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1. Introduction

From 20112013, lowa suffered eight Presidential Disaster Declarations encompassing 73
counties and more than 70% of the state. As devastating as thesevesemithis period is but a

brief momentin| owads | ong history of endurFigmgl-land r e
shows just one example thfe devastation caused by floodsHiamburg in 2019Longterm data

show that heavy precipitation and flood events are increasing in frequency across the Midwest,

and lowans need to be prepared for the economic, social, and environmental impacts of these
changing trends.

Mua llm; {

i ll!

IFs

Figurel-1: Floodingin Hamburg March 2019 (Whitney Curtis/NBC News)

In January 2016, the statelofva received a $97 million award for the lowa Watershed Approach
(I''WA). The grant was part of the U.S. Departm
National Disaster Resilience Competition, which funds cuttidge projects to address unmet
needsfrom past natural disastersatodd e duce Ameri cans®66 vulnerabild]i
projectendsin September 2@ The IWA program takes a holistic approach to address flooding

at the watershed scale, recognizing that upstream and downstreamunities need to voluntarily

work together to increase community flood resilie(\eber et al., 2018)

The IWA pursus six specific goals:

East and Wed\lishnabotnaProject Evaluation| 1



1) Reduce flood risk

2) Improve water quality

3) Increase community flood resilience

4) Engage stakeholders through collatiora outreach, and education

5) Improve quality of life and health for lowans, especially for vulnerable populations

6) Develop a program that is scalable and replicable throughout the Midwest and United
States

The IWA brings lowans together to addréise factors that contribute to flood&ight distinct
watershedsvereinvolved in the projectshown inFigure 1-2, including the Upper lowa River,
Upper Wapsipinicon RivenMiddle Cedar River, Clear Creek, English River, North Raccoon
River, East Nishnabotna River, West Nishnabotna River, and Bee Branch Creek. In addition, urban
projects in the cities of Dubuque, Coralville, and Storm L&&eused on infrastructure
improvemets to mitigate flood risk.

Upper lowa
Upper
Wapsipinicon
& Storm Lake
Duhuque#
North Middle Bee
Raccoon Cedar Branch
Clear Creek 4K Coralville
Ea_lst English
West  Nishnabotna River

Mishnabotna

Figurel-2: The lowa Watershed Approach study areas include eight distinct watersheds
and three urban areas.

Each watershefrmed a Watershed Management Authority (WMA) that brings local stakeholders
together to prioritize their watershed improvement needs, share resources, and foster new
partnerships and collaborationds part of Phase 1 of the IWAJHR& Hydroscienceand
Engneering (IIHR) and the lowa Flood Center (IFd&velopeda hydrologic assessmeior each
watershed that provideVMAs, local leaders, landowners, and residents with an understanding
of the hydrologyd the movement of watér within their watershed. Thigssessment deliveul
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valuable information to stakeholders to help guide strategic degisadimg to efficiently address
flooding and watequality concerns.

Figure1l-3: Flood mitigation pondEN-001 Moun) constructed as part of the IWA in the
Ledgewood CreeKUC12, a subwvatershed of th&ast NishnabotnBlUCS8.

The results of the Phase 1 efforts were used to deteffonimes goals and strategies for best
management practices (BMPs) and was integratedtire watershed management plan; a4ong
term vision for the watershed to reduce floods and improve water qudlifyfunds proviced
90% costshareassistancéor BMP construabn of ponds, wetlands, oxbow reconstructions, and
more. IIHR and IFC have deleped thisPhase 2eport for theEast and West Nishnabotna
Watershed to detail the practices constructeceaatiiateheir individual and cumulative benefits.

Ultimately, 109 BMPs were completed in tHeast and West Nishnabothdatershed as part of
thelWA:

8 ponds

83 terraces

7 buffer/prairie strips

3 bank stabilizations

2 grade stabilizations
3 grass waterways

= =4 =4 -4 -8 -9

East and WesklishnabotnaProject Evaluation| 3



1 2 WASCOBs
9 1 bioreactor

Figurel-3 andFigurel-4 show examples of these projects. The total design and construction costs
of these projets was jusunder $4million. Chapter 5 provides detaibf all 109 practices, and
Chapter Gummarizes the results of theject evaluation.

Figure1-4: Streambank stabilization structuf@/N 037 Evang constructed as part of the
IWA in the Willow SloughHUC12, asubwatershedf the West Nishnabotn&UCS8.
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21l owads HydrolQuglyy and Water

This chapter summari zes | owads water <cycl e,
across the state. The authors examined precipitation, streamflow, and shallow groundwater records

to describe how much precipitation falls, how that water moves through the landscape, when
storms typically produce r i vlanduse landavdter quglity a n d
have changed over the past decades and century. In addition, this chapter includes an overview of
two novel webb ased pl atforms that al | owgualitydatee She t o |
information presented in this chapte valid for the entire state, but some sdttions place

emphasis on the eightral IWA watersheds shown iRigurel1-2.

a. Land Surface and Use

lowa has a unique and diverse landscape that is the culmination of geologic processes occurring
over millennia. lowa has been subdivided into seven distinct landform regions, shBignna

2-1 (Prior, 1991). The lowa Watershed Approach projects are primarily contained within four of
these regions: the Paleozoic Plateau, the lowan Surface, the Southern lowa Drift Plain, and the
Des Moines Lobe landform regions. Suidicmaterials are underlain by a host of sedimentary
bedrock formationgancluding carbonate (limestone and dolomite), sandstone, and shale. Most of
these rocks were deposited during the Paleozoic Erd Z991million years ago), with others

being deposité during the earlier Mesozoic Era (2@b6 million years ago).

Following an extensive period of n@eposition and erosion, lowa was glaciated numerous times
during the Quaternary Period. At least seven episodes of glaciation occurred between 2.6 and 0.5
million years ago. These are collectively known as thellRn@ian glacial advances. More
recently, the Des Moines Lobe glacier advanced into remthral lowa, reaching its maximum
extent approximately 14,000 years ago. Subsequent loessiflewd silf) deposition occurred

during and after this time, mantling much of the state. These glacial processes and erosional
periods shaped the landform regions of lowa.

The Southern lowa Drift Plain encompastbessouthern portion of the state and consists @raév

layers of Prdllinoian till deposits mantled by loess. Landscape development following the ice
retreat eroded most of the features typically associated with glaciers and created the well
developed drainage network we see today. The Loess Hills famdégion in the western part of

the state has the same stratigraphic units as the Southern lowa Drift Plain, but with thicker loess
deposits because of its proximity to the soudrcéhe Missouri River alluvial plains.

In contrast, northeastern lowa expeced a period of extreme cold (21,000 to 16,500 years ago)

during the last glacial maximum, resulting in extensive erosion of the landscape and the formation

of the lowan Surface landform region. Characteristic features include gently rolling topography,
common gl aci al Aerraticso (rocks and boul ders
and loessnantled paha (northwest to southeast trending uneroded upland remnants of the former
landscape). The depth to bedrock is often shallow on this landfegion. Surficial materials
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consist of poorly consolidated glacial deposits with the potential for extensive local sand bodies.
In areas where the depth to bedrock is shallow, these materials provide limited protection from
surface water infiltrating i@ bedrock.

The Paleozoic Plateau borders the lowan Surface and experienced many of the same processes.
The primary difference is that shallow bedrock dominates the Paleozoic Plateau. Characteristic
features include steep sided, deeply entrenched valbysidant rock exposures; and common

karst features. The unconsolidated materials consist of relatively thin glacial deposits with a loess
mantle. Carbonate bedrock is susceptible to the formation of karst features, and numerous caves,
springs, and sinkhadeare identified throughout this landform region.

The younger Des Moines Lobe landform regmnastsin northcentral lowa. This region was
glaciated between approximately 15,000 and 12,000 years ago, with several advances and retreats
before the glacieririally receded. Because of the relative youth of this region, erosional processes
have not erased the surficial features typical of glacial landscapes. Characteristic features include
glacial moraines (arcuate ridges associated with stationary periagspntact features (knobs,

kettles, and hummocky terrain), fhggained lake and pond deposits, and outwash (coarse sand
and gravel carried by rivers draining glaciers). Natural drainage on the Des Moines Lobe is
typically very poor.

East and WeslishnabotnaProject Evaluation| 6



Northwest

lowa
Plains Paleozoic
Plateau

Des Moines
Lobe ‘ : Dubuque/
. Bee Branch

East Central
Drift Plain

Missouri
Alluvial
Plain Southern lowa rlllsus\:v?.'jllppl

Drift Plain Plain

Figure2-1: The | WA watershedsd positions within

Prairies covered lowa before the arrival of European settlers, as depicted in historical vegetation
shown inFigure2-2. Forests and wetlands created a diverse set of habitats for animals, and
prairies contained up to 300 species of grasses and flowers. As settlers tilled the prairie and
planted crops such ageat, corn, and buckwheat, the land cover of lowa shifted to a majority
agricultural statéSchilling et al., 2008).
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Figure2-2: Historic vegetation of lowa 18389. Raw data downloaded from the lowa
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Geogrphic Map Server (https://ortho.gis.iastate.edu/).

Today, corn and soybeans cover 64% of lowa Esgure 2-3), with only small prairie remnants
remaining. Several factors make lowa an excellent place to sustain agricultural activities, including
the rich topsoil left behind by the prairies; advancefarming technology including fertilizers,

pesticides, and herbicides; and rainfall patterns, among others. Over the past 15 years, the

percentage
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Figure2-3: Land use composition in ¢hstate of lowa 2016. Cropland Data Layer.
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A significant portion of lowa soils require sglirface drainage to achieve optimal yields for row
crops. Areas that likely require tile drainage are shioMagure2-5. It is estimated that installation

of tile drainage peaked between the late 1800s and th&%0idk, but today landowners continue

to expand and upgrade drainage systems. In some areas (mostly in the Des Moines Lobe), public
drainage districts were cited to facilitate drainage over large areas. Drainage districts, also shown

in Figure2-5, have the power to tax and bond and are governed by trustees.
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Figure2-5: Soils requiring tile drainage for full productivity and drainage districts. Raw
data source: DNR's NRGIS Library.

b. Climate and Water Cycle

lowa is characterized by a humid continental climate with markedsglasmperature variations,
typically experiencing hot summers and cold winters. Annual average temperatures range between
approximately 40°F and 60°F. The coldest and warmest months of the year are January and June,
respectively. In January, the normallgt minimum temperatures range between 6°F and 17°F. In
June, the normal daily maximum temperatures are in tii8478 range. Severe weather can
impact regions of the state between the spring and fall; heavy rains and tornados are the most
common of thesevents. Precipitation records show that lowa typically receives the bulk of its
annual precipitation in the spring and the summer.
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i. Statewide Precipitation

|l owabs precipitation spatial patterns are mar
across its landscape from the southeast to the northwest, as shbwre 2-6. The average

annual precipitation reaches 40 inches in the southeast corner anasdedie 26 inches in the

northwest corner.
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1
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Figure2-6: Average precipitation (inches): (a) annual; and (b) growing season {April
October). Precipitation estimates are based on thged0 annual average 481 2010).
(Raw data downloaded fronhitp://www.prism.oregonstate.edu/

Records show small variations in average annual precipitation among the eight IWA watersheds;
the North Raccoon receives the 1e@8.8 inches), and the English River the most (36.6 inches).
Historically, the quantity of annual precipitation presentedrigure 2-6b has been ideal for
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agriculturdneeds, such that lowa has not required irrigation systems like other parts of the country.
The staté average precipitation between April and October is approximately 27 inches, and the
months with highest precipitation accumulations (May, June, and July) occur during the peak of
the growing season. These climatological characteristics make lowa aplabesaior agriculture.

5

N w s

Precipitation (inches)

'_\

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure2-7: Statewide average monthly precipitation. Precipitation estimates are based on
the 30yearannual average (1982010). (Raw data downloaded from:
http://www.prism.oregonstate.egu/

ii. The Water Cycle in lowa

A | arge portion of | owads pr & cithpriditedclyfronolakese vap or
and streams, or by transpirati evaporhte dramsioto o p s ¢
streams and rivers. The average annual partitioning of precipitation into evapotranspiration,
surface flow, or base flow in each IWA watershed is showsgare2-8.

Evapotranspiration

In lowa, most precipitation leaves by evapotranspiration; for the IWA watersheds,
evapotranspiration accounts for between 66% and 79% of precipitation. Moving westward in the
state, a larger fraction of tlpgecipitation evaporates.

Surface Flow

The precipitation that drains into streams and rivers can take two different paths. During rainy
periods, some water quickly drains across the land surface, causing streams and rivers to rise in
the hours and daysfolowi ng t he stor m. This portion of th
even though some of the water may soak into the ground and discharge later (e.g., through a tile
drainage system).
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Baseflow

The rest of the water that drains into streams andsritates a longer, slower path; fjrgt

infiltrates into the groundndpercolates down to the groundwat€henit slowly moves toward

a stream. The groundwater eventually reaches the stream, maintaining flows in a river even during
extended dry period.hi s portion of the flow is often ca
subsurface drainage flows are typically lumpegethemwith groundwater flows.

lowa Water Cycle

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0

North West East Clear Creek English RiverMiddle Cedar  Upper Upper lowa
Raccoon Nishnabotna Nishnabotna Wapsipinicon

Percent of Precipitation

®

m Evapotranspiration mSurface Flow = Baseflow

Figure2-8: lowa water cycle for the IWA watersds. This shows the partitioning of
average precipitation into evapotranspiration, surface flow, and baseflow components.

iii. Shallow Groundwater and Soil Moisture Trends

Shallow groundwater and soil moisture conditions can play an important role in thertraatgin

of rainfall into runoff. For example, several studies have identified the occurrence of very wet
winters and springs (and the subsequent high soil moisture and groundwater levels) as contributing
factors to the major floodsf 1993 and 2008 (Linltaand Eash, 2010; Mutel, 2010; Bradley, 2010;
Smith et al., 2013). Across the state, almost 400 sensors continuously monitor the condition (e.g.,
streamflow and stage) of the lowa rivers. In contrast,-teng continuous data on groundwater
levels or sdimoisture are sparsgigure2-9 displays shallow groundwater information from two
United States Geological Survey (USGS) wells located in two different lowa counties. The
location of the water table is influenced by several factors, such as location on the landscape, land
cover, soil tye, etc. In lowa, it is very common to find the water table within the first 25 feet of
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the soil column, except in the deep loess hills in western lowa and incised bedrock valleys of
northeast lowa.

Hancock County
Montgomery County

o
1

Depth to Water Table (ft)
& S

N
o
T

25 1 1 1 1 1 1
01-01-2002  01-01-2004  12-31-2005  12-31-2007  12-30-2009  12-30-2011 12-29-2013  12-29-2015  12-28-2017

Figure2-9: Shallow groundwater data (USGS wells).

iv. Floods

Rivers and streams have a finite capacity to convey water within their banks. When the amount of
water surpasses that capacity, flooding occurs. Floods are typically related to large amounts of
precipitdion or snow melt and saturated or frozen soil. In lowa, historic records show that the great
majority (>90%) of floods occur in the spring and summer; the month of June shows the highest
number of flood events. Precipitation records show that heavyagamsred in the fall as well;
however, lowa soils have a larger capacity to infiltrate water late in the year, and therefore fall
floods are |l ess common. I n Il owads flood histo
different scale than the otlseiThese two events stand out from the rest when looking at the extent
of the area impacted, recovery costs, precipitation amounts, and stream flows recorded (Bradley
2010; Smith et al., 2013frigure2-10 shows the extent of the flooding during the flood events of
1993 and 2008. In both years, flooding impacted the eight IWA watersheds.
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Figure2-10: The extent of the flooding during the 1993 and 2008 floods (Bradley, 2010).

Federal disaster declarations give impacted regions access to federal recovery assistance. Current
regulation permits two kinds of disaster declarations: emergency declarattbnsagor disaster
declarations$tafford Act).Both are granted at the discretion of the president of the United,States
after the governor of the impacted state makes the request. FEMA records on disaster declarations
are open to the public and were useevrite the text and create the figures below.

1 FEMA records show 952 floerklated disaster declarations (FRDD) in lowa between 1988
and 2016. Of these, 951 were reported for lowa counties-{gere2-11) and one for the
Sac and Fox Tribe of the Mississippi in lowa. All the FRDD in lowa have been major
disaster declaratiopnsxceptfor the 99 related to Hurricane Katrina evacuatibable2-1),
which were classified as emergency disaster declarations.
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Table2-1. FEMA disaster declarations lowa Counties (1988016). Data source:

T

https://www.fema.gov/

COUNT
DISASTER TITLE 1988-2016

SEVERE STORMS, TORNADOES, ANBLOODING 223

SEVERE STORMS &LOODING 195

SEVERE STORMS, TORNADOES ANBLOODING 106
HURRICANE KATRINA EVACUATION 99
SEVERE STORMS ANFLOODING 98
SEVERE STORMSEFLOODING , AND TORNADOES 97
SEVERE STORMS, TORNADOES, STRAIGHT-LINE WINDS, ANELOODING 79
SEVERE WINTER STORM 62
SEVERE WINTER STORMS 48
ICE STORM 44
SEVERE STORMS, STRAIGHT-LINE WINDS, ANIBLOODING 34
SNOW 30
SEVERE WINTER STORMS AND SNOWSTORM 27
SEVERE STORMS, ANFLOODING 15
SEVERE SNOWSTORMS 13
FLOODING 6
SEVERE STORMS, TORNADOES, AND STRAIGHT-LINE WINDS 6
RAIN, WINDS, & TORNADOES 1
SEVERE STORM 1

1184

In the last 30 years, every county in lowa has experienced sufficiently large and severe
flood events to warrant a presidential disaster declaration. The number of FRDDs for each
lowa county fom 1988 2016 isshownin Figure2-11.

The eastern half of the state has received more FRDDs than the western part. In addition,
most counties in Northeast lowa have received at least 10 FRDDs in the last three decades.
Thetwocounties with the | owest and highest
Clayton (17), respectively.

Since 1988, the longest period with no FRDDs in lowa was two years, which can be seen
in Figure2-12. The years with the highest number of FRDDs were 1993, 2005, and 2008.
Remarkably, the number of FRDDs in 1993 is higher than the number of counties in lowa.
In that year, 15 counties receivévo FRDDs, one in late April and the second in early
July (Buchanan, Butler, Des Moines, Linn, Black Hawk, Muscatine, Benton, Cedar,
Louisa, Tama, Webster, Floyd, Mitchell, Kossuth, and Scott counties).
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Total: 951
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Figure2-11: Number of floodrelated federally declared disasters in lowa counties (1L988
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Figure2-12: The number of floodelated federally declared disasters in lowa (1288.6).
Data sourcehttps://www.fema.gov/

v. Droughts

Li ke fl oods, droughts are a recurrent phenome
characterized by periods with precipitation deficits; depending on their severity, these can also
include very low streamfloyas well as reduced soil moisture and groundwater levels.

Unlike floods, droughts tend to progress slowly, and their onset isasily identifiable. The
extremely dry period of the 1930s (known as tF
benchmark against which all other droughts wi
and 2012 stand out as drought weddverall, comparisons of these two droughts reveal some
similarities. In 1988, lowa had itghthottest and 1#h driestsummerwhereas the 2012 summer

was the 2ith hottest and th driest in the observational record (Harry Hillaker, state climatologist).

Since 1999, several federal agencies and academic institutions partnered to create the U.S. Drought
Monitor (USDM, http://droughtmonitor.unl.edu/), which releases a weekly map of drought
conditions for the United States. Drought conditions are classifide categories: Abnormally

Dry (D0), Moderate Drought (D1), Severe Drought (D2), Extreme Drought (D3), and Exceptional
Drought (D4). The map presentedrigure2-13shows the extent of 2012 drought in lowa using

data generated by the USDM.

Abnormally Dry
Moderate Drought
[l Severe Drought

Il Extreme Drought
Il Exeptional Drought

0 25 50 100 Miles
I Y T T T

Figure2-13. Drought conditions, October 09, 2012 (Source:
http://droughtmonitor.unl.edu/).
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c. Hydrological Alterations in lowa and the lowa Watershed Approach Study
Areas

Although the hydrologic conditions presented for the lowa Watershed Approach study areas
illustrate the historical water cycle, the watersheds themselves are not static; historical changes
have occurred that hawatered the water cycle. In this section, we discuss the hydrological
alterations of | owabds watersheds.

I. Hydrological Alterations from Agricultural -Related Land Use Changes

The Midwest, with its lowrelief, poorly-drained landscape, is one of the mostrisieely managed

areas in the world (Schilling et al., 2008). With Europdaascendent settlement, most of the land
was transformed from loswunoff prairie and forest to higheunoff farmland (seFigure2-2 and
Figure2-3). Within lowa, the land cover changes in the first decades of settlement occurred at an
astonishing rate (Wehmeyer et al.,, 2011). Using land cover information obtained from well
documented stdies in 1859, 1875, and 2001, Wehmeyer et al. (2011) estimated that the increase
in runoff potential in the first 30 years of settlement represents the majority of predicted change in
the 1832 to 2001 study period.

Still, other transformations associateith an agricultural landscape have also impacted runoff
potential (se€lable2-2). For example, the introduction of conservation practices in the second
half of the20th century tend to reduce runoff, as suggested by a recent study of an lowa watershed
(Papanicolaou et al., 2015). The Conservation Reserve Program (CRP) originally began in 1950s.
The federal government established many programs in the 1970s to tanas/&om agricultural
production and establish native or alternative permanent vegetative cover; in an effort to reduce
erosion and gully formation, government agencies also encouraged practices such as terraces,
conservation tillage, and contour cropgimhe Farm Bill of 1985 was the first act that officially
established the CRP as we know it today; the Farm Bills of 1990, 1996, 2002, and 2008 expanded
these activities. The 2014 Farm Bill gradually reduced the CRP cap from 32 million acres to 24
million acres, although the 2018 Farm Bill is expected to increase the CRP cap to 29 million acres.
Table 2-2 summarizeshe timeline of agriculturgriven land use changesd their impacts on

local hydrology.
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Table2-2. Agricultural-Related Alterations and Hydrologic Impacts.

Land use status, changmd

Timeline interventions Hydrologic effect(s) | Source
Pre1830s | Nativevegetation (tallgrass prairies| Baseflow dominated Petersen (2010
and broadeaved flowering plants) | flows; slow responsg
dominates the landscape to precipitation
events
18301980 | Continuousancrease in agricultural | Elimination of water| Jones &
production by replacement of storage on the land;| Schilling
perennial native vegetation with rowW acceleration of the | (2011); Knox
crops upland flow; (2001)
_ . expanded number o
1940: <40% row crop (Raccoon) streams: increased
1980: 75% row crop (statewide) | Stréam velocity
18201930 | Wetland drainage, stream Reduction of upland| Winsor (1975);
channelization (straightening, and instream water | Thompson
deepening, relocation) leading to | storage, acceleratiol] (2003); Urban
acceleration of the rate of change irl of stream velocity | & Rhoads
channel positioning (2003)
18901960 | Reduction of natural ponds, potholg Decreas®f water Burkart (2010);
_ wetlands; development of largeale | storage capacity, Schottler et al.
2000 artificial drainage system (tile draing groundwater level | (2013)
present fluctuations, river
widening
1940 1980 | Construction of impoundments and| Increased storage | Sayre (2010)
levees in Upper Mississippi Valley | upland
1950 Modernization/intensification of the | Increased Zhang &
present cropping systems streamflow, wider | Schilling
streams (2006);
Schottler et al.
(2013)
1970 Conservation practices Reduction of runoff | Castle (2010);

implementation: Conservation

Reserve Program (CRP);

and flooding;

Schilling
(2000);
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present Conservation Reserve Enlz@ment | increase of upland | Schilling et al.
Program (CREP); Wetland Reservg water storage (2008);
Program (WRP)
2001 62% of | owads | al About25% to50% | Burkart (2010)
present intensively managed to groevops of precipitation
(dominated by corn and soybeans { converted to runoff
to 63% of total) (when tiling is
present)

ii. Hydrological Alterations Induced by Climate Change

The U.S. goverment recently releag@the Climate Science Special ReporfWuebbleset al.,

2017) summarizing the statef-the-art science on climate change and its physical effects. The
CSSR writing team is comprised of three coordinating lead authors from the National Science
Foundation and U.S. GlobaChange Research Program, NOAA Earth System Research
Laboratory, and NASA Headquarters. In addition, more than 50 experts from federal agencies,

departments, and universities are listed as lead authors, review editors, and contributing authors.
sighed fiodbe an authoritative assessment of the science of climate change, with a focus

CSSR

on the United States, to serve as the foundation for efforts to assess-odilatae risks and inform

decisiormma k

i ng about

responses.

dexthid diguriestdken fromahte i 0 n

CSSR that are relevant to the IWA watersheds, lowa, and the Midwest.

AHeavy

rainfall i s increasi

ng 1 n i Figued-$) t vy

and globally and is expected to continue to increase over the next few decadé2@802%ee
Figure 2-15), annual average temperatures are expected to rise by about 2.5°F for the United
States, relative to the recent past (average from 1180@5), under all plausible future climate

scenar.i

0S. 0
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Figure2-14. Observed change in heavy precipitation (the heaviest 1%) between 1958 and
2016. Figure taken fromMiThe Climate Science Special Repo(Easterling et al. 2017)
(https://science2017.globalchange.gov/).

Lower Emissions

Mid-century Late-century

Higher Emissions

Mid-century Late-century

Change (%)

0-4 5-9 10-14 15+

Figure2-15: Projected change in heavy precipitation. Twep#ar return period amount
for daily precipitation for mid (left maps) and lat@1st century (right maps). Results are
shown for a lower emissions scenario (top maps; RCP4.5) and for a higher emissions
scenario (bottom maps, RCP8.5). Figure taken fidime Climate Science Special
Reporb (Easterling et al. 201 7https://science2017.globalchange.goWCP stands for
Representative Concentration Pathway.

ili. Hydrological Alterations Induced by Urban Development
Although lowa remains an agricultural state, a growing portion of its populasgides in urban

areas. The transition from agricultural to urban land uses has a profound impact on local hydrology,
increasing the amount of runoff, the speed at which water moves through the landscape, and the

magnitude of flood peaks. The factorsttbantribute to these increaséédierdiercks et al., 2030
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are the increase in the percentage of impervious areas within the drainage catchment and its
location Mejia et al., 201)) and the more efficient drainage of the landscape associated with the
corstructed drainage systetn the surface, pipe, and roadway channels that add to the natural
stream drainage system. Although traditional stormwater management practices aim to reduce
increased flood peaks, urban areas have long periods of high flowsrtlebda stream channels

and degrade aquatic habitat.

dAssessment of | owabs Water Quality
i. lowa Water-Quality History

Prior to European settlement in theli®entury, lowa was covered with prairies, oak savannahs,
wetlands, and forests (sEgure2-2). Much of the landscape was internally drained, meaning that
rainfall and snowmelt drained to small depressional areas, rather than streams. Grotfedwater
streams meandered across the landscape and likely ran shallow and clear, carrying low levels of
sediment and nutrients. Rivers easily spilled out into the floodplain after heavy rains, and
riverbanksrevegetated during drought, reducing streambank erosio

Over several decades, the native prairie was broken and cultivated for corn, oats, and alfalfa, as
wel | as a few other minor crops. Soi l er osi ol
cultivation. From the period of 1880 to 1920, pervioesyl pi pes dr ai ned many
areas. This was most common in the receglgiated area of norttentral lowa known as the

Des Moines Lobe, shown fRigure2-1. Many new streams were constructed in ditches to drain

water externally to the river network. Many existing streams were straightened to facilitate crop
production.

The postWorld War Il era brought new developments to agriculture. The emergenkeroioal
fertilizers, soybeans, and continued drainage of the landscape with plastic drainage tiles helped
lowa become a world leader in crop and livestock production.

The loss of the native ecosystems, stream straightening and incision, artificial draindge
discharges from industries and municipalities degraded water quality. Although the decline in
water quality probably subsided in the early
sediment than most people find acceptable.

ii. Water Quality in the Post Clean Water Act Era

The Federal Water Pollution Control Act of 1948 was the first major U.S. law to address water
pollution. Growing public awareness and concern for controlling water pollution led to sweeping
amendments in 1972. The amendedii@wame commonly known as the Clean Water Act (CWA).
The 1972 Amendments achieved the following: (1) established the basic structure for regulating
pollutant discharges into the waters of the United States; (2) thavePA the authority to
implement polltion control programs, such as setting wastewater standards for industry; (3)
maintained existing requirements to set wapeality standards for all contaminants in surface
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waters; (4) made it unlawful for any person to discharge any pollutant from taspairce into
navigable waters, unless a permit was obtained under its provisions; (5) funded the construction
of sewage treatment plants under the construction grants program; and (6) recognized the need for
planning to address the critical problems pdsgdonpoint source pollution.

After passage of the CWA, construction began on many new wastewater treatment facilities in
lowa, and upgrades were implemented on many existing treatment works. Undoubtedly these
efforts improved water quality in severallob wa 6 s maj or i nterior rivers
and Mississippi rivers on its borders. Improvements in the levels of ammonia, oxygen demand,
Kjeldahl (organic) nitrogen, and dissolved oxygen were particularly important. These
improvements madeiver water quality much more suitable for recreation and aquatic life,
especially near |l owads | arger <cit i-poigt.sourdeo wever
pollution (i.e., pollution from diffuse areas) proved relatively ineffective in reduciwneldeof

nutrients and sediment in lowa streams. The main CWA program designed to addfpssinon

source pollution was the 319 Grant Program.

The Food Security Act of 1985 (Farm Bill) required farmers participating in most programs
administered by the Ira Service Agency (FSA) and the Natural Resources Conservation Service
(NRCS) to abide by certain conditions on any highly erodible land owned or farmed, or land
considered a wetland. To comply with the highly erodible land conservation and wetland
conseration provisions, farmers were required to certify that they would not: (1) produce an
agricultural commodity on highly erodible land without a conservation system; (2) plant an
agricultural commodity on a converted wetland; and (3) convert a wetlandotiugar an
agricultural commodity. As result of these requirements, sediment levels in lowa streams declined
and water clarity improved (Jones and Schilling, 2011). Phosphorus levels also declined in unison
with the improvements in sediment transport andewgtiality (Wang et al., 2016). However,
conservation compliance, as these requirements are known, has not had a similar beneficial effect
on stream nitrate levels (Sprague et al., 2011; Jones et al., 2017).

lowa policymakers and watershed stakeholdedk lto the Impaired Waters list, Section 303(d),
as a common reference point to gauge statewide water quality. According to Section 303(d) of the

CWA, from Atime to timeod states must submit a
sufficient b meet all statewatefual i ty standards. The EPA has d
April 1 of even numbered years. The failure to meet waality standards might be due to an

individual poll utant, mul ti pl e qf onpairmentaTing s , np

303(d) listing process includes waters impaired by point sources ang@omdnsources of

pollution. States must also establish a priority ranking for the listed waters, considering the severity

of pollution and uses. In 2016, there w88 category 5 lowa waterbodies with 818 impairments.

In 2014, there were 571 impaired waterbodies with 754 impairments. Category 5 waterbodies are
those where a Total Maximum Daily Load assessment is required. About 58% of lowa streams are
consi dpraedediom 23% are considered Apotentiall
have fAgoodo water g u a |Ei doly are thenndost c@rmmorr caubeaof t e r |
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impairment, causing about half of all such designations. Biological impairments griohewed
by fish kills. Figure2-16 lists the main causeBigure2-17 shows historical numbers of impaired

lowa waters.

Causes of the 813 impairments of 605 stream/river segments (Categories 4 and 5)

Bactera
Biological
Fish Kill

Fish Consumption Advisory .

Mumber of Segments

Figure2-17: Numbers of impaired lowa waters, 192816. (lowa Department of Natural
Resources, 2018).
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e. Web-Based Information Systems of Flood and Water-Quality Data

IIHR& Hydroscienceand Engineering and the IFC at the University of lowa have pioneered the
creation of usefriendly, interactive, welbased information systems (WBIS) to communicate
environmental information in lowa and the United States. These two institutions also have
expetise in the installation of redlme environmental monitoring systems and currently
administer and maintain extensive networks that record flood and-quabty data in lowa.
WBIS displays this information, along with data collected by other fedetéUinns.

i. The lowa Flood Information System (IFIS)

The lowa Flood Information System (IFIS) is a estep webplatform to access communibased
flood conditions, forecasts, visualizations, inundation maps, and -fedatkd information,
visualizations, &ad applications. IFIS can be accessed using this URL:
http://ifis.iowafloodcenter.org/ifisBelow is an overview on some of the information available on
IFIS.

Floodplain inundation maps

In partnershipwith thelDNR, the IFC has created statewide floodplain maps that estimate flood
hazard extents and depths for every stream in the state of lowa draining greater than one square
mile. The maps depict flood boundaries and depths for eight different gomulebilities of
occurrence: 5Q 20, 10, 4-, 2-, 1-, 0.5, and 0.2%, allowing lowans to better understand their

flood risks and make informed land management decisions. The statewide floodplain maps can be
accessed through IFIS or lattp://www.iowafloodmaps.orgfigure 2-18 shows an example of
statewide floodplain map datar the city of Shenandoah

Communitybased mundation maps

The IFC has also developed online inundation map libraries for more than 20 lowa communities
These map librarie®late forecasted or observed flow conditions to flood extents and dEipdys.

use detailed computer models that considerIsstale floodplain and channel features, bridges,

and dams to better simulate the physics of f1
forecasted river stage at a USGS gauge to flood extents and depths in the community, to better
anticipateand espond to i mmediate fl ooflohazaendsj oand
term planning. Community inundation map libraries can be accessed offrigug:2-19 shows

the inundation map library interface for the cityRdd Oak
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Figure2-18. Statewide floodplain map data showing different levelsrofual flood risk.
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Observed stream conditions

IFIS displays data from more than 400 sensors continuocusiytoring lowa stream conditions in
realtime,asshown inFigure2-20. Currently, the USGS collects streamflow data at approximately
200 locations, and the IFC adnsters and maintains a growing network of more than 250 stream
stage sensors that record stage conditions.
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Figure2-20. USGS (green) and lowa Flood Center (blue) strestage monitoring
locations displayedh the lowa Flood Information System (IFIS).

Flood alerts, warnings, and forecasts

IFIS provides flood alerts for stream sensors with stage values higher than the threshold values for
the four flood levels defined by National Weather Service (NWS) antFtbeDifferent colors
represent theefour flood stage levels (action, flood, moderate flood, and major flood). The flood
forecast products included in IFIS are the NWShsxr forecast for 48 hours and the NWS
seasonal forecast for 90 days. IFIS integgathorterm NWS forecasts into retime data series

and moreinfo views. The NWS shares a seasonal forecast probability for minor, moderate, and
major flooding for a threenonth period. The lowa Flood Center has developed dinea) high
performance computingbased flood forecasting model that provides quantitative stage and
discharge forecasts and a figay flood risk outlook in IFIS for more than 1,500 locations (e.qg.,
communities and stream gauges) in lowa.

The IFC system complements the operatidarecasts issued by the NWS and is based on sound
scientific principles of flood genesis and spatial organization. At its core is a continuous-rainfall
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runoff model based on landscape decomposition into hillslopes and channel links. The input to the
sydem comes from a radaainfall algorithm, developed ihouse, that maps rainfall every 5
minuteswith high spatial resolution.

ii. The lowa Water-Quality Information System

The lowa WateQuality Information System (IWQIS) integrates réate waterquality data

collected by IIHR and the USGS, along with a variety of watersbkaded information such as
precipitation, stream flow and stage, soil moisture, and land use. IWQIS
(https://iwqis.iowawis.org/ provides uskil information for researchers, agencies, landowners,

and other watershed stakeholders as they study, analyze, and work to better understand the fate
and transport of nutiwWQISatso relpsilawa homiterapfogressmanard r w a y
achieving he goals of the lowa Nutrient Reduction Strategy. lowa has the largest concentration of
continuous nutrient and watquality sensors in the United States; as of 2018, the state has-a water
guality network comprised of:

74 nitrate sensors (14 operated yG5)
27 hydrolabs (pH, SC, DO, temp)

26 turbidimeters

4 orthoP sensors

4 1SCOs

This network generates data for science and pofiaking, facilitates individual BMP

performance assessments, and allows tetaquantify the nutrient loads leaving the st&igure
2-21is a screenshot of IWQIS displaying the WQ netw@®2Q).
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Figure2-21. IIHRd Hydroscience and Engineering and USGS surface watality
monitoring locations as displayed on the lowa Wa@erality Information System (IWQIS).

iii. The lowa Watershed Approach Information System (IWAIS)

IIHR and IFC are developing webbased information system to provide public access to general
information and updates on the IWA project, existing and potential BMPs in IWA watersheds,
hydrologic and watequality data collected in the IWA watersheds, and resources to improve flood
resiliency. The website can be accessettgi://iowawatershedapproach.oFigure2-22 shows

an example view of the IWAIS interfacdisplayingthe number oexisting water and sediment
control basinsvithin each HUC12 in th&ast NishnabotnRiver Watershed.
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Figure2-22. Example IWAIS interface view showing the number of existvager and
sediment control basingithin each HUC12 in th&ast Nishnabotna Watershed.

East and WestlishnabotnaProject Evaluation| 33



3. EastNishnabotnaWatershedDescription

This chapter provides an overview of current East Nishnabotna River Watershed conditions,
including hydrology, geology, topography, land wuse, and hydrologic/meteorologic
instrumentation, and historic water cycle, as well as a summary of previous flaedsaof.

a. Hydrology

The East Nishnabotna River Watershed as defined by the boundary edigightydrologic Unit
Code (HUC 8) 10240003 is in southwest lowa and encompasses approximately 1,150 square miles
(mi?). The East Nishnabotna River is joined byest Nishnabotna River (HUC 8 10240002)
near Riverton, lowa, becoming the Nishnabotna River. The total drainage area of the Nishnabotna
River at Riverton is approximately 2,800%niThe East Nishnabotna River Watershed boundary
falls within 10 counties itotal, as shown in

Figure3-1; however, most of the watershed area lies within Audubon, Cass, Montgomery, Page
and Fremont counties.

Carroll

Shelby udubon/ Guthrie

ﬁao%
if2

Pottawattamie Cass Adair

&
=iy
-—

“\v

Montgomery
- Legend
:l Counties
River Network

D East Nishnabotna Watershed

A 0 5 10 20 Miles
T T |

Figure3-1. The East Nishnabotna River Watershed (HUC 8 10240003), drains 1150 mi2. The
East Nishnabotna River joins the West Nishnabotna River near Riverton, lowa.
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Average annual precipitation in lowa ranges frofi4binches, with théowest precipitation in

the northwest corner of the state and the highest in the southeast corner. The average annual
precipitation ranges from roughly 336 inches in the East Nishnabotna River Watershed (PRISM,
1981 2010). About 70% of the annual pretgiion falls as rain during the months of April
September. During this period, thunderstorms capable of producing torrential rains are possible,
with the peak frequency of such storms occurring in June. Southwest lowa has experienced
increased variabilitin annual precipitation since 1975, along with a general increase in the amount

of spring rainfall (U.S. Department of Agricultude lowa State University, 2011).

b. Geology and Soils

A landscape is a collection of terrain features or landforms (Be@logical & Water Survey,
2013). These combinations of surface features and underlying soils influence how water moves
through the landscape.

shelby, Guthrie;

Pottawattamie

Legend

MOnthmery Y " — River Network
i l:l Counties

D East Nishnabotna Watershed
Landform Regions
g Des Moines Lobe
- Loess Hills
[ Missouri River Alluvial Plain

Southern lowa Drift Plain

Figure3-2. Defined Landform Regions of the East NishnabotngeRWatershed.

The East Nishnabotna River Watershed is located entirely within the Southern lowa Drift Plain
landform region Figure 3-2), which includes most of southern lowa. This region experienced
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numerous episodes of glaciation between 500,000 and 2.6 million years ago. Since that time,
periods of relative landscape slapiand soil formation have alternated with episodes of erosion,
shaping the land surface we see today. The landscape is characterized by steeply rolling
topography and wellleveloped drainage divideBigure3-3). Glacial till deposits provide a thick
confining unit on top of the bedrock surface and are generally mantled with a relatively thick
package of loess (wirblown silt). In the northern reaches of the wateds{Ehelby and Audubon
counties), the thickness of unconsolidated materials may exceed 500 feet. Very limited areas of
bedrock outcrop may be present in steep valley locations along the East Nishnabotna River,
primarily in the central portion of the watbesl. The Loess Hills landform region to the west has

a similar geologic history to the Southern lowa Drift Plain, but the loess deposits are much thicker.
Loess thickness may exceed 150 feet near the Missouri River and thin to the east in the direction
of the Southern lowa Drift PlairFigure 3-3 shows a typical Southern lowa Drift Plain cross
section.

loess

poleosol/ . : = ohie NS

Figure3-3. Typicd Southern lowa Drift Plain crossection (Prior 1991).

Depth to bedrock varies froni 600 feet throughout the watershed, as seétigiare3-4. Isolated

areas of shiw depth to bedrock are located throughout much of the watershed, most commonly
in Cass and Montgomery counties. A shapefile developed by IGS showing likely locations of
bedrock exposed or within 30 inches of the surface shows isolated exposures trassigin€
Montgomery counties, and is shown in the insdtigtire 3-4. However, surficial geology maps
created by IGS indicate areas of exposed bedrock within the East Nishnabotna River Watershed
are located only in Montgomery County.
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Figure3-4. Depth to bedrock in the Ealishnabotna River Watershed.

The Natural Resources Conservation Service (NRCS) classifies soils into four hydrologic soil
groups (HSG) based on the soil b6s runoff- poten
type soils have the lowest runoff pot@heaind Dtype have the highest. In addition, there are dual
code soil classes A/D, B/D, and C/D that are assigned to certain wet soils. For these soil groups,
even though the soil properties may be favorable to allow infiltration (water passing from the
surface into the ground), a shallow groundwater table (within 24 inches of the surface) typically
prevents much from doing so. For example, a B/D soil will have the runoff potential-bfe B

soil if the shallow water table were to be drained away, lautiggher runoff potential of a-Bype

soll if it is not. Table3-1 summarizes some of the properties generally true for each HE. (A

This table is meant to providegeneral description of each HSG and is neinallisive. Complete
descriptions of the HSGs can be found in USBRCS National Engineering Handbook, Part 630

T Hydrology, Chapter 7.
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Table3-1. Soil propertés and characteristics generally true for hydrologic soil groups A

Hydrologic Minimunm
y_ g Runoff Potential | Soil Texture Composition Infiltration Rate
Soil Group .
(in/hr)
<10% clay
A Low Sand, gravel >5.67
> 90% sand/gravel
Loamy sandsandy| 10i 20% clay
B Moderately low loam 50 90% sand 1.425.67
. Loam containing 20i 40% clay ,
c Moderately high silt and/or clay <50% sand 0-141.42
. >40% clay
<0.
D High Clay <50% sand 0.14

! For HSG AC, infiltration rates based on a minimum depth to any water impermeable layer and
the ground water table of 20 and 24 inches, respectively.

Figure3-5. shows the soil distribution of the East Nishnabotna River Watershed using digital soils
data (SSURGO) available from the USINRCS Web Soil Survey (WSS). The map illustrates
spatial variation and the noticeable difference in soil type near drainage wayswaasukareas.

The watershed is dominated by HSG type C soils, with moderately high runoff potEali.

3-2 defines the HSGs as a percentage of watershed area. The second most common HSG is type
C/D, which can be seen in lelying river valleys and drainage ways. Dual code HSGs, such as
C/D, indicate a shallow groundwater table would inhibit infiltration, angatype D soil behavior;
however, if drained, the soil would behave as type C. The infiltration properties of these soil types
and their spatial distribution in the watershed largely dictate identification runoff prone areas,
presented in Chapter 4.

Table3-2. Approximate Hydrologic Soil Group percentages by area of the East
Nishnabotna River Watershed

(H;r/c()ilzc;logic sol Watershed Area %
A 0.1

A/D 0

B 6.4
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B/D 0.2
C 69.8
C/D 17.3
D 6.2
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Figure3-5. Distribution of hydrologic soil groups in the East Nishnabotna River
Watershed. Hydrologic soil groups reflect the degree of runoff potential a particular soil
has, with Type A representing the lowest rtfrpptential and Type D representing the
highest runoff potential.

c. Topography

The topography of the East Nishnabotna River Watershed reflects its geologic past. As previously
mentioned, the watershed lies within the Southern lowa Drift Plain, which raatbazed by
numerous steeply rolling hills and valleysgure 3-6 shows topography provided by lowa DNR
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in the form of bareearth light detection and ranging (LilR) data. Numerous rills, creeks, and

rivers cover the landscape, and these are evident in the LIDAR data. Elevations range from
approximately 1,540 feet above sea level in the northernmost part of the watershed to 900 feet at
the mouth of East Nishnabotfaver. Typical land slopes are between 0.4 and 7.7% (25th and
75th percentiles), with the steepest areas occurring in uplands in the northern portion of the
watershed. A slope of 8.0% is equivalent to eight feet of rise for 100 feet of run. Many existing
terraces have been constructed on terrain with slopes between 5.0% and 10.0%. The major river
valleys contain the flattest terrain, which is conspicuousgnre3-7.

Guthrie

Legend

River Network

Counties

D East Nishnabotna Watershed
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™

- Low : 900 FT

A 0 5 10 20 Miles
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Figure3-6. Topography of the East Nishnabotna River Watershed.
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Figure3-7. Terrain slopes derived from LiDAR data.

d. Land Use and BMP Mapping Project

Land use in the East Nishnabotna River Watershed is predominantly agricultural, dominated by
cultivated crops (corn/soybeans) on approximately 69.2% of the acreage (approximately 510,000
acres), followed by grass/hay/pasture on approximately 22.4%. Treniegracreage in the
watershed is about 4.8% forest (primarily deciduous forest), 2.5% developed land, and 1.0% open
water and/or wetlands, per the 2009 High Resolution Land Cover (HRLC) dataset provided by
lowa DNR.Figure3-8 shows the spatial distribution of land cover in the watershed.
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Figure3-8. Land use composition in the East Nishnabotna River Watersitcedrding to
the 2009 HRLC dataset provided by lowa DNR.

The lowa Best Management Practices (BMP) Mapping Project is a collaborative effort led by the
lowa State University Geographic Information Systems (GIS) Facility, in association with the
lowa DNR, lova Flood Center, lowa Department of Agriculture and Land Stewardship, lowa
Nutrient Research Center, National Laboratory for Agriculture and the Environment, and the lowa
Nutrient Research and Education Council. The goal of the project is to provide letednageline

set of BMPs during the 20070 timeframe for use in watershed modeling, historic documentation,
and future practice tracking. These practices include terraces, water and sediment control basins
(WASCOBSs), grassed waterways, pond dams, cordtipr cropping, and contour buffer strips.

The data has been manually digitized for each HUC 12 using LIDAR products;irdodoed

(CIR) imagery, National Agriculture Imagery Program imagery, and historic aerial photography.

Figure3-9 shows individual BMPs and practices aggregated based on HUC 12 area.
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Figure3-9. lowa Best Management Practices Mapping Project.
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e. Potential BMPs i Agricultural Conservation Planning Framework

Development of an effective watershed planning document will require identification of potential
conservation practices and viable locations to implement them. One eedtyegool availableof

practical conservation planning is the Agricultural Conservation Planning Framework (ACPF)
watershed planning toolbox, developed by Mark Tomer and his research team at theABSDA

in Ames, lowa (Tomer et al., 2013). ACPF is a watershed approach tencatien planning
facilitated with a set of serautomated tools within ArcGIS software. Freely available and pre
packaged GIS data can be used for terrain analyses to determine which fields within the watershed
are most prone to runoff into streams. Usmas applythe ACPF toolbox to identify locations
where fieldscale and edgef-field practices could be installed based on general design criteria.
These practices include controlled drainage, surface intake filters or restored wetlands, grassed
waterwayscontour buffer strips, WASCOBS, nutrient removal wetlands (NRWSs), or@feijeld
bioreactors (North Central Region Water Network 2018

Using the ACPF toolbox, IFC has generated potential BMPs for each of the HUC 12s in the East
Nishnabotna River WarshedFigure3-10 shows thepotential BMPsaggregatd based on HUC
12 area.
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Figure3-10. Potential BMPs. Ponddams represent nutrient removal wetlands.

f. Instrumentation/Data Records

The East Nishnabotna River Watershed has instrumentation installed to collect and recofd stream
stage, discharge, and precipitation measurements. Two Wp&8&ted stage and discharge
gauges and six IFC streastage sensors are located within the watershed. In addition, there are
nine National Oceanic and Atmospheric Administration (NOAAJiBute/hourly precipitation
gauges and an additional five NOAgartnered hourly or subourly precipitation gauges within

or near the watershed. The operational period of record varies for each of these gauges. The
following figure and tables detail the instrumentation and its period of record.
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Figure3-11. Hydrologic and meteorologic instrumentation in the East Nishnabotna River
Watershed. Stage/discharge gauges (8) are shown in yellow or green, while-NOAA
partnered dailyor subhourly measuring precipitation gauges (13) are shown in red.
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