
CHAPTER 8
KEY CONCEPTS
1. The case for “case studies” 

Focusing on improvements in smaller “case study” subwatersheds allows the results of improvements to be seen more quickly 
and at less cost than implementation at the full watershed scale.

2. Rural case study model plan 
A plan has been developed for a six-square-mile watershed in rural Dallas County which meets the loading reduction goals set 
forth in this plan. The nutrient reduction components of these goals are consistent with Iowa’s Nutrient Reduction Strategy.

3. Urban case study model plan 
Some outlet structures at existing detention ponds can be modified to reduce storms from small and moderate storm events 
(“one-year” storms and smaller—2.67” or less). Runoff rates from smaller drainage areas where these ponds are located could 
be reduced by 40% during these types of storms. Such improvements would also reduce sediment and phosphorus pollution 
downstream.

4. Developing case study model plan 
Embracing use of the Iowa Stormwater Management Manual as a design standard for new stormwater management practices 
could reduce runoff rates for small and moderate storm events by 97% compared to traditional methods. Such reductions would 
help to maintain the stability of streams in developing areas as well as improve water quality by capturing and filtering out 
pollutants during the most commonly occurring storm events.

5. Healthy topsoil is important 
Topsoil is an essential component in increasing how much rainfall is absorbed where it falls.

HOW DO THESE CONCEPTS INFLUENCE DEVELOPMENT OF THE PLAN? 
Implementing model plans in “case study” subwatersheds will allow us to complete improvements for an area in a shorter period 
of time and review the effects by monitoring changes in water quality. The monitoring data will either validate the approach or 
highlight where changes are needed. The lessons learned can be applied to future improvements across the watershed.
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 Chapter 8  -  Summary  Case Study: Subwatershed Strategic Plan

Smaller subwatersheds are being used as case studies to: 

• Target improvements within smaller areas where 
changes can be more quickly observed. 

• Results can be reviewed and lessons learned applied  
to other areas. 

• These smaller areas can be studied and modeled in 
greater detail than the whole watershed.
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Key Lessons Learned

Rural (411)

Urban (213)

Developing (602)
• Cropland is expected to be the largest 

source of nitrogen and phosphorus loads. 

• Gully and streambank erosion is expected 
to be a large source of sediment load.

Modifying key pond outlet structures to manage small storms could reduce:
 • One-year outflow rates for the area served by more than 40%
 • Phosphorus and sediment loads downstream by 10%

7x 

Runoff volume increase in suburban residential 
areas compared to pre-settlement conditions 
during a one-year storm event (2.67" in 24 hrs)

Reduction in peak outflow rates from 
developing areas for the one-year event, using 
new stormwater design methods outlined in 
the Iowa Stormwater Management Manual 
(compared to current methods)

97% 

Restoring healthy topsoil layers to open space 
areas can reduce stormwater runoff by 1/2.

Rate of flow increase for same conditions43x

1/2

From 2001-2011, construction sites made up 
2-3% of this subwatershed. This small portion 
of this landscape is estimated to contribute:

• 61%    Sediment load
• 17%    Nitrogen
• 26%   Phosphorus

Construction sites likely contribute more than 
25% of the total sediment load in the Walnut 
Creek watershed.

25% 

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.  
Runoff analysis performed by RDG Planning and Design.



Subwatershed Case Studies
The Walnut Creek watershed covers an area of nearly 83 square miles. 

It would take significant investments within an area of this scale to notice 
measurable improvements in water quality. This is the primary reason that certain 
subwatersheds have been selected for more intense study. Focusing efforts in these 
"case study" areas allows monitoring to better measure changes in water quality that 
result from localized improvements. This provides the opportunity to review results 
and make strategic adjustments which can be applied to improvements in other 
subwatershed areas. A secondary benefit of this approach is more precise modeling 
of the subject area, using information about land use, streambank conditions, gully 
formation and existing management practices at a higher level of detail than is 
practical to collect at the larger watershed scale.

One subwatershed was selected to represent a typical rural setting, another in a 
developed area and one in an area which is expected to experience rapid urban 
growth in the next few years. Four candidate subareas of each of these types were 
presented to the Walnut Creek WMA board for review, to establish a consensus on 
which ones were to be designated as case study subwatersheds. For each selected 
subwatershed, a specific plan has been developed to target expected sources of  
key pollutants (see map on page 136).

A more detailed review of each case study is included within an appendix to this plan. 

Rural Case Study—Subwatershed 411

Location
This area is located in the headwaters of Walnut Creek. This 6.5-square-mile area 
is generally located between Dallas Center and Grimes, with Highway 44 running 
east-west through the center of the area. This subwatershed has been divided into 18 
smaller areas, or microwatersheds, for analysis.

Pollutant Sources
More than 80% of this subwatershed is used for row-crop agricultural production. 
Over the past two years, these areas were primarily farmed either in a rotation of 
corn and soybeans, or planted as corn in each year. Modeling results indicate that 

cropland areas are the most significant sources of nutrient loadings. Row-crop areas 
also produce the majority of the sediment loading from this subwatershed, although 
streambank and gully erosion are also significant contributors of this pollutant. There 
are several areas within this subwatershed with pollutant loadings that are expected 
to be much higher than the Walnut Creek Watershed averages, based on completed 
modeling.

Average Loading per Acre by Microwatershed

Microwatershed * Area N P Sediment

(acres) lb/ac/yr lb/ac/yr lb/ac/yr

411.01 W1 138.1 17.8 2.5 4,884

411.02 W2 165.5 15.0 1.1 1,111

411.03 W3 32.4 14.6 1.4 375

411.04 W4 102.7 31.5 2.6 2,079

411.05 W5 1116.3 27.7 1.9 624

411.06 W6 297.9 32.2 2.1 322

411.11 W7 224.7 22.7 1.8 1,463

411.12 W8 257.8 31.4 2.1 423

411.21 W9 174.7 27.5 1.8 348

411.31 W10 222.1 29.8 1.8 392

411.32 W11 151.2 29.3 1.9 338

411.33 W12 202.6 31.5 2.0 361

411.41 W13 39.0 27.9 2.0 454

411.42 W14 299.8 30.8 2.1 472

411.51 W15 72.8 27.6 1.5 370

411.52 W16 299.1 30.6 1.9 389

411.61 W17 157.1 32.5 2.2 546

411.71 W18 198.1 30.5 2.1 574

* Refer to Chapter 2 (page 54) for explanation of watershed numbering.

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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Current Land Uses—Subwatershed 411

Area (acres) %

Cropland 3,422.9 82.4%

Urban 376.0 9.1%

Grasslands 277.3 6.7%

Pastureland 69.0 1.7%

Forest 6.7 0.2%

Total 4,151.9

Estimated Pollutant Loading—Subwatershed 411 *

N P Sediment

tn/yr tn/yr tn/yr

All Sources 59 4 1,540

% of Watershed Total 12% 13% 5%
* Note that pollutant loading is the estimated pollutant load delivery to the outlet point from this subwatershed area.

Estimated Pollutant Sources—Subwatershed 411

N P Sediment

Cropland 95.4% 87.2% 53.0%

Urban 3.1% 7.1% 5.2%

Pastureland 0.6% 0.8% 1.3%

Streambank 0.5% 3.0% 29.5%

Gully 0.3% 1.4% 10.6%

Grasslands 0.1% 0.5% 0.4%

Forest 0.0% 0.0% 0.0%

Water Quality Improvement Plan

The following strategies are recommended to improve water quality within this 
subwatershed area and develop and evaluate a template for future action within 
other rural agricultural areas. 

Subwatershed Strategy #1—Employ best management practices (BMPs) which are 

identified in the Nutrient Reduction Strategy document or other resources, with a goal of 

reducing nutrient loads from this subwatershed area. Loading reduction targets are 41% 
for nitrogen and 29% for phosphorus by 2025.

• This chapter outlines a “model plan,” which is one possible set of improvements 
that collectively would reach these goals. Many other combinations are possible.

• Staff and resources from local and regional groups such as the Heartland Co-op, 
County Soil and Water Conservation Districts (SWCDs), IDNR, NRCS and Iowa 
Soybean Association should work with local farmers and landowners to expand 
knowledge about these practices and find the right fit for practices throughout 
the landscape.

Erosion along an outer bend in subwatershed 411

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.

Source: Polk County SWCD
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Nitrogen Loading

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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Phosphorus Loading

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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The model plan focuses on several key practices to meet the desired load reductions. 
Brief descriptions of these practices are included in Chapter 15 of this plan. Six of 
these practices were projected to be applied broadly across this subwatershed area. 
Expected load reductions are typically based on values from the 2014 edition of the 
Nutrient Reduction Strategy.

The “model plan” also identifies practices recommended to be installed within 
certain smaller microwatershed areas. 

•  Land Retirement to CRP—Convert some steep-slope (slopes > 5%) cropland 
areas to grasslands through use of CRP or by dedication to permanent 
conservation easements. The model assumes that 5% of the cropland in area 
411.01, 2% of the cropland in 411.04 and 1% of the cropland in 411.05 would  
be converted in this way. (The Raccoon River Water Quality Improvement  
Plan identified this as a strategy to address nutrient losses on steeper, more 
erodible lands.)

 – Total land affected = 20 acres. 

 –  Expected reductions of 85% nitrogen and 75% phosphorus loading from 
groundwater and surface runoff from the affected areas.

•  Saturated Buffers—Intercept tile drainage systems and divert most subsurface 
drainage through a saturated buffer strip adjacent to the stream. The model 
included 50% of the land area within subarea 411.04 and 35% of the land area 
within subarea 411.05 being managed using this method. 

 – Total land area treated = 442 acres. 

Model Plan—Practices to be Applied Broadly Across Case Study Area

Practice Acres to be Applied Portion of Subwatershed to be Applied Expected Load Reduction (Where Applied) (1)

Nitrogen Phosphorus

Extended Crop Rotations 415 10% 42% NA*

Split Seasonal N Applications 830 20% 5% NA

Cover Crops 1,040 25% 28% 29%

Increased Use of Nitrification Inhibitors 1,040 25% 9% NA

Increased Use of "No-Till" Practices 1,455 35% NA 90%

Adjust N Application Rates 2,075 50% 10% NA

* The nutrient reduction strategy does not list reductions for phosphorus from extended crop rotations. However, some reductions are expected, although not included in the model.

 –  Expected reduction of 33% nitrogen loading from groundwater from the 
treated area.

•  Bioreactors—Intercept tile drainage systems for smaller areas (less than 100 
acres) and divert most subsurface drainage through a bioreactor system. The 
model included 30% of the land area within subareas 411.02, 411.03, 411.11, 
411.31, 411.32, 411.33 and 411.41 being treated in this manner. 

 – Total land area treated = 311 acres. 

 –  Expected reduction of 43% nitrogen loading from groundwater from the 
treated area.

•  Grass waterways—Create or enhance grass waterways to maintain a minimum 
33-foot width, or wider as dictated by current design guidelines or as needed to 
protect the five-year flood plain. The model included installing such waterways 
(where they don’t yet exist) along 90% of the “zero order” streams mapped as 
part of this plan located within subareas 411.12, 411.21, 411.32, 411.33, 411.42, 
411.51, 411.52, 411.61 and 411.71. Installing such waterways would impact 26 acres 
of cropland area. 

 – Total land area treated = 1,632 acres. Length = 34,200 feet.

 –  Expected reduction of 50% phosphorus loading from surface runoff from 
the treated area.

 

Source: 
1.  Reduction rates adapted from Section 2.1-2.3 of the Iowa Nutrient Reduction Strategy (May 2013).
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• Wetlands—Construct wetland features in areas where productivity is most 
commonly lost due to standing water. Flow paths immediately upstream of road 
crossings are also good candidate locations. Wetlands should be designed with 
multi-stage outlet structures to maximize reduction of peak flow rates from small 
and moderate storm events. (Provide drawdown of a one-year return period storm 
over a period of 24–48 hours). Such outlet modifications would allow the wetlands 
to serve two key purposes: nutrient reduction and stormwater peak flow reduction 
for storms of approximately 3” or less. For this model, it is assumed that wetlands 
could intercept runoff from 30% of subarea 411.05 and 100% of subarea 411.06. 
Total wetland new area expected to be 30 acres in size.

 – Total land area treated = 633 acres. 

 – Expected reduction of 52% phosphorus loading from surface runoff from 
the treated area.

• Two-Stage Ditch—Although these features have not been included in the 
Nutrient Reduction Strategy, several studies have demonstrated that these 
features have been very effective at removing nitrogen and phosphorus from 
streams with larger drainage areas. They are best implemented in areas without 
adequate buffer widths, where the stream is narrow or where the streambanks 
or channel bottom are unstable. This practice allows for expansion of the 
channel cross-section, slowing flow velocities and allowing for increased 
filtration of runoff. One key section of channel extending through parts of 
subarea 411.04 and 411.05 appears best suited for this practice. It would treat 
not only runoff from this subarea, but all areas located upstream. Installation of 
this practice would likely affect only two acres of current row-crop production.

 – Total land area treated = 2,244 acres. 

 – Expected reduction of 10% nitrogen and 15% of phosphorus loading from 
both surface and groundwater runoff from the upstream treated area.

Subwatershed Strategy #2—Address key areas of gully and streambank erosion.

•  Streambank stabilization and restoration—Target efforts to a one-mile stretch of 
stream within subarea 411.01 and a half-mile segment within subarea 411.02. 
These improvements have the potential to reduce the annual rate of erosion by 
265 tons.

•  Two-stage ditch—Conversion of a section of stream within parts of subareas 
411.04 and 411.05 to a two-stage ditch would also reduce the annual rate of 
erosion by up to 52 tons.

The “model plan” includes the two improvements listed above. There are also some 
other gully areas in subareas 411.01 and 411.11 which could be addressed that could 
reduce annual erosion rates by up to 170 tons. Such repairs have not been included in 
the model calculations. 

Subwatershed Strategy #3—Look for opportunities to reduce the peak rates of flow 

caused by small to moderate storm events.

Where practices are constructed that detain or retain water (i.e. wetlands, 
sediment basins, ponds, etc.) use multi-stage outlet designs that provide temporary 
stormwater storage for extended detention of small and moderate storm events. 
A one-year return period, 24-hour storm event in this area is 2.67” of rainfall. Such 
controls could reduce runoff peak rates by over 95%. The multi-stage design would 
not necessarily be designed to fully detain runoff from larger storms; however, the 
runoff from the one-year event is approximately 40% of the flow volume of a 100-
year return period event. This would be captured and slowly released by managing 
runoff from the more commonly occurring smaller storms. Therefore, such outlet 
structures would provide downstream benefits during both small and large storm 
events.

Expected Load Reductions
The projected load reductions included in this table are based only on the practices 
and strategies listed previously as included in the “model plan” for this case study 
area. The simulation indicates that this plan meets the goal for nitrogen loading 
reduction, and exceeds the goals for phosphorus and sediment loading reductions.

Projected Pollutant Loading—Subwatershed 411 *

N P Sediment

tn/yr tn/yr tn/yr

All Sources 33 2 582

Model Plan Projected Reductions 42% 62% 65%

* Note that pollutant loading is the estimated pollutant load delivery to the outlet point from this subwatershed area.

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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Urban Case Study—Subwatershed 213
Location
This subwatershed includes areas which are tributary to South Walnut Creek, which 
flows into Walnut Creek just south of Hickman Road, west of 128th Street in Clive. 
Most of this area drains through Country Club Lake in Clive. This 4.5-square-mile 
area is almost completely developed at this point.

Pollutant Sources
More than 80% of this subwatershed is now developed into suburban land uses, 
and as such modeling indicates that a majority of nutrient loadings are expected to 
be sourced from these land uses. Cropland makes up less than 3% of the watershed, 
but is expected to be the source of over 13% of nitrogen and 7% of phosphorus 
loading. As these areas continue to be developed, the loading attributed to cropland 
is expected to decrease. Overall, nutrient loading from this subarea is expected to 
be generally lower than the Walnut Creek Watershed averages. However, within this 
subwatershed there are several areas with pollutant loadings that are expected to be 
much higher than the watershed average, based on completed modeling. 

Current Land Uses—Subwatershed 213

Land Use %

Urban * 2643.1 92.1%

Cropland 73.5 2.6%

Pastureland 0.0 0.0%

Forest 46.1 1.6%

Grasslands 106.1 3.7%

Total 2868.8

* Includes Des Moines Golf and Country Club (470 acres)

Estimated Pollutant Sources (Without Construction Site Runoff)—Subwatershed 213

N P Sediment

Urban 82.0% 72.0% 18.8%

Cropland 13.5% 7.1% 6.0%

Pastureland 0.0% 0.0% 0.0%

Forest 0.1% 0.4% 0.1%

Grasslands 1.2% 5.8% 9.1%

Gully 0.2% 1.2% 5.2%

Streambank 2.9% 13.5% 60.9%

Estimated Pollutant Sources (Including Construction Site Runoff)—Subwatershed 213

N P Sediment

Urban 67.8% 53.6% 7.3%

Cropland 11.2% 5.3% 2.3%

Pastureland 0.0% 0.0% 0.0%

Forest 0.1% 0.3% 0.0%

Grasslands 1.0% 4.3% 3.5%

Gully 0.2% 0.9% 2.0%

Streambank 2.4% 10.1% 23.7%

Construction Site 17.3% 25.5% 61.0%
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1-Year High Water
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7

Example of a multi-stage outlet

1.    1st Stage: Small Diameter Inlet - Low Flow Control  
(Below Surface)

2. Water Level Control Structure
3. Main Outlet Structure
4.   2nd Stage: Notch Weir or Medium Size Opening 

 (Controls 2-25 Year Storms)

5.  3rd Stage: Longer Overflow Weir  
 (50-100 Year Storms)
6.  Pipe Outlet (Likely Controls 50-100 Year Storms)
7.  4th Stage: Emergency Spillway  
 (For Storms Larger Than 100-Year)

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

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.

Source: RDG
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These modeling results represent pollutant loads expected at the downstream end 
of this subwatershed, where it enters Walnut Creek. Loadings of phosphorus and 
sediment might be significantly higher if they were measured upstream of one of 
the many wet ponds located in this area. Many of these ponds are projected to trap 
about half of the sediment and phosphorus loadings that pass through them, based 
on their current design. Identifying opportunities to address these pollutants in 
upstream areas would likely result in water quality improvements within the ponds 
themselves. 

Sediment loading from the subwatershed over the recent past is expected to be 
primarily attributed to construction site and streambank erosion. Between 2001 and 
2011, about 650 acres within this area was converted from agricultural to suburban 
land uses. If each construction site takes one to two years to construct (from initial 
construction to final home site development), then at any given time between 65 to 
130 acres of land may have been in some stage of site construction. From modeling 
results, these sites, making up only 2-5% of the area within this subwatershed, may 
have generated more than 60% of the sediment load. 

Streambank erosion is the next largest generator at nearly 24% of the expected 
load. A large share of loading due to streambank erosion is expected to come from 
microwatershed 213.01. This area is located downstream of Country Club Lake and 
features a heavily eroded segment of South Walnut Creek. This area bypasses all the 
ponds and other features within the subwatershed, so there is little opportunity to 
capture generated sediment before it enters Walnut Creek.

 

Estimated Pollutant Loading—Subwatershed 213 *

N P Sediment

tn/yr tn/yr tn/yr

All Sources Except Construction Sites 8.2 0.7 580

All Sources 10.0 0.9 1,490

* Note that pollutant loading is the estimated pollutant load delivery to the outlet point from this subwatershed area.

Average Loading per Acre by Microwatershed (w/o Construction Site Loads) *

Area N P BOD Sediment

Microwatershed ** (acres) lb/ac/yr lb/ac/yr lb/ac/yr lb/ac/yr

213.01 W1 181.0 5.5 1.2 12.4 2,827

213.02 W2 869.6 5.1 0.4 3.0 97

213.03 W3 208.2 5.5 0.3 2.7 83

213.11 W4 190.9 5.3 0.7 14.1 599

213.21 W5 43.8 3.7 0.3 2.3 91

213.22 W6 298.5 4.9 0.5 4.1 602

213.31 W7 402.7 8.5 0.4 3.2 335

213.32 W8 219.2 5.3 0.3 3.0 180

213.41 W9 285.8 5.3 0.3 2.6 87

213.51 W10 169.1 6.9 0.5 3.4 306

* Note that pollutant loading is the estimated pollutant load delivery to the outlet point from this subwatershed area.
** Refer to Chapter 2 (page 54) for explanation of watershed numbering

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.

144



Nitrogen Loading

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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Phosphorus Loading

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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Sediment Loading

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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Water Quality Improvement Plan—Subwatershed 213
The following strategies are recommended to improve water quality within this 
subwatershed area and develop and evaluate a template for future action within 
other urban developed areas. 

Subwatershed Strategy #1—Review opportunities to develop public-private partnerships 

to modify outlets of existing ponds or entrances to existing culverts to provide better 

management of small storm events. Primary and secondary opportunities for these 

improvements are noted on the improvement plan map for this subwatershed. Other 

locations for such modifications may need to be evaluated.

• Perform a more detailed study of selected candidate locations to determine 
if modifications can be made that result in significant reduction in the peak 
outflow rate for the 1-year return period, 24-hour storm event. The study should 
evaluate the improvement's potential impact on high water levels for storm 
events up to the 100-year return period, 24-hour storm event, to make sure that 
such changes will not have a negative impact on surrounding buildings or other 
infrastructure.

• Complete such improvements where they are determined to be feasible.

Other sections of this plan have demonstrated how land use changes have altered 
the volumes and flow rates of stormwater runoff. These changes have intensified 
streambank and gully erosion. Much of this erosion is caused by the types of events 
that occur most frequently. Ponds designed primarily to prevent flooding during 
large storms often lack controls to slow runoff from smaller, more common events. 
Modifying outlets to include multiple stages can limit peak rates of flow during small 
events, while still managing the risk of local flooding during larger storms.

Subwatershed Strategy #2—Complete streambank stabilization and restoration projects 

in key identified areas, as identified on the improvement plan map for this subwatershed.

• Perform a more detailed study of selected candidate locations to better define 
potential scope of work and project costs.

• Complete final design and construction of improvements.

• Perform short-term maintenance to establish desired vegetation and address 
minor erosion repairs which are most likely to occur before vegetation is well 
established.

• Schedule and perform long-term maintenance and repairs as needed to prevent 
re-emergence of invasive species, support desired vegetation and prevent larger 
erosion issues from developing.

These streambank improvements are proposed primarily on publicly owned land, but 

similar projects may be completed within privately owned common spaces or within 
private properties through private investments or where easements are provided by 
the owner.

Subwatershed Strategy #3—For developing and redeveloping areas, require compliance 

with policy initiatives as identified within Chapter 9 of this plan.

Iowa’s Nutrient Reduction Strategy does not assign reductions of nitrogen or 
phosphorus to urban landscapes. Modeling results and monitoring data indicate that 
concentrations of nutrients within this subwatershed is likely lower than allowable 
water quality standards. However, addressing nutrient loadings would likely benefit 
the water quality within the individual ponds and water features within the interior of 
this subwatershed. Adoption of these policies would result in additional reductions 
of nitrogen and phosphorus loadings.

Expected Load Reductions
Modeling simulations have been completed to evaluate the effectiveness of the 
proposed strategies for this subwatershed. These calculations are based on the 
following assumptions:

1. Modify outlets at the following primary locations (strategy #1):

• West Lakes Office Park Plat 3, Outlot Z

• 6400 Westown Parkway

• South of 1801 68th Street

2. Modify outlets at the following secondary locations (strategy #2):

• Largest Pond within Southfork Development (upstream of Southfork Drive)

• Country Club Lake

•  Ponds within Des Moines Golf and Country Club, immediately downstream 
of the South Maple Grove and Country Club Ridge developments
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 Complete Strategy #2 (streambank stabilization/restoration) at the following 
locations:

• Microshed—213.01: South Walnut Creek between Country Club Lake and 
Walnut Creek.

•  Microshed—213.22: Between 156th Street and recreational trail crossing 
located 1,100 feet downstream in Clive.

Other strategy applications listed within Chapters 10 and 12 of this plan have not 
been included within modeling calculations.

Estimated Pollutant Loading (Without Construction Site Runoff)—Subwatershed 213 *

N P Sediment

lb/yr lb/yr tn/yr

Current 16,500 1,370 580

Future 16,100 1,140 330

Rate Reduction 400 230 250

% Reduction 2% 17% 43%

* Note that pollutant loading is the estimated pollutant load delivery to the outlet point from this subwatershed area.

Developing Case Study—Subwatershed 601
Location
This area is located within the watershed of Little Walnut Creek and is expected to 
see rapid urban growth over the next decade. This 960-acre area is generally located 
on both sides of Little Walnut Creek between Warrior Lane and NW 170th Street. 
This subwatershed has been divided into 12 smaller microsheds for analysis.

Purpose
This case study is different from the rural and urban subwatersheds, in that the 
land uses of concern do not yet exist. The purpose of this analysis is to evaluate 
stormwater management techniques to prepare a plan for management which 
mitigates the impact to receiving streams caused by increased runoff rates and 
volumes as land uses change within this area. Nutrient, pathogen and sediment 
loading reductions are expected to be complementary benefits to this approach.

Expected Outcomes
To establish management strategies and to better explain their reasoning, the 
following outcomes need to be achieved by this study:

1. Understand predicted runoff volumes and rates within this area for four 
conditions:

  a.   Pre-settlement conditions: Primarily tallgrass prairie prior to pioneer 
settlement.

  b.   Existing conditions: Primarily agricultural row-crop uses with some areas 
reserved within a flood plain buffer.

  c.   Future conditions: Mainly low- to medium-density residential growth with 
some commercial development. This case assumes that normal mass 
grading practices are used for development construction and minimal 
topsoil is replaced on the disturbed landscape.

  d.   Future condition with soil quality restoration: Similar to the conditions 
described in “c,” except that it is assumed that techniques such as topsoil 
respreads or soil amendments are used to create a healthy layer of topsoil 
on the disturbed landscape.

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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2. Locate and size potential “regional” stormwater management practices (wet 
detention ponds). Determine the storage volume and outflow rates for these 
systems for the following conditions:

  a.   Traditional stormwater management, with principal focus on management 
of larger storm events (5-year storms or larger).

  b.    Use of the Unified Sizing Criteria from the Iowa Stormwater Management 
Manual to manage both small and large storm events. For this case, assume 
no soil quality restoration is completed.

  c.   Use the Unified Sizing Criteria and implement soil quality restoration 
throughout this area.

 Predict pollutant loads under existing and future conditions.

3.    Determine expected load reductions that could be provided by regional 
stormwater management practices for conditions listed under “2a” through “2c” 
above.

Summary of Methods
An area within subwatershed 601 was defined where smaller microwatersheds exist 
that are largely free of urban development. Boundaries of twelve microwatersheds 
were drawn based on available LiDAR topographic information. Ten of these areas 
have separate outlet points, draining either to Little Walnut Creek, or to storm 
sewers, culverts or ditches which also drain to that stream. The other two areas drain 
in a series with one common outlet point to the creek.

For this study, it is assumed that each of these microsheds will include one 
stormwater management area, likely a wet pond, constructed wetland or other 
large “regional” basin for detention and retention of stormwater. These features 
could be incorporated into a public park or private common space featuring trails, 
fishing piers, etc. to make these management areas a public resource, rather than 
a liability. These ponds would retain water by holding it in a permanent pool. They 
would detain water by temporarily holding runoff from storm events in the additional 
storage space occupied as water levels rise above the normal pool. For consistency of 

comparison, it was decided that the basin footprints would be adjusted as needed so that 

the water level rise caused by various storms would be as follows:

Storm Event Return Period (24-hour duration) Temporary Water Level Rise

1-year 2 feet

10-year 3 feet

100-year 5 feet

Runoff rates and volumes were calculated for each microshed for each of the 
conditions listed under item 1 of the “Expected Outcomes” listed on the previous 
page. Methods listed within the Iowa Stormwater Management Manual were used 
to develop a preliminary sizing of the storage required for each basin, based on each 
condition listed under item 2 of “Expected Outcomes.” A more refined design was 
developed by creating stage-storage relationships and an initial outlet design for 
each pond. Calculated stormwater flows were then routed using computer modeling 
software through each basin and the outflow rates were reviewed to determine if 
the design requirements were met. The results were reviewed and the basin designs 
were adjusted to attempt to design a basin with the smallest footprint which restricts 
flow for each storm event below the required limits.

Overview of Results
Stormwater Runoff Volume from Land Uses
Changes in land uses have fundamentally altered the way runoff is generated 
by rainfall events. These effects are expected to be most dramatic in the most 
commonly occurring storms, such as those that are less intense than the 1-year 
return period storm (2.67” in a 24-hour period). Volume increases of over 7x from 
natural conditions may be expected during the most commonly occurring events. 
Conversion ratios of rainfall to runoff during these common events may change from 
under 7% for pre-development conditions to above 50% for developed suburban 
conditions (assuming that little or no topsoil is placed uniformly over the landscape). 
Runoff volume increases for larger storms are less dramatic by proportion, but 
represent a larger change in total volume (see tables on page 151).
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Volume Generated in Inches *

Runoff Volume (inches x watershed area)

Storm Return  
Period Rainfall Pre-settlement Existing Future w/no SQR Future w/ SQR

1-year 2.67 0.18 0.75 1.46 0.81

10-year 4.46 0.89 2.02 3.07 2.11

100-year 7.12 2.49 4.27 5.61 4.38

* Runoff volumes from urban landscapes may exceed levels seen under natural conditions from storms that are ten 
times less likely to occur.

Increase in Runoff Volume from Pre-settlement Levels *

Storm Return 
Period Rainfall Pre-settlement Existing Future w/no SQR Future w/ SQR

1-year 2.67 327% 727% 358%

10-year 4.46 129% 247% 138%

100-year 7.12 71% 125% 76%

* Runoff volumes in suburban areas are likely to be seven times higher than natural levels during a storm event 
expected about once a year on average. SQR techniques can reduce this effect by about half.

Conversion of Rainfall to Runoff *

Storm Return 
Period Rainfall Pre-settlement Existing Future w/no SQR Future w/ SQR

1-year 2.67 6.6% 28.2% 54.7% 30.3%

10-year 4.46 19.9% 45.4% 68.8% 47.4%

100-year 7.12 35.0% 59.9% 78.7% 61.6%

* Land use changes dramatically increase the portion of rainfall connected to runoff.

Average Unit Peak Rates of Flow for 12 Microwatersheds in Area 601  
(cfs per 100 acres drained) *

Storm Return 
Period Pre-settlement Existing Future w/no SQR Future w/ SQR

1-year 4 79 173 91

10-year 42 227 359 250

100-year 142 480 638 518

* Peak rates in small suburban watersheds during a one-year event may exceed levels expected from a 100-year-event 
under natural conditions.

Increase in Peak Rates of Flow from Pre-settlement Level *

Storm Return 
Period Pre-settlement Existing Future w/no SQR Future w/ SQR

1-year 1,912% 4,332% 2,216%

10-year 442% 459% 498%

100-year 230% 349% 265%

* Peak rates may be more than 40 times higher than natural conditions during common storm events.  
SQR techniques can cut this effect roughly in half.

Stormwater Runoff Rates from Land Uses
Stormwater runoff rate increases are more dramatic than those for volume. As runoff 
is funneled quickly down roofs, driveways, gutters and storm sewers; a larger portion 
of runoff arrives at nearly the same time. This multiplies the effects of additional 
runoff volume. Again, these changes are largest in proportion during the more 
commonly occurring events. During the 1-year return period storm, runoff rates for 
fully developed conditions are likely 20x–40x higher than pre-settlement conditions. 
Lower increases are expected if sufficient topsoil is placed back on the landscape 
after development to absorb rainfall and support healthy vegetation. 

Source (all): Results from runoff analysis completed as part of Developing Case Study completed by RDG as part of this plan (see appendix resources).

Source: Greg Pierce

Wet detention pond within city park in Ankeny, Iowa.
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What is the Unified Sizing Criteria (and what is it supposed to do)?

The Unified Sizing Criteria are different stages of stormwater management included in 
the Iowa Stormwater Management Manual. The goal is to better control runoff from 
both smaller storms (which occur more frequently) and larger events (which are more 
rare) and maintain more natural flow patterns in streams. There are four key criteria 
that are to be met:

1. Water Quality Volume—Storms that are 1.25” or less.

Capture and hold this runoff, using water quality best management practices (BMPs) 
to filter, absorb and break down pollutants.

2. Channel Protection Volume—Storms up to a 1-year, 24-hour event  
 (2.67” in Central Iowa)

Runoff from these events is detained for extended periods of time. Where traditional 
detention methods may detain runoff for an hour or two, this “extended detention” 
slowly releases runoff over a period of more than 24 hours. This slow release protects 
downstream channels during these commonly occurring storms which would normally 
have enough flow and force to cause significant erosion.

3. Overbank flow protection—Storms up to a 10-year, 24-hour event  
 (4.46” in Central Iowa)

Management of these storms is intended to prevent flash flooding and overloading 
of the downstream storm sewer system. Runoff from these events is detained and 
released at rates similar to pre-settlement conditions. Pre-settlement conditions 
would be conditions that existing prior to the mid-1800s, when tallgrass prairies would 
have absorbed most of the rain that fell on the landscape. 

4. Extreme Flood Protection—Storms up to a 100-year, 24-hour event  
 (7.12” in Central Iowa)

Management of these storms is intended to reduce the impact of larger scale flood 
events. Runoff from these events is detained and released at rates similar to pre-
settlement conditions. 

To achieve all of these goals, storm outlets will usually need to feature a “multi-stage 
design” which is discussed in greater detail in Chapter 9.

The analysis completed as part of this plan indicates that if applied properly, 
traditional methods may provide adequate management of very large storm events. 
However, basins that are solely designed to manage runoff rates from large storm 
events may lack effective controls to adequately reduce runoff rates from the more 
frequently occurring storm events. Modeling results indicated these “traditional” 
basins may reduce peak flows from the 1-year return period event by less than 35%. 

The Iowa Stormwater Management Manual (ISWMM) offers a different approach, 
which includes a tiered structure to manage both small and large storm events.  
This structure is called the Unified Sizing Criteria. 

Comparing Basin Design Using Traditional Methods  
vs. ISWMM’s Unified Sizing Criteria
In recent years, stormwater management has primarily been provided by installing 
detention basins, either as a regional practice or at an individual development 
scale. Typically, these facilities have been designed to prevent local flooding caused 
by large storm events. A common standard has been to design the basin to limit 
runoff from under developed conditions from very large events (such as the 100-year 
return period storm), to a rate similar to a smaller event under existing agricultural 
conditions (often the peak rate generated by the 5-year return period under the 
conditions existing immediately prior to development).

What is Stormwater Detention?

Over the past few decades, stormwater has typically been managed by capturing 
runoff in a basin or pond, holding it for a period of time and releasing it more slowly. 
This is referred to as “detention” as water is temporarily held (or detained) and released 
at a more controlled rate. A detention basin can be thought of like a large bathtub, with 
a bigger pipe entering the tub and a smaller one draining it out. Water enters the basin 
faster than it can leave, which causes the basin to fill up.

Where do typical methods of detention design fall short?

Most detention basins have been designed to address very large rainfall events. Outlets 
designed to control runoff during very large events are often too big to effectively slow 
down runoff from the most commonly occurring small storm events. A more detailed 
description of these issues is included within an appendix to this plan.
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Modeling results of the 12 microsheds in this case study area indicate that sizing 
stormwater management areas using the Unified Sizing Criteria outflow rates 
from basins during the 1-year return period storm event would be 97% lower than 
basins designed using traditional methods. These basins would also have better 
management of the larger storm events. To accomplish these additional rate 
reductions, more storage volume is required. However, it has been calculated that the 
overall footprint would increase by only 1.8% of the size of the drainage area to each 
basin. Furthermore, this increase in size can be effectively mitigated by requiring 
soil quality restoration or topsoil replacement to establish an 8” layer of healthy soil 
across open spaces post-construction within developed areas. 

Comparing Pollutant Reduction Using Traditional Methods  
vs. ISWMM’s Unified Sizing Criteria
Designing stormwater detention areas using the Unified Sizing Criteria is expected to 
result in better pollutant removal rates. The WinSLAMM program was used to model 
pollutant loadings and removal rates. Systems designed with the Unified Sizing 
Criteria are expected to significantly reduce loadings from sediment (solids) and 
phosphorus. Data from the International BMP Database indicates that such regional 
detention facilities would also likely provide better pathogen removal rates. Modeling 
indicates that nitrogen removals may not be influenced as much by basin design. 
Other best management practices such as bioretention cells and bioswales may 
need to be included upstream of regional detention facilities to treat runoff from the 
Water Quality event, likely resulting in better removal of nitrogen from the system.

Average Expected Unit Peak Release Rates of Flow for 12 Microwatersheds in Area 601  
(cfs per 100 acres)

Storm Return 
Period Traditional Unified Sizing 

Criteria Reduction

1-year 126 4 97%

10-year 158 43 73%

100-year 186 144 23%

Rate Reduction compared to Traditional

Storm Return 
Period Traditional Unified Sizing 

Criteria Unified Sizing Criteria w/SQR

1-year 97% 97%

10-year 73% 80%

100-year 23% 29%

Projected Detention Footprint Area of 100-year High Water Elevation  
(as % of watershed area drained)

Storm Return Period Traditional Unified Sizing Criteria Unified Sizing Criteria w/SQR

100-year 4.61% 6.41% 4.60%

SQR = Soil Quality Restoration techniques applied to restore healthy topsoil layers to open spaces

Projected Loading from Developing Case Study Area to Walnut Creek (in tons per year) *

Pollutant Traditional Unified Sizing Criteria Reduction

Particulate Solids 28 8 71%

Total Solids 86 64 24%

Phosphorus 0.21 0.14 34%

Nitrate 0.30 0.30 0.2%

* Note that pollutant loading is the estimated pollutant load delivery to the outlet point from this subwatershed area.

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

Source: Results of STEPL pollutant load modeling performed by RDG Planning and Design.
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Comparing Outcomes With and Without Topsoil Replacement  
or Soil Quality Restoration
Topsoil is the first link in the chain of stormwater infrastructure. It is the first point 
where water can be absorbed into the landscape, thereby reducing runoff volume. 
Volume can be captured both by intercepting direct rainfall onto open spaces with 
healthy topsoil layer, or by diverting runoff from impervious surfaces onto such 
areas. Stormwater modeling can account for the presence or absence of topsoil, by 
adjusting factors that indicate how much runoff the landscape will absorb (curve 
numbers or runoff coefficients).

Modeling results from this case study indicate that runoff volumes for the one-year 
storm return period, 24-hour event are expected to be 80% larger (1) in areas with 
minimal topsoil re-spread (sod over compacted soils), as compared to areas where 
8” of healthy topsoil is provided. Such topsoil can be provided by respread of topsoil 
material or by using compost and other materials to restore soil function. (ISWMM 
includes a chapter that details the variety of methods which can be used). Runoff 
volumes are also increased for larger storms without soil retention, nearly 30% for a 
100-year return period storm event. While the proportional increase is less for large 
storms, the actual runoff volume increase is greater.

Stormwater reduction due to topsoil restoration is measurable and significant. It has 
a direct impact on the required size of management practices, as well as the depth 
and duration of flows that urban streams will receive. Modeling results indicate that 
management practices will need to have 48% more volume and be 40% larger (2) in 
the footprint area, if adequate topsoil is not provided within open spaces throughout 
the watershed. This increases costs associated with land dedication, construction 
and maintenance of these systems. Even if basins are constructed larger to 
accommodate the additional volume of runoff, these larger flows will eventually be 
passed downstream. Since the peak discharge rates from each basin are fixed, larger 
runoff volumes mean that drawdown times from each basin would be extended. 

Receiving streams would see higher flow levels over a longer period of time. Higher 
flows and velocities would exist for extended periods, increasing the potential for 
streambank and gully erosion to occur.

Therefore, soil quality restoration in developing areas is viewed as a critical "first line 
of defense" against stormwater runoff increases.
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Traditional basin does little to slow 
runoff from small storms

Example of hydrographs for outflow for 
a traditional basin and one designed 

using ISWMM Unified Sizing Criteria.

Release rates would be comparable to 
natural stream baseflow.

Much less channel erosion could be 
expected downstream.

ISWMM basin has much lower peak 
flow, drawn out over longer period

Notes: 
1.  Runoff from a 1-year, 24-hour storm event (2.67” of rainfall) is expected to be 1.46” with typical construction methods leading  
 to open space compaction, or 0.81” if soil quality restoration techniques are employed. See tables on previous pages.
2. The average top surface area of management facilities within this subwatershed is projected to be 6.4% of the watershed  
 area served if typical construction methods are used, compared to 4.6% of the watershed area served if soil quality restoration  
 techniques are employed.  See tables on previous pages. Source: Results from runoff analysis completed as part of Developing Case Study completed by RDG as part of this plan (see appendix resources).
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Drawdown Comparison—1-year return storm event (average of basin results)

With SQR Without SQR Increase Due to Increased Volume Without SQR

Time (in hours) (in hours) (by %)

Time from peak of rain event to high water level 5.8 8.3 2.6 45.0%

Drawdown time from high water to 1' above normal pool 8.9 24.0 15.1 169.0%

Comparison of Values (With and Without Soil Quality Restoration)

Unit Value Without SQR With SQR Reduction with SQR

Watershed Inches

1-year Runoff Volume 1.46 0.81 45%

10-year Runoff Volume 3.07 2.11 31%

100-year Runoff Volume 5.61 4.38 22%

Cubic Feet per Second

1-year Peak Inflow Rate 173 91 48%

10-year Peak Inflow Rate 359 250 30%

100-year Peak Inflow Rate 638 518 19%

Cubic Feet per Acre Drained

1-year Required Storage 3899 1806 54%

10-year Required Storage 6579 3979 40%

100-year Required Storage 11160 7502 33%

Source: Results from runoff analysis completed as part of Developing Case Study completed by RDG as part of this plan (see appendix resources).
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Projected Land Use

Source: Land Use projections from the Tomorrow Plan.
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Projected Sizes and Locations of Regional Stormwater Management Practices in the Developing Case Study Subwatershed

Storm Event Return Period

1-year 10-year 100-year

Microshed Area
(acres)

Storage
(cubic feet)

Peak Release Rate
(cubic feet per sec.)

Storage
(cubic feet)

Peak Release Rate
(cubic feet per sec.)

Storage
(cubic feet)

Peak Release Rate
(cubic feet per sec.)

Surface Area *
(acres)

601.41.01 259 510,000 6.3 1,082,000 51 2,075,000 210 10.6

601.31.02 168 301,000 5.5 677,000 41 1,325,000 158 7.2

601.31.01 92 225,000 7.5 404,000 57 684,000 267 4.1

601.21.11 52 102,000 1.3 215,000 12 412,000 52 2.5

601.21.01 103 202,000 2.5 464,000 15 863,000 69 4.6

601.02.71 18 26,000 1.1 66,000 8 118,000 41 0.9

601.02.61 7 10,000 0.5 22,000 6 43,000 17 0.3

601.02.51 47 82,000 1.5 185,000 13 358,000 54 2.3

601.02.41 45 70,000 2.0 161,000 18 309,000 81 1.9

601.02.31 45 70,000 2.0 170,000 14 330,000 57 2.0

601.02.21 71 127,000 2.3 286,000 18 550,000 77 3.3

601.02.11 52 108,000 1.7 229,000 14 424,000 66 2.5

* Surface area assumes that temporary storage depth of the 100-year return storm event does not exceed 5 feet above normal pool
Results shown assume that soil quality restoration has been applied to open spaces within these microwatersheds
Outflow from basin 601.31.02 drains into basin 601.31.01
These design criteria assume that one larger regional stormwater practice is applied in each of these microwatersheds.

Source: Results from runoff analysis completed as part of Developing Case Study completed by RDG as part of this plan (see appendix resources).
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The storage volumes, release rates and surface area projections listed in the table above  
   are based on the following:

• Expected impervious cover based on the land uses shown in this Chapter 

• An expectation that soil quality restoration techniques will be employed within 
developing areas

• An assumption that extended detention of small storms and control of 
release rates from large events will be incorporated into a single stormwater 
management area at the downstream end of each microshed

Such regional practices may be constructed as features that address both water quality 
and quantity, such as wet ponds or wetlands. Otherwise, they may be paired with 
upstream practices (bioswales, etc.) which can improve water quality while conveying 

runoff to the larger detention practices. Incorporation with upstream water quality 
practices would be the recommended approach, as it would provide for improved water 
quality within the ponds and wetlands, especially if public use and access is proposed.

As development occurs, it may be decided that stormwater management is to be 
implemented by smaller-scale practices on a site-by-site basis. In that case, the table 
values could be divided proportionally into each drainage area served to get an initial 
estimate of the required storage volume (recommend adding a factor of safety of 15% for 
initial estimation). As design proceeds beyond a concept level, more detailed calculations 
using the methods described within ISWMM for preliminary and final design should be 
performed to validate site-by-site volume and area requirements. 

A more detailed review of the benefits and challenges of managing runoff at a smaller or 
regional scale is included in Chapter 10.
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