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Project History
In 2006, the City of Carlisle (City) received a grant from Growing Green Communities to assist with the costs of
performing an assessment of impairments of the Volunteer Creek Watershed (Watershed). The City retained the
services of Barker Lemar Engineering Consultants (Barker Lemar) to assess the physical attributes of the Watershed and
to perform conceptual storm water flow modeling. The assessment indicated that a constructed detention basin,
previously attempted erosion control measures, undersized culverts, and storm water run‐off from un‐developed
agricultural areas in the upper portion of the Watershed cause severe erosion and downstream sediment loading within
the Watershed. Additional physical changes (i.e. development) to the Watershed were predicted to increase erosion,
storm water runoff, and sediment loading if not properly planned, developed, and controlled.
The City received a grant from the Watershed Improvement Review Board
(WIRB) in 2008 to construct a storm water (and sediment) detention basin,
a vegetative buffer, and a bioswale. These constructed features would help
reduce erosion, sediment transport (the Watershed drains into Lake Red
Rock Flood Pool), and reduce the severity of flooding within the
Watershed (See Attachment A for project site maps). The City also wanted
to develop a unique storm water management ordinance specific to the
Watershed to require developers to implement best management
practices for storm water management within the Watershed.
2.0

Photo A ‐ Eroded Bank in Volunteer Creek

Financial Ledger

The Financial Ledger for this project has been submitted electronically separate from this report.
3.0

Financial Accountability

Services for the construction of Watershed features were selected through a competitive bid process and awarded to
the lowest responsible and responsive bidder. The City constructed a 4.9‐acre storm water detention basin, installed
1.25 acres of vegetative buffer, and a 0.04 acre bioswale.
Table 1 shows the WIRB funds approved for the construction of the Watershed features, the total WIRB funds expended
to date, and the remaining/available WIRB funds.
Table 1 – Watershed Improvement Funds Allocated to Project
Grant Agreement Budget Line
Item
Bioswale
Storm Water Detention Pond
Vegetative Buffer
TOTAL
DIFFERENCE
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Total WIRB Funds
Approved
$7,500

Total WIRB Funds
Expended
$7,500

$350,000
$10,000
$367,500

$353,790
$6,210
$367,500
$0

1

Available WIRB Funds
$ ‐0‐
($3,790)
$3,790
$ ‐0‐
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Table 2 below shows the funding and expended funds for entire project.
Table 2 – Total Project Funding
Cash
Funding
Source
WIRB
City
TOTALS

Approved
Application
Budget
$367,500
$91,000
$458,500

Actual
$367,500.00
$95,843.25
$463,343.25

Watershed Improvement Fund Contribution:

In‐Kind Contributions
Approved
Application
Actual
Budget
$0
$ ‐0‐
$13,500
$28,307.07
$13,500
$28,307.07

Approved Application Budget: 78%
Actual:

4.0

Total
Approved
Application
Actual
Budget
$367,500 $367,500.00
$104,500 $124,150.32
$472,000 $491,650.32

75%

Environmental Accountability

The project objectives included designing and constructing features within the Watershed to reduce erosion, sediment
transport, and flooding within the Watershed. The construction of these features has been completed. Since the
vegetation has not had time to mature and become established, additional time will be needed to continue to collect
and analyze additional water samples to measure the impact these features have had on accomplishing project
objectives.

The following subsections provide a summary of the individual activities performed for this project and their overall
impact.

4.1

Water Quality Monitoring

Water samples were collected upstream and downstream from the project location in March 2011, and one additional
sample was taken in 2011. Sample locations had little to no flow for most of 2011, therefore only two samples were
collected. The samples were analyzed for turbidity, total suspended solids, flow rate, and the depth/width of each
sample location was measured.

The City will continue water sampling/monitoring for this project. With the completion of the project features,
sampling/monitoring will be of increased importance to identify and measure water quality improvements as the
vegetation becomes established and mature.

4.2

Project Practices Developed/Constructed

The main objectives of this project were to design and construct features to reduce erosion, sediment transport, and
severity of flooding, and to develop a unique, watershed‐based, storm water ordinance.
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4.2.1

Watershed Based Storm water Management Ordinance

Previous storm water modeling indicated that existing
flooding issues within the Watershed would increase in
severity as the upstream portions of the Watershed were
developed. The City knew that their existing city‐wide
storm water management ordinance would not improve
the situation. Therefore, as part of the WIRB project, the
City

developed

a

watershed‐based

storm

water

management ordinance. This approach allowed the City to
develop a storm water management ordinance specific to
the needs of a specific watershed (versus a general city‐
wide ordinance).
Photo B ‐ Flooding

The adopted ordinance was designed to require
developers within the Watershed to have an increased
role/responsibility for storm water management on their
property.

Previous storm water modeling indicated that existing flooding issues within the Watershed would increase in severity
as the upstream portions of the Watershed were developed. The City knew that their existing city‐wide storm water
management ordinance would not improve the situation. Therefore, as part of the WIRB project, the City developed a
watershed‐based storm water management ordinance. This approach allowed the City to develop a storm water
management ordinance specific to the needs of a specific watershed (versus a general city‐wide ordinance). The
adopted ordinance was designed to require developers within the Watershed to have an increased role/responsibility
for storm water management on their property.
The initial storm water management ordinance developed was considered by the City to be too restrictive and
cumbersome to developers interested in developing within the Watershed. Modifications were made to the ordinance
to allow the City and developers flexibility in determining the implementation strategies required to meet storm water
management objectives.
The developed storm water management ordinance accounts for the features constructed within the Watershed. The
ordinance also requires developers to implement storm water management strategies such as rain gardens, permeable
pavement, and vegetative buffers to help reduce the quantity and flow rates of storm water from their developed
property.
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The final ordinance has been adopted by the City and is included in Attachment B of this report. The ordinance can also
be

accessed

here:

http://carlisleiowa.org/your‐city‐government/city‐ordinances/post‐construction‐storm‐

water‐management‐chapter‐158/.
4.2.2

Constructed Project Features

Barker Lemar worked with the City, neighborhood associations, the public, the Army Corps of Engineers (ACOE), and
other interested parties in the design of features to improve the water quality within the Watershed. Barker Lemar
attended several City Council meetings, hosted project site tours/discussions, and met with residents one‐on‐one to
discuss the project objectives, answer questions, and to receive feedback concerning feature designs.
Barker Lemar modified the design of the features to accommodate feedback from Watershed residents and as directed
by the City. Design modifications included considering two detention basins (versus the originally proposed one pond),
and the movement of the location of the bioswale and vegetative buffer areas. Most of the design modifications were
made to respond to property owner’s desires to reduce the project’s footprint and to preserve existing vegetation and
scenic views.
All construction activities directly associated with this project have been completed.
Storm water Detention Basin
Barker Lemar worked with the City, public and private parties, and the ACOE to design a storm water detention basin
within the Watershed to reduce erosion, sediment transport, and flooding downstream. At the direction of the City,
Barker Lemar developed several design options to accommodate a variety of specific requests received by different
parties. The detention basin will manage the storm water and sediment flow from upstream areas within the Watershed
during 100‐year/24‐hour storm events. Approximately 3 acres of private property was purchased by the City to
construct the 4.9 acre storm water detention basin.

Photo B ‐ Outlet of Storm Water Detention Basin

Photo D ‐ Storm Water Detention Basin & Vegetative Buffer
Photo C ‐ Outlet of Storm Water Detention Basin
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Vegetative Buffer
The vegetative buffer was designed to help slow the flow rate of water into the storm water detention pond, reduce
erosion around the edges of the pond, and to capture sediment being transported by surface water flows. The
vegetative buffer was designed to be expanded as land is developed upstream from the storm water detention pond.
Native grass species were selected that were suitable for the specific conditions within the Watershed. The native
grasses should help reduce the need for maintenance.
Vegetative buffer strips are designed to manage sheet flow at depths no deeper than 1 to 2 inches. The project’s
vegetative buffer strips have a capacity to manage sheet flows of approximately 1 inch in depth.
Bioswale
The project constructed a bioswale downstream of the storm water
detention basin. The bioswale was designed and constructed to
minimize sediment loading and to reduce the amount and velocity of
storm water flow by absorbing water through the root system. The
bioswale consists of an excavated area of approximately 0.04 acres
with deep rooted native vegetation. Due to unanticipated property
ownership issues, the bioswale was constructed smaller than
originally planned. However, the modified design is believed to be
less intrusive to surrounding property owners.

Photo E ‐ Bioswale

Bioswales are designed to capture and treat runoff from 90 percent of the average annual rainfall events, which equates
to 1.25 inches for most of Iowa. As a result, the project’s bioswale has a required treatment volume of 170 gallons. The
actual volume available in the constructed bioswale is estimated to be approximately 5 times the required amount or
850 gallons.
4.3

Education Activities

Public Meetings and Workshops
The

City

and

Barker

Lemar

hosted

several

public

meetings/workshops to discuss the objectives of the project and to
involve the community in actions to improve the water quality of the
Watershed. These events informed residents of storm water
management issues (i.e. erosion, sediment transport, flow rates,
etc.) that were negatively impacting the Watershed. These events
also encouraged residents to implement storm water best
management practices for their properties (i.e. rain gardens, rain
barrels, pollution prevention, etc.).
City of Carlisle
December 2011

Photo F ‐ Project Sign
5

Volunteer Creek Watershed
WIRB Grant 7024‐0009

Tri‐Fold Educational Brochure
Barker Lemar worked with the City to develop a tri‐fold
educational

brochure

that

promoted

the

project

and

encouraged residents to implement storm water best
management practices for their properties. The tri‐fold
brochure is available at City Hall and other public places, is
being distributed to homeowners within the Watershed, and is
available in a digital file to interested parties.

Photo G ‐ Watershed Committee Workshop Session

Project Presentations
The City and Barker Lemar have developed a presentation that examines the project’s objectives and outcomes, and
discusses environmental/storm water management issues. The presentation also includes lessons learned from the
development and implementation of this project. The City has requested permission from the following
groups/associations to perform the presentation.



American Public Works – Iowa Chapter
Iowa League of Cities

Unfortunately, these groups/associations were unable to accommodate the City’s request for 2011. However, they have
agreed to evaluate the request to present at future events.

Watershed Based Management Tool‐kit
The project includes the development of a tool‐kit to summarize the project’s activities and lessons learned in order to
assist interested watershed management groups implement similar storm water management strategies in their
watershed. This tool‐kit includes methods used to perform storm water modeling, the developed storm water
management ordinance, explanation of the designed/constructed features and their combined roles in improving water
quality within the Watershed, and a discussion of general lessons learned throughout the project.
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Table 3 shows the practices and activities performed for this project.
Table 3 – Practices and Activities
Practice/Activity
Construct Storm water
Detention Basin
Install Vegetative Buffer
Construct a Bioswale
Design Conservation
Sensitive Design
Strategies
Perform Additional
Storm water Flow
Modeling
Collect and Analyze
Storm water Samples
Tri‐Fold Educational
Brochure
Educational Sessions
Workgroup Session
Project Signage
Trade Show
Presentations
4.4

Approved
Application Goal

Accomplishments

Number

1 (5.0 acres)

1 (4.9 acres)

100%

Acres
Number

2.0
1

1.25
1

63%
100%
100%

Number

1

1

Models

2

2

24

2

1

1

3
2
1

3
2
1

100%
100%
100%

2

0

0%

Unit

Percent of Goal
Completed

100%

Number of
Samples
Brochures
Developed
No. Sessions
No. Sessions
N/A
No.
Presentations

8%
100%

Pollutant Reductions

The existing rural and urban combination of this watershed makes it difficult to apply traditional rural erosion control
modeling. According to Adam Kiel of the Iowa Department of Natural Resources, the Sediment Delivery Calculator
software “does not work well with urban BMPs.” Similar issues arise for applying a purely urban approach. Therefore,
the following approach was used in an attempt to measure potential pollutant reductions.

The primary sediment of concern in the watershed is topsoil from the farmland. Data from the 2007 National Resources
Inventory shows Iowa’s average erosion rate was 5.2 tons per acre per year, which equates to over 1,500 tons per year
for the entire Watershed. Due to the existing development in a portion of the watershed, this amount is likely closer to
1,200 tons per year for the Watershed. As storm water carries the sediment, the sediment will typically begin to settle
out as the velocity of the flow falls below 2 feet per second, which does not occur at most locations in the Watershed
until it enters the Red Rock flood plain/pool.

However, as the incoming stream flow transitions to the pool in the new storm water detention basin, the velocity of
flow decreases and sediment begins to drop out. Based on this natural ability for topsoil to rapidly settle out of water,
the sediment removal efficiency is expected to be very high.
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As the Watershed becomes developed, the amount of topsoil sediment will decrease and will transition to a
combination of topsoil plus sand‐sized particles used on the roadways for snow and ice control. Further, the Watershed
management concept is to use a storm water train where the upstream storm water controls required by the storm
water ordinance will manage much of the sand‐sized particles, and those that get transported downstream will be
managed by the storm water detention basin. Since the sand particles are generally larger than topsoil particles, the
settlement time is less than that for topsoil. It is estimated that the average sand particle will settle from the water
column in under 1 minute. As a result, the sediment removal capability of the storm water detention basin will
“improve” as the development of the watershed continues.

In addition, the construction of the storm water/sediment basin reduces peak flows. These reduced flows also reduce
stream bank erosion, which was noted throughout the Watershed during the study phase of the project. It should be
noted that the storm water detention basin was not designed to manage small silt or clay particles, which typically
require hours if not weeks to properly settle out the particles. In fact, wind and thermal effects can keep some these
smaller particles suspended indefinitely. Instead, these particles are required by law to be managed on the construction
site from which they originate.

Vegetative Buffer Strip
According to information in the Iowa Storm Water Management Manual, buffer strips when sized, designed,
constructed, and maintained in accordance with recommended practices have the following average pollutant reduction
percentages.





Total suspended solids: 50%
Total phosphorus: 20%
Total nitrogen: 20%
Heavy metals: 40%

Bioswale
According to information in the Iowa Storm Water Management Manual, bioswales when sized, designed, constructed,
and maintained in accordance with recommended practices have the following average pollutant reduction
percentages.





Total suspended solids: 80%
Total phosphorus: 50%
Total nitrogen: 50%
Heavy metals: 40%

Continued water sampling will need to be performed after the first growing season is complete to help determine the
impact the constructed features have had on water quality within the Watershed. It is anticipated that the constructed
City of Carlisle
December 2011

8

Volunteer Creek Watershed
WIRB Grant 7024‐0009

features (and adopted storm water management ordinance once land is developed) will reduce erosion, sediment
transport, flow rates, and reduce flooding within the Watershed.
5.0

Program Accountability

The project has accomplished the main objectives of constructing the Watershed features and developing a unique
watershed‐based storm water management ordinance. The project has also accomplished objectives related to
increasing storm water management/Watershed awareness/education throughout the Watershed as well as throughout
the greater community.
5.1

Expand Impact of Project

As a result of the public meetings and workshops hosted by the City and Barker Lemar, residents of the Watershed
received information about strategies to improve the management of storm water within their Watershed. Residents
were involved and engaged during the concept and design phase of the proposed Watershed features. This engagement
from residents has increased their interest and understanding of the impacts development, land use, and storm water
management issues have not only on their Watershed, but those watersheds downstream (Lake Red Rock Flood Pool).
5.2

Challenges and Lessons

Due to the uniqueness of the project design and concept, the project was challenged with communicating the purposed
activities with the ACOE. To complicate communications, several ACOE staff was involved in the review of the
design/concept at various stages of the project. Several meetings were held with ACOE staff (including a site visit to the
project area) in order to educate the ACOE concerning the benefits the constructed features would have for the
Watershed as well as the Lake Red Rock Flood Pool. This process took longer than anticipated and ultimately delayed the
progress of the project. Once the various staff members with the ACOE fully understood the project objectives, the
project was allowed to proceed.
5.3

Recommendations

The City will continue to collect and analyze water samples to measure/monitor water quality improvements due to the
constructed features.
The City will continue to pursue opportunities to present the project at two conferences or seminars.
5.4

Limitations for Replication

There are no clear limitations for the replication of a similar project approach for other watershed groups. The
watershed groups may need the support of professional engineers to help perform modeling, design features, and
coordinate the construction/implementation phase.
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ATTACHMENT A

PROJECT SITE MAPS
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