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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 these events were, this period is but a
brief momentin| owads | ong history of endurFigmgl-land r e
shows just one example tife devastation caused by floodses Moines in 1993Longterm

data show that heavy precipitation and flood eventsirameeasing in frequency across the

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

Figurel-1: Aerial view of floodingon the Raccoon Rierin Des MoinesJuly 1993
(photo by Des Moines Water Works).

In January 2016, the state of lowa received a $97 million award for the lowa Watershed Approach
(1'WA). The grant was part of the U.S. Departm
Natioral Disaster Resilience Competition, which funds cuttdge projects to address unmet

needs from past natural disasterstomd e duce Ameri cansod6 vulnerabild]i
projectendsin September 2@ The IWA program takes a holistic appobato address flooding

at the watershed scale, recognizing that upstream and downstream communities need to voluntarily
work together to increase community flood resilie(\dber et al., 2018)

The IWA pursus six specific goals:

1) Reduce flood risk

2) Improvewater quality

3) Increase community flood resilience

4) Engage stakeholders through collaboration, outreach, and education
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5) Improve quality of life and health for lowans, especially for vulnerable populations
6) Develop a program that is scalable and replicaéileughout the Midwest and United
States

The IWA brings lowans together to addréise factors that contribute to floodEight distinct
watershedsvereinvolved in the projectshown inFigure1-2, including the Upper lowa River,
Upper Wapsipinicon River, Middle Cedar River, Clear Creek, English River, North Raccoon
River, East Nishnabotna River, West Nishnabotna River, and Bee BZagek. In addition, urban
projects in the cities of Dubuque, Coralville, and Storm L&#eused on infrastructure
improvements to mitigate flood risk.

Upper lowa
Upper
Wapsipinicon
* Storm Lake
Duhuqueﬂ
North Middle Bee
Raccoon Cedar Branch
Clear Creek & Coralville
East English
West Nishnabotna River

Mishnabotna

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

Each watershefdrmed a Watershed Management Authority (WMA) that brings local stakeholders
together to prioritize their watershed improvement needs, share resources, and foster new
partnerships and daborations.As part of Phase 1 of the IWAJHRG& Hydroscienceand
Engineering (IIHR) and the lowa Flood Center (IF@yelopeda hydrologic assessmeior each
watershed that provideVMAs, local leaders, landowners, and residents with an understanding
of the hydrologyd the movement of watér within their watershed. This assessment dedigdler
valuable information to stakeholders to help guide strategic degisadimg to efficiently address
flooding and wateqguality concerns.
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Figure1-3: Flood mitigationoxbow and stream stabilization project (MIR1 Rob Smithonstructed as part
of the IWA in theOutlet CreekHUC12, a subwatershed of th&lorth RaccoorHUCS.

The results of the Phase 1 efforts were usedeterminefuture goals and strategies for best
management practices (BMPs) and was integrated into the watershed management plan; a long
term vision for the watershed to reduce floods and improve water qudlifyfunds proviced

90% costshareassistancéor BMP construdbn of ponds, wetlands, oxbow reconstructions, and
more. IIHR and IFC have developed tRisase 2eport for theNorth RaccooWatershed to detail

the practices constructed aehluateheir individual and cumulative benefits.

Ultimately, 4 BMPs were completed in tidorth Raccoon Rivewatershed as part of the IWA:

1 2oxbows
1 1wetland
1 1 gradestabilization

Figurel-3 andFigurel-4 show examples of these projects. The total design and construction costs
of these projets was justinder$760,000 Chapte6 provides detad of all 4 practices, and Chapter
7 summarizes the results of theject evaluation.
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Figurel-4: Flood mitigation oxbow and stream stabilization projg&tR-001 M&M Smith Family Farm
constructed as part of the IWA in ti@utlet CreekHUC12, asubwatershedf the North RaccoorHUCS.
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21l owads Hydrology and Water Quality

This chapter summari zes | owads water <cycl e,
across the state. Thethars examined precipitation, streamflow, and shallow groundwater records
to describe how much precipitation falls, how that water moves through the landscape, when

storms typically produce river floodi nity, and
have changed over the past decades and century. In addition, this chapter includes an overview of
two novel wekbb ased pl atforms that al | owualitydatse She t o |

information presented in this chapter is valid for the ersiate, but some stdections place
emphasis on the eightral IWA watersheds shown iRigurel1-2.

a. Land Surface and Use

lowa has a unique and diverse landscape ththeisulmination 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
DesMoines Lobe landform regions. Surficial materials 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 2991million years ago), with others

being deposited during the earlier Mesozoic Erai{86Imillion years ago).

Following an extensive period of n@eposition and erosion, lowa was glaciated numerous times
during the Quaternary Period. At least seven episodes oatitacbccurred between 2.6 and 0.5
million years ago. These are collectively known as thellfneian glacial advances. More
recently, the Des Moines Lobe glacier advanced into remthral lowa, reaching its maximum
extent approximately 14,000 yearsoa@ubsequent loess (whindown silt) 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 padn of the state and consists of several
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 networle see today. The Loess Hills landform region 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 experienced 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 featumeude 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 wedk is often shallow on this landform region. 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 prdteatio
surface water infiltrating into 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 includsteep sided, deeply entrenched valleys; abundant 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 feahdesjraerous caves,

springs, and sinkholes are 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 sevaralesdand retreats
before the glacier finally 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 ridgassociated with stationary periods), ice contact 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.

Northwest
lowa
Plains

Dubuque/
Bee Branch
5

Q= Clear Creek
iy
= s

Missouri English River

Alluvial
Plain Mississippi

Alluvial

Plain

Figure2-: The | WA watershedsé positions within the |
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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 #llpdhithe and planted crops

such as wheat, corn, and buckwheat, the land cover of lowa shifted to a majority agricultural state
(Schilling et al., 2008).

‘JUpper Iowa|
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o SRR L i i 2 -
) . el e N s A
SRS R 2 T TINARNG T | R
'." i i & o " 2 ‘ 4 -t-\.‘v.\ 1* :":h E J"ciéar Creek
Historic Land Use AV I ;%..‘L: W e B R
(1832-1859) i S SRAECH, N5, [ s B
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B Forest (12%) A kgl
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Figure2-2: Historic vegetation of lowa 183%9. Rawdata downloaded from the lowa Geographic Map
Server (https://ortho.gis.iastate.edu/).

Today, corn and soybeans cover 64% of lowa Esgure 2-3), with only small praie remnants

remaining. Several factors make lowa an excellent place to sustain agricultural activities, including

the rich topsoil left behind by the prairies; advances in farming technology including fertilizers,
pesticides, and herbicides; and rainfadltterns, among others. Over the past 15 years, the
percentage of Il owads | and used for growing co
60%. The percentage of lowa land area devoted to growing corn or soybeans is shigurein

2-4.
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Land Use 2016
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Figure2-3: Land use composition in the state 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 likelyequire tile drainage are showrFigure2-5. It is estimated that installation

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

to expand and upgrade drainage systems. In some areas (mostly in the Des Moines Lobe), public
drainage districts were created 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.

AJUpper Iowa|

North Raccoon 2

e "t:, s
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7T/ East Nishnabotnajr——71=1
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; S W Moy x&‘?\ %
. Clear Creek|

ol
M

Drainage districts !
[_] No tile drainage required 0 20 40 80 Miles
B soils requiring tile drainage L1 1 1 | 1 1 1 |

Figure2-5: Soils requiring tile drainage for full productivity and drainage distriBtaw data source: DNR's
NRGIS Library.

b. Climate and Water Cycle

lowa is characterized by a humid continental climate with marked seasonal temperature 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 normal daily minimum temperatures range between 6°F and 17°F. In
June, the normal daily maximum temperatures are in th8478 ran@. Severe weather can
impact regions of the state between the spring and fall; heavy rains and tornados are the most
common of these events. Precipitation records show that lowa typically receives the bulk of its
annual precipitation in the spring and swammer.
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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 and decreases to 26 inches in the
northwest corner.
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Figure2-6: Average precipitation (inches): (a) annual; and (b) growing season (Auaribber).
Precipitation estimates are based on the/88r annual average (1982010). (Raw data downloaded from:
http://www.prism.@egonstate.edy/

Records show small variations in average annual precipitation among the eight IWA watersheds;
the North Raccoon receives the least (33.8 inches), and the English River the most (36.6 inches).
Historically, the quantity of annual precigitan presented irFigure 2-6b has been ideal for

North RaccoorProject Evaluation] 10


http://www.prism.oregonstate.edu/

agricultural needs, 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 an &besigolagriculture.

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 onytbar86nual
average (19812010). (Raw data downloaded frommttp://www.prism.oregonstate.egu/

ii. The Water Cycle in lowa

A | arge portion of | owads pr & cithpriditedlyfronolakese v ap or
and streams, or by transpiration from cropsanelget at i on. What doesnot
streams and rivers. The average annual partitioning of precipitation into evapotranspiration,
surface flow, or base flow in each IWA watershed is showsigare2-8.

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 largefraction of the precipitation 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
thehours and days following the storm. This po
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 irdtreams and rivers takes a longer, slower path; first
infiltrates into the groundndpercolates down to the groundwatEnenit slowly moves toward

a stream. The groundwater eventually reaches the stream, maintaining flows in a river even during
exended dry periods. This portion of the fl ow
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 watersheds. 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 conditionspag an important role in the transformation

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 thenajor floodsof 1993 and 2008 (Linhart and Eash, 2010; Mutel, 2010; Bradley, 2010;
Smith et al., 2013). Across the state, almost 400 sensors continuously monitor the condition (e.qg.,
streamflow and stage) of the lowa rivers. In contrast,-teng contineus data on groundwater

levels or soil moisture are sparségure2-9 displays shallow groundwater information from two
United States Geological Survey (USGS) wdtlsated 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 type, etc. In lowa, it is very common to find the water table within the first 25 feet of
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the soilcolumn, except in the deep loess hills in western lowa and incised bedrock valleys of
northeast lowa.

D -
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i Montgomery County
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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 capaatgdnvey water within their banks. When the amount of
water surpasses that capacity, flooding occurs. Floods are typically related to large amounts of
precipitation or snow melt and saturated or frozen soil. In lowa, historic records show that the great
mgority (>90%) of floods occur in the spring and summer; the month of June shows the highest
number of flood events. Precipitation records show that heavy rains occurred in the fall as well;
however, lowa soils have a larger capacity to infiltrate waterifathe year, and therefore fall
floods are |l ess common. I n Il owads flood histo
different scale than the others. These two events stand out from the rest when looking at the extent
of the area impacted, regery costs, precipitation amounts, and stream flows recorded (Bradley
2010; Smith et al., 2013figure2-10 shows the extent of the flooding during the flood evehts

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 gingacted regions access to federal recovery assistance. Current
regulation permits two kinds of disaster declarations: emergency declarations and major disaster
declarations$tafford Act).Both are granted at the discretion of the president of the Usiteds

after the governor of the impacted state makes the request. FEMA records on disaster declarations
are open to the public and were used to write the text and create the figures below.

1 FEMA records show 952 floerklated disaster declarations (FROD)owa between 1988
and 2016. Of these, 951 were reported for lowa courftigare2-11) and one for th&ac
and Fox Tribe of the Mississippi in lowa. All the FRDDlowa have been major disaster
declarationsexceptfor the 99 related to Hurricane Katrina evacuation (Eaale 2-1),
which were classified ammergency disaster declarations.
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Table2-1: FEMA disaster declarations in lowa Counties (183816). Data source: https://www.fema.gov/

COUNT
DISASTER TITLE 1988-2014
SEVERE STORMS, TORNADOES, ANBLOODING 223
SEVERE STORMS &LOODING 195
SEVERE STORMS, TORNADOES ANBELOODING 106
HURRICANE KATRINA EVACUATION 99
SEVERE STORMS ANOFLOODING 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 experiesag#itiently large and severe
flood events to warrant a presidential disaster declaration. The number of FRDDs for each
lowa county from 1988016 is shown ifrigure2-11.

1 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.

1 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 received two FRDDs, one in latd Apd 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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Figure2-11: Number of floodrelated federally declared disasters in lowa counties (12@86). Data
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v. Droughts

Li ke fl oods, droughts are a recurrent phenome
characterized by periods with precipitation deficits; depending on gbeerity, 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 is not easily identifiable. The
extremely dry period of the 1930s (knownasithreu st Bowl 0) is still cons
benchmark against which all other droughts wi
and 2012 stand out as drought years. Overall, comparisons of these two droughts reveal some
similarities. h 1988, lowa had itsth hottest and 1i#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 mhttneneate 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 classified in five categories: Abnormally
Dry (DO), Moderate Drought (D1), Severeddght (D2), Extreme Drought (D3), and Exceptional
Drought (D4). The map presentedrigure2-13 shows the extent of 2012 drought in lowa using
data generated by théSDM.

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 conddns presented for the lowa Watershed Approach study areas
illustrate the historical water cycle, the watersheds themselves are not static; historical changes
have occurred that have altered the water cycle. In this section, we discuss the hydrological
ater ati ons of | owads watersheds.

I. Hydrological Alterations from Agricultural -Related Land Use Changes

The Midwest, with its lowrelief, poorly-drained landscape, is one of the most intensively 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 wuse status, changeand
Timeline interventions Hydrologic effect(s) [ Source
Pre1830s | Native vegetation (tallgrass prairig Baseflow dominateq Petersen (2010
and broadeaved flowering plantg flows; slow respons
dominats the landscape to precipitation
events
18301980 | Continuous increase in agriculturg Elimination of water Jones &
production by replacement storage on the lang Schilling
perennial native vegetation with rg acceleration of th¢ (2011); Knox
crops upland flow; | (2001)
_ . expanded number
1940: <40% row crop (Raccoon) streams:  increase
1980: 75% row crop (statewide) | Stréam velocity
18201930 | Wetland drainage, streal Reduction of uplang Winsor (1975);
channelization (straightenin¢ and instream wate| Thompson
deepening, relocation) leading [ storage, acceleratig (2003); Urban
acceleration of the rate of change| of stream velocity | & Rhoads
channel positioning (2003)
189011960 | Reduction of natural ponds, pothol{ Decrease of water| Burkart (2010);
_ wetlands; development of largeale| storage capacity Schottler et al
2000 artificial drainage system (tile draing groundwater leve| (2013)
present fluctuations,  river
widening
19401980 | Construction of impoundments al Increased  storag Sayre (2010)
levees in Upper Mississippi Valley | upland
1950 Modernization/intensification of th| Increased Zhang &
present cropping systems streamflow,  widel Schilling
streams (2006);
Schottler et al
(2013)
1970 Conservation practice Reduction of runoff Castle (2010)
implementation: Conservatiq and flooding;| Schilling
present Reserve Program (CRR (2000);

Conservation Reserve Enltamment
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Program (CREP); Wetland Resel increase of uplan

Program (WRP)

water storage

Schilling et al.
(2008);

2001
present

62% of

intensively managed to growrops| of

|l owa b s About 25% to 50%

precipitation

(dominated by corn and soybeans| converted to runof

to 63% of total)

(when  tiling is
present)

Burkart (2010)

ii. Hydrological Alterations Induced by Climate Change

The U.S. goverment recently releag@the Climate fience Special Repar{Wuebbleset 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.
C S SR iigwedibdeeas authoritative assessment of the science of climate change, with a focus
on the United States, to serve as the foundation for efforts to assess-otilatee risks and inform

decisiormma k

i ng about

responses.

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

AHeavy

rai nf al

i s

ncreasing in

i FigueeB-$4) t y

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 120@5), under all plausible future climate

scenar.i

0S. 0
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9%th Percentile Precipitation
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Figure2-14: Observed change in heavy precipitation (the heaviest 1%) between 1958 and 2016. Figure
taken fromfiThe Climate Science Special RepofEasterling et al. 2017)
(https://science2017.globalchange.gov/).
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Figure2-15: Projected change in heavy precipitation. Twegpear return period amount for daily
precipitation for mid (left maps) and lat@1st century (right maps). Results are shown for a lower
emissionsscenario (top maps; RCP4.ahd for a higher emissions scenario (bottom maps, RCP8.5). Figure
taken fromfiThe Climate Science Special RepofEasterling et al. 2017)
(https://science2017.globalchange.goWCP stands for Represtative Concentration Pathway.

iii. Hydrological Alterations Induced by Urban Development

Although lowa remains an agricultural state, a growing portion of its population resides in urban
areas. The transition from agricultural to urban land usesgrasoaind 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 factors that contribute to these incrdeesdiercks et al., 2030

are the increase in thgercentage 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
constructed drainage systen the surface, pipe, and roadway channels that add toativeah

stream drainage system. Although traditional stormwater management practices aim to reduce
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increased flood peaks, urban areas have long periods of high flows that can erode stream channels
and degrade aquatic habitat.

dAssessment of Iliywads Water Qual
i. lowa Water-Quality History

Prior to European settlement in theti®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 laage 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 erosion.

Over several decades, the natprairie 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 test 1920,
areas. This was most common in the receglgiated area of norttentral lowa known as the

Des Moines Lobe, shown igure2-1. Many new streams were constieat 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 emergence of chemical
fertilizers, soybeans, anamtinued 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 drainage, and
discharges from industries amaunicipalities 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 Posfi 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 amended law became commonly known as thé/@leaAct (CWA).

The 1972 Amendments achieved the following: (1) established the basic structure for regulating
pollutant discharges into the waters of the United States; (2) thaviePA the authority to
implement pollution control programs, such as sgttivastewater standards for industry; (3)
maintained existing requirements to set wapeality standards for all contaminants in surface
waters; (4) made it unlawful for any person to discharge any pollutant from a point source into
navigable waters, urds 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 posed bypwant source pollution.
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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 qual ity ditontesteWMessowil of |
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 made river water quality much more swetdbl recreation and aquatic life,
especially near |l owads | arger <cit i-poist.sourdeo wever
pollution (i.e., pollution from diffuse areas) proved relatively ineffective in reducing levels of
nutrients and sediment invi@ streams. The main CWA program designed to addrespaion

source pollution was the 319 Grant Program.

The Food Security Act of 1985 (Farm Bill) required farmers participating in most programs
administered by the Farm Service Agency (FSA) and therdldResources 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
conservation provisions, farmers were regdito 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 wetland to produce an
agricultural commodity. Asesult 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 and water quality (Wang et al., 2016)védowe
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 stakeholders look to the Impaired Waters ligthS38&(d),
as a common reference point to gauge statewide water quality. According to Section 303(d) of the

CWA, from Atime to timed states must submit a
sufficient to meet all state watquality stand r ds. The EPA has defined i
April 1 of even numbered years. The failure to meet waality standards might be due to an

individual poll utant, mul tiple pollutants, np

303(d) listing pocess includes waters impaired by point sources andpoiom sources of

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

of pollution and uses. In 2016, there were 608 category 5 lowa waterbodiesl @itnpairments.

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
considered fAimpairedo;al23%iamwaicendsi damad 1w
have fAgoodo water g u a |Ei doly are thenndost c@mmorr caubeaof t e r |
impairment, causing about half of all such designations. Biological impairments are next, followed

by fish kills. Figure2-16 lists the main causeBigure2-17 shows historical numbers of impaired

lowa waters.
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Causes of the 813 impairments of 605 stream/river segments (Categories 4 and 5)
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Figure2-16Causes of i mpairments in | owabs impaired water :
2018).
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Figure2-17: Numbers of impairedowa waters, 1998016. (lowa Department of Natural Resources, 2018).

e. Web-Based Information Systems of Flood and Water-Quality Data

IIHRA Hydroscienceand Engineering and the IFC at the University of lowa have pioneered the
creation of usefriendly, interative, webbased information systems (WBIS) to communicate
environmental information in lowa and the United States. These two institutions also have
expertise in the installation of retdne environmental monitoring systems and currently
administer and matain extensive networks that record flood and watelity data in lowa.
WBIS displays this information, along with data collected by other federal institutions.
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i. The lowa FloodInformation 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, and applications. IFIS can be accessed wusing this URL:
http://ifis.iowafloodcenter.org/ifisBelow is an overview on some of the information available on
IFIS.

Floodplain inundation  maps

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

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

Community -based inundation maps

The IFC has also developed online inundation map libraries for more than 26dowaunities
These map librariaelate forecasted or observed flow conditions to flood extents and dEipdys.
use detailed computer models that consider sstalle floodplain and channel features, bridges,

and dams to better simulate the physics okflong wat er . The maps all ow
forecasted river stage at a USGS gauge to flood extents and depths in the community, to better
anticipate and respond to i mmedfatecéhapndosat

term planningCommunity inundation map libraries can be accessed on Hi8re2-19 shows
the inundation map library interface for the cityAafel.
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Figure2-18. Statewide floodplain map data showing different levels of annual flood risk.
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Figure2-19. Flood inundation map library for thdorth RaccoorRiver in thecity of Adel.

Observed stream conditions
IFIS displays data from more than 400 sensors continuously monitoring lowa stream conditions in
realtime,asshown inFigure2-20. Currently, the USGS collects streamflow data at approximately
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200 locations, and the IFC administers 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) stredage monitoring locations displayed in the
lowa Flood Information System (IFIS).

Flood alerts, warnings, and forecasts
IFIS provides flood alerts for stream sensors with stage values highehéhtlineshold values for

the four flood levels defined by National Weather Service (NWS) and the IFC. Different colors
represent theefour flood stage levels (action, flood, moderate flood, and major flood). The flood
forecast products included in IFIS atee NWS sixhour forecast for 48 hours and the NWS
seasonal forecast for 90 days. IFIS integrates gt NWS forecasts into retime data series

and moreinfo views. The NWS shares a seasonal forecast probability for minor, moderate, and
major floodng for a threemonth 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 1,5@X#&tions (e.g.,
communities and stream gauges) in lowa.
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The IFC system complements the operational forecasts issued by the NWS and is based on sound
scientific principles of flood genesis and spatial organization. At its core is a continuous-rainfall
runoff model based on landscape decomposition into hillslopes and channel links. The input to the
system comes from a rad@ainfall algorithm, developed ihouse, that maps rainfall every 5
minuteswith high spatial resolution.

ii. The lowa Water-Quality Informati on System

The lowa WateQuality Information System (IWQIS) integrates riale 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 laode. IWQIS
(https://iwqis.iowawis.org/ provides useful information for researchers, agencies, landowners,
and other watershed stakeholders as they study, analyze, and work to better understand the fate
andtranport of nutri entlgQIb also hetpsviawa snonioa fdrogress eowasd.
achieving the goals of the lowa Nutrient Reduction Strategy. lowa has the largest concentration of
continuous nutrient and watquality sensors in the United States; 83018, the state has a water

guality network comprised of:

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

26 turbidimeters

4 orthoP sensors

4 1SCOs

This network generates data for science and pohaking, facilitates individda BMP
performance assessments, and allows t@taquantify the nutrient loads leaving the st&igure
2-21 showsa screenshot of IWQIS displaying the WQ netw@822).
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Figure2-21. IIHR® HydroscienceandEngineering and USGS surface watgprality monitoring locations as
displayedon the lowa WaterQuality Information SystenjlWQIS).

iii. The lowa Watershed Approach Information System (IWAIS)

IIHR and IFC are developing a wddased information system to progigublic 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 accessetttp://iowawatershedapproach.oFigure2-22 shows

an example view of the IWAIS interfacdisplayingthe number oexisting water and sediment
control basinsvithin each HUC12 in th&lorth RaccoorRiver Watershed.
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Figure2-22. Example IWAIS interface view showing the number of existivafer and sedimentatrol
basinswithin each HUC12 in th&lorth RaccoonVatershed
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3. North RaccoonWatershed Description

This chapter provides an overview of current North Raccoon River Watershed conditions,
including hydrology, geology, topography, land use, and hydrologigorologic
instrumentation, and historic water cycle, as well as a summary of previous floods of record.

a. Hydrology

The North Raccoon River Watershed as defined by the boundary ofdggghtlydrologic Unit

Code (HUC 8) 07100006 is in westntral lowaand encompasses approximately 2471 square
miles (mF). The North Raccoon River is joined by South Raccoon River (HUC 8) 07100007 near
Van Meter, lowa, forming the Raccoon River, flowing west to east into the Des Moines River at
Des Moines, lowa. The totdrainage area of the Raccoon River at Des Moines is approximately
3608 mf. The North Raccoon River Watershed boundary falls within 15 counties in total, as shown
in Figure 3-1; however, most of the watershed area lies within Buena Vista, Pocahontas, Sac,
Calhoun, Webster, Carroll, Green, Dallas, and Polk Counties.
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Figure3-1. The North Raccoon River Watershed (HU©O®BL0O0006), drains 2471 fmiThe North Raccoon
River joins the South Raccoon River near Van Meter, lowa.
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Average annual precipitation in lowa ranges from4binches, with the lowest precipitation in

the northwest corner of the state and the highest irsabéheast corner. The average annual
precipitation ranges from roughly 33 inches in the North Raccoon River Watershed (PRISM,
1981 2010). About 75% of the annual precipitation falls as rain during the months of April
September. During this period, trderstorms capable of producing torrential rains are possible,
with the peak frequency of such storms occurring in June. Central lowa has experienced increased
variability in annual precipitation since 1975, along with a general increase in the amouimgof sp
rainfall (U.S. Department of Agricultui@ lowa State University, 2011).

b. Geology and Soils

A landscape is a collection of terrain features or landforms (lowa Geological & Water Survey,
2013). These combinations of surface features and underlyingrghilsnce how water moves

through the landscape.
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Figure3-2. Defined Landform Regions of the North Raccoon River Watershed.
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The North Raccoon River Watershed is located within three identified landfgromsethe Des
Moines Lobe, Northwest lowa Plains, and Paleozoic Southern lowa Drift Plain. While each
landform region has a unique influence on the rauntaibff characterization, the North Raccoon
River watershed is dominated by the Des Moines Lobe.

The Des Moines Lobe was shaped by the last glacier to enter lowa. The glacier entered lowa in a
series of surges beginning 15,000 years ago. By 12,000 years ago, the slowly decaying ice sheet
was gone, leaving behind a poorly drained landscape underlgebiyy clay and areas of sands

and gravels from swift meltwater streams. Today, broadly curved bands of ridges and knobby hills
called moraines, mark the position of stationary ice fronts (lowa Geological & Water Survey,
2017). Natural lakes have formedlarge, scoured depressions. Abundant smaller depressions dot

the landscape and are characterized as wetlands known as potholes. These depressions may hold
water yeatround, however many do not and only intermittently fill during heavy rainfall events

or with snowmelt in the spring of the year. Many have been drained through the use of intakes and
piping networksFigure3-3 shows a typical Des Moines Lobe crascton.

glacial drift | 3 : o ’ 2

o

(=) 5 o (=) o

Figure3-3. Typical Des Moines Lobe crosection (Prior 1991).

The southern portion of the watershed, primarily the Raccoon River downstream of the confluence
of the North and South Raccoon Riversslia the Southern lowa Drift Plain. This region is
dominated by glacial deposits left by ice sheets that extended south into Missouri over 500,000
years ago. The deposits were carved by deepening episodes of stream erosion so that only a horizon
line of hil summits marks the onesontinuous glacial plain. Numerous rills, creeks, and rivers
branch out across the landscape shaping the old glacial deposits into steeply rolling hills and
valleys. A mantle of loess drapes the uplands and upper hill slopes @Gealogical & Water

Survey, 2017)Figure3-4 shows a typical Southern lowa Drift Plain creestion.
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Figure3-4. Typical Southern lowa Drift Plain crosection (Prior 1991).

Depth to bedrock varies fromi B00 feet throughout the watershed, as showFigure 3-5.

Isolated areas of shallow depth to bedrock are found irheoutDallas and Polk counties A
shapefile developed by IGS showing likely locations of bedrock exposed or within 30 inches of
the surface shows isolated exposures through Dallas and Polk counties, and is shown in the inset

of Figure3-5.
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Figure3-5. Depth to bedrock in the North Raccoon River Watershed.

The Natural Resources Conservation Service (NRCS) classifiesirdoil®ur hydrologic soll
soi l

groups (HSG)

based

on

t he

6s runof f-

poten

type soils have the lowest runoff potential antlype have the highest. In addition, there are dual
code soil classes A/D, B/D, and Cibat 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-bffe B
soil if the shallow water table were to be drained away, but the higher runoff potentialtgpa D
soil if it is not. Table3-1 summarizes some of the properties generally true for each HE3. (A
This table is meant to provide a general description of each HSG and isinoluslive. Complete
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descriptions of the HSs can be found in USDARCS National Engineering Handbook, Part 630
i Hydrology, Chapter 7.

Table3-1. Soil properties and characteristics generally true for hydrologic soil groups A

Hydrologic Minimum
¥ 9 | Runoff Potential | Soil Texture Composition Infiltration Rate
Soil Group .
(in/hr)
< 10% clay
A Low Sand, gravel > 90% sand/gravel >5.67
Loamy sand, sand| 10i 20% clay
B Moderately low loam 501 90% sand 1.425.67
. Loam containing 20i 40% clay .
C Moderately high silt and/orclay <50% sand 0.141.42
. >40% clay
D High Clay <50% sand <0.14

1 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.

The Des Moines Lobe consists of a mix of HSG B and B/D type soils. The area closer to the North
Raccoon River is generally B type soils, resulting in moderate runoff potential. The soil in the area
north and east of the main river channel as one movéefunto the Des Moines Lobe is primarily
classified as B/D. Dual code HSGs, such as B/D, indicate a shallow groundwater table would
inhibit infiltration, creating type D soil behavior; however, if drained, the soil would behave as
type B. Much of this aehas had tiling placed to drain away this shallow groundwater. The soil
distribution of the North Raccoon River Watershed per digital soils data (SSURGO) available from
the USDANRCS Web Soil Survey (WSS) is shownRigure 3-6. Viewing the soil distribution

at this map scale is difficult, but the map does illustrate how much soils vary in space and the
noticeable difference in soil types of the mairer channel area versus moving further inward
toward the center of the Des Moines Lolbable 3-2 shows the approximate percentages by area

of each solil type for the North Raccoon River Watershed within the Des Moines Lobe.

Table3-2. Approximate Hydrologic Soil Group percentages by area of the Nortbhd®acRiver Watershed
within the Des Moines Lobe.

Hydrologic Soil| Des Moines Lobe
Group Approximate %
A 0.3

A/D 0.1

B 48.8

North RaccoorProject Evaluation| 37



B/D 44.9

C 1.0
C/D 4.1
D 0.8

Palo Alto

‘Potahontas

Legend
HSG Soil Code
B A

AD
Bl s
[ BD
(&

I co
D .
= N Madison

0 5 10 20 Miles A
L g T g g

Figure3-6. Distribution of Hydrologic SoilGroups in the North Raccoon River Watershed. Hydrologic Soil
Groups reflect the degree of runoff potential a particular soil has, with Type A representing the lowest
runoff potential and Type D representing the highest runoff potential.
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c. Topography

The ppography of the North Raccoon River Watershed reflects its geologic past. As previously
mentioned, much of the watershed lies within the Des Moines Lobe, which characterized as
minimally sloping ground, interrupted by many isolated potholes. To facilit@i@age of the

region, much of the drainage network is comprised of constructed chafigelse 3-7 shows
topography provided by lowa DNR in the form of baath light detection and ranging (LiDAR)

data. Elevations range from approximately 1510 feet above sea level in the uppermost part of the
watershed upstream of Storm Lake to 785 feet at the DésebI®iver outlet at Des Moines.
Typical land slopes are between 0.3 and 1.4% (25th and 75th percentiles), with the steepest areas
occurring in along the major stream valleys throughout watershed, as shBigore3-9.
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N Madison Warren

0 5 10 20 Miles A
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Figure3-7. Topography of the North Raccoon River Watershed.
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Potholes were identified using Geographic Information System (GIS) tools. Identifying the
location of these isolated depressions is an important consideration in replicating the- rainfall
runoff process of the region. These isolated pockets do not leatydicerunoff, rather they will

store water until it either fills completely and spills over onto the adjacent draining land surface,
evaporates, infiltrates naturally into the ground, or infiltration is aided by drainage inlets and pipe
networks. In addion to identifying these isolated potholes, the area draining to each depression
was also identified. These drainage areas were incorporated into the hydrologic modeling
conducted for this hydrologic assessment as areas that do not contribute diseotigde runoff.

Figure 3-8 shows an example of delineated potholes and their respective drainage area. A
constructed/maintained channel can also be observed tosthef &ae potholes.

Legend

N Pothole
A /)] Pothole Drainage Area

MSL Elevation - FT
0 0.125 0.25 0.5 Miles o High : 1255

B Low: 1215

Figure3-8. Delineated potholes and the land area that drains to them within the Des Moines Lobe in the
North Raccoon River Watershed.
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Figure3-9. Terrain slopes derived from LiDAR data.

d. Land Use and BMP Mapping Project

Land use in the North Raccoon River Watershed is predominantly agricultural, dominated by
cultivated crops (corn/soy beans) on approximately 77.7%hef acreage (approximately
1,228,250 acres), followed by grass/hay/pasture at approximately 11.9%. The remaining acreage
in the watershed is about 4.6% forest (primarily deciduous forest), 3.2% developed land, and 2.6%
open water and/or wetlands, per tl®2 High Resolution Land Cover (HRLC) dataset provided

by lowa DNR.Figure 3-10 shows the spatial distribution of land cover in the watershed.
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Figure 3-10. Land use composition in the North Raccoon River Watershed, according to the 2009 HRLC
dataset provided by lowa DNR.

The lowa Best Management Practices (BMP) Mapping Project is a collaborativeexffost ihe

lowa State University Geographic Information Systems (GIS) Facility, in association with the
lowa DNR, lowa Flood Center, lowa Department of Agriculture and Land Stewardship, lowa
Nutrient Research Center, National Laboratory for Agriculturela@dEnvironment, and the lowa
Nutrient Research and Education Council. The goal of the project is to provide a complete baseline
set of BMPs during the 20DT0 timeframe for use in watershed modeling, historic documentation,
and future practice trackingh&se practices include terraces, water and sediment control basins
(WASCOBSs), grassed waterways, pond dams, contour strip 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.
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The densities of several types of BMPs in the North Raccoon River Watershed are shigwrein
311
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Figure3-11. lowa Best Management Practices Mapping project data.
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e. Potential BMPs i Agricultural Conservation Planning Framework

Development of an effective watershed planning documéintequire identification of potential
conservation practices and viable locations to implement them. One edtyegool available for
practical conservation planning is the Agricultural Conservation Planning Framework (ACPF)
watershed planning toads, developed by Mark Tomer and his research team at the ST

in Ames, lowa (Tomer et al., 2013). ACPF is a watershed approach to conservation 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. Users can applyYACPF toolbox to identify locations
where fieldscale and edgef-field practices could be installed lealson general design criteria.
These practices include controlled drainage, surface intake filters or restored wetlands, grassed
waterways, contour buffer strips, WASCOBS, nutrient removal wetlands (NRWSs), coktigll
bioreactors (North Central RegidMater Network 2018).

Using the ACPF toolbox, IFC has generated potential BMPs for 20 of the most northern HUC 12s
in the North Raccoon River Watershé&igure3-12 showspotentialBMPs and aggregatl based
on HUC 12 area.
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Figure3-12. Potential BMPs in the upper North Raccoon River Watershed.

f. Instrumentation/Data Records

The North Raccoon River Watershed has instruatemt installed to collect and record stream
stage, discharge, and precipitation measurements. Nine 08&8ted stage and discharge
gauges and nine IFC streastage sensors are located within the watershed. There are seven
National Oceanic and AtmospheAdministration (NOAA) 18minute/hourly precipitation gages
within or near the watershed and an additional thortg NOAApartnered dailymeasuring
precipitation gages within or near the watershed. The operational period of record varies for each
of thee gages. The following figure and tables detail the instrumentation and its period of record.
Only the NOAApartnered daiymeasuring precipitation gauges that fall within the watershed
boundary are listed imable3-3.
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