and Floyd River at Alton, respectively (table 1; USGS,
2020a). Flood damages basinwide were extensive to buildings,
crops, roads, and bridges, with most of the damage, estimated
at about $23 million out of a total $26 million (1953 dollars),
occurring to homes, stores, factories, warehouses, stockyards,
and railway equipment within Sioux City (Wells, 1955). These
damage estimates are equivalent to about $216 million out of
a total of $244 million in June 2018, dollars according to the
U.S. Bureau of Labor Statistics’ consumer price index inflation
calculator (U.S. Bureau of Labor Statistics, 2022).

Flood of 1962.—The flood of March 28-29, 1962,
was the largest known snowmelt-related flood in the Floyd
River Basin, before the flood of March 2019. Preceding the
flood, the U.S. Army Corps of Engineers estimated between
4 and 5 in. of water-equivalent snow within the Floyd River
Basin, and one-quarter to one-half of an inch of rain fell
and was absorbed by the heavy snow cover, resulting in no
runoff (Rostvedt, 1968). Snow began melting in the days
preceding March 27, when accelerated melting occurred and
resulted in substantial runoff and flooding (Rostvedt, 1968).

A peak discharge of 20,600 ft3/s (AEP estimate between 4
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Table 1. Maximum stage, discharge, and corresponding annual exceedance probability ranges for selected peak flows at streamgages in the Floyd River Basin and Little Sioux
River Basin, northwestern lowa.

[Data are from U.S. Geological Survey, 2020a; dates are listed in month/day/year format; USGS, U.S. Geological Survey; mi?, square mile; ft, foot; ft*/s, cubic foot per second; AEP, annual exceedance prob-
ability; IA, Iowa; --, no data; <, less than; >, greater than]

USGS streamgage number and name Peak-flow record used Drainag_e area Date Peak stage Peak discharge AEP range
(water years) (mi?) of peak (ft) (ft3/s) (percent)!
Floyd River Basin
06600100, Floyd River at Alton, IA 1953, 1956-2019 268 26/--/1953 - 45,500 <0.2
3/28/1962 18.35 12,200 4-10
3/3/1973 15.95 2,750 >10
6/20/1983 18.54 16,300 4-10
6/21/2018 20.72 14,300 4-10
9/20/2018 21.96 21,700 1-2
3/14/2019 20.87 24,900 1-2
06600300, West Branch Floyd River near Struble, 195694, 19962019 180 3/28/1962 15.63 8,060 4-10
IA 3/3/1973 14.30 3,100 >10
6/20/1983 15.86 7,590 4-10
3/4/1994 15.86 8,920 4-10
7/30/2010 15.86 8,920 4-10
5/27/2013 15.77 8,280 4-10
9/20/2018 15.97 5,550 >10
3/13/2019 16.00 5,630 >10
06600500, Floyd River at James, 1A 1935-2019 886 6/8/1953 25.30 71,500 <0.2
3/29/1962 22.41 20,600 4-10
3/4/1973 20.46 5,660 >10
6/21/1983 28.85 18,000 4-10
6/23/2018 22.09 9,180 >10
9/22/2018 27.68 16,400 4-10
3/15/2019 31.48 33,500 1-2
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Table 1. Maximum stage, discharge, and corresponding annual exceedance probability ranges for selected peak flows at streamgages in the Floyd River Basin and Little Sioux
River Basin, northwestern lowa.—Continued

[Data are from U.S. Geological Survey, 2020a; dates are listed in month/day/year format; USGS, U.S. Geological Survey; mi?, square mile; ft, foot; ft*/s, cubic foot per second; AEP, annual exceedance prob-
ability; A, Towa; --, no data; <, less than; >, greater than]

Peak-flow record used Drainage area Date Peak stage Peak discharge AEP range

USGS streamgage number and name (water years) (mi?) of peak (ft) (f/s) (percent)

Little Sioux River Basin

06605850, Little Sioux River at Linn Grove, IA 1953, 1961-62, 1965, 1,548 6/10/1953 20.96 22,500 24
1973-2019 23/-/1962 - 10,500 >10
4/7/1965 22.25 21,000 24
6/27/2018 23.43 16,300 4-10
9/22/2018 23.91 20,100 24
3/16/2019 24.01 26,400 1-2
06606600, Little Sioux River at Correctionville, ~ 1919-25, 1929-32, 2,500 6/12/1953 22.09 17,500 >10
IA 1937-2019 6/21/1954 23.36 20,900 4-10
3/30/1962 23.14 19,800 4-10
4/7/1965 25.86 29,800 24
6/28/2010 23.79 27,300 4-10
6/27/2018 23.22 18,700 >10
9/24/2018 2431 23,000 4-10
3/15/2019 26.45 30,600 2-4
06607500, Little Sioux River near Turin, IA 1958-2019 3,526 6/14/1953 18.35 788 -3
6/22/1954 24.20 7,920 3
3/29/1962 23.97 24,400 >10
4/8/1965 26.05 27,100 >10
6/22/1996 26.99 32,000 4-10
5/28/2013 25.44 31,800 4-10
7/1/2018 22.81 20,000 >10
9/25/2018 23.86 22,400 >10

3/15/2019 29.57 58,400 0.2-0.5

v
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Table 1. Maximum stage, discharge, and corresponding annual exceedance probability ranges for selected peak flows at streamgages in the Floyd River Basin and Little Sioux
River Basin, northwestern lowa.—Continued

[Data are from U.S. Geological Survey, 2020a; dates are listed in month/day/year format; USGS, U.S. Geological Survey; mi?, square mile; ft, foot; ft*/s, cubic foot per second; AEP, annual exceedance prob-
ability; IA, Towa; --, no data; <, less than; >, greater than]

USGS streamgage number and name Peak-flow record used Drainage area Date Peak stage Peak discharge AEP range
(water years) (mi?) of peak (ft) (ft/s) (percent)!
Little Sioux River Basin—Continued
06607200, Maple River at Mapleton, IA 19422019 669 6/25/1953 17.66 11,500 >10
6/20/1954 20.40 15,600 >10
3/28/1962 16.05 13,500 >10
5/25/1964 15.36 11,800 >10
9/12/1978 16.74 20,300 4-10
6/21/1983 16.84 17,200 4-10
6/21/2018 8.96 1,890 >10
3/14/2019 23.60 26,900 1-2
06605000, Ocheyedan River near Spencer, 1A 1953, 1969, 426 6/18/1953 12.89 26,000 <0.2
1978-2019 4/8/1969 11.20 12,000 2-4
9/21/2018 12.77 8,200 4-10
3/15/2019 12.71 7,130 >10

IAEP ranges reflect the uncertainty of estimating flood-frequency discharges. The exceedance probability is calculated using established techniques but then reported in one of the following ranges: greater
than 10 percent, 4—10 percent, 2—4 percent, 1-2 percent, 0.5—1 percent, 0.2—0.5 percent, and less than 0.2 percent. The AEP ranges are based on the weighted independent estimates of the at-site flood-frequency
quantiles with estimates obtained by regional regression equations following guidelines in appendix 9 of Bulletin 17C (England and others, 2018).

2Day of occurrence for this peak is unknown.

3Annual peak discharge data from this streamgage before January 9, 1958, are nonequivalent because of diversion.
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Figure 1.

Statewide estimated precipitation for lowa, June 14-21, 2018, and the boundaries for the Floyd River Basin.



and 10 percent) was recorded at the USGS streamgage Floyd
River at James (table 1), and peak discharges of 12,200 ft3/s
(AEP estimate between 4 and 10 percent) and 8,060 ft3/s
(AEP estimate between 4 and 10 percent) were recorded at

the USGS streamgages Floyd River at Alton and West Branch
Floyd River near Struble, respectively (USGS, 2020a; table 1).
The flood of 1962 caused large amounts of damage to roads,
bridges, farmland, and farmsteads and forced many families to
evacuate from around the levees on the Floyd River; however,
it was less damaging than the flood of 1953 (Rostvedt, 1968).

Flood of 1983.—Heavy and persistent thunderstorms
brought 2—8 in. of rain on the morning of June 20 over most
of the Floyd River Basin, resulting in flash flooding on
June 20-21, 1983 (National Weather Service [NWS], 1983).
A peak discharge of 18,000 ft3/s (AEP estimate between 4
and 10 percent) was recorded at the USGS streamgage Floyd
River at James (table 1), and peak discharges of 16,300 ft*/s
(AEP estimate between 4 and 10 percent) and 7,590 ft3/s
(AEP estimate between 4 and 10 percent) were recorded at
the USGS streamgages Floyd River at Alton and West Branch
Floyd River near Struble, respectively (USGS, 2020a; table 1).
Within the Floyd River Basin, at least 3 bridges were knocked
out by flooding, damages to crops were extensive, and 1 per-
son was killed (NWS, 1983).

Flood of September 2018 —After substantial flooding in
June—July 2018, described in the “Floods of June—July 2018”
section, the Floyd River Basin was flooded again between
September 18 and 20, 2018, from several rounds of severe
thunderstorms. Rainfall totals from 5 to 10 in. were recorded
across the upper part of the Floyd River Basin, with 2-5 in.
across Plymouth County (National Centers for Environmental
Information, 2020a). Peak discharges of 16,400 ft3/s (AEP
estimate between 4 and 10 percent), 21,700 ft*/s (AEP
estimate between 1 and 2 percent), and 5,550 ft3/s (AEP
estimate greater than 10 percent) were recorded at the USGS
streamgages Floyd River at James, Floyd River at Alton, and
West Branch Floyd River near Struble, respectively (USGS,
2020a; table 1). Many of the counties in the Floyd River
Basin were already covered under disaster declarations from
the June—July 2018 flood, and no new counties were declared
as a result of the September 2018 flood (Federal Emergency
Management Agency [FEMA], 2018).

Flood of March 2019.—The flood of 2019 is the largest
snowmelt-related flood on record in the Floyd River Basin
(USGS, 2020a). Flooding was the result of rapid snowmelt
(1-3 in. of snow water equivalent) and 1-3 in. of rain that fell
over much of the basin (1.82 in. at Sheldon and 1.92 in. at
Sanborn) on March 13—14 (National Oceanic and Atmospheric
Administration [NOAA], 2020a). Peak discharges of
33,500 ft3/s (AEP estimate between 1 and 2 percent) and
24,900 ft3/s (AEP estimate between 1 and 2 percent) were
recorded at the USGS streamgages Floyd River at James and
Floyd River at Alton, respectively (fig. 1), the second greatest
flood on record at both streamgages (USGS, 2020a). Flooding
was less severe at the USGS streamgage West Branch Floyd
River near Struble, where the peak discharge was 5,630 ft3/s
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(USGS, 2020a; AEP estimate greater than 10 percent; table 1).
Widespread damage across eastern and western Iowa resulted
in Presidential or State disaster declarations for all counties

in the Floyd River Basin (Iowa Department of Homeland
Security and Emergency Management, 2020; FEMA, 2019),
and according to news channel KCCI Des Moines, damage
across lowa was to homes (estimated at $481 million), busi-
nesses (estimated at $300 million), agriculture (estimated at
$214 million), roads, and levees (KCCI Des Moines, 2019).

Little Sioux River

The Little Sioux River is a tributary of the Missouri River
in northwestern lowa, entering the Missouri River at Little
Sioux (fig. 2), and has a total drainage area of about 4,500 mi?
(Schwob, 1966). The headwaters are about 11 mi north of
the lowa-Minnesota Border along an east-west line (fig. 2;
Schwob, 1966). Three major streams and a combination of
lakes and streams drain 308 mi? at the [owa-Minnesota State
line, including the Ocheyedan River (50 mi?), the West Fork
Little Sioux River (115 mi?), the Little Sioux River (101 mi?),
and a series of small lakes and short intermediate streams
(42 mi?; Schwob, 1966). Within lowa, these streams combine
to form the main stem of the Little Sioux River at Spencer,
which proceeds to flow southwesterly to the mouth at the
Missouri River in Harrison County, intersecting its primary
tributary, the Maple River, near Turin (Schwob, 1966).

The Little Sioux River Basin lies in five of lowa’s
landform regions, the Des Moines Lobe, the Northwest lowa
Plains, the Southern Iowa Drift Plain, the Loess Hills, and the
Missouri Alluvial Plain (Prior, 1991; not shown). The upper
part of the Little Sioux River Basin contains lakes of many
sizes and is covered by glacial deposits and loess with a flat
to undulating topography (Schwob, 1966). The topography
then changes in Cherokee County to loess-covered hills and
steep slopes predominate along the streams, and the val-
ley floor is narrow until the river reaches Anthon, where the
Little Sioux River and Maple River valleys widen and remain
wide until the Little Sioux River enters the Missouri River
(Schwob, 1966).

Land use in the Little Sioux River Basin is primarily agri-
cultural (Multi-Resolution Land Characteristics Consortium,
2019). The Little Sioux and Maple Rivers have been straight-
ened and leveed south of Smithland and from the mouth to
Castana, respectively (Schwob, 1966). An equalizer ditch,
which transfers floodwater between the Monona-Harrison
ditch and the Little Sioux River, joins the Little Sioux River
on the right bank at river mile 21.3 (Schwob, 1966; fig. 2).

Flood History

Floods on the Little Sioux River in northwestern Iowa
have been well documented during the operation of the USGS
streamgage Little Sioux River at Correctionville (06606600;
fig. 2) since 1918, followed by the USGS streamgages Little
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Sioux River near Turin (06607500) in 1939, and Little Sioux
River at Linn Grove (06605850) in 1972. The Iowa Natural
Resources Council reported severe floods in the Little Sioux
River Basin in 1851, 1881, 1891, 1902, and 1915. Of these
floods, only the flood of 1891 is documented. After 12 in. of
rain fell on and near Cherokee in 12 hours on June 23-24,
1891, widespread destruction and suffering were reported
within the Little Sioux River Basin (Schwob, 1966). At
Correctionville, an HWM for the flood of 1891 is 3.5 ft higher
than the 1965 flood, the maximum for the period of record for
the USGS streamgage Little Sioux River at Correctionville;
however, a local resident claimed that the mark was high as

a result of a nearby mill dam breaking on Bacon Creek (not
shown) east of Correctionville (Schwob, 1966). No discharge
information was reported for the flood of 1891 (Schwob,
1966). Since the installation of streamgages on the Little Sioux
River, numerous floods were identified by Schwob (1966)

as outstanding; brief descriptions of each of these floods and
more recent noteworthy floods follow.

Flood of June 1953.—On June 7, 1953, as much as 8 in.
of rain fell across northwestern lowa in a 16-hour period
(Schwob, 1966), resulting in flooding in the upper part of
the Little Sioux River Basin. A historical peak discharge of
22,500 ft3/s (USGS, 2020a; AEP estimate between 2 and
4 percent) was measured at the USGS streamgage Little Sioux
River at Linn Grove, making the flood of 1953 the second
greatest known flooding of the Little Sioux River above Linn
Grove (Schwob, 1966). Lower magnitude peak discharges
of 17,500 ft3/s (AEP estimate greater than 10 percent) and
788 ft3/s were recorded at the USGS streamgages Little Sioux
River at Correctionville and Little Sioux River near Turin,
respectively (USGS, 2020a; table 1).

Flood of June 1954.—In June 1954, 5-8 in. of rain fell
mostly within a 3-day period (June 17-19), resulting in flood-
ing in the Little Sioux River Basin (Schwob, 1966). The flood
of 1954 had lower discharges in the upper part of the basin
than the flood of 1953, but discharges were higher in the lower
part of the basin. Peak discharges of 20,900 ft3/s (AEP esti-
mate between 4 and 10 percent) and 7,920 ft3/s were recorded
at the USGS streamgages Little Sioux River at Correctionville
and Little Sioux River near Turin, respectively (USGS, 2020a;
table 1).

Flood of March 1962.—The flood of 1962 was the result
of spring snowmelt in combination with rainfall (Schwob,
1966). Peak discharges of 19,800 ft3/s (AEP estimate between
4 and 10 percent) and 24,400 ft3/s (AEP estimate greater than
10 percent) were recorded at the USGS streamgages Little
Sioux River at Correctionville and Little Sioux River near
Turin, respectively (USGS, 2020a; table 1).

Flood of April 1965.—The flood of 1965 was the third
greatest flood on record on the lower part of the Little Sioux
River. A snow survey within the Little Sioux River Basin on
March 26-29 indicated 68 in. of snow water equivalents
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at Spirit Lake, Jowa (not shown); 2-3 in. between Spencer
and Cherokee; and less than 1 in. in the southern part of the
basin (Schwob, 1966). Warm temperatures during April 3-6,
in addition to about 2 in. of rain, accelerated snowmelt and
the frosty ground prevented any infiltration, resulting in
record discharges south of Clay County (Schwob, 1966).

A peak discharge of 29,800 ft3/s (AEP estimate between 2
and 4 percent) was recorded at the USGS streamgage Little
Sioux River at Correctionville (USGS, 2020a; table 1), and

a peak discharge of 27,100 ft?/s (AEP estimate greater than
10 percent) was recorded at the USGS streamgage Little
Sioux River near Turin (USGS, 2020a). A historical discharge
0f 21,000 ft3/s (AEP estimate between 2 and 4 percent) was
measured at the USGS streamgage Little Sioux River at Linn
Grove (USGS, 2020a; table 1). Flood damages in Cherokee
were about $666,000 in 1965 dollars, which is equivalent

to about $5.4 million in June 2018 dollars, according to the
U.S. Bureau of Labor Statistics’ consumer price index infla-
tion calculator (U.S. Bureau of Labor Statistics, 2022), and
360 people were forced from their homes (Schwob, 1966).

Flood of September 2018 —Several rounds of thun-
derstorms brought heavy rain to northwestern Iowa on
September 18-21, 2018; rainfall totals ranged from 4 to
8 in. (NOAA, 2020b). Peak discharges of 22,400 ft3/s (AEP
estimate greater than 10 percent), 23,000 ft3/s (AEP estimate
between 4 and 10 percent), and 20,100 ft3/s (AEP esti-
mate between 2 and 4 percent) were recorded at the USGS
streamgages Little Sioux River near Turin, Little Sioux River
at Correctionville, and Little Sioux River at Linn Grove,
respectively (USGS, 2020a; table 1). Many of the counties in
the Little Sioux River Basin were already covered under disas-
ter declarations from the June—July 2018 flood, and no new
counties were declared as a result of the September 2018 flood
(FEMA, 2018). Substantial crop and pastureland were flooded,
and city and county parks were severely inundated (National
Centers for Environmental Information, 2020b).

Flood of March 2019.—The flood of March 2019 was
the greatest flood on record in the Little Sioux River Basin
(USGS, 2020a). Flooding was a result of rapid snowmelt
(1-3 in. snow water equivalent) and 1-3 in. of rain that fell
over much of the basin (1.27 in. at Spencer and 1.04 in. 4 mi
east of Sioux Rapids) on March 13-14 (NOAA, 2020a).
Record peak discharges of 58,400 ft3/s (AEP estimate between
0.2 and 0.5 percent), 30,600 ft*/s (AEP estimate between 2
and 4 percent), and 26,400 ft3/s (AEP estimate between 1
and 2 percent) were recorded at the USGS streamgages Little
Sioux River near Turin, Little Sioux River at Correctionville,
and Little Sioux River at Linn Grove, respectively (USGS,
2020a; table 1). Widespread damage across eastern and
western lowa resulted in Presidential or State disaster declara-
tions for all counties in the Little Sioux River Basin (FEMA,
2019; lIowa Department of Homeland Security and Emergency
Management, 2020).
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Floods of June—July 2018

Based on annual maximum peak discharge data available
through water year 2019, the June—July 2018 flood is the fifth
largest flood on record at the USGS streamgage Floyd River
at Alton, the 16th largest flood at the USGS streamgage Floyd
River at James; the fifth largest flood at the USGS streamgage
Little Sioux River at Linn Grove, the 12th largest flood at the
USGS streamgage Little Sioux River at Correctionville, and
the 18th largest flood at the USGS streamgage Little Sioux
River near Turin (USGS, 2020a).

Storm Description

Sustained rainfall that fell within the Floyd River Basin
on June 14-21, 2018, resulted in the June 21-24, 2018,
flooding. Within the Floyd River Basin, rainfall totals from
NOAA stations from June 14 to 21 preceding flooding were
3.01 in. at Le Mars (USC00134735), 4.50 in. at Orange City
(USC00136273), and 7.44 in. at Sheldon (USC00137594;
fig. 1). Total estimated precipitation from June 14 to 21 for the
Floyd River Basin is shown in figure 1. This estimated precipi-
tation was based on the NWS Advanced Hydrologic Prediction
Service quantitative precipitation estimates (NWS, 2020a).
The floods were part of an exceptionally wet June in lowa: the
10th wettest on record. The average statewide rainfall for June
in 2018 was 7.55 in. compared to the average value of 4.86 in.
for the period of 1981 to 2000 (Midwestern Regional Climate
Center [MRCC], 2019), and 2018 was one of the wettest
years on record for lowa with an average statewide rainfall of
45.08 in., second only to 1993, which had an average state-
wide rainfall of 47.88 in. (MRCC, 2019). Within the Floyd
River Basin, 2018 was the wettest year on record in Sheldon
(50.12 in.) and Orange City (45.55 in.; MRCC, 2019).

Within the Little Sioux River Basin, rainfall amounts
for the 2-week period from June 14 to 27 preceding the
June 27-July 1, 2018, flooding were 11.29 in. at Lake Park
(USC00134561; about 15 mi north of the profiled reach),
12.95 in. at Milford (USC00135493; about 10 mi north of the
profiled reach), 5.56 in. at Spencer (USW00014972), 7.71 in.
at Sioux Rapids (USC00137726), and 6.13 in. at Cherokee
(USC00131442; MRCC, 2019; fig. 2). Total estimated pre-
cipitation for the Little Sioux River Basin from June 14 to 27
based on the NWS Advanced Hydrologic Prediction Service
quantitative precipitation estimates is shown in figure 2 (NWS,
2020a). Within the Little Sioux River Basin, the wettest year
on record was in 2018 at Milford (51.37 in.) and Sioux Rapids
(46.55 in.; MRCC, 2019).

Flood Description

Sustained rainfall caused widespread flooding throughout
five counties in northwestern lowa. The NWS issued flood
warnings on June 21 for the Big Sioux River (not shown),
Little Sioux River, Floyd River, Rock River (not shown), and

Ocheyedan River near Spencer (Des Moines Register, 2018)
and issued a flash flood warning for Sioux City, South Sioux
City (not shown), North Sioux City (not shown), and Le Mars
on June 24, 2018 (Dockter, 2018). Flooding in the two river
basins resulted in major disaster declarations being issued in
Buena Vista, Cherokee, Clay, O’Brien, and Sioux Counties
(FEMA, 2018).

Floyd River Basin

The June—July 2018 flood caused flooding within
the Floyd River Basin on June 21-24, 2018, at two USGS
streamgages (fig. 1). A maximum peak discharge of
14,300 ft3/s (AEP estimate between 4 and 10 percent) was
recorded at the USGS streamgage Floyd River at Alton (fig. 3
and table 1), and a maximum peak discharge of 9,180 ft3/s
(AEP estimate greater than 10 percent) was recorded at the
USGS streamgage Floyd River at James (USGS, 2020a;
table 1).

Flood waters from the Floyd River caused closures of
Highway 60 north of Seney (not shown), Mahogany Avenue
north of Le Mars Municipal Park, 160th Street, and County
Road C16 north of Seney (Van Buskirk, 2018). Estimated
countywide damages from severe storms, tornadoes, straight-
line winds, and flooding on June 6-July 2 were about $1.6 mil-
lion in O’Brien County and $930,000 in Sioux County, and
estimated countywide damages to public infrastructure were
about $1.3 million in O’Brien County and $530,000 in Sioux
County (Lucinda Parker, lowa Department of Homeland
Security and Emergency Management, written commun.,
2019). In addition to damages to public infrastructure, esti-
mated countywide damages to roads and bridges were about
$190,000 in O’Brien County and $220,000 in Sioux County
(Lucinda Parker, lowa Department of Homeland Security and
Emergency Management, written commun., 2019).

Little Sioux River Basin

The June—July 2018 flood caused more severe flooding
within the Little Sioux River Basin on June 27-July 1, 2018,
at three USGS streamgages (fig. 2). A maximum peak dis-
charge of 16,300 ft3/s (AEP estimate between 4 and 10 per-
cent) was recorded at the USGS streamgage Little Sioux
River at Linn Grove (fig. 4 and table 1). Maximum peak
discharges of 18,700 ft3/s (AEP estimate greater than 10 per-
cent) and 20,000 ft3/s (AEP estimate greater than 10 percent)
were recorded at the USGS streamgages Little Sioux River at
Correctionville and Little Sioux River near Turin, respectively
(USGS, 2020a; table 1). The peak discharges at these USGS
streamgages were determined from rating curves that were
verified by discharge measurements made near the time of
occurrence of the respective peaks.

In Cherokee, Iowa, flood waters from the Little Sioux
River caused closures on East Main Street, the Highway 59
bridge, East Beech Street, West Beech Street, and Maple Street
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(not shown; Chronicle Times, 2018). Flood waters from the
Little Sioux River caused closures of U.S. Highway 18 from
Spencer to Dickens (not shown) and about 30 stretches of road
throughout Clay County (Harguth, 2018). Estimated county-
wide damages from severe storms, tornadoes, straight-line
winds, and flooding for June 6-July 2 were about $420,000

in Buena Vista County, $1.3 million in Cherokee County,
$410,000 in Clay County, and $1.6 million in O’Brien County,
and estimated countywide damages to public infrastructure

were about $130,000 in Buena Vista County, $1.3 million in
Cherokee County, $160,000 in Clay County, and $1.3 mil-
lion in O’Brien County (Lucinda Parker, lowa Department
of Homeland Security and Emergency Management, written
commun., 2019). In addition to damages to public infrastruc-
ture, estimated countywide damages to roads and bridges
were about $130,000 in Buena Vista County, $10,000 in
Cherokee County, $190,000 in Clay County, and $190,000

1"
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in O’Brien County (Lucinda Parker, lowa Department of
Homeland Security and Emergency Management, written
commun., 2019).

Annual Exceedance Probabilities

The AEP is an estimate of the likelihood of a flood of
specific magnitude occurring in any one year, and the AEP
range expresses the uncertainty of estimating precise exceed-
ance probabilities. The reporting ranges are greater than
10 percent, 4—-10 percent, 2—4 percent, 1-2 percent, 0.5—1 per-
cent, 0.2-0.5 percent, and less than 0.2 percent. The range is
determined by the estimated AEP discharges that bracket the
observed flood-peak discharge. If the observed peak discharge
is the same value as an estimated AEP discharge, the lower
AEP range is used.

At-site AEPs are computed based on the annual maxi-
mum peak discharge data available at a streamgage. As
additional annual maximum peak discharge data are collected
at a streamgage, AEP estimates can change. As more years
of record become available, the associated AEP estimates
for a streamgage will become more statistically reliable. A
minimum of 10 years of record is required to compute AEP
estimates at a streamgage (Eash and others, 2013).

Annual maximum peak discharge data available through
water year 2019 were used to calculate the AEP discharge
estimates described in this report. The estimated 10- and
4-percent AEP discharges at the USGS streamgages Floyd
River at Alton and Little Sioux River at Linn Grove are rep-
resented as horizontal lines (figs. 3 and 4); the AEP ranges are
the areas between the lines. The probability discharges for the
USGS streamgage Little Sioux River at Correctionville were
calculated as weighted independent estimates of the at-site
flood-frequency quantiles with quantile estimates obtained by
regional regression equations following guidelines in appen-
dix 9 of Bulletin 17C (England and others, 2018) and are
available as a USGS data release (O’Shea and Fiala, 2021).
The probability discharges for the seven other streamgages

in the Floyd and Little Sioux River Basins included in table |
were calculated following the same guidelines and are avail-
able as a USGS data release (Fiala and O’Shea, 2022).

Exceedance probabilities were formerly reported as flood
probabilities, or flood-recurrence intervals, expressed in years.
A 1-percent exceedance probability discharge is the same as
the 100-year recurrence-interval flood discharge. Because of
confusion caused over the years by two or more “100-year
floods” occurring in a period of much less than 100 years, the
scientific and engineering community has begun expressing
the annual likelihood of occurrence of flood discharges as a
probability (Holmes and Dinicola, 2010). Percentage probabil-
ity is the inverse of the recurrence interval multiplied by 100.
Selected AEPs and equivalent flood-recurrence intervals are
listed in table 2.

For information purposes, the NWS designated flood
stages also are shown on the hydrographs (figs. 3 and 4).
The flood stages represent “an established gage height for a
given location at which a rise in water surface level begins
to create a hazard to lives, property, or commerce” (NWS,
2019, p. 3). To place the NWS flood stages in figures 3 and 4,
the respective stage-discharge rating curve in use at the two
streamgages for the June 21-27 floods was used to estimate
the corresponding discharge. Stage-discharge rating curves for
USGS streamgages are developed by physically measuring
the flow of the river at a wide range of stages, allowing each
measurement of stage to have a corresponding measurement
of discharge. The stage-discharge relation at a streamgage can
change over time because of natural processes such as scour
and fill (USGS, 2021). The most up-to-date stage-discharge
rating curve for a USGS streamgage can be accessed online
via the USGS rating depot (https://waterwatch.usgs.gov/?id=
mkrc). At the USGS streamgage Floyd River at Alton, the
NWS flood stage is 12 ft (NWS, 2020b), and the discharge is
1,890 ft3/s (USGS, 2020b). At the USGS streamgage Little
Sioux River at Linn Grove, the NWS flood stage is 18 ft
(NWS, 2020c), and the discharge is 6,030 ft3/s (USGS, 2020c).

Table 2. Annual exceedance probability and equivalent flood-recurrence interval for selected

probabilities.

Annual exceedance probability

Flood-recurrence interval

(percent) (years)
20 5
10 10

4 25
2 50
1 100
0.5 200
0.2 500
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Flood Profile

The USGS located and surveyed the elevations of
HWNMs at 19 locations along the Floyd River and 22 locations
along the Little Sioux River to develop flood profiles (figs. 1
and 2; tables 3 and 4). The profiled reach of the Floyd River
is 52.5 river miles from State Highway 3 at Le Mars to
U.S. Highway 18 at Sheldon, lowa. The profiled reach of the
Little Sioux River is 101 river miles from U.S. Highway 59
at Cherokee to U.S. Highway 18 north of Spencer, lowa. The
HWM locations include U.S. and State numbered highway
bridges and several county and local road bridges within the
profiled reach of each basin.

Table 3.
lowa.
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The HWMs, which consisted of mud, seed, debris, and
stain lines, were located and marked by USGS field person-
nel within 1 week of the flood peaks. Information about
individual HWMs, including the type of HWM, are avail-
able on the USGS Flood Event Viewer online data portal
(described in the “Flood Event Viewer” section). Multiple
HWMs were identified on the upstream and downstream sides
of the bridges. The upstream marks were upstream from the
bridge a distance of at least one width of the bridge opening
to avoid drawdown zone effects from channel contraction, and
the downstream marks were immediately downstream from
the bridge (Matthai, 1967). During August 17-22, 2018, the
HWDMs were surveyed to either a temporary bench mark or an
Iowa Department of Transportation established bench mark at
each location. Bridge deck, low-bridge chord, and low-flow

Locations and elevations of high-water marks used in the Floyd River flood profile, flood of June 21-24, 2018, northwestern

[HWM, high-water mark; NAVD 88, North American Vertical Datum of 1988; NW, Northwest; ND, not determined; USGS, U.S. Geological Survey; E, East; St,
Street; UN, unavailable; NE, Northeast; NGVD 29, National Geodetic Vertical Datum of 1929]

"[;::t;r:ﬂ:h Location Downstream HWM Upstream HWM
(river miles) (feet above NAVD 88) (feet above NAVD 88)

31.43 Highway 3, Le Mars 1,199.99 1,200.35
32.37 5th Avenue NW (Business Highway 75), Le Mars 1,204.59 1,204.90
32.92 Mouth of Willow Creek 1 ND ND
34.67 160th Street, north of Le Mars 1,210.12 1,212.76
36.39 150th Street, north of Le Mars 1,219.10 1,220.18
38.49 140th Street (Meadowlark Avenue), north of Le Mars 1,226.69 1,227.85
40.38 County Road C16 (130th Street), north of Le Mars 1,233.57 1,234.28
43.79 County Road C12 (110th Street), north of Le Mars 1,247.82 1,249.49
49.94 490th Street, south of Alton 1,271.09 1,271.84
54.62 Highway 60, south of Alton 1,286.42 1,288.89
55.47 USGS streamgage 06600100, south of E Division St, at Alton 11,290.88 ND
56.99 Highway 10 (450th Street), Alton UN UN
58.12 Kennedy Avenue, north of Alton 1,297.81 1,298.93
60.48 Kingbird Avenue (County Road L14), north of Alton 1,305.76 ND
63.64 430th Street, north of Alton ND 1,313.96
68.07 410th Street, south of Hospers 1,324.06 1,324.70
70.47 400th Street (County Road B40), Hospers 1,330.35 UN
72.24 Mouth of Willow Creek 2 ND ND
74.28 380th Street (20th St NE), north of Hospers 1,340.14 1,340.65
78.11 360th Street, south of Sheldon 1,351.96 1,354.38
79.42 350th Street, south of Sheldon 1,358.07 1,358.89
81.03 Mouth of Little Floyd ND ND
82.35 330th Street, Sheldon 1,371.49 1,373.30

83.95 U.S. Highway 18 (320th Street), Sheldon 1,380.90 1,381.35

THWM derived from recorded gage height at USGS streamgage 06600100, converted from NGVD 29 to NAVD 88 using the National Geodetic Survey's
Coordinate Conversion and Transformation Tool (https://www.ngs.noaa.gov/NCAT/).
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Table 4.
northwestern lowa.

[HWM, high-water mark; NAVD 88, North American Vertical Datum of 1988; S, South; E, East; ND, not determined; USGS, U.S. Geological Survey; St, Street.

W, West; NGVD 29, National Geodetic Vertical Datum of 1929]

Locations and elevations of high-water marks used in the Little Sioux River flood profile, flood of June 27-July 1, 2018,

>

fr?):lslt;l:::;h Location Downstream HWM Upstream HWM
(river miles) (feet above NAVD 88) (feet above NAVD 88)

95.18 U.S. Highway 59 (S 2nd Street), Cherokee 1,174.71 1,175.05
96.21 East Main St, Cherokee 1,176.98 1,177.42
97.12 Highway 3, Cherokee 1,178.31 1,179.17
99.79 Mouth of Mill Creek ND ND

104.13 County Road C25 (480th Street), north of Cherokee 1,189.17 1,189.95
109.45 County Road C16 (450th Street), east of Larrabee 1,200.18 1,205.53
118.15 Mouth of Waterman Creek ND ND

119.36 Highway 10, west of Peterson 1,212.25 1,215.63
125.23 Highway 10 (500th Street), Peterson 1,226.74 1,227.76
127.02 125th Avenue, Peterson 1,229.29 1,229.80
137.61 Weaver Street (County Road M36), Linn Grove 1,244.98 1,245.11
137.76 Linn Grove Milldam ND ND

137.85 USGS streamgage 06605850, east of Main St, at Linn Grove 11,247.52 ND

146.75 U.S. Highway 71 (130th Avenue), Sioux Rapids 1,258.67 1,259.29
152.89 495th Street, north of Sioux Rapids 1,268.84 1,269.32
157.51 480th Street, north of Cornell 1,274.74 1,275.56
158.81 Mouth of Willow Creek ND ND

159.10 240th Street, north of Cornell 1,276.96 1,277.27
162.58 260th Avenue, south of Gillett Grove 1,281.63 1,282.38
165.80 County Road B53 (435th Street), Gillett Grove 1,286.39 1,286.98
173.73 County Road B40 (390th Street), south of Spencer 1,294.09 1,294.43
174.95 Mouth of Lost Island Outlet ND ND

178.79 U.S. Highway 18 (360th Street), east of Spencer 1,303.01 1,303.51
181.15 County Road M50 (240th Avenue), Spencer 1,307.07 1,308.21
183.86 U.S. Highway 71 (Grand Avenue), Spencer 1,312.93 1,313.15
184.35 Mouth of Ocheyedan River ND ND

187.37 West 4th Street (County Road B24), Spencer 1,317.01 1,318.02
188.78 West 18th Street (340th Street), Spencer 1,319.48 1,320.30
196.18 U.S. Highway 18 (320th Street), north of Spencer 1,326.90 1,327.83

THWM derived from recorded gage height at USGS streamgage 06605850, converted from NGVD 29 to NAVD 88 using the National Geodetic Survey's

Coordinate Conversion and Transformation Tool (https://www.ngs.noaa.gov/NCAT/).

reference-point elevations also were measured with respect to

the bench marks. The low-flow reference points, described in
appendix 1, were established so that water-surface elevations
could be measured during a period when the discharge was not
directly affected by precipitation. All elevations are published
in the North American Vertical Datum of 1988 and are listed

in appendix 1.

The locations of HWMSs were described in river miles

with river mile zero at the mouth of the Floyd or Little Sioux
Rivers at the Missouri River and river miles increasing in the
upstream direction. The distances to HWMs were determined
using a geographic information system software using the
USGS National Hydrography Dataset data (USGS, 2019). The
HWM locations and elevations for the Little Sioux and Floyd
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Figure 5. Flood profile of Floyd River, river miles 31.4-84, June 21-24, 2018.

Rivers are listed in tables 3 and 4 and profiled in figures 5—12 The June 21-24, 2018, flood along the Floyd River

and are an average of multiple upstream and downstream is profiled from State Highway 3 in Le Mars upstream to

HWMs measured at each location. U.S. Highway 18 in Sheldon (fig. 5). The 52.5-mi river reach
The HWMs along the Floyd and Little Sioux Rivers are is shown in figure 5, and the 19 stream sites where HWMs

plotted in flood profiles in figures 5 and 9, respectively, and were measured are listed in table 3. A flood profile measured

the profiles are expanded in figures 6—8 and 10—12, where in June 1983 (Heinitz, 1986) and low-flow profile measured

the locations are annotated. The profile lines connecting the on October 21, 1975 (Heinitz, 1986), are shown in figures 5-7.

HWNMs in the figures approximate the flood elevation between A low-flow profile measured on August 5-6, 2019, is shown in
marks. Only bridges where HWMs were measured are shown  figures 5-8.

in the figures. Bridges are symbolized by an I-beam symbol, The June 27-July 1, 2018, flood along the Little Sioux
where the bottom flange represents the lowest elevation of the ~ River is profiled from U.S. Highway 59 in Cherokee upstream
low-bridge chord and the top flange represents the elevation of  to U.S. Highway 18 north of Spencer (fig. 9). The 101-mi

the bridge deck. Profile lines do not account for any intermedi- river reach is shown in figure 9, and the 22 stream sites where

ate features that could affect flood elevation such as channel HWMs were measured are listed in table 4. A flood profile
morphology or bridges and dams where HWMs were not mea-  measured on April 8, 1965 (Schwob, 1966); low-flow profile
sured. The low-flow line also is a straight-line interpolation measured on October 1, 1963 (Schwob, 1966); and a low-flow
meant to estimate the water surface between HWM locations. profile measured on August 67, 2019, are shown in fig-

The vertical lines along the bottom of the figures also show ures 9-12. A low-flow profile measured on November 6, 1962,
locations of roads and bridges where HWMs were measured. is also shown in figures 9 and 12.

Selected landmarks also are shown (figs. 5-12).
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Figure 12. Flood profile of Little Sioux River, river miles 170-196.2, June 27-July 1, 2018.

Flood Event Viewer

The HWM elevations collected for this report have been
incorporated into the USGS Flood Event Viewer online data
portal (https://stn.wim.usgs.gov/FEV/). Users can type in
“lowa June-July 2018 flood” in the search box to view the
results. The USGS plays an important role in the collection
and delivery of data resulting from coastal and inland flooding
events. The data collected from surveyed HWM elevations are
stored in the Short-Term Network database (https://stn.wim.
usgs.gov/STNWeb/). The USGS developed the Short-Term
Network database, and an accompanying set of tools, to
facilitate the collection and dissemination of event-based flood
data. Data can be viewed in the Flood Event Viewer, a map-
centric data portal that allows users to explore and download
sensor data and HWM records for any event in the Short-Term
Network database, including historical high-water events dat-
ing back more than 40 years (Jenter and others, 2017).

Summary

The Floyd River and Little Sioux River Basins in
northwestern lowa flooded on June 21-July 1, 2018, after
sustained rainfall on June 14-27, 2018. Within the Floyd River
Basin, rainfall totals from June 14 to 21 preceding flooding
were 3.01 inches (in.) at Le Mars, 4.50 in. at Orange City,
and 7.44 in. at Sheldon. Within the Little Sioux River Basin,
rainfall amounts for the 2-week period from June 14 to 27 pre-
ceding flooding were 11.29 in. at Lake Park (about 15 miles
[mi] north of the profiled reach), 12.95 in. at Milford (about
10 mi north of the profiled reach), 5.56 in. at Spencer, 7.71 in.
at Sioux Rapids, and 6.13 in. at Cherokee.

Flooding in the Floyd River Basin resulted in a maxi-
mum peak discharge of 14,300 cubic feet per second (ft/s;
annual exceedance probability [AEP] estimate between 4 and
10 percent) at the U.S. Geological Survey (USGS) streamgage
Floyd River at Alton, Iowa (06600100), and a maximum
peak discharge of 9,180 ft3/s (AEP estimate greater than


https://stn.wim.usgs.gov/FEV/
https://stn.wim.usgs.gov/STNWeb/
https://stn.wim.usgs.gov/STNWeb/

10 percent) at the USGS streamgage Floyd River at James,
Iowa (06600500). Flooding in the Little Sioux River Basin
resulted in a maximum peak discharge of 16,300 ft*/s (AEP
estimate between 4 and 10 percent) at the USGS streamgage
Little Sioux River at Linn Grove, Iowa (06605850). Maximum
peak discharges of 18,700 ft*/s (AEP estimate greater than

10 percent) and 20,000 ft3/s (AEP estimate greater than

10 percent) were recorded at the USGS streamgages Little
Sioux River at Correctionville, lowa (06606600), and Little
Sioux River near Turin, Iowa (06607500), respectively. High-
water mark elevations were surveyed at 19 locations along

the Floyd River and 22 locations along the Little Sioux River
to develop 2 flood profiles: a 52.5-mi profile along the Floyd
River from State Highway 3 at Le Mars to U.S. Highway 18

at Sheldon that includes the USGS streamgage Floyd River at
Alton and a 101-mi profile along the Little Sioux River from
U.S. Highway 59 at Cherokee to U.S. Highway 18 north of
Spencer that includes the USGS streamgage Little Sioux River
at Linn Grove.
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Appendix 1.

The U.S. Geological Survey (USGS) used the bench
marks, temporary bench marks, and reference points listed in
tables 1.1 and 1.2 to facilitate measuring and referencing the
elevations of high-water marks (HWMs), low-flow water sur-
faces, bridge decks, and low-bridge chords. All bench marks,
temporary bench marks, and reference-point elevations listed
in tables 1.1 and 1.2 are referenced to the North American
Vertical Datum of 1988. The temporary bench marks were
established at sites where bench marks were not available.

In general, bench marks are points that were specifically
designed to mark an elevation, such as USGS elevation disks
and lowa Department of Transportation bench marks (round
top rods embedded in concrete at one or more corners of a
bridge). Marks—such as chiseled squares, chiseled arrows,
concrete anchors, or file marks—were used as temporary
bench marks or reference points. Reference points were estab-
lished above water on the downstream side of each bridge to
facilitate measuring low-flow water-surface elevations. Users
are cautioned that the bench marks, temporary bench marks,
and reference points used for this flood profile may have been
altered or destroyed since being used in 2018.

The bench marks, temporary bench marks, and refer-
ence points are listed in upstream to downstream order. The
bench marks, temporary bench marks, and reference points are
identified by an index number composed of the Public Land
Survey System township, range, section number, and quarter
section for each location; for example, TSIN R24W 25 SW
means “township 81 north, range 24 west, section 25, south-
west quarter section.” Where two or more bench marks/
reference points are in the same location, the points are
distinguished by a sequence number in parentheses. The terms
“right” and “left” in the description refer to the side of the
river determined as viewed while facing in the downstream
direction.

USGS survey crews established bench marks, tempo-
rary bench marks, and reference-point elevations (tables 1.1
and 1.2) using a Global Navigation Satellite System (GNSS)

List of Bench Marks and Reference Points

approach with the objective to achieve a level II or level

III quality category survey as referenced from Rydlund and
Densmore (2012). The GNSS survey approach involved
real-time positioning using the lowa Real-Time Network
SmartNET, a GNSS reference station network service pro-
vided by Iowa Department of Transportation and Leica
Geosystems (Iowa Department of Transportation, 2018),
and suitable published bench marks to provide checks and
localizations for resulting GNSS-derived bench mark, tempo-
rary bench mark, and reference-point elevations. Bench
mark check-ins and check outs along with “blunder checks”
were completed as outlined in Rydlund and Densmore
(2012). In the absence of suitable published bench marks,
deviations were taken from referenced level 11 and level 111
protocols such that a hybrid approach was developed with
redundant observations to provide an element of quality
assurance. Differential and trigonometric leveling were used
to perpetuate elevation from fiducial monuments to

the HWMs. Differential leveling followed procedures and
closure requirements as referenced from Kenney (2010).

A modified trigonometric leveling approach using a total
station also was used, assuring all backsight and foresight
checks were within 0.10 foot (ft) among an open loop
traverse.

GNSS Iowa Real-Time Network SmartNET surveys
used to establish bench mark, temporary bench mark, and
reference-point elevations in tables 1.1 and 1.2 represented
uncertainties that were derived from published bench
marks. These published marks were used to localize and
constrain GNSS observations for many of the temporary
bench marks and reference-point elevations whereas others
were simply used to check elevations. Overall uncertainty
associated with the published marks in tables 1.1 and 1.2
range from 0.10 to 0.35 ft. Subsequent HWM uncertainties
ranged from 0.05 to 0.4 ft, as documented in the Flood
Event Viewer with accompanying metadata (Koenig and
others, 2016).



Table 1.1. Bench marks and reference points used in the Floyd River flood profile, flood of June 21-24, 2018, northwestern lowa.

[Bench marks and reference points are listed in upstream order. Where two or more bench marks/reference points are in the same location, the points are distinguished by a sequence number in parentheses.
NAVD 88, North American Vertical Datum of 1988; BM, bench mark; USGS, U.S. Geological Survey; GNSS, Global Navigation Satellite System; RP, reference point; TBM, temporary bench mark; CSG,

crest-stage gage; E, East; DOT, Department of Transportation; NA, not applicable]

Public Land Survey System . Elevation
(township, range, section, quarter section Location Mark Elevation determination
p. range, 4 . ! classification (feet above NAVD 88)
sequence number at same location) method
T97N R43W 25 SE (1) BM At Sheldon on U.S. Highway 18 over Floyd River, on  3/8-inch anchor 1,389.69 GNSS
left downstream side of bridge. and USGS
washer
T97N R43W 25 SE (2) RP At Sheldon on U.S. Highway 18 over Floyd River, on  3/8-inch anchor 1,389.31 GNSS
downstream bridge rail, 3 feet west of radar mount and USGS
on bridge. washer
T97N R43W 36 SW (1) BM At Sheldon on 330th Street over Floyd River, on left ~ 3/8-inch anchor 1,376.11 GNSS
downstream side of bridge. and USGS
washer
T97N R43W 36 SW (2) RP At Sheldon on 330th Street over Floyd River, on 12th 3 chiseled 1,377.76 GNSS
vertical from left downstream side of bridge. marks
T96N R36W 14 NE (1) BM About 2.5 miles south of Sheldon on 350th Street 3/8-inch anchor 1,366.15 GNSS
over Floyd River, on right downstream side of and USGS
bridge on inside of bridge deck. washer
T96N R36W 14 NE (2) RP About 2.5 miles south of Sheldon on 350th Street 3/8-inch anchor 1,366.11 GNSS
over Floyd River, between 12th and 13th vertical and USGS
from right to left. washer
T96N R43W 23 NW (1) TBM About 3.5 miles south of Sheldon on 360th Street 2005 U.S. 1,362.15 GNSS
bridge over Floyd River, on left upstream side of quarter
bridge, about 10 feet left of edge of concrete.
T96N R43W 23 NW (2) RP About 3.5 miles south of Sheldon on 360th Street 3/8-inch anchor 1,361.51 GNSS
bridge over Floyd River, in line with 22d vertical and USGS
from left downstream side of bridge. washer
T96N R43W 34 NE (1) BM About 2 miles north of Hospers on 380th Street 3/8-inch anchor 1,347.19 GNSS
bridge over Floyd River, on right downstream side and USGS
of bridge. washer
T96N R43W 34 NE (2) RP About 2 miles north of Hospers on 380th Street 3/8-inch anchor 1,346.40 GNSS
bridge over Floyd River, on downstream bridge and USGS
rail, about 4 feet downstream from CSG bracket. washer
T9SN R43W 10 NW (1) BM At Hospers on 400th Street bridge over Floyd River,  3/8-inch anchor 1,338.85 GNSS
on left downstream side of bridge. and USGS
washer
T95SN R43W 10 NW (2) RP At Hospers on 400th Street bridge over Floyd River, 3 chiseled 1,338.50 GNSS
25 verticals from left downstream side of bridge. marks
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Table 1.1. Bench marks and reference points used in the Floyd River flood profile, flood of June 21-24, 2018, northwestern lowa.—Continued

[Bench marks and reference points are listed in upstream order. Where two or more bench marks/reference points are in the same location, the points are distinguished by a sequence number in parentheses.
NAVD 88, North American Vertical Datum of 1988; BM, bench mark; USGS, U.S. Geological Survey; GNSS, Global Navigation Satellite System; RP, reference point; TBM, temporary bench mark; CSG,
crest-stage gage; E, East; DOT, Department of Transportation; NA, not applicable]

Public Land Survey System . Elevation
(township, range, section, quarter section e Location Mark Elevation determination
' ' ! . ! classification (feet above NAVD 88)
sequence number at same location) method

T9SN R43W 16 NW (1) BM About 1 mile south of Hospers on 410th Street bridge 3/8-inch anchor 1,332.52 GNSS
over Floyd River, on left downstream side of and USGS
bridge, about 10 feet from edge of concrete. washer

T95N R43W 16 NW (2) RP About 1 mile south of Hospers on 410th Street bridge 3/8-inch anchor 1,331.99 GNSS
over Floyd River, on 8th vertical from right down- and USGS
stream side of bridge. washer

T95N R43W 20 SE (1) BM About 3 miles south of Hospers on 430th Street USGS BM 1,312.62 GNSS
bridge over Floyd River.

T95N R43W 20 SE (2) RP About 3 miles south of Hospers on 430th Street 3 chiseled 1,312.65 GNSS
bridge over Floyd River, on 6th vertical from left marks
to right on downstream side of bridge.

T95N R44W 25 SE (1) BM About 1.5 miles north of Alton on Kingbird Avenue 3/8-inch anchor 1,309.74 GNSS
bridge over Floyd River, on left downstream side and USGS
of bridge. washer

TO95N R44W 25 SE (2) RP About 1.5 miles north of Alton on Kingbird Avenue 3 chiseled 1,311.69 GNSS
bridge over Floyd River, on 8th vertical from right marks
to left on downstream side of bridge.

T95N R44W 35 SW (1) BM About 0.5 mile north of Alton on Kennedy Avenue 3/8-inch anchor 1,309.77 GNSS
bridge over Floyd River, on right downstream side and USGS
of bridge, 5 feet from yellow sign. washer

TO95N R44W 35 SW (2) RP About 0.5 mile north of Alton on Kennedy Avenue 3/8-inch anchor 1,307.71 GNSS
bridge over Floyd River, between 17th and 18th and USGS
vertical from right to left on downstream side of washer
bridge.

T94N R44W 11 NE (1) BM At Alton, site of streamgage 06600100 Floyd River Chiseled square 1,300.20 Streamgage
at Alton, on E Division Street bridge over Floyd elevation data
River, on right downstream base of wingwall.

T94N R44W 11 NE (2) BM At Alton on Highway 60 bridge over Floyd River, on Iowa DOT 1,309.70 GNSS
right downstream side of bridge. bench mark

T94N R44W 11 NE (3) RP At Alton on Highway 60 bridge over Floyd River, on  Chiseled square 1,305.68 GNSS
middle downstream side of bridge.

T94N R44W 28 NE (1) TBM About 3 miles south of Alton on 490th Street bridge ~ Chiseled x 1,283.39 GNSS

over Floyd River, on right downstream side of
bridge.
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Table 1.1.

Bench marks and reference points used in the Floyd River flood profile, flood of June 21-24, 2018, northwestern lowa.—Continued

[Bench marks and reference points are listed in upstream order. Where two or more bench marks/reference points are in the same location, the points are distinguished by a sequence number in parentheses.
NAVD 88, North American Vertical Datum of 1988; BM, bench mark; USGS, U.S. Geological Survey; GNSS, Global Navigation Satellite System; RP, reference point; TBM, temporary bench mark; CSG,
crest-stage gage; E, East; DOT, Department of Transportation; NA, not applicable]

Public Land Survey System . Elevation
(township, range, section, quarter section e Location Mark Elevation determination
' ' ! . ! classification (feet ahove NAVD 88)
sequence number at same location) method

T94N R44W 28 NE (2) RP About 3 miles south of Alton on 490th Street bridge ~ Chiseled arrow 1,283.43 GNSS
over Floyd River, 16 verticals from right down-
stream side of bridge.

T93N R44W 7 NE (1) TBM About 7 miles north of Le Mars on County Road C12  Painted bolt 1,254.79 GNSS
bridge over Floyd River, on left downstream side
of bridge.

T93N R44W 7 NE (2) RP About 7 miles north of Le Mars on County Road 3 chiseled 1,255.58 GNSS
C12 bridge over Floyd River, 10 verticals from left marks
downstream side of bridge.

T93N R45W 13 SW (1) BM About 5 miles north of Le Mars on County Road C16  Plymouth 1,241.51 GNSS
bridge over Floyd River, on right downstream side County BM
of bridge.

T93N R45W 13 SW (2) RP About 5 miles north of Le Mars on County Road C16  Chiseled square 1,241.35 GNSS
bridge over Floyd River, on middle downstream
side of bridge, 13 verticals from right to left.

T93N R45W 26 NW (1) TBM About 4 miles north of Le Mars on 140th Street Chiseled x 1,233.17 GNSS
bridge over Floyd River, on right downstream side
of bridge on rivet.

T93N R45W 26 NW (2) RP About 4 miles north of Le Mars on 140th Street 3 chiseled 1,241.16 GNSS
bridge over Floyd River, on middle downstream marks
side of bridge. On right side truss, 17 rivets angle
in truss to the left.

T93N R45W 27 SW (1) TBM About 3 miles north of Le Mars on 150th Street Chiseled x 1,228.85 GNSS
bridge over Floyd River, on right downstream side
of bridge.

T93N R45W 27 SW (2) RP About 3 miles north of Le Mars on 150th Street NA 1,228.98 GNSS
bridge over Floyd River, on 10th vertical from
right downstream side of bridge.

T93N R45W 33 SE (1) BM About 2 miles north of Le Mars on 160th Street Plymouth 1,223.67 GNSS
bridge over Floyd River. County BM

T93N R45W 33 SE (2) RP About 2 miles north of Le Mars on 160th Street Chiseled square 1,223.49 GNSS

bridge over Floyd River, on middle downstream
side of bridge, near 15 vertical from right bank.
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Table 1.1. Bench marks and reference points used in the Floyd River flood profile, flood of June 21-24, 2018, northwestern lowa.—Continued

[Bench marks and reference points are listed in upstream order. Where two or more bench marks/reference points are in the same location, the points are distinguished by a sequence number in parentheses.
NAVD 88, North American Vertical Datum of 1988; BM, bench mark; USGS, U.S. Geological Survey; GNSS, Global Navigation Satellite System; RP, reference point; TBM, temporary bench mark; CSG,

crest-stage gage; E, East; DOT, Department of Transportation; NA, not applicable]

Public Land Survey System . Elevation
. - . Mark . Elevation L
(township, range, section, quarter section, e Location Mark determination
. classification (feet ahove NAVD 88)
sequence number at same location) method
T92N R45W 9 NW (1) TBM At Le Mars on Highway 75 bridge over Floyd River,  Chiseled x 1,216.05 GNSS
on left downstream side of bridge.
T92N R45W 9 NW (2) RP At Le Mars on Highway 75 bridge over Floyd River,  Chiseled square 1,214.25 GNSS
3 feet past 22d drain from left downstream side of
bridge.
T92N R45W 8 SE (1) TBM At Le Mars on Highway 3 bridge over Floyd River, Chiseled square 1,212.15 GNSS
on left downstream side of bridge.
T92N R45W 8 SE (2) RP At Le Mars on Highway 3 bridge over Floyd River, NA 1,212.93 GNSS

RP not located, measurement made from top of
railing on middle, downstream side of bridge.
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Table 1.2.

Bench marks and reference points used in the Little Sioux River flood profile, flood of June 27-July 1, 2018, northwestern lowa.

[Bench marks and reference points are listed in upstream order. Where two or more bench marks/reference points are in the same location, the points are distinguished by a sequence number in parentheses.

NAVD 88, North American Vertical Datum of 1988; RP, reference point; GNSS, Global Navigation Satellite System; BM, bench mark; W, West; DOT, Department of Transportation; USGS, U.S. Geological

Survey; TBM, temporary bench mark; E, East]

Public Land Survey System . Elevation
. . . Mark . Elevation L
(township, range, section, quarter section, P Location Mark determination
- classification (feet above NAVD 88)
sequence number at same location) method
T97N R37W 27 SE (1) RP About 3 miles north of Spencer on 320th Street 3 chiseled 1,332.91 GNSS
bridge over Little Sioux River, on downstream side marks
of bridge between 10th and 11th metal square from
right to left. About 3 feet to the left of lowa Flood
Center box.
T96N R37W 11 NW (1) RP About 1.5 miles west of Spencer on 18th Street 2 chiseled 1,327.68 GNSS
bridge over Little Sioux River, 13 verticals from marks
right downstream side of bridge.
T96N R37W 11 SW (1) BM About 1.5 miles west of Spencer on W 4th Street Iowa DOT BM 1,326.18 GNSS
bridge over Little Sioux River, on right upstream
side of bridge.
T96N R37W 11 SW (2) RP About 1.5 miles west of Spencer on W 4th Street 3 chiseled 1,325.54 GNSS
bridge over Little Sioux River, on 13th vertical marks
from right downstream side of bridge.
T96N R36W 18 NW (1) RP At Spencer on U.S. Highway 71 bridge over Little 3 chiseled 1,318.75 GNSS
Sioux River, near wire box on downstream side of marks
bridge.
T96N R36W 17 SE (1) BM About 1.5 miles east of Spencer on County Road Metal spike 1,316.81 GNSS
MS50 bridge over Little Sioux River, on left up-
stream side of bridge.
T96N R36W 17 SE (2) RP About 1.5 miles east of Spencer on County Road Chiseled square 1,316.44 GNSS
M350 bridge over Little Sioux River, 2 feet past
14th vertical from left downstream side of bridge.
T96N R36W 15 SE (1) BM About 3 miles east of Spencer on Highway 18 bridge  3/8-inch bolt 1,314.26 GNSS
over Little Sioux River, on right downstream side and USGS
of bridge directly north of Little Sioux River sign. washer
T96N R36W 15 SE (2) RP About 3 miles east of Spencer on Highway 18 bridge  3/8-inch bolt 1,314.63 GNSS
over Little Sioux River, on outside of downstream and USGS
bridge wall directly above 7th drain hole from right washer
to left.
T96N R36W 35 SW (1) BM About 3 miles south of Spencer on County Road B40  3/8-inch bolt 1,301.29 GNSS

bridge over Little Sioux River, between 21st and
22d vertical from right to left on outside of bridge
walk on downstream side of bridge.

and USGS
washer
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Table 1.2.

Bench marks and reference points used in the Little Sioux River flood profile, flood of June 27-July 1, 2018, northwestern lowa.—Continued

[Bench marks and reference points are listed in upstream order. Where two or more bench marks/reference points are in the same location, the points are distinguished by a sequence number in parentheses.
NAVD 88, North American Vertical Datum of 1988; RP, reference point; GNSS, Global Navigation Satellite System; BM, bench mark; W, West; DOT, Department of Transportation; USGS, U.S. Geological

Survey; TBM, temporary bench mark; E, East]

Public Land Survey System . Elevation
. - . Mark . Elevation L
(township, range, section, quarter section, e . Location Mark determination
. classification (feet ahove NAVD 88)
sequence number at same location) method
T96N R36W 35 SW (2) RP About 3 miles south of Spencer on County Road B40  3/8-inch bolt 1,301.98 GNSS
bridge over Little Sioux River, between 21st and and USGS
22d vertical from right to left on outside of bridge washer
walk on downstream side of bridge.
T95N R36W 25 NW (1) TBM At Gillett Grove on County Road B53 bridge over Chiseled square 1,294.19 GNSS
Little Sioux River, on left upstream side of bridge.
T95SN R36W 25 NW (2) RP At Gillett Grove on County Road B53 bridge over 2 chiseled 1,295.04 GNSS
Little Sioux River, 25 verticals from right down- marks
stream side of bridge.
T95N R36W 34 SE (1) TBM About 1.5 miles south of Gillet Grove on 260th Chiseled x 1,290.63 GNSS
Avenue bridge over Little Sioux River, on left
downstream side of bridge.
T95N R36W 34 SE (2) RP About 1.5 miles south of Gillet Grove on 260th 2 chiseled 1,290.34 GNSS
Avenue bridge over Little Sioux River, 16 verticals marks
from left downstream side of bridge.
T94N R36W 9 SW (1) TBM About 2 miles north of Cornell on 240th Street bridge Bolt with chis- 1,278.11 GNSS
over Little Sioux River, on left upstream side of eled x
bridge. Furthest southeast bolt on outside of bridge.
T94N R36W 9 SW (2) RP About 2 miles north of Cornell on 240th Street bridge 3 chiseled 1,278.74 GNSS
over Little Sioux River, between 2d and 3d vertical marks
from left to right on downstream side of bridge.
Angled truss member is not counted as a vertical.
T94N R36W 20 NW (1) BM About 1 mile north of Cornell on 480th Street bridge  3/8-inch bolt 1,290.58 GNSS
over Little Sioux River, on right downstream side and USGS
of bridge. About 5 feet south of yellow marker washer
sign.
T94N R36W 20 NW (2) RP About 1 mile north of Cornell on 480th Street bridge  3/8-inch bolt 1,284.64 GNSS
over Little Sioux River, between 27th and 28th and USGS
vertical from right to left on downstream side of washer
bridge.
T94N R36W 28 SE (1) TBM About 2.5 miles north of Sioux Rapids on 495th Chiseled x 1,281.37 GNSS

Street bridge over Little Sioux River, on right
downstream side of bridge.
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Table 1.2. Bench marks and reference points used in the Little Sioux River flood profile, flood of June 27-July 1, 2018, northwestern lowa.—Continued

[Bench marks and reference points are listed in upstream order. Where two or more bench marks/reference points are in the same location, the points are distinguished by a sequence number in parentheses.
NAVD 88, North American Vertical Datum of 1988; RP, reference point; GNSS, Global Navigation Satellite System; BM, bench mark; W, West; DOT, Department of Transportation; USGS, U.S. Geological
Survey; TBM, temporary bench mark; E, East]

Public Land Survey System . Elevation
. - . Mark . Elevation L
(township, range, section, quarter section, e . Location Mark determination
. classification (feet above NAVD 88)
sequence number at same location) method
T94N R36W 28 SE (2) RP About 2.5 miles north of Sioux Rapids, on 495th Chiseled square 1,281.02 GNSS
Street bridge over Little Sioux River, 20 verticals
from left downstream side of bridge.
T93N R37W 1 SE (1) BM At Sioux Rapids on U.S. Highway 71 bridge over Capped bolt 1,270.26 GNSS
Little Sioux River, about 120 feet from left down- labeled JP
stream side of bridge. Ward
T93N R37W 1 SE (2) RP At Sioux Rapids on U.S. Highway 71 bridge over 3/8-inch bolt 1,271.35 GNSS
Little Sioux River, about 5 feet from bench mark and USGS
and between 4th and 5th drain from left to right. washer
T93N R37W 5 SE (1) BM At Linn Grove, site of streamgage 06605850 Little 3/8-inch stud 1,261.51 Streamgage eleva-
Sioux River at Linn Grove, east of Main Street, on and nut tion data
the concrete base of the gage shelter on the down-
stream streamward corner.
T93N R37W 5 SE (2) TBM At Linn Grove on Weaver Street bridge over Little Chiseled square 1,261.50 GNSS
Sioux River, on right downstream side of bridge.
T93N R37W 5 SE (3) RP At Linn Grove on Weaver Street bridge over Little Chiseled x 1,260.66 GNSS
Sioux River, 13 verticals from right downstream
side of bridge.
T94N R38W 33 SW (1) BM At Peterson on 125th Street bridge over Little Sioux  3/8-inch bolt 1,238.84 GNSS
River, on left downstream side of bridge. and USGS
washer
T94N R38W 33 SW (2) RP At Peterson on 125th Street bridge over Little Sioux 3 chiseled 1,241.54 GNSS
River, 16 verticals from left downstream side of marks
bridge.
T94N R38W 32 NE (1) BM At Peterson on Highway 10 bridge over Little Sioux =~ Iowa DOT BM 1,239.32 GNSS
River, on left downstream side of bridge.
T94N R38W 32 NE (2) RP At Peterson on Highway 10 bridge over Little Sioux  Chiseled square 1,237.74 GNSS
River, between 6th and 7th drain from right down-
stream side of bridge.
T94N R39W 27 SE (1) BM About 4 miles west of Peterson on Highway 10 Iowa DOT BM 1,228.67 GNSS

bridge over Little Sioux River, on right, upstream
side of bridge.
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Table 1.2.

Bench marks and reference points used in the Little Sioux River flood profile, flood of June 27-July 1, 2018, northwestern lowa.—Continued

[Bench marks and reference points are listed in upstream order. Where two or more bench marks/reference points are in the same location, the points are distinguished by a sequence number in parentheses.
NAVD 88, North American Vertical Datum of 1988; RP, reference point; GNSS, Global Navigation Satellite System; BM, bench mark; W, West; DOT, Department of Transportation; USGS, U.S. Geological

Survey; TBM, temporary bench mark; E, East]

Public Land Survey System . Elevation
. - . Mark . Elevation L
(township, range, section, quarter section, e . Location Mark determination
. classification (feet ahove NAVD 88)
sequence number at same location) method

T94N R39W 27 SE (2) RP About 4 miles west of Peterson on Highway 10 Chiseled square 1,229.89 GNSS
bridge over Little Sioux River, 6 drains from left
downstream side of bridge.

T93N R39W 21 NW (1) BM About 4 miles east of Larrabee on County Road C16 ~ 3/8-inch bolt 1,211.13 GNSS
bridge over Little Sioux River, on left downstream and USGS
side of bridge. washer

T93N R39W 21 NW (2) RP About 4 miles east of Larrabee on County Road C16  3/8-inch bolt 1,212.56 GNSS
bridge over Little Sioux River, near 30th vertical and USGS
from right downstream side of bridge; 3 feet to the washer
left of wire box.

T93N R40W 36 SE (1) BM About 4.5 miles north of Cherokee on County Road 3/8-inch bolt 1,201.98 GNSS
C25 bridge over Little Sioux River, on left down- and USGS
stream side of bridge. washer

T93N R40W 36 SE (2) RP About 4.5 miles north of Cherokee on County Road 3 chiseled 1,200.87 GNSS
C25 bridge over Little Sioux River, between 25th marks
and 26th vertical from left to right on downstream
side of bridge.

T92N R40W 26 NE (1) TBM At Cherokee on Highway 3 bridge over Little Sioux ~ Chiseled x 1,189.32 GNSS
River, on left downstream side of bridge.

T92N R40W 26 NE (2) RP At Cherokee on Highway 3 bridge over Little Sioux  Chiseled square 1,187.90 GNSS
River, between 4th and 5th drain from left down-
stream side of bridge.

T92N R40W 35 NW (1) RP At Cherokee on E Main Street bridge over Little 3/8-inch bolt 1,189.18 GNSS
Sioux River, near 4th drain from right downstream and USGS
side of bridge. washer

T92N R40W 34 NE (1) TBM At Cherokee on U.S. Highway 59 bridge over Little ~ Chiseled x 1,184.55 GNSS
Sioux River, on downstream wall.

T92N R40W 34 NE (2) RP At Cherokee on U.S. Highway 59 bridge over Little ~ Chiseled square 1,181.71 GNSS

Sioux River, directly below Weather Bureau box
on downstream side of bridge.
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