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PEAK FLOW RATES 
(CHANGES WITH LAND USE)

Introduction: The Big Challenge 
The landscape of the 53,000-acre Walnut Creek 
Watershed has been changing constantly over the last 
150 years. Some big changes have occurred gradually, 
unnoticed by many who live in or pass through this area. 
Recently, the rate of change has been more rapid as 
suburban growth has pushed across hundreds of acres 
each year. Collectively, these changes have drastically 
affected the landscape’s ability to absorb water. Small 
streams in urban areas may see high flows nearly every 
year that used to occur only once every 100 years under 
natural conditions. 

This significant change in how this watershed works 
increases runoff and degrades water quality. Loss of 
topsoil, streambank erosion, construction site pollution, 
pollutant loading and transport and flooding implications 
are all exacerbated by the way agricultural and urban 
uses have changed the character of this watershed. The 
goal of this plan is to improve water quality and prevent 
increases in flooding. To achieve this, the process to 
restore the watershed’s ability to slow, absorb and store 
runoff must be started.

Executive Summary

In small urban streams, peak rates of flow during common events 
may exceed levels rarely seen under natural conditions.
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STRATEGIC FRAMEWORK
VISION 
Engaged residents working across political and 
property boundaries to create and sustain a 
healthy watershed.

MISSION 
Through collaboration, education and research, 
implement science-based policies and practices 
for flood mitigation, water quality improvements, 
natural resources protection and improved 
recreation while maintaining economic health. 

Approaches 
The plan’s strategy outlines six approaches to 
address stormwater management and soil health. 
The approaches address water quality improvements; 
enhanced recreation, public health, habitat restoration 
and access/connections; enriched conservation 
education programming and multi-purpose projects to 
sustain natural resources, public/economic health. 

About the Watershed 
Roughly half of the 83-square-mile watershed in 
Polk and Dallas counties is currently developed, with 
likely significant growth in housing and commercial 
development in its future. In the decade from 2001–
2011, over six square miles (8.1% of the watershed) was 
developed into urban land uses.

Flooding, nutrient loading, bacteria and eroded soils 
(sediment) impact public health, reduce habitat and 

undermine the ability of Walnut Creek to serve as a 
Central Iowa amenity. Water quality monitoring data 
has been collected by the Iowa Soybean Association/
Agriculture's Clean Water Alliance and IOWATER 
volunteers for more than 15 years. Nutrient and 
phosphorus counts are highest in the upper reaches of 

the watershed where agricultural uses dominate. In the 
lower, developed half of the watershed, bacteria counts 
and sediment loads provide challenges, along with 
flooding. The Iowa Department of Natural Resources 
(IDNR) lists Walnut Creek as an “impaired water body” 
due to high levels of bacteria. 

The watershed touches two counties and eight 
communities, with its outlet into the Raccoon River 

located less than one mile from the Des Moines Water 
Works’ (DMWW) intake for a public water supply 
serving nearly one-half million users. 

Executive Summary

4,300 acres of land in this watershed were developed 
between 2001 and 2011 
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About the Plan
Stream Assessment and Hydrologic Study 
Stream assessment work, coupled with available 
monitoring, informs this plan and include:

• 239 miles of stream length assessed  
using desktop technologies 

• In-field assessment of streams using  
the RASCAL method (see Chapter 5) 

• Prior work detailing stream assessments  
through the City of Clive

• Updated flood study information

• Prior studies which referenced conditions  
within this watershed

Throughout the process, the Watershed Management 

Authority and its executive team have routinely met to 

provide input and oversight of the planning process. 
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Top / Bottom Precipitation Years

HIGH LOW

Rank Year Precipitation
(in inches) Year Precipitation

(in inches)

1 1993 55.89 1956 17.08

2 2010 51.78 1910 18.25

3 2008 49.43 1930 19.58

4 1973 45.19 1933 19.68

5 1982 44.81 1901 19.78

6 1990 43.94 1953 20.01

7 1961 42.88 1894 20.07

8 1986 42.59 1967 21.83

9 1947 42.08 1966 21.86

10 1902 42.02 1955 21.99

Conditions/Context
Climate
Variations in temperature and precipitation greatly 
influence flow patterns and pollutant loads within 
Walnut Creek. Rainfall has become more frequent and 
intense. Six of the top eight wettest years on record 
have occurred since 1982, while none of the driest 
years on record have occurred during that same period. 
The National Oceanic and Atmospheric Administration 
(NOAA) has updated its precipitation data and storm 
water facilities are now expected to handle runoff 
generated by more rainfall than expected in the past. 

Public and stakeholder involvement
The planning team and partners facilitated two public 
events within the watershed (Windsor Heights and 
Clive), a half-day stakeholders’ workshop to craft 
strategic direction, and two large group discussions 
with agricultural interests at the Heartland Co-op in 
Dallas Center. Planners have met with WMA member 
organizations (councils, Soil and Water Conservation 
Districts and supervisors) at the project outset and 
again with development of the planning draft.  The 
Metropolitan Planning Organization and Walnut 
Creek Watershed directors have provided additional 
organization/coordination and outreach support 
throughout the project. 

Executive Summary

Annual streamflow in Walnut Creek has increased 37% since 1982.
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Flood
Flooding is a key concern within this watershed. A 
flood event occurred during the planning process and 
intensified the focus on this issue. Urban development 
has occurred within many flood-prone areas. Using 
the new NOAA data (mentioned above), this study 
updated hydrologic and hydraulic models as well 
as inundation/flood mapping for Walnut and North 
Walnut Creeks. The chart (right) demonstrates how 
much additional land is expected to fall within flood-
prone areas and how much wider these flood plains are 
now compared to previous years. 

It’s important to note flash flooding can occur outside 
of areas with mapped flood risk. Flash flooding can be 
caused by clogged inlets, storm sewers and culverts; 

 
overloaded storm sewer systems; blocked overflow 
paths and urban small stream flooding. 

Stream conditions
Walnut Creek is always in motion. In some areas, there 
is evidence of past stream meanders (curving stream 
segments) that were more than 500 feet from where 
the stream flows today. In other areas, the stream 
has moved several feet in only a few years. Streams 
are getting wider and lower. Nearly three quarters 
(71%) of the streams in the watershed have become 
incised or deeply incised—downcut over time. More 
than half (57%) of all field-assessed streams had 
moderate to severe erosion. Streams in the watershed 
are now 4–10x wider than they were prior to pioneer 

Changes in Flood Risk Due to Increases in Rainfall

Stream Length
Modeled

Added Area 
of Flood Risk

Average 
Increase

Flood Plain 
Width

North Walnut Creek 6 miles 16 acres 24 feet

Walnut Creek 18 miles 73 acres 34 feet

Pollutant Sources by Land Use

N P Sediment

Urban 14% 26% 7%

Cropland 81% 49% 10%

Pastureland 2% 2% 0%

Forest 0% 1% 0%

Grasslands 0% 0% 0%

Gully 1% 5% 19%

Streambank 2% 10% 38%

Construction Site 1% 8% 25%

Construction sites, making up less than 0.1% of the overall watershed 
area are likely large contributors of sediment to Walnut Creek.
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settlement. Improved stream buffers are needed. 
Nearly half of the smallest streams (48%) have no 
stream buffer or have a buffer less than 50 feet wide. 
Changes in land use and sources of increased sediment 
loads (such as cropland, gullies and construction sites 
with insufficient controls) can accelerate the cycle of 
stream evolution. 

Pollution
The lowest 7.6 miles of Walnut Creek are listed by the 
State of Iowa as an impaired waterway. E.coli bacteria 
are often measured at levels several times higher than 
water quality standards set by the State of Iowa. This 
poses a potential risk to health when people fish, wade, 
canoe or participate in other recreational activities that 
would put them in contact with the water. 

Executive Summary

Nitrates E-Coli

Source “Monitoring Data from Iowa Soybean Association, IDNR Snapshot and Iowater”

57% of all field assessed streams had moderate or severe erosion.
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Rural

Developing

Urban

Subwatershed Locations

Three "Case Study" Subwatersheds

• A developing area in parts of Waukee, Clive 
and Urbandale along Little Walnut Creek 
expected to see rapid urban growth over the 
next ten years

• An agricultural area draining to Walnut Creek 
in rural Dallas County

• A largely developed urban area within parts 
of Waukee, Clive and West Des Moines that 
drains to South Walnut Creek (which flows 
through Country Club Lake) 

The SubWatersheds
Use of subwatersheds
To help this plan provide meaningful information for 
recommendations to the whole of the watershed, 
planners focused their attention on three 
subwatersheds, representing the primary conditions 
found in Walnut Creek.

By focusing scientific study on these three 
subwatershed types, the planners have been 
able to gain the most information from stream 
assessment field work and computer modeling. The 
recommendations for these three subwatersheds 
serve as a “template” of sorts for the balance of the 
watershed under similar conditions.
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Executive Summary

Developing Area Case Study
This 960-acre area lies within the Little Walnut Creek watershed, 
between Warrior Lane and Alice’s Road.  Planners expect rapid 
urban growth within this area over the next decade.

As the area develops, key concerns are:

• Increased risk of flooding and streambank erosion that could 
be caused by higher rates and volumes of surface runoff

• Additional pollutant loadings (primarily sediment and 
bacteria) that could be delivered to Little Walnut Creek 

To address these concerns, this case study reviewed how design 
techniques described within the Iowa Stormwater Management 
Manual (ISWMM) compared to methods that have been more 
traditionally used across the Des Moines metro area.  This 
comparison showed that using new methods outlined in ISWMM, 
significant reductions in surface runoff volume, rates and pollutant 
loads would be expected.

Approaches for Developing Case Study improvements include: 

1. Adopt use of the ISWMM manual for stormwater management design - Use its Unified Sizing 
Criteria to manage runoff from both small and large storm events, to better mimic natural runoff 
conditions. For rainfall events that typically happen about once a year (2.67” in 24 hours), peak 
rates of runoff from developing areas would be expected to be reduced by over 95%, compared 
to traditional detention methods. Significant rate reductions would also be expected during 
larger events.

2. Restore healthy soil layers to open spaces in developing areas - Healthy soils have the ability 
to absorb rainfall closest to where it first lands. Their absence can significantly increase surface 
runoff volume and rates—increases that need to be considered in the design of downstream storm 
infrastructure. Using techniques described in ISWMM, healthy soils can be preserved or restored.

3. Consider using low-impact design techniques - Developments can be designed to reduce 
their impact on the landscape. Practices such as bioswales, wetlands and wet ponds can be 
incorporated into public greenbelts and private open spaces—creating a network of aesthetic 
features which also serve a stormwater management function. These practices are known to 
reduce delivery of key pollutants, such as bacteria and sediments.

Because of soil compaction, moisture is unable to percolate through the soil. Here it is forced to seep 
across the sidewalk and over the curb because it cannot penetrate subsoil layers.

Case Studies: Developing, Rural and Urban Areas
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Expected Load Reductions from 10-year plan for Rural Case Study Area: 
Nitrogen - 42%,  Phosphorus - 62%,  Sediment - 65%

Approaches for Rural Case Study improvements include: 

1. Tackle nitrogen and phosphorus - Use Best Management Practices (BMPs) outlined in the Nutrient 
Reduction Strategy to achieve the nutrient reduction goals. Practices to apply broadly across this 
subwatershed would include: extended crop rotations, split-seasonal nitrogen applications, cover 
crops, increased use of nitrification inhibitors, increased use of no-till and adjusted nitrogen application 
rates. Additional practices would be more site-specifically located within the watershed. 

2. Stabilize streambanks and gullies - Address key areas of gully and streambank erosion through 
stabilization/restoration and two-stage ditch conversions. Annual erosion could be reduced by more 
than 300 tons with a few targeted projects identified in this plan. 

3. Slow the flow - Reduce peak rates of flow caused by small to moderate storm events. Multi-stage 
outlet designs that capture and slowly release small storms can achieve excellent results. 

Rural Area Case Study
Located at the headwaters of Walnut Creek, this 
6.5-square-mile area is located between Dallas Center 
and Grimes. More than 80% of the area is row-crop 
farmland. Modeling results indicate croplands are 
the most significant sources of nutrient loadings 
(phosphorus and nitrogen). The plan recommends 
load reductions of at least 41% for nitrogen and 29% 
for phosphorus for this rural watershed. Croplands 
along with erosion of streambanks and gullies are 
expected to be the largest sources of sediment within 
this area.
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Executive Summary

AfterBefore

Stream restoration techniques can be used  
to repair and restore eroded stream corridors.

Strategies for Urban Case Study improvements include:

• Modify outlets of existing ponds and entrances to 
existing culverts to better manage small storm events. 

• Complete streambank stabilization and restoration 
projects in key identified areas (see Chapter 8).

• Require compliance of urban stormwater management 
policies, with particular attention paid to Stormwater 
Pollution Prevention Plans (SWPPPs).

Urban Area Case Study
This 4.5-square-mile area is almost entirely developed. 
Most of this area drains through Country Club Lake 
in Clive. Cropland makes up 3% of the watershed but 
is projected to contribute 13% of nitrogen and 7% of 
phosphorus loading. The modeling shows construction 
sites, making up only 2–5% of this study area each year, 
are expected to account for 60% of the sediment load. 
Streambank erosion is the next-largest generator at 
nearly 24% of the expected load.
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Urban Policy Initiatives
Adopt ISWMM’s Unified Sizing Criteria. 
Walnut Creek’s modeling demonstrates traditional 
stormwater detention practices limit ability to control 
runoff for smaller events. Small storm events (2.5” 
or less) make up 98% of Central Iowa’s precipitation 
volume. The Unified Sizing Criteria provides standards 
that group rainfall events into four categories by size, 
capturing and treating the most common storms, 
providing extended detention 

of more moderate events, and reducing the potential 
for flooding by controlling releases from larger storms 
to more natural levels. Implementing these standards 
would result in significant reductions in peak flow 
rates, with the largest benefits coming during the 
smaller, most common events. Slowing the rapid rush 
of runoff from these events will lead to small urban 
streams remaining stable after development occurs.

Executive Summary

Using new standards could reduce outflow rates from  
new developing areas by 95% during "small storm events."

What we learned from the case studies informs policy recommendations 
and over-arching initiatives for the urban and rural sectors.

Buffer streams
Establish stream buffers along all first, second and 
third order streams, and open drainage courses with a 
drainage area exceeding 40 acres. Refer to Chapter 5 
of the plan for an explanation of stream order. 

13



Improve planning and enforcement of 
Stormwater Pollution Prevention Plans 
(SWPPP)
While most construction sites apply for required 
permits and prepare SWPPPs, site visits performed 
during this study show room for improvement 
installing and maintaining practices that control 
erosion and sediment. SWPPPs should be treated 
as “living documents”—amended to accommodate 
changing conditions and on-the-ground realities. 

Decisions should be informed by the fact that 
the ultimate purpose of SWPPPs is to prevent 
downstream pollution caused by construction sites. 

Adopt or amend flood plain protections: 
Considerations include: 

• Prevent construction of new structures within the 
limits of the 100-year flood plain

• Evaluate potential for recurring losses and/or need 
for flood protection in redevelopment areas—cause 
no net increase in flood elevations

• Maintain flood storage capacity by limiting grading 
or placing fill materials within the flood plain

• Reserve areas as open space where future stream 
movement or flooding is expected

• Set new structures at least three feet above the 
regulatory 100-year flood elevations (beyond any 
current requirements) to account for flow increases 
predicted by NOAA’s new data. 

Implement local ordinances to protect 
or restore healthy soils in open spaces
Options include orienting sites to reduce grading 
volumes and the area disturbed by construction; 
protecting high-quality soils, topsoil stripping/
replacing and using soil amendments like 
compost and sand to rebuild a healthy surface 
topsoil layer. Soil Management Plans could be 
included in the SWPPP (see above). Decisions 
should be informed by the fact that the ultimate 
purpose of SWPPPs is to prevent downstream 
pollution caused by construction sites.
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Executive Summary

Restoring healthy soils within open spaces after development could reduce 
surface runoff volume by 50% or more during "small storm events."

Source: RDG
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Implementation
The plan highlights a series of projects identified 
for each subwatershed. The plan further outlines 
organizational approaches to maximize coordination of 
Watershed Management Authorities in Central Iowa 
and support increased technical and grant/funding 
assistance. 

A series of outreach strategies—for education and 
collaboration are included here with heavy reliance 
on field days and demonstrations in the agricultural 
sector, social media and speakers/workshops in the 
urban arena and ongoing efforts for the urban and 

Rural Policy Initiatives

The rural recommendations here include:

• Apply best management practices (BMPs) as outlined in the Nutrient Reduction Strategy, targeting 
practices with multiple benefits

• Use precision business planning to help landowners and tenants identify lands that are least profitable 
for crop production. These areas could become new wetlands, buffers or CRP lands.

• Target the application of BMPs to achieve the greatest cost-benefit ratios 

• Expand available technical assistance and funding sources 

• Increase stream buffer protection corridors to include the five-year flood plain

• Connect rural partners routinely to ongoing research and demonstration 

• Greatly enhance/expand access to information, including field monitoring 

• Increase transparency of on-farm work/practices and funding 
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rural sectors to dialogue, tour and connect to serve the 
watershed as a whole. 

At the time this plan is being produced, the Greater 
Des Moines Partnership’s Iowa Soil and Water 
Future Task Force has submitted its series of 
recommendations to the Governor and Legislature 
related to policy and funding highlights to promote 
soil and water health in Iowa. Those recommendations 
may ultimately influence the state’s capacity to 
support recommendations outlined here. 

This document details a decade-long plan to make 
significant improvements in water quality while 
attempting to restrain the potential for increased flood 
risk. To meet all water quality and flood protection 
goals will likely take decades to achieve. However, the 
Walnut Creek Watershed Management Authority has 
come together to work across political boundaries to 
begin this important effort. With a vision and mission 
emphasizing collaboration across urban and rural 
boundaries, Walnut Creek could serve the state as a 
model for cooperation and progress.

Executive Summary
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Assessment
Chapter  1 – The Process and this Plan ............................................................................................................................................................................................................................................23 
The methods used to develop this plan are outlined in this opening chapter, along with guidance on how this plan is intended to be used.

Chapter  2 – Watershed Geography ................................................................................................................................................................................................................................................. 31 
Information about the overall character of the watershed, including soils, terrain, slopes and changes in land use.

Chapter  3 – Climate and Streamflow ..............................................................................................................................................................................................................................................55 
Analysis of trends in temperature, precipitation, stream flow and flooding. These conditions have a direct impact on the challenges facing this watershed and the measures necessary to address them.

Chapter  4 – Background .................................................................................................................................................................................................................................................................... 69 
A few past studies that influenced the development of this plan are reviewed here. These studies demonstrate what issues have already been identified within this watershed and how this area relates to other areas downstream.

Chapter  5 – Character of Streams ....................................................................................................................................................................................................................................................77 
Stream conditions such as stream stability, character and buffer conditions are discussed in detail.

Chapter  6 – Key Pollutants and Sources ....................................................................................................................................................................................................................................... 101 
Available water quality monitoring information (pollutant levels) is reviewed and compared to water quality standards. The key pollutants of concern are identified.  
The results of computer water quality simulations are listed, including annual pollutant loads and identification of their sources (by location and land use).

Action
Chapter  7 – Strategic Framework ................................................................................................................................................................................................................................................... 127 
The vision, mission and goals of this plan are outlined here.

Chapter  8 – Case Study: Subwatershed Strategic Plans .......................................................................................................................................................................................................... 133 
Three case study subwatersheds were selected that represent conditions of larger areas of the watershed. Each area is an example of a different land use: rural, urban and developing.  
These areas were studied in greater detail and unique plans developed for each.

Chapter  9 – Policy Recommendations ...........................................................................................................................................................................................................................................161 
Local policies and procedures have a direct effect on implementation. Some changes can be made with voluntary efforts with committed resources. In other cases, local regulations may need to be changed to effect desired outcomes.

Chapter  10 – Projects and Priorities ..............................................................................................................................................................................................................................................179 
Various projects are recommended across the watershed, including those which are focused in the case study areas. A preliminary cost projection for each project is given.
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Table of Contents

Implementation
Chapter  11 – Education and Collaboration Plan ..........................................................................................................................................................................................................................201 
Educating the public, stakeholders and decision makers is essential to the success of this plan. This chapter reviews how to get these groups to understand this plan and how they can work together to carry it out.

Chapter  12 – Measures and Milestones ......................................................................................................................................................................................................................................209 
The proposed timeline to implement projects and policy changes, evaluate progress and monitor for improvements in water quality and sharing collected data is outlined, along with the methods  
to report progress to the board and the public at large.

Chapter  13 – Resource Requirements ...........................................................................................................................................................................................................................................219 
The financial commitments required for coordination, project construction, maintenance and monitoring are reviewed, along with some potential methods to fund these needs.

Chapter  14 – Evaluation and Amendments ................................................................................................................................................................................................................................ 225  
To be effective, this plan needs to be a “living document,” adapted based on lessons learned and changing conditions as the plan is implemented. These conditions need to be regularly evaluated so that corrections  
can be made to the plan to keep it on course.

Chapter  15 – Best Management Practice (BMP) Toolkit .........................................................................................................................................................................................................229 
A brief review of the different types of practices that can be used in both the rural and urban environments. Each practice has a brief description and most have directions on where to find more detailed information. 

Glossary ....................................................................................................................................................................................................................................................................................... 247 
Key terms and abbreviations are defined here to make this document easier to understand by a broader audience. 

Appendices
A collection of technical notes, memoranda and relevant data related to this plan which are too lengthy to include in this document. These resources are available in electronic format upon request.

Note: Words that are highlighted throughout the plan are included in a glossary at the end of this report.

19



Although many different components may be included in a watershed plan, EPA 

has identified nine key elements that are critical for achieving improvements in 

water quality. EPA requires that these nine elements be addressed in watershed 

plans funded with incremental Clean Water Act section 319 funds and strongly 

recommends that they be included in all other watershed plans intended to 

address water quality impairments. In general, state water quality or natural 

resource agencies and EPA will review watershed plans that provide the basis for 

section 319-funded projects. Although there is no formal requirement for EPA to 

approve watershed plans, the plans must address these nine elements if they are 

developed in support of a section 319-funded project.

- Adapted from “Handbook for Developing Watershed Plans to Restore and Protect Our Waters,” 
USEPA Office of Water – Nonpoint Source Control Branch, March 2008
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1. Identification of causes of impairment and pollutant sources or groups of similar sources that need 
to be controlled to achieve needed load reductions and any goals identified in the watershed plan. 
Sources that need to be controlled should be identified at the significant subcategory level along with 
estimates of the extent to which they are present in the watershed.

• Chapter 2 
Factors related to hydrology and potential pollution sources such as terrain, soils and land use 
changes.

• Chapter 3 
Current and historic climate data is reviewed, along with an analysis of historic streamflow 
patterns and flood risk.

• Chapter 5 
Details regarding stream characteristics, evolution, stability and buffering.

• Chapter 6
1. Identification of the key pollutants of concern identified by this plan and the potential 

impacts of these pollutants. 
2. Existing available monitoring data is reviewed. 
3. Pollutant loading and sources are projected by subwatershed and land use type. 
4. Projected reduction targets are given. 

2. An estimate of the load reductions expected from management measures.

• Chapter 8 
For each of three case study subwatersheds (rural, urban and developing) a specific ten-year 
implementation plan has been developed which includes projected load reductions. 

3. A description of the non-point source management measures that will need to be implemented 
to achieve load reductions and a description of the critical areas in which those measures will be 
needed to implement this plan.

• Chapter 8 
For each of three case study subwatersheds the ten-year plan details the type and location of 
management practices needed to meet the projected load reduction targets.

• Chapter 9 
Proposed policy changes are non-structural management measures. The urban and rural 
policies outlined in this plan are those that are recommended for adoption to achieve the goals 
of this plan.

• Chapter 10 
A list of priority practices and other improvement opportunities is included, with a projected 
cost for implementation.

• Chapter 15 
A toolbox filled with a variety of rural and urban best management practices which could be 
implemented by various stakeholders across the watershed. A brief description of each practice 
is given with sources listed to direct the user to additional information.

4. Estimate of the amounts of technical and financial assistance needed, associated costs and/or the 
sources and authorities that will be relied upon to implement this plan.

• Chapter 10 
A list of priority practices and other improvement opportunities is included, with a projected 
cost for implementation.

• Chapter 13 
The technical, financial and staffing resources that are necessary to execute this plan are 
reviewed.

5. An information and education component used to enhance public understanding of the project and 
encourage their early and continued participation in selecting, designing and implementing the non-
point source management measures that will be implemented.

• Chapter 11 
This entire chapter is devoted to describing the plan to educate various audiences about the 
plan and how to encourage collaboration between stakeholders.

6. Schedule for implementing the non-point source management measures identified in this plan that is 
reasonably expeditious.

• Chapter 12 
The schedule for implementing practices, policies and monitoring is described.

7. A description of interim measureable milestones for determining whether non-point source 
management measures or other control actions are being implemented.

• Chapter 12 
Milestones related to the numbers of practices installed, policies adopted and improvements in 
water quality monitoring samples are listed.

8. A set of criteria that can be used to determine whether loading reductions are being achieved over 
time and substantial progress is being made toward attaining water quality standards.

• Chapter 6 
The benchmark goals for water quality improvements are listed here.

• Chapter 12 
The timeline for meeting these benchmarks within the case study watersheds can be found 
here.

9. A monitoring component to evaluate the effectiveness of the implementation efforts over time, 
measured against the criteria established under item “8.”

• Chapter 12 
A monitoring plan which includes the methods of data collection, the parameters to be 
measured, the location of testing sites and the schedule for sampling is outlined.

Where Do I Find EPA’s Nine Minimum Elements for Watershed Plans?
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CHAPTER 1
KEY CONCEPTS
1. What is the Walnut Creek Watershed Management Authority? 

The Walnut Creek WMA is a collection of cities, counties and other jurisdictions coming together to focus 
on water quality and quality issues through collaboration and education. Currently, the Walnut Creek WMA 
includes the communities of Clive, Dallas Center, Des Moines, Grimes, Johnston, Urbandale, Waukee and 
West Des Moines. The WMA includes Polk County as well as the Dallas and Polk County Soil and Water 
Conservation Districts.  

2. Public Interaction 
Interaction with stakeholders has been critical in the development of this plan. This included monthly meetings 
with WMA representatives, two open house events and two meetings with key agricultural landowners and 
producers.

3. Technical Analysis 
A variety of technical data has been used to inform this plan. This includes local climate records, past water 
quality monitoring data, geographic information systems (GIS) data and direct in-field assessments of stream 
and land use conditions.

4. How to Use this Plan 
This section outlines how the information in the plan is arranged and how it can be best used by a variety of 
audiences.

HOW DO THESE CONCEPTS INFLUENCE DEVELOPMENT OF THE PLAN? 
The information gathered through stakeholder meetings, public events and technical analyses helps us to answer 
these key questions:
• What do we know about the watershed? (Assessment)
• What do we need to do to address identified issues? (Action)
• How do we carry out those actions? (Implementation)
 –  Who, what, when, where and why?



one
The Process and the Plan



 Chapter 1  -  Summary  Process Overview

• GIS Analysis
• Computer Modeling  

& Simulation

• Windshield Survey 
• Stream Assessment Walks 
• Quadcopter Video Collection 
• Water Quality Monitoring

• Board Meetings
• Executive Committee

Boots on the Ground

Walnut Creek WMA Public Interaction

Desktop Assessments

• Open House Events
• Stakeholder Meetings
• Individual Discussions

Plan
Development



In 2010, the State of Iowa passed legislation to allow local governments to form 
Watershed Management Authorities (WMA). “Authority” here is a term the legislature 
often uses when referencing a convening body. In reality, AWMA has no actual 
authority. Instead, it is a collection of jurisdictions within a given watershed, coming 
together to focus on water quality and quantity issues through collaboration and 
education. By law, WMAs cannot be formed without inviting all of the Soil and Water 
Conservation Districts, communities and counties within the designated watershed 
to the table. It only takes two such jurisdictions, joining together by 28E agreement, to 
actually form the WMA. 

The “authority,” however, continues to rest with the local governments. For all practical 
purposes, a WMA can only recommend that its member-governments take action—it 
cannot force that action.

The Walnut Creek WMA in Central Iowa formed in the context of this legislation, with 
the Metropolitan Planning Organization spearheading the formation of the WMA. 
In partnership with others, the MPO secured a grant from the Iowa Department 
of Natural Resources for the development of this plan. As of this writing, with the 
exception of Dallas County, all of the jurisdictions originally invited to join the WMA 
have done so. 

In late 2014, the Walnut Creek WMA selected a consultant team led by RDG Planning 
& Design to complete analysis and develop content for the plan. Snyder & Associates 
(Ankeny, Iowa) was also a member of the consultant team completing flood modeling 
updates. The team included the Polk County Soil and Water District (SWCD) whose 
staff completed field assessments of stream conditions, mapped rural erosion factors 
and aided in communication and coordination with rural landowners and producers.

Process
Public Interaction
Public involvement and input from key stakeholders has been central to plan 
development. Each member organization was able to send representatives to the 
WMA Board which typically met monthly through 2015. An executive committee 
also met with the consultant team to discuss ongoing work and to prepare for 
material presentation to the larger board. 

Two public open houses were held during the planning process. One was held at 
Colby Park in Windsor Heights in April 2015. That day started with a planning 
session in the morning at the community center at that location, followed by an 
open forum held near the outdoor amphitheater within the park. A brief presentation 
was made to the public, preceded and followed by times for open discussions and 
questions. Other activities included water quality sampling education, a build-your-
own rain barrel workshop, canoe paddle art and short video presentations that 
showed conditions filmed along several key stream segments. Approximately 100 
people attended the afternoon event.

The second open house was held at the meeting room at the Clive Aquatic Center in 
October 2015. This was held concurrently with an open house for the Clive Greenbelt 
Master Plan study. The Clive Greenbelt is a key feature and large area of publicly 

owned land along the main branch of Walnut Creek. Many of the issues related to 
improving conditions within the Walnut Creek Watershed have a direct bearing on 
the way the Clive Greenbelt is planned and managed. This pairing drew from a larger 
audience and provided a larger watershed context for those discussions.

The planning process also involved two separate meetings with local agricultural 
producers and landowners. These meetings, held at the Heartland Co-op in Dallas 
Center in May and December 2015, informed planners about some of the barriers 
to broader implementation of practices to improve water quality and slow runoff 
in the rural landscape. It also provided the opportunity to gage the local interest 
in investing in improvements and gave a broader understanding of the challenges 
within the watershed and their potential solutions. Feedback from the December 
2015 meeting was directly used to develop a 10-year plan to make improvements 
within a 6.5-square-mile area in the upper part of the Walnut Creek Watershed.
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Numeric Data Collection and Analysis
To complete this plan, numeric data was collected and analyzed for several key 
factors:

• Climate data from the Des Moines Airport Natural Weather Service Station, 
including temperature, precipitation and length of growing season. This 
information was used to determine recent and historic trends for these factors.

• Stream gage flow data from a USGS station located along Walnut Creek, 
including daily average flow rates and gage height (measure of stream depth). 
This was used to look at seasonal and historic trends and patterns of runoff, 
stream flow and flood events.

• Water quality monitoring data from the USGS, Iowa Soybean Association / 
Agriculture's Clean Water Alliance and IOWATER volunteer monitoring. This 
data included measured levels of various pollutants and stream conditions 
recorded over a long period of time. This information was important in 
identifying the key pollutants of concern, how their levels compare to state water 
quality standards and their potential sources within the watershed. This data 
was used in concert with the stream gage data (measured concentrations x 
measured flow volumes) to develop more accurate estimates of annual pollutant 
loads. This data was later used to calibrate mathematical water quality models 
to better reflect real-world observations.

Desktop Analysis
Geographic Information System (GIS) data was reviewed to identify important 
conditions throughout the watershed. Aerial photographs (past and present), 
topographic information, soils data and other available information was analyzed. 
Surface information was used to more precisely identify the overall boundary of 
the Walnut Creek Watershed and subdivide it into smaller subwatershed and 
microwatershed areas. The other data collected regarding soils, land uses, surface 
covers, buffer conditions and stream locations were categorized and sorted at these 
smaller scales.

Field Assessments
Conditions noted in desktop assessments were verified by observations in the field. 

These included:

• Windshield surveys—following along roadways and trails to photograph and 
note conditions across the watershed. These assessments are done rapidly, in 
less detail, in order to verify conditions across the entire watershed.

• Rural land use and crop rotation surveys—Polk County SWCD staff identified 
two-year crop rotation patterns (e.g., corn-soybeans, corn-corn, etc.), tillage 
practices and use of cover crops and other conservation practices.

• In-field stream assessments—two separate detailed assessments were included 
for data analysis:

 – Polk County SWCD completed field assessments of 28 miles of stream 
length using a handheld GPS collector and digital cameras to catalogue 
observed conditions along each stream corridor. These assessments were 
completed during the summer of 2015.

 – The City of Clive had their 2014 Stream Assessment Report completed by 
Nilles Associates. This project detailed conditions along 13 miles of streams 
within Clive’s city limits and used protocols similar to the Polk County 
SWCD work.

Other stream assessments, conducted across the watershed, were reviewed by 
the consultant team. These studies were used to develop a general awareness of 
stream conditions. However, some of these assessments were older or used different 
protocols which made it difficult to directly compare the results of the two studies 
listed above.

Source: Polk County SWCD
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Detailing the Plan
Information gathered through public interaction and data analysis has been 
developed into this plan. The plan is generally divided into three key parts:

• Assessment—Chapters 2–6: 

 – What did we learn about the watershed?

• Action—Chapters 7–10: 

 – What strategies, projects and policies are necessary to address the key 
concerns identified in the assessment?

• Implementation—Chapters 11–15: 

 – How do we educate key stakeholders on what actions are necessary? 

 – What is the timetable to complete improvements, adopt policies and 
monitor results?

 – What resources are needed to carry out the plan?

 – How should the plan be evaluated and adjusted to stay on track to meet 
project goals?

 – What options are there for the specific practices to address key watershed 
issues?

How to Use this Plan
This Watershed Plan can be viewed as a comprehensive effort, addressing a wide 
variety of issues. The discoveries of this plan need to be relayed to a variety of 
stakeholders with very different levels of awareness. Some findings are larger 
concepts and more general ideas. Other parts of the plan have to be more technical 
and detailed, to provide decision-makers with the level of information they need to 
support the findings of this plan, propose new policies and dedicate or acquire the 
financial resources to carry them out.

For this reason, each chapter features headers that highlight the most important 
concepts, both in outline and graphical forms. The content that follows in each 
chapter features graphs and sidebar discussions which highlight these key ideas. 
Each chapter also includes a more detailed explanation of these concepts, which is 
valuable to all, but may be more useful to implementers of the plan. Words that are 
highlighted throughout the plan are included in a glossary at the end of the report, to 
help explain more detailed concepts to a broader audience.
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CHAPTER 3
KEY CONCEPTS
1. Long-term trends 
Average annual temperature and precipitation levels observed in this area have been increasing.

2. Small storms matter 
Around 90% of all rainfall events in Central Iowa are equal to or less than 1.25 inches. Since most rainfall is 
generated by these smaller events, most pollutant loads are washed off surfaces and carried to streams by these 
storms. 

3. Moderate storms matter too 
In this watershed, storm events of greater than 2.67” in a 24-hour period occur about once a year. These storms 
which occur about once a year on average are larger than 98% of local rainfall events. These storms often cause 
local flash flooding and can destabilize streams due to erosion caused by the rapid “bounce” in stream flows 
following such storms. 

4. Runoff is increasing 
Average annual streamflow in Walnut Creek has increased 37% since 1981.

5. Seasonal flow patterns 
Highest flow rates have been most commonly observed from late April through June. Some very significant flood 
events have also occurred in July and August.

6. Land use impacts stream flow 
Streamflow has increased more intensely than precipitation, indicating that land use changes are influencing 
streamflow increases.

HOW DO THESE CONCEPTS INFLUENCE DEVELOPMENT OF THE PLAN? 
Climate factors such as temperature and precipitation ultimately impact pollutant loads. Certain pollutants are 
more likely to be present after storm events. Some are more common when temperatures are higher. Higher 
rainfall amounts could lead to increased flood risks. Such risks also are influenced by changes in land use.

Header page

Summary page
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The Grand Overview

Chapter Title Description

Assessment

2 Watershed 
Geography

Information about the overall character of the watershed, 
including soils, terrain, slopes and changes in land use.

3 Climate and 
Streamflow

Analysis of trends in temperature, precipitation, stream flow 
and flooding. These conditions have a direct impact on the 
challenges facing this watershed and the measures necessary 
to address them.

4 Background This plan isn’t the first study related to the Walnut Creek 
Watershed. A few past studies that influenced the development 
of this plan are reviewed here. These studies demonstrate what 
issues have already been identified within this watershed and 
how this area relates to other areas downstream.

5 Character of 
Streams

Stream conditions such as stream stability, character and buffer 
conditions are discussed in detail.

6 Key Pollutant 
and Sources

Available water quality monitoring information (pollutant 
levels) is reviewed and compared to water quality standards. 
The key pollutants of concern are identified. The results of 
computer water quality simulations are listed, including annual 
pollutant loads and identification of their sources (by location 
and land use).

Action

7 Strategic 
Framework

The vision, mission and goals of this plan are outlined here.

8 Case Study: 
Subwatershed 
Strategic Plan

Three case study subwatersheds were selected that represent 
conditions of larger areas of the watershed. Each area is an 
example of a different land use: rural, urban and developing. 
These areas were studied in greater detail and unique plans 
developed for each. These plans are to be carried out over a 
ten-year period, focusing a greater amount of work in a smaller 
area. This allows water quality changes to be observed more 
quickly and the lessons learned can be implemented more 
broadly across the entire watershed.

9 Policy Recom-
mendations

Local policies and procedures have a direct effect on 
implementation. Some changes can be made with voluntary 
efforts with committed resources. In other cases, local 
regulations may need to be changed to effect desired 
outcomes.

10 Projects and 
Priorities

This chapter lists projects recommended across the watershed, 
including those which are focused in the case study areas. A 
preliminary cost projection for each project is given.

Chapter Title Description

Implementation

11 Education and 
Collaboration 
Plan

Educating the public, stakeholders and decision makers is 
essential to the success of this plan. This chapter reviews how 
to get these groups to understand this plan and how they can 
work together to carry it out.

12 Measures and 
Milestones

This chapter addresses these questions:

• What is the proposed timeline to implement projects and 
policy changes? How is progress evaluated? 

• How do we monitor for improvements in water quality and 
share data with other groups? 

• How is progress to be reported back to the board and the 
public at large?

13 Resource  
Requirements

Resources are required to execute this plan. This chapter 
outlines the financial commitments required for coordination, 
project construction, maintenance and monitoring. It also 
details some potential methods to fund these needs.

14 Evaluation and 
Amendments

To be effective, this plan needs to be a “living document,” 
adapted based on lessons learned and changing conditions as 
the plan is implemented. These conditions need to be regularly 
evaluated so that regular corrections can be made to the plan 
to keep it on course.

15 Best 
Managment 
Practices 
(BMP) Toolkit

This chapter gives a brief review of the different types 
of practices that can be used in both the rural and urban 
environments. Each practice has a brief description and most 
have directions on where to find more detailed information.

Glossary Over 150 key terms and abbreviations are defined here to make 
this document easier to understand by a broader audience. 
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The Next Steps
Since watershed management authorities are “authorities without authority,” this 
plan is dependent on a variety of local communities, stakeholders and property 
owners to carry it out. Upon approval of the plan by the WMA Board, each 
community may take action to adopt the plan. Each city will need to review their 
ordinances and policies to determine what changes are needed to carry out the 
recommendations of this plan. Projects will need to be incorporated into city budgets 
or alternative sources of funding (grants, etc.) pursued. Ongoing resources and 
staff will need to be committed to carrying out water quality monitoring and the 
education and collaboration plan. Most of all, this plan needs champions—devoted 
local advocates that are committed to making sure that it is carried to its conclusion.

This plan outlines a ten-year process to initiate progress to improving water quality 
and watershed health. Land uses and other conditions within the watershed are 
rapidly changing. For this reason, it is difficult to accurately predict conditions that 
will need to be addressed for a longer period of time. At the end of a ten-year period, 
this planning effort should be recommissioned by the WMA Board in some fashion, 
to evaluate results, lessons learned and changed conditions. At that time the path 
forward for the next ten or twenty years should be set. 

The conditions detailed in this plan have developed over a period of more than 150 
years. It will certainly take several decades to make enough improvements to meet 
water quality goals for the entire watershed. The commitment of resources set forth 
in the plan may be daunting. However, a decision to not commit to these efforts will 
result in further deterioration in water quality, streambank instability and a potential 
for greater flood impacts in the future. Not addressing these issues will assuredly 
lead to greater costs in the future.

Source: Polk County SWCD

Source: Polk County SWCD
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CHAPTER 2
KEY CONCEPTS
1. What is the watershed? 

The Walnut Creek Watershed is the 83-square-mile area in Central Iowa that drains toward 
Walnut Creek either by direct flow or through tributary streams, ditches, subsurface tiles and 
storm sewers.

2. Soil characteristics 
The properties of soils within the watershed influence how much rainfall is absorbed by the 
landscape and how much direct stormwater runoff is created during rain events.

3. Terrain and topography 
Areas with steeper slope may be more prone to erosion, instability and often will direct surface 
runoff more quickly toward receiving streams.

4. Land use changes 
This watershed is one of the most rapidly developing in the state. Currently urban and rural land 
uses are nearly evenly split. In a recent ten-year period, over 4,200 acres (6.6 square miles) was 
developed into suburban landscapes.

HOW DO THESE CONCEPTS INFLUENCE DEVELOPMENT OF THE PLAN? 
The characteristics of this watershed have changed significantly over time. Reviewing past, present 
and expected future conditions allows critical areas and influential properties to be identified. Such 
factors affect stormwater runoff patterns, are indicators of potential pollution sources and can 
highlight other factors which could have a negative impact on water quality or stream stability.
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 The area of land draining through 
Walnut Creek and its tributaries to 
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Location and Geography
A watershed is an area of land that drains to a common point. The Walnut 
Creek watershed covers approximately 53,000 acres (82.8 square miles) across 
eastern Dallas and western Polk Counties. Its most western source falls within the 
community of Dallas Center. The footprint of the watershed extends across eight 
communities and other unincorporated areas within each county. Walnut Creek 
drains generally from northwest to southeast, meeting the Raccoon River northwest 
of Water Works Park in Des Moines, upstream of the water intake to the Des Moines 
Water Works plant.

The Raccoon River drains into the Des Moines River in downtown Des Moines. The 
Des Moines River then flows generally southeast, first through Red Rock Lake in 
Marion County, then on to the Mississippi River at Keokuk. The Mississippi River 
flows south, ultimately reaching the Gulf of Mexico in Louisiana. 

Political Jurisdictions within the Walnut Creek Watershed

Clive Dallas Center

Des Moines Grimes

Johnston Urbandale

Waukee West Des Moines

Dallas County Polk County

What is a WMA?
The WMA is formed by an agreement (Chapter 28E) between two or more eligible 
political subdivisions within a specific watershed. A board of directors governs the 
WMA. WMAs may:
• Assess and reduce flood risk
• Assess and improve water quality
• Monitor federal flood risk planning and activities
• Educate residents of the watershed regarding flood risks and water quality
• Allocate moneys made available to the WMA for water quality and flood 

mitigation

Requirements of a WMA include:
per Iowa Code Chapter 466B Subchapter II
• All cities, counties and SWCDs of the watershed must be invited to participate in 

the WMA
• A Chapter 28E agreement that includes a map of the watershed must be filed with 

the Secretary of State
• Must be governed by a Board of Directors
• WMAs may not acquire land through eminent domain and do not have taxing 

authority 

Benefits of forming a WMA:
• To conduct planning on a watershed scale, which has greater benefits for water 

quality improvement and flood risk reduction
• To foster partnerships and cooperation 
• To leverage resources such as funding and technical expertise
• To facilitate stakeholder involvement in watershed management

Information about forming a WMA:
Available on the Iowa Department of Natural Resources website at http://www.
iowadnr.gov/Environment/WaterQuality/WatershedManagementAuthorities.aspx. 
This website includes:
• A complete listing of existing WMAs in Iowa
• Example agreements and by-laws
• More information on setting up a WMA
• Contacts for technical assistance

In 2010, Iowa lawmakers authorized forming Watershed 
Management Authorities. A Watershed Management 
Authority (WMA) is a mechanism for cities, counties, Soil and 
Water Conservation Districts (SWCDs) and stakeholders to 
cooperatively engage in watershed planning and management.
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Watershed Locations
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The Tributaries of Walnut Creek
Dozens of smaller streams and three major tributaries feed into Walnut Creek. 
North Walnut Creek runs generally from north to south, draining parts of Grimes, 
Johnston, Urbandale, Des Moines, Clive and Windsor Heights. South Walnut Creek 
is more commonly known as the stream which passes through Country Club Lake 
in Clive. This stream drains primarily southwest to northeast, collecting runoff from 
portions of West Des Moines and Waukee in addition to Clive. Little Walnut Creek 
generally flows from west to east, beginning in rural Dallas County and flowing 
through rapidly developing portions of Waukee, Clive and Urbandale.

 

 
Topography and Terrain
There are two distinct types of land forms within this watershed. The upland parts 
of the watershed are generally flat, featuring meandering flow paths and low spots. 
These features are what remains of the prairie pothole wetlands formed by the Des 
Moines Lobe of the Wisconsin Glacier (1). These pothole wetlands were drained 
after pioneer settlement to improve agricultural production. This was accomplished 
through installation of subsurface tile drains and engineered ditches during the last 
half of the 1800s and the early 1900s. Many of the smaller streams which exist 
today did not exist before this landscape was altered. 

The topography in the lower parts of the watershed becomes steeper, with many 

Source: 

1. IDNR Website, taken from Iowa Wildlife Action Plan

more hills and valleys. The surface of these areas was shaped by large scale erosion 
caused by the melting of the Wisconsin glacier. Surface slopes in excess of 5% are 
typical, with slopes greater than 9% scattered throughout this part of the watershed. 
These areas are also within the historical footprint of the Des Moines Lobe. Its 
southern edge fell just north of where Walnut Creek flows into the Raccoon River. 

Soils
There are many properties of soils that have a significant impact on the quality and 
quantity of stormwater runoff. Three of the key properties are hydrologic soil group, 
hydric conditions and soil erodibility. These properties are catalogued in various 
GIS datasets that are available for review and use. 

Hydrologic Soil Group
The ability of water to move into and through the ground is different with every 
soil. Soils with more clay tend to be less permeable. Very little water can enter the 
surface of a clayey soil, and the water that does enter takes a long time to move 
through that soil. In contrast, sandy soils allow water to enter and move very freely. 
Soil properties like these influence how much surface runoff will be generated from 
open spaces when it rains. Different soils are classified into different hydrologic soil 
groups, on a scale from “A” to “D.” Group “A” soils allow water to infiltrate into the 
soil and percolate through the soil very easily. These soils have a higher sand content 
and will absorb more rainfall, causing less runoff to be developed. Group “D” soils 
include clays and other soils that inhibit the free movement of water. 

These measures of soil group are used in many different models and calculations for 
determining rates and volumes of stormwater runoff.

Soil Compaction/Topsoil Removal
County soil maps typically designate soil groups for rural landscapes. When land 
uses change from rural to urban, the ability to infiltrate and store water by the soil is 
impacted by the removal of topsoil materials and compaction of subsoils by heavy 
equipment. This typically results in additional stormwater runoff after development, 
unless techniques are applied which restore these soil functions.

Hydrologic Soil Group Properties

A B C D

Least Runoff 
Potential

Most Runoff 
Potential

Infiltration Rate (inches/hr) > 2 0.5–2.0 0.14–0.5 <0.14

Source:  USDA Web Soil Survey website.

Subwatershed Name Number * Area (acres) ** Area (square miles)

Lower Walnut Creek 100 4240 6.6

Walnut Creek 200 10830 16.9

Upper Walnut Creek 300 3170 5.0

Eastern Headwaters Walnut Creek 400 8330 13.0

North Walnut Creek 500 9150 14.3

Little Walnut Creek 600 8630 13.5

Western Headwaters Walnut Creek 700 8480 13.3

Total 52830 82.5

*   This column represents a "tributary number." See page 54
** Rounded to nearest 10 acres 

This table shows the area draining to the key segments of Walnut Creek and its major tributaries.
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STABLE: A moderately stable section of Lower Walnut Creek.

UNSTABLE: A section of Lower Walnut Creek with erosion along the outside bend and deposition inside.

STABLE: This section of Walnut Creek is fairly stable, although a steep slope is close to a trail.

UNSTABLE: Rapid erosion occurring along Upper Walnut Creek.

Erosion

Deposition
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STABLE: This section of North Walnut Creek is currently well protected from erosion.

UNSTABLE: This part of North Walnut Creek is downcutting with bank erosion.

STABLE: Little Walnut Creek, in a stable rural section.

UNSTABLE: A moderately unstable part of Little Walnut Creek.

Recent erosion
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Hydrologic Soil Groups Hydric Soils

Source: USDA Web Soil Survey website.



Soil Group

Source: USDA Web Soil Survey website.



Slope Map

Source: Analysis by RDG from data by USDA Web Soil Survey website.



Hydric Soils
The presence of hydric soils indicates wetlands are present or were in the past. 
Finding these soils highlights opportunities to protect or restore wetland features. 
Wetlands capture and filter runoff, improving water quality and reducing its volume. 

Soil Erosion Prediction Factors
The erosion potential for soils has been classified on county soil maps. These maps 
identify a number, or coefficient, which can be input into the Revised Universal 
Soil Loss Equation (RUSLE). This equation was developed by the USDA to predict 
erosion rates from landscapes (not including streambank or gully erosion). This 
coefficient changes with soil type and surface slope. This coefficient is a decimal 
value between 0 and 1. It is one factor that predicts how much soil would be 
expected to be washed off the surface of a given area. The RUSLE formula also 
includes factors that vary based on the length and steepness of a given slope, and 
other surface conditions.

Slopes
The change in surface elevation over a given length has many 
impacts. Longer and steeper slopes have greater potential for 
erosion. Steeper slopes also lead to faster runoff velocities. This 
decreases the time it takes for water to reach a receiving stream, 
resulting in a larger pulse of water (or peak flow rate) reaching a 
given point. 

As runoff rates increase, steeper streams may be vulnerable to 
incision, or downcutting of the stream bottom. As downcutting 
continues, the stream bottom will flatten and sideslopes will cave 
in, widening the stream until a point is reached where the stream 
can convey the larger runoff volumes and rates at a velocity 
that causes less erosion. Surrounding steep slope areas can also 
become unstable, sloughing or sliding—especially during extended 

periods of wet weather. (Refer to Chapter 5 of the plan for details 
about streambank stability.)

The Native Landscape
The Walnut Creek watershed was a much different place when initial land surveys 
were performed in the mid-1800s. Much of the landscape was covered by tallgrass 
prairie. Grasses and wildflowers, reaching eight feet in height, would have stretched 
to the horizon in every direction. The deep roots of these plants (some up to 15 feet 
below the surface) combined with worms and burrowing animals to create several 
feet of the loose, fertile, porous black topsoil that Iowa is known for. These soils 
allowed nearly all of the rainfall that fell on the landscape to soak into the ground 
through infiltration. Most streams were formed from natural groundwater outflows 
or springs. Prairie lands were kept largely clear of trees and shrubs by regularly 
occurring grass fires, limiting the opportunity for less fire tolerant species to flourish.

The prairie pothole landscape featured a largely flat surface with depressed areas. 
These pothole areas usually featured wetlands fed by natural springs. Runoff from 
very large storms would collect in these areas until it either evaporated, infiltrated or 
overflowed into an adjacent depressed area or receiving stream.

Source: sweetlightgallery.com, Flint Hills Tallgrass Prairie Preserve, Kansas
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Pioneer Settlement and Agriculture
The deep, fertile soils created by the prairie supported agricultural development. 
During the late 1800s and early 1900s, drainage projects installed tiles and ditches 
allowing the pothole wetlands to be dried out and farmed. The draining of wetlands, 
removal of vegetation and soil compaction by use of heavy farm equipment reduced 
infiltration and increased runoff volume. As a result, a larger portion of rainfall 
was transported to streams by surface or tile flow. Installation of tiles, culverts and 
ditches allow this larger volume of water to flow downstream more quickly. Water 
was allowed to rush downstream, with larger portions arriving at given points 
downstream at nearly the same time. Shortening the travel time for water flow 
allows a larger portion of the runoff to arrive at a given point at nearly the same time, 
making the rate of runoff increase even more dramatically than the runoff volume.

Today, virtually all native prairie is gone from the watershed. Grass swales and 
buffers need maintenance through controlled burns, mowing or grazing to keep 
out tree growth. Without this maintenance, forested areas along waterways and 
ravines have become crowded with invasive species and underbrush. This shades 
out the native erosion-resistant ground cover. Many of these areas have experienced 
significant soil erosion from surfaces and stream channels.

Event Natural ConditionsRow-Crop AgricultureSuburban Growth with Soil Quality RestorationSuburban Growth with Compacted Soils
1-year (2.67") 0.18 0.75 0.81 1.46
10-year (4.46") 0.89 2.02 2.11 3.07
100-year (7.12") 2.49 4.27 4.38 5.61
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Suburban Growth with Compacted Soils Suburban Growth with Soil Quality Restoration Row-Crop Agriculture Natural Conditions

Savannas would have covered the remainder of the landscape, usually along the 
larger streams and hills in the southeastern part of the watershed. These savannas 
would have also been quite different from the woodlands that are familiar to us 
today. Savannas lacked much of the understory brush and invasive species that 
currently make many of our forested lands difficult to walk through. Many of the 
current invasive species did not arrive within the watershed until the early 20th 
century, brought over from Europe and Asia. The lack of understory growth allowed 
more sunlight in to the floor of the forest, supporting shade tolerant native plants. 
The presence of these deeper rooted plants would have made the surface below the 
canopy significantly more resistant to erosion than what exists today.

Source: Greg Pierce
Source: Results from runoff analysis completed as part of Developing Case Study completed by RDG as part of 
this plan (see Chapter 8 and appendix resources).

3.07" > 2.49"

1.46" > 0.89"

Small urban watersheds may see higher 
flow volumes 10 times as frequently 
compared to natural conditions.

Runoff from the one-year event (developed) is 
larger than the 10-year natural condition.
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2002 CIR Aerial

These photos show the rapid urban growth that occurred within a part of the watershed between 2002 and 2014.

2014 CIR Aerial (same area)

Recent Land Use Change 
This watershed includes some of the most rapidly growing urban areas in the state. 
Aerial photos from the 1930's and 1950's show a watershed with limited urban 
growth primarily within the far eastern (downstream) parts of the watershed. 
Shortly thereafter, development of the interstate system including I-235 and I-35/80 
facilitated westward expansion of the metro area. 

During the 1990's urban growth began to significantly push past the I-35/80 
corridor. Over the following decades, the communities of West Des Moines, Clive, 
Urbandale and Waukee saw significant growth in the western part of the watershed. 
More recently, the communities of Grimes and Johnston have seen more rapid 
growth in the North Walnut Creek basin. 

During the period between 2001 and 2011, eight percent of the watershed developed 
into urban land uses. This included nearly 4,300 acres of land, or about 6.7 square 
miles. This period included both times of intense economic growth as well as the 
2–3–year recession period late in the first decade of the 21st century. As of 2011, 
urban land uses covered 43% of the Walnut Creek watershed.

Between 2001 and 2011, 8.1% of the watershed developed into urban uses. The 
landscape is nearly evenly split between cropland and urban areas.

Land Use 2001 2011 2001-11

area  
(in acres)

% of  
watershed

area  
(in acres)

% of  
watershed % change

Open Water 146 0.3% 147 0.3% 0.0%

Urban 18663 35.3% 22936 43.4% 8.1%

Forest 1650 3.1% 1446 2.7% -0.4%

Grasslands /Wetlands 1209 2.3% 1135 2.1% -0.1%

Pastureland 3530 6.7% 2147 4.1% -2.6%

Cropland 27626 52.3% 25013 47.4% -4.9%

Total 52825 52825

Almost seven square miles of land was developed between 2001 and 2011.

Source: National Landcover Dataset (USGS) – 2001 and 2011.

46



Landscape Change
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Subwatersheds



The digits to the right of the decimal point designate smaller divisions called 
microwatersheds. In most cases, only two digits are used. If the one closest to the 
decimal point is a “0,” then this area drains directly to the main stream segment 
included within that subwatershed. Smaller tributaries are numbered in order 
(1,2,3,…). The second number identifies each microwatershed area, numbering 
them in order starting at “1,” from downstream to upstream. This numbering 
system is completed for both the main stream segments and each tributary 
microwatershed.

Examples:

1. Microwatershed 411.01 is within the Eastern Headwaters of Walnut Creek 
(400). This subwatershed is the area draining to a smaller tributary, the 
first small tributary encountered starting from the downstream end (11—
“1” for tributary, “1” for being the first tributary designated). This specific 
microwatershed would be the first one draining to the main stream segment 
within this subwatershed (.01—“0” for draining to the main stream and “1” 
for being the most downstream area).

2. Microwatershed 411.12 is within the same subwatershed as the example 
above. This specific microwatershed would be along the first smaller tributary 
within this subwatershed and would be the second segment of that tributary 
encountered moving from downstream to upstream (.12—“1” for draining to 
the first tributary and “2” for being the second most downstream area).

Walnut Creek Watershed Identification System
Microwatershed (right of decimal)

Main stream (0) or tributary (1, 2, 3…)
Segment #, from downstream to upstream

1 0 1 . 0 1

Segment #, from downstream to upstream
Main stream (0) or tributary (1)
Key area (1-7)

Subwatershed (left of decimal)

Walnut Creek Watershed Identification System
Microwatershed (right of decimal)

Main stream (0) or tributary (1, 2, 3…)
Segment #, from downstream to upstream

1 0 1 . 0 1

Segment #, from downstream to upstream
Main stream (0) or tributary (1)
Key area (1-7)

Subwatershed (left of decimal)

Walnut Creek Management Plan:  
Subwatershed Identification System

This plan includes a unique subwatershed numbering system, so that there is 

an organized method of referencing smaller areas within the Walnut Creek 
watershed. The primary numbering system is made up of a five digit code, with 
three digits to the left of a decimal point and two to the right. This code is written 
in the format “000.00.” This format allows collected data to be organized from 
larger tributary areas down to very small microwatersheds.

At the highest level, the watershed has been divided into seven key areas, 
each representing either a certain segment of Walnut Creek or one of its larger 
tributaries. This division is represented by the first number of the code (starting at 
left) and ranges from one to seven. (See page 39, "Tributaries of Walnut Creek")

The second number of the code is either “0” or “1.” A zero means that this area 
primarily drains directly to the main segment of the stream. A value of one means 
that the area drains to a smaller stream which is tributary to the main segment.

The third number of the code identifies each of the smaller subwatersheds. These 
are numbered in order starting at “1,” with the furthest downstream areas being 
numbered first. A total of 33 subwatersheds have been numbered in this manner. 
(See map on previous page.)

Examples:

1. Subwatershed 101 is within the Lower Walnut Creek area (100). This 
subwatershed would be the most downstream area which drains directly to 
the main stream segment (01—“0” for main stream, “1” for being the first 
numbered segment).

2. Subwatershed 112 is also within the Lower Walnut Creek area (100). This 

subwatershed is the area draining to a smaller tributary, the second small 
tributary encountered starting from the downstream end (12—“1” for 
tributary, “2” for being the second tributary designated).
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2001 2011

Subwatershed ID Open 
Water Urban Forest Grassland/

Wetlands Pastureland Cropland TOTAL Open 
Water Urban Forest Grassland/

Wetlands Pastureland Cropland TOTAL

101 0.0 956.7 272.0 151.0 57.6 43.4 1480.6 3.1 966.0 264.0 177.5 49.4 20.6 1480.6

102 0.0 537.5 8.2 10.9 8.2 0.0 564.9 0.0 555.8 8.0 1.1 0.0 0.0 564.9

111 0.0 1196.2 26.7 3.1 0.0 0.0 1226.0 0.0 1201.5 21.3 3.1 0.0 0.0 1226.0

112 0.0 956.8 6.9 0.0 0.2 0.0 963.9 0.0 961.3 2.7 0.0 0.0 0.0 963.9

201 0.0 1180.7 36.6 94.5 10.0 0.0 1321.8 0.0 1196.9 30.6 88.9 5.3 0.0 1321.8

202 20.9 1455.3 84.0 145.1 243.6 102.0 2050.9 14.4 1625.3 57.2 132.8 152.4 68.8 2050.9

203 5.8 435.3 258.2 98.6 288.5 241.4 1327.8 5.8 832.5 213.4 93.0 144.5 38.7 1327.8

211 0.0 678.8 0.0 0.0 11.0 0.0 689.7 0.0 688.8 0.0 0.0 0.9 0.0 689.7

212 1.6 691.4 102.7 14.4 301.5 796.3 1907.9 3.1 1062.8 95.1 10.2 166.8 569.8 1907.9

213 63.1 1936.7 67.9 37.9 349.9 413.3 2868.8 60.2 2582.9 46.1 32.3 73.7 73.5 2868.8

214 1.3 81.1 136.7 5.7 41.0 401.8 667.6 1.3 171.7 130.9 5.7 35.9 322.1 667.6

301 5.1 126.2 125.4 140.5 440.7 1168.8 2006.7 4.2 608.4 106.7 100.3 264.8 922.3 2006.7

311 0.0 16.6 5.3 4.0 23.6 426.4 476.0 0.0 17.5 5.3 6.7 20.9 425.5 476.0

312 0.0 37.8 8.7 6.9 51.6 580.7 685.7 0.0 37.8 8.7 6.9 51.6 580.7 685.7

401 0.0 17.3 3.8 11.1 113.9 252.0 398.1 0.0 17.3 3.8 13.8 111.9 251.4 398.1

402 0.0 171.1 9.1 74.2 145.4 3382.0 3781.9 0.0 171.1 9.1 74.2 145.4 3382.0 3781.9

411 4.0 219.7 4.9 70.1 151.5 3701.8 4151.9 4.0 219.7 4.9 72.5 137.9 3712.9 4151.9

501 0.0 771.4 24.5 0.0 0.0 0.0 795.9 0.0 771.4 24.5 0.0 0.0 0.0 795.9

502 2.7 1117.5 12.0 18.2 0.0 0.0 1150.5 2.7 1117.5 12.0 18.2 0.0 0.0 1150.5

503 11.6 1475.9 34.9 46.7 145.4 527.7 2242.3 10.7 1762.7 28.9 42.3 54.1 343.6 2242.3

504 0.0 372.6 2.7 0.0 134.3 973.5 1483.0 6.0 662.9 2.7 0.0 67.8 743.6 1483.0

511 0.0 1333.4 0.0 0.0 2.9 0.0 1336.2 0.0 1333.4 0.0 0.0 2.9 0.0 1336.2

512 4.2 949.5 4.7 0.0 10.7 0.0 969.0 4.2 955.3 0.2 4.0 5.3 0.0 969.0

513 2.0 160.3 0.0 0.0 17.1 990.7 1170.1 4.7 497.6 0.0 0.0 0.7 667.2 1170.1

601 10.7 207.2 145.2 101.5 407.0 1601.9 2473.6 10.7 738.9 124.9 84.2 249.2 1265.8 2473.6

602 0.0 89.2 3.8 7.3 59.3 1542.1 1701.8 0.0 89.2 3.8 7.3 59.3 1542.1 1701.8

611 2.4 241.7 51.9 32.0 185.3 603.3 1116.6 1.1 727.6 28.9 14.0 61.3 283.8 1116.6

612 3.1 503.0 8.0 7.3 44.0 212.6 778.0 3.1 583.5 7.3 7.3 10.9 165.8 778.0

613 0.0 161.3 10.0 16.0 11.1 1511.4 1709.8 0.0 161.3 10.0 20.0 11.1 1507.4 1709.8

614 0.0 43.4 0.0 4.7 0.4 802.5 851.0 0.0 43.4 0.0 4.7 0.4 802.5 851.0

701 1.6 109.8 192.1 36.2 198.1 1988.2 2525.9 1.6 109.8 192.1 36.2 188.9 1997.3 2525.9

702 6.2 333.2 0.0 62.8 66.7 3511.6 3980.5 6.2 364.3 0.0 65.0 64.1 3480.9 3980.5

711 0.0 98.7 3.3 8.2 9.7 1850.3 1970.3 0.0 100.0 3.3 12.4 9.7 1844.7 1970.3

Totals 146.2 18663.4 1649.9 1209.2 3530.3 27625.8 52824.8 147.1 22936.2 1446.4 1134.7 2147.3 25013.2 52824.8

Change (in acres) 0.9 4272.8 -203.6 -74.5 -1383.0 -2612.6

Change (% of watershed) 0.0% 8.1% -0.4% -0.1% -2.6% -4.9%

Recent Land Use Changes by Watershed
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CHAPTER 3
KEY CONCEPTS
1. Long-term trends 
Average annual temperature and precipitation levels observed in this area have been increasing.

2. Small storms matter 
Around 90% of all rainfall events in Central Iowa are equal to or less than 1.25 inches. Since most rainfall is 
generated by these smaller events, most pollutant loads are washed off surfaces and carried to streams by these 
storms. 

3. Moderate storms matter too 
In this watershed, storm events of greater than 2.67” in a 24-hour period occur about once a year. These storms 
which occur about once a year on average are larger than 98% of local rainfall events. These storms often cause 
local flash flooding and can destabilize streams due to erosion caused by the rapid “bounce” in stream flows 
following such storms. 

4. Runoff is increasing 
Average annual streamflow in Walnut Creek has increased 37% since 1981.

5. Seasonal flow patterns 
Highest flow rates have been most commonly observed from late April through June. Some very significant flood 
events have also occurred in July and August.

6. Land use impacts stream flow 
Streamflow has increased more intensely than precipitation, indicating that land use changes are influencing 
streamflow increases.

HOW DO THESE CONCEPTS INFLUENCE DEVELOPMENT OF THE PLAN? 
Climate factors such as temperature and precipitation ultimately impact pollutant loads. Certain pollutants are 
more likely to be present after storm events. Some are more common when temperatures are higher. Higher 
rainfall amounts could lead to increased flood risks. Such risks also are influenced by changes in land use.



three
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Normal Annual Temperature

 Chapter 3  -  Summary  Climate and Streamflow

of all rainfall events in central Iowa 
are less than 1.25 inches in depth.
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Annual Temperature
Records were used to review cycles and trends in average annual temperature. 
A normal annual mean temperature was calculated using the average annual 
temperature readings over the previous 30 years for any given date through the 
period of record (1893-present). 

Seasonal Temperature
Over the past 50 years, January has generally been the coldest month of the year, 
with a mean temperature of 22.90˚F. July has typically been the warmest month of 
the year. The highest temperature recorded at the Des Moines Airport was 110˚F on 
July 25, 1936 and August 4, 1918. The minimum temperature reading of -29˚F was 
registered on January 12, 1912.

Growing Season
An analysis calculated a normal growing season length using the average length 
of season over the previous 30 years. Even though normal annual temperatures 
increased until 1942, the normal growing season length generally decreased until 
1972. Since that date, the average growing season has generally been on the rise, 
although a downtrend did occur between 1982 and 1992. The normal growing season 
length in 2014 was calculated to be 177.5 days (based on period form 1985-2014).

Annual Precipitation
Precipitation data was reviewed in a manner similar to temperature information. 
Annual precipitation totals observed at the Des Moines Airport over the period of 
record range from 17.08” (1956) to 55.89” (1993), with an average of 32.14” over the 
entire period of record. A normal annual precipitation depth was computed using 
the annual precipitation over the most recent 30 years through the period of record. 
Up until 1982, the annual normal precipitation generally remained within 0.5” of the 
average of the overall period of record. But since that time, annual rainfall has been 
trending upward. Normal precipitation values peaked in 2011 at 36.15.” The normal 
value dropped slightly through 2014 to 35.23,” as the three consecutive wet years 
of 1982-1984 dropped out of the computation of the 30-year normal. Even so, the 
normal annual precipitation remains more than three inches above the longer-term 
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This chart shows the average 
low, mean and high temperature 
readings at the Des Moines 
Airport.

Local annual temperatures have fluctuated over time, but have been rising since 1972.

1942 
50.73°F

1972 
49.33°F

1922 
183.2 days

2014 
177.5 days1972 

170.1 days

2014 
50.83°F

Average growing season has increased seven days since 1972.

Historic climate data was obtained through the Iowa Environmental Mesonet 
(IEM) website, housed by Iowa State University. Since no weather stations fall 
directly within the footprint of the Walnut Creek watershed, data from the station 
located at the Des Moines International Airport (IA2203) was used. This site is 
located approximately 2 miles southwest of the boundary of the watershed. Its 
historic record extends from January 1, 1893 to the present.
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average. There appears to be a clear local trend of increased precipitation over 
the past three decades. Six of the top eight wettest years on record have occurred 
since 1982, while none of the driest years on record have occurred during that same 
period. 

Monthly Precipitation
Normal precipitation levels are lowest in January, rising through the spring to highest 
levels during the month of June. Precipitation levels remain elevated through July and 
August, falling off significantly through the fall months. 

Short-Term Rainfall Rates

0

1

2

3

4

5

6

J A N F E B M A R A P R M A Y J U N J U L A U G S E P O C T N O V D E C

PR
EC

IP
IT

AT
IO

N
 (I

N
CH

ES
)

MONTH

AVERAGE MONTHLY PRECIPITATION (1985-2014)

Engineers use published studies on local rainfall rates in the design of storm 
sewers, culverts and storm water management practices. In the past, local design 
standards have used information from Technical Paper 40 (1) (1961) and Bulletin 71 

(2) (1992) rainfall depths and rates for short-term events (time periods ranging from 
a few minutes to up to 10 days). Recently, NOAA issued their Atlas 14 (3) rainfall 
data set, which included more recent precipitation data to establish these rates. 
SUDAS (Statewide Urban Design Standards and Specifications) and ISWMM 
(Iowa Stormwater Management Manual) have adopted these values for use in 
design. Values listed in Atlas 14 are generally similar to or higher than those listed 
in previous studies, meaning that storm water facilities now are expected to be 
designed to handle runoff generated by more rainfall than expected in the past. 
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This chart shows the rainfall for each year and the average over the previous 30 years.
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Precipitation in this area is usually highest between April and August.

Top/Bottom Precipitation Years

HIGH LOW

Rank Year Precipitation 
(in inches) Year Precipitation 

(in inches)

1 1993 55.89 1956 17.08

2 2010 51.78 1910 18.25

3 2008 49.43 1930 19.58

4 1973 45.19 1933 19.68

5 1982 44.81 1901 19.78

6 1990 43.94 1953 20.01

7 1961 42.88 1894 20.07

8 1986 42.59 1967 21.83

9 1947 42.08 1966 21.86

10 1902 42.02 1955 21.99

Six of the eight wettest years on record have occurred since 1980.  
None of the 10 driest years have occurred over that same period.

Changing Approaches: Water Quality and Channel Protection

Recently, more emphasis has been placed on addressing runoff created by smaller 
storms. These storms are much more common so overall they are responsible 
for carrying most pollution downstream. Some more modest events cause local 
flash flooding and streambank erosion. Designers are now encouraged to create 
practices that address these smaller storm events, which make up 98% of all 
rainfall in Central Iowa.
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Available Streamflow Gage Data
Stream flow data has been collected at a USGS gaging station located near the 63rd 
Street Bridge on the border between Des Moines and West Des Moines (USGS 
05484800). Data collection began in October of 1971 and continues through the 
present day. At this location, Walnut Creek is collecting runoff from an area of 78.3 
square miles (95% of its entire watershed). 

Annual Flows
Stream flow varies greatly from year to year. Since 1972, annual flow volumes have 
ranged from 334 million cubic feet in 1989 to 5.64 billion cubic feet in 2010. To put 
that in perspective, the annual volume of flow from 2010 would be enough to fill 
21,000 large water towers (assuming each tower could hold 2 million gallons). A 
general upward trend can be observed in runoff volume. The value of annual flow 
based on an average over the previous 10-years has increased from 1.9 billion cubic 
feet in 1981 to a high value of 2.6 billion cubic feet in 2014, an increase of 37%.

Rainfall Depths (in inches) for Various Storm Event Durations—1-Year Return Period Storm

TP-40 Bulletin 71 Atlas 14

Issue Date 1961 1992 2013
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30 minutes 1.1 0.88 0.99

1 hour 1.3 1.12 1.29

6 hours 2.0 1.79 2.05

12 hours 2.3 2.07 2.34

24 hours 2.7 2.38 2.67

Rainfall Depths (in inches) for Various Storm Event Durations—10-Year Return Period Storm

TP-40 Bulletin 71 Atlas 14

Issue Date 1961 1992 2013
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30 minutes 1.9 1.58 1.70

1 hour 2.4 2.01 2.23

6 hours 3.6 3.20 3.61

12 hours 4.2 3.71 4.07

24 hours 4.7 4.27 4.46

Rainfall Depths (in inches) for Various Storm Event Durations—100-Year Return Period Storm

TP-40 Bulletin 71 Atlas 14

Issue Date -> 1961 1992 2013
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30 minutes 2.7 2.45 2.63

1 hour 3.4 3.11 3.55

6 hours 5.1 4.96 5.98

12 hours 6.0 5.75 6.62

24 hours 6.7 6.61 7.12

Sources: 
1. Values for TP-40 interpreted from rainfall map data. 
2. Rainfall Frequency Atlas of the Midwest; Huff,Floyd A. and Angel, James R.; Midwest Climate Center—NOAA, 1992.
3. Values for Atlas 14 taken from Iowa SUDAS Design Manual, interpreted from Atlas 14 map data.
Technical Paper No. 40—Rainfall Frequency Atlas of the United States for Durations from 30 Minutes to 24 Hours and Return Periods from 1 to 
100 Years; Hershfield, David M.; US Department of Agriculture, May 1961.
NOAA Atlas 14, Precipitation-Frequency Atlas of the United States (Volume 8, Version 2.0); Perica, Sanja, et al; US Department of Commerce, 
NOAA and NWS, 2013.

Data from USGS gaging station #05484800.
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4.01-5.00

Greater than 5.01

PORTION OF ALL EVENTS GREATER THAN 0.1"

RAINFALL FREQUENCY  AMES, IOWA (1964-2004)

90% of all rain events in Central Iowa are less than 1.25"

90% of all rain events  
are less than 1.25"98% of all rain events in Central Iowa are 2.67" or less

Adapted from Iowa Stormwater Management Manual

Average annual 
streamflow has 
increased 37% since 
1981. The rate of 
increase has been 
even greater since 
2003.1981 avg. 

1.9 bil

1989 
0.3 bil

2010 
5.6 bil

2014 
avg. 

2.6 bil
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Gaging Station Location
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Seasonal Variation
A typical flow curve for Walnut Creek has been constructed by reviewing average 
daily flow data collected from October 1, 1971 to August 5, 2015. Over this period, 
highest flows are most often observed between late April and the end of June. Flows 
typically decline through July, although higher flows have sometimes occurred during 
periods in early and late August. The typical flow curve is constructed by using a 
30-day average (looking 15 days before and after a given date). This has the effect of 
smoothing out the high and low values into a more regular pattern over the course of 
an “average” year.

Flow Variation
Daily average flow rates in Walnut Creek have ranged from very little flow to 5,100 
cubic feet per second on August 9, 2010. The total flow on that single day of 441 
million cubic feet would have exceeded the flow for the entire year of 1989, and 
would have been equal in volume to more than 1,600 large water towers.* However, 
such large flows are uncommon. Average daily flow rates have exceeded 1,000 cubic 
feet per second for only 67 days over a period of more than 43 years (less than 0.5% 
of all days). The average daily flow rate over the entire period of record is 26 cubic 
feet per second, or a daily volume of 2.3 million cubic feet**.

AVERAGE DAILY FLOWS (1971 - 2015)
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OBSERVED AVERAGE DAILY FLOWS (OCTOBER 1971 - AUGUST 2015)

RANGE OF AVERAGE DAILY FLOWS (1971 - 2015)
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Flood events have 
increased the average 
flows for certain days.

1/16 
20.9cfs

6/17 
143.4cfs 5,100cfs

2,090cfs

597cfs

150cfs

5,100
8/9

2010

Most typically, stream 
flow rates are highest 
from April through 
July, although large 
flows have occurred 
in August and 
September.

Daily average flow 
at the Walnut Creek 
gaging station is 
larger than 597cfs 
only 1% of the time.

Average daily flow is the 
rate of flow averaged over 
an entire day. Maximum 
levels of this value are 
typically 100 times 
greater than the long-
range "mean" values.

Probability of Exceedance

Charts that show probability of exceedance demonstrate how often streamflow 
rates exceed a certain value. A flowrate with a probability of exceedance of 
10% would mean that over the entire measurement period, flowrates have been 
measured larger than that value only 10% of the time. As given flowrates increase, 
the probability they will be exceeded gets smaller. 

* Assuming 2 million gallons each 
**  2.3 million cubic feet = 9 water towers

Source: Data from USGS gaging station #05484800.
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Conversion of Precipitation to Streamflow
The amount of precipitation which is converted to streamflow has varied greatly. 
Comparing precipitation observed at the Des Moines Airport and data from the 
stream gage at Walnut Creek, we can find that in 1989, annual stream flow volume 
was only 7% of the volume of that year’s precipitation. Contrast that with 2010, 
when stream flow equaled nearly 60% of annual precipitation. 

Many factors appear to influence this value which are hard to separate at this level of 
study:

• Was that year more wet or dry? Streamflow percentages are higher in wet years 
than dry years.

• Was the previous year wet or dry? A previous dry year may have lowered 
groundwater and surface moisture levels, resulting in less runoff.

• Did precipitation come in large storm events or more steady over time? A higher 
percentage of runoff is expected during heavier rainfall.

• How have land uses changed? Development activities install impervious surfaces 
(hard/solid surfaces that won’t slow or hold water like rooftops and driveways) 
and development compacts remaining open spaces through mass grading. 
These factors lead to higher levels of runoff.

CONVERSION OF RAINFALL TO STREAMFLOW (1972-2014)            
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PORTION OF PRECIPITATION TO STREAMFLOW (1972-2014)
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This chart shows the portion of precipitation that became flow within Walnut Creek.

A correlation can be seen between 
rainfall and higher conversion to runoff.

The average conversion rate has increased 
from 30.4% to 37.6% since 1981.

1981 
30.4%

2003 
26.6%

1989 
6.3%

2010 
59.8%

2014 
37.6%

Source: Data from USGS gaging station #05484800.
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With the information that is available, it is difficult to draw conclusions on how each 
of the items above influences the percentage of precipitation that is converted into 
streamflow. From the information on hand, we can state the following:

1. The portion of streamflow that is converted to runoff increases with annual  
rainfall volume and increases in impervious land cover.

2. Reviewing averages over the previous 10-years from a given date, the proportion 
of precipitation converted to runoff has increased from an average of 30.4% in 
1981 to 37.6% in 2014.

3. Normal annual precipitation has risen from 30.61 inches in 1981 to 35.23 inches 
in 2014 (based on the average precipitation of the previous 30 years from the 
given date).

4. Urban land cover has increased greatly, from 35% to 43% of the total watershed 
area (a change of 4,300 acres) between 2001 and 2011.

Flood Risk Potential
Flooding is a key concern within this watershed, frequently discussed at board 
meetings and open houses. A flood event that occurred during the planning process 
intensified the focus on this issue. Flooding occurred during the morning hours 
of June 25, 2015. This event occurred when more than five inches of rain fell over 
portions of the watershed beginning late in the evening of June 24. Most of the rain 
fell over a three to five hour period, depending on location.

Urban development has occurred within many flood prone areas. In some cases, 
structures have been located in areas where they are frequently flooded including 
residential, commercial, industrial and public buildings. 

Flood risks in this area have been evaluated multiple times. Studies of flooding are 
developed into maps that demonstrate different levels of expected risk along major 
stream corridors (Flood Insurance Rate Maps issued by FEMA). These maps are 
intended to identify the need for flood insurance to be purchased by property owners.

These maps typically identify key features of a flood plain:

• Base Flood Elevations—Detailed studies may identify expected high water elevations 
caused by a 1% annual exceedance probability flood. This is a flood event, expected 
to have a 1% chance of occurring in any given year, or over very long periods of time 
would be expected to happen once every 100 years on average. This has commonly 
been referred to as a “100-year flood event,” although the phrase “1% annual 
exceedance probability” is now the preferred terminology.

Aerial photos from flood event—June 25, 2015
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• Floodway—A zone where grading or structure construction is most limited. This 
zone is intended to be kept clear of obstructions. In theory, the flood plain could 
be completely filled on either side of this zone and the expected result would be 
a one foot rise in base flood elevations. Not all maps identify the floodway for a 
given stream, but they are usually identified on larger streams or in areas where 
more detailed studies have been completed.

• Flood Fringe—Maps often identify areas outside of the floodway which show 
areas expected to be covered by the 1% or 0.2% annual exceedance probability 
flood events. The 0.2% probability event has commonly been called the “500-
year flood event.”

In some areas, these maps are associated with studies that provide detailed cross-
sectional information of the flood plain. Such studies may include expected flood 
elevation profiles for other more commonly occurring storm events (i.e. 2%, 10% 
exceedance probability, etc.). It is important to understand that localized flash flooding 

can occur outside of areas with mapped flood risk. This can be caused by clogged inlets or 

storm sewers and culverts; overloaded storm sewer systems, blocked overflow paths and 

urban small stream flooding.

A flood risk map sample of a section of Walnut Creek

If fill were placed to the edge of the floodway on 
both sides of the stream, the result would be a 
one-foot rise in the 100-year flood elevation

Base Flood Elevation of 100-year flood 
(1% annual exceedance probability)

100-Year Flood Plain

Flood Range Floodway Flood Fringe
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PEAK ANNUAL FLOWS (1972-2015)Flood History
At the USGS gaging station at the 63rd Street Bridge, minor flooding impacts 
are expected at a gage height of 14 feet. At this location, major impacts due to 
flooding are expected when water exceeds a gage height of 17 feet. Gage height 
data has been collected every year since 1972. Over that 44 year period, there 
have been 14 years (31.8%) where a gage height above 14 was recorded. Water 
levels have exceeded a gage height of 17 feet in eight (18.1%) of the years on 
record. This indicates that a flooding to a gage height of 17 feet may be expected 
once every five years on average. 

Hydraulic Modeling and Flood Inundation Mapping
To begin the hydraulic and floodplain mapping investigation for the Walnut Creek 
Watershed Management Plan, data and models from three previous studies were 
reviewed. These previous studies included hydraulic and hydrologic analyses 
for the North Walnut Creek watershed, hydraulic and hydrologic analyses for 
the Walnut Creek watershed, and updated FEMA floodplain mapping for North 
Walnut Creek and Walnut Creek. These studies and models were produced 
using rainfall data published in 1992 (Bulletin 71), which was the most recent 
rainfall data available at the time these studies were completed. These studies 
were eventually incorporated into a FEMA floodplain mapping update that was 
published as a preliminary study in June 2015. After a public commend period, 
they are scheduled to become effective in the winter of 2016.

This study further updates hydrologic and hydraulic models as well as inundation 
mapping for Walnut Creek and North Walnut Creek using more recent rainfall 
estimates. This plan uses NOAA Atlas 14 data. The Atlas 14 rainfall estimates take 
into account a longer period of statistical data than Bulletin 71 and include rainfall 
data through the 2013 water year. In general, in Iowa, the rainfall estimates for 
NOAA Atlas 14 have increased when compared to Bulletin 71. This is also the case 
for the Walnut Creek and North Walnut Creek watersheds. This increase in rainfall 
estimates, in turn, increased the peak flow estimates, water surface elevations, and 
floodplain extents.

1986This chart shows 
the highest 
observed flowrate 
for each year.

The USGS gage has recorded levels indicating major flooding during eight years since 1972.

Source: Data from USGS gaging station #05484800.

Source: Data from USGS gaging station #05484800.

65



Flood Risk



The results of the analyses using the Bulletin 71 estimates and the NOAA Atlas 14 
estimates were compared. Points of interest are outlined for each flooding source 
below.

Walnut Creek 1% Annual Exceedance Probability:

• 73 acres greater floodplain area for the Atlas 14 based mapping over 18 miles of 
stream length

• An average of 34 feet wider than the preliminary mapping or 17 feet on either 
side of the stream

• Smaller in some areas due to some of the additional area being within backwater 
fingers

 North Walnut Creek 1% Annual Exceedance Probability:

• 16 acres greater floodplain area for the Atlas 14 based mapping

• An average of 24 feet wider than the preliminary mapping or 12 feet on either 
side of the stream

• Smaller in some areas due to some of the additional area being within backwater 
fingers

The differences highlighted above are a direct result of increased rainfall estimates 
with the updated statistical data. However, as land use and management changes 
within the watershed, these increases in peak flow estimates could worsen over time. 
Since future meteorological changes are unknown, to mitigate risk and future losses, 
watershed and floodplain management becomes paramount. 

Flow Increases

Effective Flows (1) 
(CFS)

Preliminary Flows (2)

(CFS)
Atlas 14 Flows (3)

(CFS)

1% Annual Exceedance Probability Flows

Above RT Bank Tributary 5,480 5,415 6,137

Above Little Walnut Creek 10,280 10,875 12,368

At NW 142nd Street 14,410 14,715 16,734

At NW 100th Street 14,950 16,570 18,858

Source: Analysis completed by Snyder & Associates, comparing to current effective models and new model under 
consideration by FEMA.
Notes:
1. Effective flows are the flowrates used to develop the flood maps (FIRMs) currently used to establish flood insurance rates.
2. Preliminary flows are the flowrates used to develop the revised FIRMs which are currently going through a review process and will 

likely become effective sometime late in 2016. Neither the effective nor the preliminary flows were calculated using recently available 
Atlas 14 rainfall data.

3. Atlas 14 flows are flowrates which have been adjusted as part of this study to reflect newer rainfall data. Aerial photos from flood event—June 25, 2015 Source: RDG
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