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Figure ES-1
Cardwell Branch Study Area Map 

Executive Summary 
 
Introduction 
The City of Lincoln (City) and the Lower Platte South Natural Resources District (NRD) 
are in the process of developing a Comprehensive Watershed Management Plan for the City of 
Lincoln and its future growth areas. This comprehensive watershed plan is being 
developed basin by basin, through the completion of watershed master plans for 
individual basins. Watershed master plans are used as planning tools to be referenced in 
conjunction with future development and to serve as a guide in the preparation of capital 
improvement projects (CIPs). 

The Cardwell Branch watershed planning process was conducted using a two-phased 
approach. Phase 1, called the Cardwell Branch Watershed Assessment was completed by 
the United States Geological Survey (USGS). The USGS report provided the foundation for 
Phase 2, called the Cardwell Branch Watershed Master Plan (Master Plan). The Cardwell 
Branch Master Plan is summarized in this report, together with the study components that 
served as its foundation. 

The Cardwell Branch Watershed is located within and immediately southwest of the City’s 
existing municipal limits (Figure ES-1). The Master Plan study area included areas down-
stream of Yankee Hill Lake, as well as areas draining to the south tributary. The study 
area, as shown on Figure ES, includes about 7.7 square miles of the approximately 16.3-
square-mile watershed. 

 

 

 

 

 

 

 

 

 

The Master Plan has been prepared because future growth within the basin is expected, as 
identified in the Lincoln-Lancaster County Comprehensive Plan. The purpose of the Master 
Plan is to identify needed CIPs for flood management, water quality, and stream stability. 
The City and NRD have previously adopted watershed master plans for the Beal Slough, 
Southeast Upper Salt Creek, and Stevens Creek basins (Figure ES-2). 



Executive Summary 

ES-2
P:\22036 (Lincoln, NE)\50948 (Deadmans-Cardwell)\Reports\Cardwell Branch\Exec Summary\ExecSum 82907.doc 

Figure ES-2
City of Lincoln Comprehensive Watershed Management Plan 
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High quality riparian woodland vegetation
downstream of SW 12th Street

The project team was led by the City and NRD, in cooperation with Lancaster County 
(County). The City and NRD retained the consultant team of Camp Dresser & McKee Inc. 
(CDM), in association with Mead & Hunt (M&H), Applied Ecological Services (AES), and 
Heartland Center for Leadership Development (HC), to provide assistance with the 
planning effort. 

Public Participation Process 
As part of the Master Plan development, a public participation process was used to solicit 
input from area residents and other interested parties. The public participation process 
included the following: 

Two open houses in October 2006 and August 2007  
A project website to post preliminary results and upcoming events 
A series of three newsletters mailed to over 600 individuals and organizations 
A series of 3 meetings with landowners regarding alternative management approaches 

The public input and feedback received during this process was used by the project team 
to formulate and refine its master plan recommendations. Section 1 of the Master Plan 
provides further details regarding the public participation process.  

Master Plan Elements 
The Master Plan consists of four major elements: (1) Stream Buffer Protection and 
Restoration, (2) Stormwater Management Practices, (3) Opportunity Area Locations, and 
(4) Capital Improvement Projects. A brief summary of each major element follows: 

Stream Buffer Protection and Restoration 
One of the key observations during the Master Plan development was the loss of stream 
riparian habitat. The City’s floodplain standards for new growth areas include a minimum 

flood corridor that provides a setback 
distance from the stream that must be 
preserved in its natural condition. This 
would include streams draining 150 acres 
or more and streams draining less than 
150 acres with a defined bed and bank. For 
the Cardwell Branch stream reaches 
within the City’s 3-mile jurisdiction, it is 
critical that this ordinance be strictly 
enforced to preserve the existing medium 
and high quality woodland riparian 
habitat as discussed in Section 3 of this 
report. Outside of the City’s 3-mile 
jurisdiction where this ordinance does not 
apply, preserving a buffer equivalent to 
the minimum flood corridor setback 

distance is still important to provide the opportunity to restore the riparian corridor, which 
will help reduce runoff, enhance water quality, and improve habitat. 
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The minimum flood corridor also offers an excellent avenue for future trail systems. As 
shown on Figure ES-3, the City’s planned trail system alignment follows the Cardwell 
Branch main stem with the goal of connecting to the Yankee Hill Wildlife Management 
Area (WMA). The City’s planned trail system located east of the watershed could be 
connected to other features within the watershed by extending the trail system directly 
west across the Cardwell Branch watershed to the proposed opportunity area, portions of 
the south tributary, and eventually to the Yankee Hill WMA as shown on Figure ES-3. 

Other recommended stream buffer protection measures include vegetative maintenance and 
restoration efforts to enhance wildlife habitat, improve water quality, and provide stream 
stability. The vegetative maintenance and restoration efforts would vary depending on the 
specific reach in question, but could include thinning of the understory, selected application 
of herbicide on undesirable species, and replanting with native riparian species.  

Stormwater Management Practices 
As the Cardwell Branch watershed continues to develop, the key to preserving water 
quality, maintaining long-term stream stability, and providing flood control benefits for 
new developments is to install stormwater facilities that control the full range of 
hydrologic conditions, including the smaller rainstorms and the 2-, 10-, 100-year storm 
events. Site-specific structural best management practices (BMPs) are recommended to 
control the smaller rainstorms, with detention basins being used to control the larger 
rainstorms (2-, 10-, and 100-year design storms). Two implementation approaches are 
recommended to control the full range of hydrologic conditions, including (1) integrated 
detention facility, and (2) alternative site design. The paragraphs below describe each 
approach, followed by a discussion of sensitive areas within the watershed. 

Integrated Detention Facility 
The integrated detention facility approach is based on upgrading the standards for 
privately owned and operated detention ponds on each individual development site. 
The detention ponds would be designed to control not only the 2-, 10-, and 100-year 
storm events (current City standards) but also to include a structural BMP to provide 
long-term stream stability and pollutant removal benefits. This integrated facility would 
provide both quantity and quality benefits. This will require changing the City’s 
stormwater ordinances and Drainage Criteria Manual from a voluntary to mandatory 
program for site-specific structural BMPs, which will result in significantly increasing the 
protection of natural streams and supporting federal stormwater requirements. 

Alternative Site Design 
The alternative site design approach allows the site designer to separate the site-specific 
structural BMP from the detention pond to achieve the same overall goals and objectives. 
The structural BMP can be designed to take many different forms including grass swales, 
bioretention filters, infiltration devices, and constructed wetlands. The site designer has the 
flexibility of selecting which type of structural BMP best fits the development site layout. 
The structural BMPs can be easily configured to become an integral part of the 
development site by supplementing landscape features, park amenities, and passive 
recreation amenities. 
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Figure ES-3
Cardwell Branch Watershed Management Recommendations 
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Another alternative site design approach is to use conservation development practices or 
low impact development (LID) techniques, which focus on using natural site characteristics 
to manage and reduce stormwater runoff. A common conservation strategy is to use 

clustered housing to preserve undeveloped natural 
areas to maximize green space. Strategies may also 
involve less clustered housing but incorporate native 
soils and vegetation on private lots to reduce 
stormwater runoff volumes and maximize 
infiltration. On private streets, consideration can be 
given to narrowing pavement width and reducing or 
eliminating curbs and gutters, particularly adjacent 
to waterways. Using these techniques reduces the 
amount of impervious surfaces, which in turn 
reduces stormwater runoff. Parkland dedicated with 
new developments can also be compatible with this 
approach, especially when native landscaping or 

other water quality plantings are incorporated. The development costs to implement LID 
practices have been shown to be lower than conventional development, and land values 
are typically higher because of the desirability of the community. 

When implementing alternative site design strategies, the design criteria needs to be 
consistent with the integrated facility approach, including controlling the smaller rain 
storms and the 2-, 10-, and 100-year design storms. In addition, similar to the integrated 
detention facility approach, requiring conservation development and/or structural BMPs 
would require changing the City’s stormwater ordinances and Drainage Criteria Manual 
from a voluntary to mandatory program for requiring practices to address water quality. 

Sensitive Areas 
Sensitive areas are defined as general planning locations within the watershed that 
contain natural and/or unique characteristics that should be given the highest priority 
for implementing structural BMPs and conservation strategies for protection of natural 
resources. This could also include strategies like transfer of development rights if 
available as a zoning tool in the future. During the Master Plan development, two 
sensitive areas within the study area were identified as shown on Figure ES-3 and 
described below:  

Sensitive Area 1 
This area lies along the main stem of Cardwell Branch between South 1st Street and SW 
27th Street and contains floodplain, riparian stream corridor, medium to high quality 
woodland habitat, potential/future conservation easements, and a future trail. This area 
is within the Tier 1 growth area for the City of Lincoln. To protect these high value 
natural resources, surrounding development sites need to be encouraged to use 
structural BMPs and conservation strategies to protect this riparian corridor.  

Conservation development example 
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Sensitive Area 2  
This area includes the headwaters of the south tributary, located south of Saltillo Road 
and between SW 40th Street and SW 27th Street. The protection of the headwaters is 
particularly important, due to the rolling, steep topography in this area and because any 
increase in stormwater runoff at this location could exacerbate stream instability and 
water quality degradation further downstream. This sensitive area is zoned AG 
Agriculture, and it is currently outside of the City’s 3-mile jurisdiction. Thus, neither the 
City’s Minimum Flood Corridor (stream buffer protection) standard, nor the stormwater 
management practices described above (if adopted) would apply in this location. For the 
time being, the existing vegetative buffers should be conserved and enhanced. 
Consideration should be given to protection of stream buffers and addressing 
stormwater runoff if special uses permitted in the Agriculture district are proposed 
which would have the potential to impact this area and the downstream area.  

Opportunity Area Locations 
Opportunity areas are general planning locations within the watershed where landscape 
features provide an opportunity to have a positive impact on water resources while 
realizing other goals. This approach recognizes that floodplains, tributaries and upland 
areas are all part of a comprehensive integrated watershed system. The Comprehensive 
Plan includes strategies for seeking “Rain to Recreation” project approaches that reduce 
flood damages, protect water quality and natural areas, while providing for recreational 
and educational opportunities so as to realize multiple benefits. To this end, the Master 
Plan has identified areas with the potential for multiple benefits such as enhancing water 
quality, protecting natural resources, and incorporating future amenities like parks, trails, 
and playing fields. These areas are generally identified on Figure ES-3. Due to these 
characteristics, it is recommended that these areas be designated as Green Space on the 
City/County Land Use Plan. Consideration should be given to future projects in these 
areas that protect, enhance and provide opportunities for multiple benefits through 
voluntary conservation easements or land acquisition, and/or water quality enhancements 
through native vegetation restoration. These sites would also be good candidates for using 
transfer of development rights if available as a zoning tool in the future.  

Opportunity Area 1 
This area is located at the base of Yankee Hill dam, adjacent to the Yankee Hill WMA, and 
provides an opportunity to reduce stormwater runoff and enhance water quality while 
providing for recreational opportunities. The area also includes the riparian corridor along 
Cardwell Branch that drains from the dam and a portion of the spillway. Key areas of the 
existing cropland and smooth brome fields could be converted to native tall grass prairie, thus 
enhancing runoff infiltration capacities and water quality benefits. The exact location and 
extent of native prairie grass plantings within this planning area would need to be carefully 
considered with the goal of protecting the integrity of the dam. Passive recreation areas with 
native vegetation could be coupled with active recreation areas (playing fields), to provide an 
optimal use of land that is located immediately downstream from an existing lake dam.  

Opportunity Area 2  
This area is south and west of SW 27th and W. Denton Road. It includes the main stem of 
the south tributary, the confluence with a secondary tributary flowing from the southeast, 



Executive Summary 

ES-8
P:\22036 (Lincoln, NE)\50948 (Deadmans-Cardwell)\Reports\Cardwell Branch\Exec Summary\ExecSum 82907.doc 

riparian corridors, native tall-grass prairie, and a future trail. In addition, the Master Plan 
identifies a stream stability capital improvement project in this location and examines the 
potential for a regional detention basin for flood control. There are opportunities to 
enhance the vegetation for water quality and wildlife, to consider future east-west trail 
connections, and to complete “Rain to Recreation” projects that provide multiple benefits. 
While this area is in the City’s Tier II growth area, consideration should be given to 
amending the Future Parks map to identify a Neighborhood or Community Park once 
inside Tier 1. 

Capital Improvement Projects 
The process of formulating CIPs required the identification of primary and secondary 
problem areas in relation to the public interest. Primary problems are those that pose a public 
safety concern with respect to frequent building flooding (2- and 5-year design storms) that is 
typically caused by an altered drainage system, stream instability, or severe maintenance 
conditions. In addition, primary problem areas include sites where stream degradation or 
instability exist, which creates a clear influence elsewhere in the watershed.  

Secondary problems include sites where stream degradation or instability exist but are not 
likely to propagate to other areas of the watershed. Secondary problems also include 
infrequent flooding of habitable buildings (10-, 50-, and 100-year design storms) if the 
problem is being caused by a deficient altered drainage system. Habitable buildings located 
in the natural 100- and 500-year floodplain are not considered primary or secondary 
problem areas. However, under unique circumstances, buildings located within the natural 
floodplain could be considered a secondary problem. Secondary problems are not 
considered as serious as primary problems and should be addressed in conjunction with 
other infrastructure projects occurring in the watershed. For example, many secondary 
problems can be addressed at the same time roadways are improved and water and 
wastewater pipelines are installed if they are located in the same general vicinity. In 
addition, secondary problems can be combined with routine maintenance activities. 
Secondary problems could also be addressed as a private project; however, close 
coordination with the City, County, and NRD would be required. 

The Master Plan includes nine CIPs to address the primary problem areas identified in 
the watershed. In this watershed, eight stream instability problems and one flooding 
problem meet the criteria for primary classification. Figure ES-4 shows the approximate 
location of each project. Projects CB-1 through CB-8 address stream instability problems, 
while CB-9 addresses a localized flooding problem. The total capital cost for all nine CIPs 
is estimated to be approximately $3.2 million; however, this does not include costs for 
easements or land rights. Section 5 of the Master Plan provides further detail regarding 
the classification process and conceptual capital improvements to address the primary 
problem areas.  

The prioritization of Cardwell Branch CIPs was completed according to the prioritization 
system that was developed for the City and NRD by a peer review committee to set 
priorities for the implementation of watershed master planning projects. The peer review 
committee consisted of local consultants along with City, State, and NRD staff who 
provided input and guidance regarding the prioritization criteria and appropriate  
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Figure ES-4
Cardwell Branch CIP Locations 
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weighting of the selected criteria. The prioritization system was specifically developed 
for CIPs that are part of the ongoing watershed master planning efforts. 
 
The prioritization system contains five major categories including flooding impacts, 
stream stability, water quality, safety factor, and miscellaneous factors. For each project, a 
ranking worksheet is used to assign points under each category, with the goal of 
developing an overall score. The projects with the highest point score are considered a 
higher priority. Table ES-1 lists the results of the ranking scores for the nine CIPs within 
the Cardwell Branch study area. For projects with the same overall score, engineering 
judgment was used to finalize the ranking. 

Table ES-1
Cardwell Branch Priority Ranking Results

Project No. Overall Score Project Ranking Project Cost 
CB-1 170 9 $228,900  
CB-2 205 2 $349,300  
CB-3 190 5 $275,500  
CB-4 205 3 $703,600  
CB-5 205 4 $237,300  
CB-6 190 6 $890,100  
CB-7 185 7 $216,300  
CB-8 185 8 $226,600  
CB-9 245 1 $45,200  

Total $3,172,800  
 
As implementation begins on the Cardwell Branch CIPs, the priority of these projects will 
need to be reviewed and weighted against other projects included in adopted watershed 
master plans. 

Summary 
The Cardwell Branch Watershed Master Plan provides the necessary planning tools and 
CIPs to address flood management (updated Federal Emergency Management Agency 
[FEMA] Maps - Phase 1 planning effort), water quality, and stream stability for achieving 
sustainable urban growth in the watershed. The City, County, and NRD should use this 
master plan as a reference and guide for the implementation of improvement projects in 
the Cardwell Branch Watershed through the City and County Capital Improvement 
Programs and NRD’s Long Range Implementation Plan. The agencies should use 
cooperative efforts to address project timing, prioritization between basins, and the 
sharing of responsibility. 

By using the detailed study information and applying the Master Plan elements described 
above, multiple goals will be achieved including: 

Protection of future homes and businesses from flood hazards 
Reduction of future impacts to water quality and stream stability due to urbanization 
Preservation of aquatic and riparian habitat  
Long-term stream stability that protects public infrastructure 
Development guidelines that address stormwater quantity and quality 
Opportunities for multiple benefits through an integrated approach to watershed planning 
Compliance with City, State, and Federal regulatory requirements to protect and preserve 
water quality 
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Figure 1-1
Cardwell Branch Study Area Map 

Section 1 
Introduction and Purpose 
 
1.1  Introduction 
The City of Lincoln (City) and the Lower Platte South Natural Resources District (NRD) are 
in the process of developing a Comprehensive Watershed Management Plan for the City of 
Lincoln and its future growth areas. This comprehensive watershed plan is being developed 
basin by basin, through the completion of watershed master plans for individual basins. 
Watershed master plans are used as planning tools to be referenced in conjunction with 
future development and to serve as a guide in the preparation of capital improvement 
projects (CIPs).  

The Cardwell Branch watershed planning process was conducted using a two-phased 
approach. Phase 1, called the Cardwell Branch Watershed Assessment was completed by 
the United States Geological Survey (USGS). The USGS report provided the foundation for 
Phase 2, called the Cardwell Branch Watershed Master Plan (Master Plan). The Cardwell 
Branch Master Plan is summarized in this report, together with the study components that 
served as its foundation. 

The Cardwell Branch Watershed is located within and immediately southwest of the City’s 
existing municipal limits (Figure 1-1). The Master Plan study area included areas down-
stream of Yankee Hill Lake, as well as areas draining to the south tributary. The study area, 
as shown on Figure 1-1, includes about 7.7 square miles of the approximately 16.3-square-
mile watershed. 
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The Master Plan has been prepared because future growth within the basin is expected as 
identified in the Lincoln-Lancaster County Comprehensive Plan. The purpose of the Master 
Plan is to identify needed CIPs for flood management, water quality, and stream stability. 
The City and NRD have previously adopted watershed master plans for the Beal Slough, 
Southeast Upper Salt Creek, and Stevens Creek basins (Figure 1-2). 

The project team was led by the City and NRD, in cooperation with Lancaster County 
(County). The City and NRD retained the consultant team of Camp Dresser & McKee Inc. 
(CDM), in association with Mead & Hunt (M&H), Applied Ecological Services (AES), and 
Heartland Center for Leadership Development (HC), to provide assistance with the 
planning effort. 

1.2  Goals and Objectives 
The goal of the study was to develop a watershed master plan with planning tools and 
improvement projects to address flood management, water quality, and stream stability 
to provide guidance for achieving sustainable urban growth in the watershed. This 
approach places emphasis on preservation and prevention rather than future reactive 
measures that are difficult and costly to implement. The study included a wide range of 
services organized into the following major components: 

Data Collection and Development 
Watershed inventory to collect existing information applicable to the watershed 
Development of digital data sets 

Hydrology and Hydraulics 
Review of the hydrology and hydraulic computer models developed by the USGS as 
part of the Phase 1 planning effort 
Utilization of the existing computer models to evaluate potential watershed improvements 

Water Quality Assessment 
Natural resource assessment to identify critical, unique, endangered, or sensitive natural 
resources that need to be protected and preserved 
Watershed management evaluation to provide guidance on future stormwater practices 

Stream Stability 
Review of the USGS report An Assessment of the Hydrology, Fluvial Geomorphology, and 
Stream Ecology in the Cardwell Branch Watershed, Nebraska, 
Geomorphic field investigation to verify the condition of the stream and potential 
stream stability improvement projects 

Capital Improvement Projects 
Conceptual improvement projects to alleviate stream instability and severe flooding 
problems 
Integrated resource planning to provide coordination efforts with other planning 
initiatives within the watershed 
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Figure 1-2
City of Lincoln Comprehensive Watershed Management Plan 
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Public Participation 
Open houses and information meetings to disseminate information and solicit feedback 
from the public 
Newsletters and study website designed to inform the public about the study and to 
post preliminary results 

Geographic Information System Services  
Geographic Information System (GIS) products designed to enhance the usability of key 
study products 

1.3  Public Participation Process 
The public participation process offered a variety of ways to provide input to the study and 
to contribute to the development of alternative solutions. Each public involvement activity 
provided the project team with ideas for presenting and refining its recommendations. 

Following is a summary of the various 
components of the public participation process. 

1.3.1  Open House Events 
Two open house events were held during the study 
to present preliminary results and solicit input 
from the public. Both open houses followed the 
same general format consisting of formal 
presentations to discuss the overall goals and 
preliminary results of the study. Following the 
formal presentations, participants were encouraged 
to visit information stations and to discuss their 
concerns with representatives from the project 
team. The first open house was held at Scott 
Middle School and the second event was held at 
the Bess Dodson Walt Branch Library. A summary 
of each open house event is provided below. 

Approximately 35 area residents participated in the first open house held on October 19, 
2006. The first open house was designed to provide an overview of the study including 
background information, major technical themes, and the public participation process to be 
conducted throughout the study effort. The second open house attracted over 40 people 
and was held on August 21, 2007. The second open house focused on presenting the Master 
Plan recommendations. The Executive Summary of the study report, which summarized 
the key study recommendations, was provided as a handout for all participants. In 
addition, participants were encouraged to fill out comment cards regarding the Master Plan 
recommendations. 

Information stations were used to discuss concerns
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1.3.2  Newsletter and Website 
A series of three newsletters (Watershed News) and a project website were used to 
disseminate information about the study process and Master Plan recommendations. Each 
newsletter edition was mailed to over 600 people and 
provided an effective means of informing the public 
about the key aspects of the project. See Appendix B for 
a copy of each newsletter. 

The project website was another 
mechanism used to inform the 
public about the progress of the 
study. The website can be 
accessed by going to the City of 
Lincoln’s website at 
lincoln.ne.gov, keyword 
“watershed.” The website 
contains general background 
information, preliminary study 
results, and handout materials 
that were distributed at the open 
houses. The website was regularly updated throughout the study 
process and was used to advertise upcoming events. 

 
 

1.3.3  Information Meetings 
A series of three information meetings was held to solicit input from area residents and 
other interested parties on the draft study recommendations. All three meetings were 
held on April 5, 2007, at the Walt Branch Library and were conducted and facilitated by 
members of the project team. A total of 17 people attended the meetings. A brief 
summary of each meeting is provided below. 

Meeting 1: The property owners that could be affected by proposed CIPs, called CB-1 
and CB-6 (Section 5.2) and two planning locations called Opportunity Areas (Section 
3.5.3), were invited to the meeting. The meeting began with the project team describing 
the erosion problems along the stream and the proposed solutions for each improvement 
project. In addition, the project team discussed how the Opportunity Areas could be 
used to protect and enhance water quality and natural resources while integrating 
recreational amenities. Following the initial presentation by the project team, the group 
discussed the severity of the erosion problems and how the proposed solutions would 
impact specific property owners. In addition, the group discussed various land use 
designations and development techniques, such as environmental resource, green space, 
and cluster development, and what impacts these designations might have on 
properties. 

June 2006 Issue

lincoln.ne.gov
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Meeting 2: The property owners that could be affected by proposed CIPs, called CB-4, CB-7, 
and CB-8 (Section 5.2) and planning areas called Sensitive Areas (Section 3.5.2), were invited 
to the meeting. The meeting began with the project team describing the erosion problems 
along the stream, the proposed solutions for each improvement project, and the various 
environmentally friendly development practices that should be implemented at the 
Sensitive Area locations. Following the initial presentation by the project team, the group 
discussed the timeline for designing and constructing the improvement projects and how 
the property owners could get involved in protecting and addressing the stream erosion 
issues. In addition, the group supported the various development techniques, including the 
provision for requiring more open space. 

Meeting 3: The property owners that could be affected by the proposed CIPs, called CB-2 
and CB-3 (Section 5.2) and the flooding issue at Cardwell Woods development (Sections 
5.2 and 5.3), were invited to the meeting. The meeting began with the project team 
describing the erosion problems along the stream and the proposed solutions for the 
flooding issue. Related to the erosion problems, the group discussed the presence of 
existing concrete structures and debris within the creek, and whether the homeowners’ 
association could obtain assistance in maintaining the creek. In addition, the group 
discussed the overall construction process, including utility coordination and project 
funding. Also, several property owners noted the presence of an exposed sanitary sewer 
line just downstream of the Cardwell Woods stream crossing and requested the project 
team consider this problem area as an improvement project. After the meeting, the project 
team conducted a follow-up field visit to inspect the sanitary sewer crossing, which 
resulted in adding another CIP called CB-5 (Section 5.2). 

Regarding the flooding issue, the group discussed the earth berm concept and the 
potential modifications to home residences, such as regrading around the perimeter of the 
buildings. The construction of the earth berm would provide significant flood protection. 
The regrading work would require the removal of walk-out basement doors and daylight 
windows, with the goal of removing the homes from the floodprone area. The home 
modification improvement measures would be funded by the property owners. The 
project team noted that the home modifications would likely have to be completed in 2007, 
if the goal was to remove the buildings from the floodplain that will be officially adopted 
by the Federal Emergency Management Agency (FEMA). In addition, the feasibility of 
constructing a levee was also discussed. The project team noted that this option was not 
considered feasible because of cost and permitting difficulties. 
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Section 2 
Watershed Inventory and Methodology 
 
2.1  Watershed Inventory 
The watershed inventory consisted of collecting, compiling, and evaluating existing data 
applicable to the Master Plan development and developing new datasets. A data search was 
conducted to identify existing information to be used by the project team. The existing digital 
and hardcopy information collected and compiled during the study is provided below. 

Existing Datasets 
An Assessment of the Hydrology, Fluvial Geomorphology, and Stream Ecology in the Cardwell 
Branch Watershed, Nebraska, draft copy, completed by USGS, dated April 19, 2006 
Hydrologic and hydraulic computer models developed by USGS 
Floodprone areas and floodway boundary developed by USGS 
Existing and future roadway network 
Existing and future land use data 
Comprehensive plan tiers and priority areas for future growth 
Existing and future trails 
2002 color aerial photography 
1997 topographic maps with 2-foot contours 
Land parcel information 

 
New Datasets 
As part of the study evaluation process, numerous new datasets were developed using 
GIS technology. The new datasets are summarized below. 

Watershed Planning Map - Multiple datasets including existing and future trails, 
parks and open spaces, wetlands, native prairie, riparian areas, land conservation 
easements, commercial and industrial facilities, publicly owned lands, and known 
ongoing or proposed developments.  

Bridge Culverts - This dataset includes identification number, type, size, length, flow 
capacity, top of road profile, and invert elevation. The structure information was 
obtained by USGS during the hydraulic evaluation (Section 2.3.1). 

Known Problem Areas - These datasets identify the location of CIPs and other areas 
of concern that address issues due to bank erosion, incision, and habitable building 
flooding. The information was obtained by the project team during the CIP analysis. 

Geomorphology Information - These datasets summarize field information gathered by 
the project team during field visits to analyze the geomorphic processes within the 
stream reaches. Datasets include channel bar type and condition, bed and bank material, 
type and bed consolidation, channel profile and cross section information, erosion and 
mass wasting, vegetative bank protection and condition of riparian corridor, outfalls, 
infrastructure crossings, location of stream reach photographs, HEC-RAS shear values 
throughout the watershed, location of knickpoints, debris jams, and fluvial process 
layers depicting meander adjustment, incising, widening, and stable channel. 
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Minimum Flood Corridor - The approximate stream buffer setback distance was 
estimated for the stream reaches within the study area using the City’s ordinance criteria. 
The setback distance was based on field observations at select stream locations. The width 
of the buffer (including both sides of the creek) is the width of the bottom of the stream, 
plus 6 times the stream’s depth, plus 60 feet. During the field work, photographs were 
taken at multiple locations. A photo reference identification number is provided with this 
dataset. 

Fieldwork Photographs - This dataset includes location of photographs taken 
throughout the watershed with a reference to the photo identification number. 

Electronic Files 
The electronic files associated with the study have been organized according to the 
following folder structure. 

Study Report and Appendix Information 
Minimum Flood Corridor and Field Work Photographs  
GIS Datasets (as described above; can be accessed using ArcGIS) 

2.2  Phase 1 Summary Discussion 
As discussed in Section 1.1, the watershed planning process was conducted using a two-
phased approach. Phase 1, called the Cardwell Branch Watershed Assessment, was 
completed by USGS. The USGS planning effort was a comprehensive assessment of 
existing watershed conditions, focused on only those drainage areas that do not drain to 
Yankee Hill Lake. The comprehensive assessment included data compilation and analysis 
for several major items of interest: floodplain mapping, assessing the geomorphic and 
stream stability conditions, and evaluating the ecological conditions of the watershed 
using a biological assessment of the stream.  

In April 2006, USGS published An Assessment of the Hydrology, Fluvial Geomorphology, and 
Stream Ecology in the Cardwell Branch Watershed, Nebraska, which summarizes the Phase 1 
planning effort. In addition, the floodplain mapping completed by USGS has been 
submitted to FEMA for review and comment. The FEMA review process could potentially 
take several months to more than a year following the final submittal to FEMA and will 
include a public comment period. The comment period will include a FEMA-hosted public 
meeting before the maps become officially adopted. In the interim, the City will use the 
study floodplain maps for the purpose of regulating the floodprone areas until the FEMA 
approval adoption process is finalized. Figure 2-1 presents an overview map depicting the 
entire study area divided into three geographic areas. The floodprone areas within each 
geographic area, called a tile, are shown in more detail on Figures 2-2 through 2-4. The 
floodprone maps can also be accessed on the website by going to the City of Lincoln’s 
website at lincoln.ne.gov, keyword “watershed,” and following the links to the Interactive 
Floodplain and Floodprone Area maps. 

Based on the FEMA floodplain mapping process, several homes located along Bobcat Circle 
were shown to be at risk for flooding. The flooding risk was visually observed by USGS staff 
during a recent rainstorm that occurred in the Cardwell Woods development area on May 5, 
2007, which was estimated to be approximately a 5-year storm. During the rainstorm, stream 
flow within the south tributary channel was diverted into a side channel through a “notch”  
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Figure 2-1
Cardwell Branch Floodprone Areas 
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Figure 2-2
Tile 1 Floodprone Area Map
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Figure 2-3
Tile 2 Floodprone Area Map 
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Figure 2-4
Tile 3 Floodprone Area Map
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along the streambank. The notch in the channel is located just upstream of Bobcat Circle. 
Once the flow is diverted through the notch, the floodwater was conveyed within a side 
channel that is located along the backyards of several buildings along Bobcat Circle. At least 
one habitable building was flooded as a result of the diverted flow from the south tributary. 

2.3  Study Methodology 
The study methodology was based on integrating hydrology and hydraulic engineering 
principles with the ecological and geomorphic characteristics of the natural stream 
system. A summary of each component is provided below. 

2.3.1  Hydrologic and Hydraulic Evaluation 
The hydrologic and hydraulic evaluation consisted of conducting a cursory review of the 
HEC-HMS model (version 2.2.2) and HEC-RAS model (version 3.1.2) developed by USGS. 
The purpose of the review process was to become familiar with the methodologies used to 
develop the models, with the goal of using these models to evaluate potential CIPs as 
discussed in Section 5. 

The HEC-HMS and HEC-RAS models were developed using the City of Lincoln’s 1997 
2-foot contours supplemented with survey information to provide a detailed representation 
of the channel geometry. The floodprone areas were then delineated using the City of 
Lincoln's LiDAR data, which was flown between November 2003 and January 2004. In 
summary, the HEC models were developed according to FEMA standards and provide an 
excellent tool to evaluate and predict erosive and flooding conditions based on existing and 
future watershed characteristics. 

2.3.2  Geomorphic Evaluation 
The geomorphic evaluation consisted of verifying the observations and interpretations 
made by USGS as part of the Phase 1 planning effort. The purpose of the review process 
was to become familiar with the methodologies and techniques used to conduct the 
geomorphic evaluation, with the goal of using the USGS data to evaluate potential 
stream improvements to address erosive or excess sediment conditions. The verification 
process included a field investigation to verify key stream data, including: 

Planform type Qualitative flow conditions 
Vegetative bank protection Presence of debris jams 
Streambed material Stream process 
Streambank material Vegetation canopy 
Sediment transport Presence of erosion and mass wasting 

 
2.3.3  Water Quality Assessment 
A water quality assessment was conducted to document and evaluate the natural 
resources within the study area, with the goal of developing a watershed management 
strategy that protects and enhances the natural stream system as development continues 
in the watershed. One of the key objectives was to categorize the relative condition of the 
various stream reaches and to identify open spaces and potential conservation easements. 
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Section 3 
Water Quality Assessment 
 
3.1  Introduction 
A water quality assessment was conducted to document and evaluate the natural 
resources within the study area, with the goal of developing a watershed management 
strategy that protects and enhances the natural stream system as development continues in 
the watershed. The water quality assessment included four major components: 

Review of the draft study, An Assessment of the Hydrology, Fluvial Geomorphology, and Stream 
Ecology in the Cardwell Branch Watershed, Nebraska, completed by USGS in April 2006. 

A natural resource assessment to identify critical, unique, endangered, sensitive, or the 
best available natural resources worthy of protection or preservation 

A stream asset inventory (SAI) to record and categorize the relative condition of the streams 

Identification of connections of habitat corridors with the stream corridor and the 
opportunity to preserve nodes of habitat along the connections 

Recommendation of watershed management practices to protect or enhance the natural 
resources, preserve water quality, and maintain or improve stream stability 

The following sections summarize the methodology, results, conclusions, and 
recommendations. 

3.2  USGS Stream-Ecology Assessment 
The draft study completed by USGS in April 2006 was reviewed before conducting the 
natural resource assessment of the main stem and south tributary. The USGS study 
included a stream ecology assessment to characterize the stream chemistry, aquatic 
habitat, and aquatic biota. Nine water quality samples were collected between August 
2003 and November 2004 at the selected monitoring site located at the South 1st Street 
bridge. In addition, specific aquatic data were collected on August 26, 2003. The 
monitoring site extended across the main stem of Cardwell Branch. The key conclusions 
presented in the draft USGS report with regards to the stream-ecology, included: 

Degraded aquatic communities were observed at the monitoring site. In general, the 
USGS report indicated that fish species were under-nourished, and a lack of species 
diversity, water quality (particularly low dissolved oxygen [DO] concentrations), and 
generally low streamflow at the time of the sampling event characterize the degraded 
condition of the stream. 

Fish specimens collected during the sampling period were generally under-nourished 
and unhealthy, indicating a lack of nutrient availability and poor water quality (warm 
temperature and low DO). 
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Aquatic invertebrates (insects) demonstrated a general lack of diversity richness, 
particularly sensitive species such as stoneflies, mayflies, and caddisflies. The majority 
of insects present were of the order Diptera, including midges, mosquitoes, gnats, and 
flies. The majority of aquatic invertebrates sampled are typically pollution tolerant. 

Assessment of the algal community present in Caldwell Branch indicated that 
primarily pollution-tolerant diatom and nondiatom species were dominant. One factor 
affecting the algal community is a lack of available light, which is limited by a 
preponderance of overhanging woody debris and vegetation. 

Generally, a lack of available habitat may be contributing to the unhealthy aquatic 
community structure observed at the monitoring site. The report indicates that low 
streamflows and DO levels may be reducing the amount of habitat available to aquatic 
communities, even with the presence of ample substrate. 

Changes in the stream morphology including incising, naturally developing grade 
controls from log jams and beaver dams, and aggradation of sediments could return 
the stream to pre-disturbed conditions. 

3.3  Methodology 
The methodology used for the natural resource assessment and SAI analysis, and the 
rationale for stream protection and enhancement recommendations are summarized below. 
For additional details regarding the natural resource assessment and SAI analysis, refer to 
Technical Memorandum Summarizing Results of the Natural Resource Assessment at Cardwell 
Branch, August 8, 2006, completed by AES, which was submitted under separate cover. 

3.3.1  Natural Resource Assessment 
The natural resource assessment included classification, grading, and mapping of the plant 
communities; selection of habitat corridors; and identification of green spaces. 

Classification 
During field work conducted in May 2006, the plant communities and land uses were 
documented and characterized by vegetative type, species composition, and quality. 
Characterization of the plant communities involved noting the dominants in each stratum, 
general species composition, presence of invasive species, and any other pertinent 
information that may prove helpful in the natural resource assessment. Percent cover and 
composition of each plant community varies depending on such factors as type of 
disturbance, time since last disturbance, management history, hydrologic regime, and 
topography. The vegetative survey was restricted to land adjacent to the main channel of 
Cardwell Branch and its major south tributary and associated riparian corridors.  

Grading 
Plant communities were assigned an ecological condition rank of higher quality, moderate 
quality, or lower quality according to degree of degradation. Cultural land cover types and 
open water features were not ranked. The grading of plant communities is described on the 
following page: 
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Higher Quality - Dominants are native species, trees are older in age, species composition 
is diverse, and riparian buffers are wide. 

Moderate Quality - Dominants are mostly composed of native species, trees are varied 
in age, species composition is less diverse than higher quality, and buffers are moderate 
in width. 

Lower Quality - Dominants are typically a mix of native and non-native species, trees 
are younger in age, species composition has limited diversity, and corridors are narrow. 

Plant communities located outside of the study area but within the Cardwell Branch water-
shed (e.g., minor tributaries to Cardwell Branch) were assigned a low quality ranking given 
their small size and likelihood of being affected by invasive species. Based on the project 
team’s experience and as documented in the literature, smaller plant communities in an agri-
cultural context are going to be very disturbed and lack the diversity and native species 
composition to be ranked higher in quality. In addition, the smaller the plant community, the 
larger the perimeter is to actual size, which greatly increases the chance for invasive species 
proliferation – native and otherwise. The grading of the plant communities was conducted in 
conjunction with the terrestrial habitat scoring of the SAI analysis (Sampling Protocol, Section 
3.3.2) for comparison and quality control purposes since the natural resource assessment 
methods are qualitative in nature, while those of the SAI are more quantitative in nature. 

This grading system is only applicable to this watershed since the plant communities are 
ranked relative to other plant communities observed in the two stream channels in the study 
area. Even though plant communities outside of the Cardwell Branch watershed may be, in 
general, similar to the plant communities in the study area, these communities within the 
Cardwell Branch watershed are “unique” to this watershed given its land use history and 
hydrology. Consequently, comparing plant communities within the Cardwell Branch water-
shed to those outside of the watershed would be misleading for the purposes of this study. 

Mapping 
Plant communities observed in the field were mapped based on field notes, hand-drawn 
boundaries, and vegetative signatures on aerial photographs. Natural features located 
outside of the study area were mapped by vegetative signatures. Those areas that were 
difficult to determine by composition or type were grouped based on local knowledge of the 
region and best professional judgment. Boundaries were digitized to create a GIS shapefile 
representing vegetation community boundaries. 

3.3.2  Stream Asset Inventory 
The SAI procedure used for the study area was developed by AES and other firms for use in 
the Kansas City region (Tetra Tech et al. 2001). The protocol incorporates the best 
components of a number of widely used stream and habitat assessments. The SAI 
methodology provides quick and scientifically defensible indicators of water quality, stream 
stability, and habitat conditions at any given location selected as representative of a stream 
reach. Assessment parameters include bed and bank composition, erosion indicators, 
aquatic habitat and quality, and canopy and understory composition and cover. These 
parameters are assigned weighted scores used to generate an overall score of stream quality 
at each survey point and a relative ranking of stream quality throughout the watershed. 
Numerous steps are involved in the SAI as explained on the following page.  
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Sample Locations. Stream reaches were defined by stream size and changes in stream 
condition, either through natural or manmade means. A reach began where conditions 
changed from a previous condition upstream or downstream (e.g., riparian vegetative 
cover, adjacent land use, confluence with another stream, or a road crossing). Survey 
locations were selected on most segments or “reaches” to ensure that the baseline conditions 
within the watershed were accurately characterized and sufficiently sampled. Twenty 
sample locations were selected after review of existing watershed data including aerial 
photography, topographic maps, and the USGS watershed assessment study (Section 2.2).  

Sampling Protocol. An SAI data sheet was completed at each sampling location. Each data 
sheet has four categories—stream stability, aquatic habitat quality, terrestrial habitat quality, 
and water quality—each having five scoring components (e.g., terrestrial habitat quality is 
composed of vegetation width, adjacent land uses, woodland richness, grassland richness, 
and undesirable vegetation). Each component has a potential maximum score of 10 points 
for a possible total score of 200 points. By dividing the total score by 20 (or by the number of 
sampled components), the assessment provides a numerical score ranging from 0 to 10. A 
score of 10 would be optimal stream conditions, while a score of 0 would mean poor stream 
conditions. In the northern Midwest, the stream with optimal conditions or the so-called 
“perfect stream” would be the swale-like stream meandering through a landscape of tall 
grass prairie where out-of-bank flooding is commonplace and erosion and incision are rare.  

Stream Classification. The stream reaches were classified according to five categories 
ranging from high quality (Type I) through low quality (Type V) based on a statistical 
distribution of all stream scores for water quality, terrestrial habitat, and stream stability. 
The definition of each stream type is provided below. 

Type I: Highest quality stream typified by nondegraded stream condition (stable 
banks, pools, and riffles) with higher quality aquatic habitat such as 
streamflow, biological diversity, and water quality (clarity and temperature). 

Type II: Good stream quality with some bank and/or bed degradation, generally good 
biodiversity and vegetative substrate, good streamflow. 

Type III: Generally average stream quality. This would include streambank and/or bed 
degradation, lower streamflow, poorer water quality, and less diverse 
biological diversity. 

Type IV: Significantly impaired stream quality, low streamflow, generally poor 
vegetative substrate, and biodiversity. 

Type V: Poor stream quality, typified by drastically altered stream conditions such as 
concrete channels, poor vegetation and/or biological diversity and habitat, 
little to no streamflow. 

 
These rankings are used to determine which stream reaches are worth preserving (typically 
Type I and II), those reaches worth restoring (Type III), and those in the worst condition 
(Type IV and V). 

3.3.3  Recommendation Rationale 
The methodology and rationale used to generate recommendations for riparian corridor 
stream improvements, the selection of habitat corridors, and the identification of green 
space are summarized on the following page. 
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Riparian Corridor Stream Improvements. Results from the natural resource assessment 
and the SAI were examined to determine the conditions of the streams and other natural 
resources in the study area. With this information, recommendations were made on 
improving degraded reaches of stream due to factors such as stability issues, narrow 
buffers, poor quality habitat, and invasive species. The focus was on utilizing a suite of 
corrective measures throughout the riparian corridor for overall improvement of the 
ecosystem or in selected locations to provide more “bang for the buck” and connect high 
quality reaches of stream.  

Selection of Habitat Corridors. Selection of potential habitat corridors connecting natural 
resources within and outside the Cardwell Branch watershed was based on the May 2006 
field surveys and review of aerial photography of the surrounding region. Linear features 
(e.g., creeks, ditches, abandoned railroad beds, and utility corridors) and larger tracts of 
natural resources (i.e., woods, wildlife management areas [WMAs], and parks) were 
identified within and near the watershed boundaries as potential corridors and habitats to 
be connected. The utilization of corridors to be used for recreational purposes, such as 
hiking and biking trails, was also considered.  

Identification of Green Space. Green space is set-aside land used for parks, ball fields, and 
stormwater management practices or areas that preserve woodland, prairie, and wetland 
habitats. The potential identification of green spaces to protect natural resources and 
provide recreational opportunities within the study area was the objective of this study. 

3.4  Results and Conclusions 
The results of the natural resource assessment and SAI analysis are summarized below, 
followed by the major conclusions of these combined efforts. 

3.4.1  Natural Resource Assessment Results 
The natural resource assessment did not identify any critical, unique, or endangered natural 
resources within the study area. The natural resources within the watershed have been 
severely depleted by the land use practices of the past several decades. Cropland dominates 
the landscape, and the effects of farming practices are evident throughout the watershed.  

Virgin tall grass prairie is limited or nonexistent in the watershed and wooded communities, 
which have replaced the prairie, and consequently are not old growth, are small in size, and 
restricted to the riparian corridors in the watershed. Similarly, wetlands found in the study 
area (and most likely the rest of the watershed) are also restricted to the riparian corridors 
and are of poorer quality given the extensive impact of land use practices and dominance of 
invasive species like reed canary grass. Although the plant communities are poorer in 
quality relative to older, less impacted habitat, they are worth restoring and protecting. The 
alternative — clear-cutting the vegetation — is more costly and would likely result in 
further degradation of the Cardwell Branch watershed. 

A description of the plant communities and land use, quality of plant communities, and 
other considerations are summarized on the following pages. 
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High quality riparian woodland vegetation
downstream of SW 12th Street

Plant Communities and Land Use  
Ten types of plant communities and/or land uses were observed within or adjacent to the 
riparian corridors in the study area, which include three types of woodlands, reed canary 
grass wetland, smooth brome upland, weedy field, cropland, planted and virgin tall grass 
prairie, open water, and developed land. The planted tall grass prairie is often referred to as 
Conservation Reserve Program (CRP). The plant communities were observed within the 
riparian corridor while the cultural land covers were found outside of the riparian corridor, 
except for the native prairie (depicted on Figure 3-1). Canopy cover and composition of each 
plant community depends on such factors as type and time since last disturbance, 
management history, hydrologic regime, and topography. 

Quality of Plant Communities 
The woodland communities generally had higher 
ratings given their wider buffers, older age woods, 
higher relative diversity, and limited prevalence 
of non-natives. The largest tracts of medium to 
high quality woodlands are located along the 
main branch of Cardwell Branch extending from 
approximately Folsom Road to SW 27th Street, 
immediately upstream and downstream of SW 
27th Street along the south tributary, and a portion 
of the south tributary located just downstream of 
Saltillo Road. The approximate locations of the 
high and medium quality woodland communities 
are depicted on Figure 3-1. 

Two tracts of native prairie were 
identified within the study area, as 
shown on Figure 3-1. The first area 
covers less than 10 acres and is located 
north of Rokeby Road, west of SW 27th 
Street, and adjacent to a grass swale 
that drains to the south tributary. The 
prairie contains a fairly diverse mix of 
native grasses and forbs, and is 
bordered by a hedgerow of wild plum 
and white mulberry. The native prairie 
is considered moderate quality (see 
adjacent photograph) because of its 
relative high diversity and should be 
preserved. A higher quality rating was not assigned to this area because of the abundance 
of smooth brome, the small size of the prairie, and the lack of close native buffers. 

The second area is located south of the Ridgewood Boulevard housing development and 
east of SW 27th Street, and includes two small areas of land that total over 10 acres. Both 
native prairie areas have been impacted by the construction of a driveway and small 
outbuilding, and are currently being pastured to horses. Both native prairie areas contain a 

Native prairie located north of Rokeby Road
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Figure 3-1
Cardwell Branch Existing Woodland Riparian Corridors and Native Prairie
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High quality riparian woodland vegetation
downstream of SW 12th Street

moderate mix of native grasses and forbs and should be preserved. However, these prairie 
areas were considered low quality because of their moderate diversity, the prevalence of 
smooth brome, small acreage size, and lack of close native buffers. 

The plant communities not shown on Figure 3-1 
(which are along the riparian corridors of the 
study area) had a low quality rating as a result of 
anthropomorphic origins (CRP grassland), 
predominance by non-native invasives (smooth 
brome grassland and reed canary wetland), and a 
narrow buffer width (weedy field, smooth brome 
grassland, and reed canary grassland). Plant 
communities located outside of the riparian 
corridors were assigned a low quality ranking 
given their small size and likelihood of lower 
diversity, more disturbance, and invasives.  

 
Other Considerations 
Non-native invasive plants can have a negative effect on natural plant communities by 
reducing cover and diversity of native plant species, and as a result, reducing the quality 
of wildlife habitat and ecosystem and landscape functionality. Consequently, it is 
important to control these invasives and their spread. Smooth brome and reed canary 
grass are quite prevalent in the plant communities along the riparian corridors of the 
watershed. Their removal and replacement with native tall grass, woodland, or wetland 
species would be a major step in improving the quality of the plant communities on site. 
With these native species in place, stormwater runoff can be reduced, streambanks can be 
better stabilized, and habitat can be improved. 

3.4.2  Stream Asset Inventory Results 
An SAI analysis was performed as part of the field work conducted in May 2006. The 
following paragraphs summarize the results of this field work. 

Using the stream classification system discussed in Section 3.3.2, the stream data indicated 
three quality rankings or types—II, III, and IV. No highest (Type I) or lowest (Type V) 
stream quality rankings were generated during the analysis. Figure 3-2 graphically 
illustrates the stream type of each major channel reach within the study area. 
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Figure 3-2
Cardwell Branch Stream Quality Rating 
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The water quality and aquatic habitat 
components of the analysis had limited 
influence on the ranking of the higher 
quality stream reaches since streamflow 
was nonexistent. Essentially, the higher 
ranking stream reaches were located in 
wider woodland buffers, as depicted on 
Figure 3-1. These wooded corridors were 
of moderate to higher quality because of 
intact, ungrazed, diverse vegetation with 
limited invasives. These stream reaches, 
due to their wide and intact corridors, are 
worth preserving.  

The average rated Type III stream 
reaches were located in varying habitat 
and stream channels. The lower rated Type IV stream reaches contained low to moderately 
stable channels and low to moderate quality habitat. The low to moderate stability in these 
reaches is due, in part, to the incised channels and numerous erosional features (e.g., toe 
erosion, bank slump, and incision). The low to moderate quality habitat is due, in general, 
to the narrower vegetative widths, impacts from adjacent land uses, lower woodland 
richness, and limited invasive species. Low aquatic habitat scores also contributed to the 
lower ratings of stream reaches where limited instances of macrohabitat and instream fish 
and macroinvertebrate cover were observed. 

Type II stream reach located adjacent to the
Cardwell Woods residential development 

Type III stream reach located 
downstream of Rokeby Road 

Type IV stream reach located
upstream of SW 12th Street 
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3.4.3  Conclusions 
The following conclusions are based on the field work, data analysis, and plant and stream 
ecology: 

 Critical, unique, endangered, or high quality natural resources were not observed in the 
study area, with the exception of two small tracts of native prairie that should be 
preserved. 

 Portions of existing riparian corridor contain medium to high quality woodland habitat 
that should be preserved. 

 The majority of existing riparian corridors has been depleted and needs to be 
reestablished to improve aquatic and territorial habitat. This finding is consistent with 
the conclusions presented in the draft USGS report. 

 An abundance of invasive plant species such as reed canary grass and smooth brome, 
which are symptoms of a degraded riparian ecosystem, were observed. Removing these 
species and replacing them with native wetland and prairie vegetation will improve 
habitat quality and the overall function of the riparian corridors. 

 The riparian corridors can be used for the establishment of trails to provide recreational 
opportunities by connecting outlying areas (e.g., City of Lincoln, Salt Creek, and Yankee 
Hill) with the Cardwell Branch watershed. A network of trails can be linked to selected 
opportunity areas within the watershed, an abandoned railroad track, and other sites. 

 Implementation of watershed management strategies such as stream buffers, conservation 
easements, green space preservation, land use planning, and structural and nonstructural 
best management practices (BMPs) will help protect the streams from future degradation. 

3.5  Watershed Management Recommendations 
Based on the conclusions of the natural resource assessment and SAI analysis, the following 
suite of watershed management strategies is recommended to protect the streams and 
adjoining riparian corridors as future development occurs: 

Riparian Corridor Enhancements 
Stormwater Management Practices 

Vegetative Maintenance/Restoration/ 
Protection Efforts 

Opportunity Area Locations Habitat Corridors and Connectivity 
 Stream Stabilization Measures 
 
Brief overviews of these watershed management strategy recommendations are provided 
below. 

3.5.1  Riparian Corridor Enhancements 
One of the key ecological stressors identified during the natural resource assessment was the 
loss of stream riparian habitat as a result of past land use practices. The City’s floodplain 
standards for new growth areas include a minimum flood corridor that provides a setback 
distance from the stream that must be preserved in its natural condition. This would include 
streams draining 150 acres or more and streams draining less than 150 acres with a defined 
bed and bank. For the Cardwell Branch stream reaches within the City’s 3-mile jurisdiction, it 
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is critical that this ordinance be strictly enforced to preserve the existing medium and high 
quality woodland riparian habitat as discussed above and shown on Figure 3-1. Outside of 
the City’s 3-mile jurisdiction where this ordinance does not apply, preserving a buffer 
equivalent to the minimum flood corridor setback distance is still important to provide the 
opportunity to restore the riparian corridor, which will help reduce runoff, enhance water 
quality, and improve habitat. A supplemental benefit of the flood corridor is to use it as a 
filtering mechanism and energy dissipater for point-source discharges. To accomplish this, 
stormwater outfalls should be located within the riparian buffer rather than discharging 
directly into the stream. 

The approximate minimum flood corridor setback distance was estimated for the stream 
reaches within the study area using the City’s ordinance and is included as part of the GIS 
deliverables. The setback distance was based on aerial photography and a limited field 
reconnaissance effort; therefore, this information should only be used as an initial starting 
point when establishing the final flood corridor width as development continues in the 
watershed. 

3.5.2  Stormwater Management Practices 
Stormwater quality is regulated under the National Pollutant Discharge Elimination System 
(NPDES) Program. Specifically, the 1987 amendment to the Clean Water Act (CWA) 
introduced regulations pertaining to stormwater, which are enforced by EPA and individual 
states and tribes. Because the State of Nebraska is a delegated state, the stormwater program 
is implemented by the Nebraska Department of Environmental Quality (NDEQ). To comply 
with the NPDES program, the City is required to develop, implement, and enforce a program 
to address the quality of stormwater runoff. The program must involve the implementation 
of BMPs, which are actions and practices designed to preserve the quality and integrity of 
streams and lakes. In general, BMPs can be classified as nonstructural and structural. 

Nonstructural BMPs 
Nonstructural BMPs consist of pollution prevention techniques designed to prevent the 
pollutants from entering the drainage system rather than trying to control pollutants with 
constructed facilities (structural BMPs). In addition, nonstructural measures include 
requirements to protect the natural resources within a given area. For the Cardwell Branch 
watershed, the recommended nonstructural BMPs include: 

Education Program - A proactive education program focused on water quality issues to 
educate homeowner associations, private facility owners, engineers, and developers. A 
series of seminars could be implemented to discuss the methods of pollution reduction and 
removal, structural BMP and natural stream design methods, and conservation strategies. 
The topic of each seminar would vary depending on the targeted audience. 

Erosion and Sediment Control - The enforcement of the erosion and sediment control 
provisions as outlined in the Drainage Criteria Manual will be an integral component of 
preserving the aquatic habitat within the streams. 

Land Development Planning - A development planning process that includes a detailed 
assessment of existing natural resources to identify strategies to address unique 
environmental issues and concerns. 
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Structural BMPs 
Structural BMPs are constructed facilities designed to remove pollutants and slow down 
the runoff before the stormwater enters the receiving stream. Structural BMPs are designed 
to address the smaller more frequent rainstorms that carry the majority of pollutants and 
are believed to cause the greatest amount of erosion and sediment deposition, which 
directly impacts the aquatic and riparian habitat. In recent years, a significant amount of 
research has been conducted that shows a direct measurable relationship between the 
smaller more frequent runoff events and the long-term erosive impacts to a natural stream 
channel. A brief overview of this research is described below. 

Recent research in urban hydrology and geomorphology indicates the key to providing 
long-term stream channel stability is to install stormwater facilities that control a full range 
of hydrologic conditions, including the water quality control volume (WQCV), the channel 
forming flow (which is commonly between a 1- and 2-year design storm), and the flood 
events such as the 10- and 100-year design storms (Rohrer and Roesner, in press; Rohrer and 
Roesner 2006; O’Neill et al. 2006; Rohrer et al. 2005). The WQCV is controlled using 
structural BMPs sized to entirely capture 70 to 90 percent of all runoff-producing events 
from a development. Research studies have been conducted in a variety of climate and soil 
conditions, including study areas in Atlanta, Georgia; Fort Collins, Colorado (Rohrer and 
Roesner, in press; Rohrer and Roesner 2006); Lenexa, Kansas (Rohrer et al. 2005); and 
Lincoln, Nebraska (O’Neill et al. 2006), which all have concluded there is a direct 
measurable relationship between the increased magnitudes and durations of flows from 
smaller, more frequent runoff events and the erosive impacts to the stream. The major 
recommendation from all theses studies is that a full range of hydrologic conductions must 
be controlled to provide long-term stream stability. 

In conclusion, as the Cardwell Branch watershed continues to develop, the key to 
preserving water quality, maintaining long-term stream stability, and providing flood 
control benefits for new developments is to install stormwater facilities that control the full 
range of hydrologic conditions, including the smaller rainstorms, and the 2-, 10-, 100-year 
storm events. Site-specific structural BMPs are recommended to control the smaller 
rainstorms, with detention basins being used to control the larger rainstorms (2-, 10-, and 
100-year design storms). Two implementation approaches are recommended to control the 
full range of hydrologic conditions, including (1) integrated detention facility, and (2) 
alternative site design. The paragraphs below describe each approach, followed by a 
discussion of sensitive areas within the watershed. 

Integrated Detention Facility 
The integrated detention facility approach is based on upgrading the standards for privately 
owned and operated detention ponds on each individual development site. The detention 
ponds would be designed to control not only the 2-, 10-, and 100-year storm events (current 
City standards) but also to include a structural BMP to provide long-term stream stability 
and pollutant removal benefits. This integrated facility would provide both quantity and 
quality benefits. 

The integration approach would require detention basins to have staged outlet control 
structures to control the 2-, 10-, and 100-year design storms and detain the WQCV using a 
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40-hour drain time. In addition, sediment forebays and energy dissipaters are recommended 
to capture sediment and reduce the velocity of the stormwater runoff before draining into 
the pond. This will require changing the City’s stormwater ordinances and Drainage Criteria 
Manual from a voluntary to mandatory program for site-specific structural BMPs, which will 
result in significantly increasing the protection of natural streams and supporting the 
requirements of U. S. Environmental Protection Agency (EPA) NPDES Stormwater 
Programs. Appendix G provides additional detail regarding how to implement the 
integrated detention facility approach. 

Alternative Site Design  
The design approach described above combines the water quantity (2-, 10-, and 100-year 
controls) requirements with the water quality component (structural BMP) into a single 
integrated facility. This integrated approach is one of many design concepts that can be 
employed to achieve the desired results. The following paragraphs provide other 
alternative design approaches where the site-specific structural BMP can be separated from 
the detention basin to achieve the same overall goals and objectives. Appendix G provides 
additional details regarding how to design site-specific structural BMPs within a given 
development site. 

The structural BMP can be designed to take many different forms including grass swales, 
bioretention filters, infiltration devices, and constructed wetlands. The site designer has the 
flexibility of selecting which type of structural BMP best fits the development site layout. 
The structural BMPs can be easily configured to become an integral part of the development 
site by supplementing landscape features, park amenities, and passive recreation amenities. 
When considering alternative site designs, two key design concepts need to be followed: (1) 
the structural BMP must be placed upstream of the detention basin to properly regulate the 
smaller rainstorms, and (2) outlet control structures must be designed for both the structural 
BMP (WQCV released over 40 hours) and the detention basin (2-, 10-, and 100-year). 

Another site design approach is to use conservation development practices or low impact 
development (LID) techniques. The conservation development strategy is focused on pre-
serving and utilizing an area’s natural resources for stormwater management, water conser-

vation and water quality protection, streamflow 
velocity and energy management, and maintaining the 
natural aesthetic qualities of an area. Conservation 
development strategies include using techniques in 
which buildings are clustered to preserve undeveloped 
natural areas to maximize green space. Strategies may 
also involve less clustered housing but incorporate 
native soils and vegetation on private lots to reduce 
stormwater runoff volumes and maximize infiltration. 
On private streets, consideration can be given to 
narrowing pavement width and reducing or 
eliminating curbs and gutters, particularly adjacent to 
waterways. Using these techniques reduces the amount 

of impervious surfaces, which in turn reduces stormwater runoff. Parkland dedicated with 
new developments can also be compatible with this approach, especially when native 

Conservation development example
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landscaping or other water quality plantings are incorporated. The development costs to 
implement LID practices have been shown to be lower than conventional development, and 
land values are typically higher because of the desirability of the community. 

When implementing conservation development strategies, the site design criteria needs to 
be consistent, including detaining the WQCV using a 40-hour drain time and controlling 
the 2-, 10-, and 100-year design storms. Because the WQCV is a function of percent 
impervious cover; conservation strategies will likely reduce but not eliminate the require-
ment for structural BMPs on a particular development site. Similarly, conservation 
strategies will likely reduce the size of detention ponds to control the 2-, 10-, and 100-year 
design storms but not eliminate the requirement for onsite detention. The selection of 
structural BMPs to compliment conservation strategies can vary depending on the site 
characteristics, thus providing flexibility on how the site is developed. Similar to the 
integrated detention facility approach, requiring conservation development and/or 
structural BMPs would require changing the City’s stormwater ordinances and Drainage 
Criteria Manual from a voluntary to mandatory program for requiring practices to address 
water quality. 

Sensitive Areas 
Sensitive areas are defined as general planning locations within the watershed that 
contain natural and/or unique characteristics that should be given the highest priority 
for implementing structural BMPs and conservation strategies for protection of water 
resources. This could also include strategies like transfer of development rights if 
available as a zoning tool in the future. During the Master Plan development, two 
sensitive areas within the study area were identified as shown on Figure 3-3 and 
described below:  

Sensitive Area 1: This area lies along the main stem of Cardwell Branch between South 1st 
Street and SW 27th Street. As depicted on Figure 3-3, this area contains floodplain, riparian 
stream corridor, medium to high quality woodland habitat, potential/future conservation 
easements, and a future trail. This area is within the Tier 1 growth area for the City of 
Lincoln. To protect these high value natural resources, surrounding development sites 
need to be encouraged to use structural BMPs and conservation strategies to protect this 
riparian corridor. 

Sensitive Area 2: This area includes the headwaters of the south tributary, located south of 
Saltillo Road and between SW 40th Street and SW 27th Street. The protection of the 
headwaters is particularly important, due to the rolling, steep topography in this area and 
because any increase in stormwater runoff at this location could exacerbate stream 
instability and water quality degradation further downstream. This sensitive area is zoned 
AG Agriculture, and it is currently outside of the City’s 3-mile jurisdiction. Thus, neither 
the City’s Minimum Flood Corridor (stream buffer protection) standard, nor the 
stormwater management practices described above (if adopted) would apply in this 
location. For the time being, the existing vegetative buffers should be conserved and 
enhanced. Consideration should be given to protection of stream buffers and addressing 
stormwater runoff if special uses permitted in the agriculture district are proposed that 
would have the potential to impact this area and the downstream area. 
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Figure 3-3
Cardwell Branch Watershed Management Recommendations 
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3.5.3  Opportunity Area Locations 
Opportunity areas are general planning locations within the watershed where landscape 
features provide an opportunity to have a positive impact on water resources while 
realizing other goals. This approach recognizes that floodplains, tributaries and upland 
areas are all part of a comprehensive integrated watershed system. The Comprehensive Plan 
includes strategies for seeking “Rain to Recreation” project approaches that reduce flood 
damages, protect water quality and natural areas, while providing for recreational and 
educational opportunities so as to realize multiple benefits. To this end, the Cardwell Branch 
Watershed Plan has identified areas with the potential for multiple benefits such as 
enhancing water quality, protecting natural resources, and incorporating future amenities 
like parks, trails, and playing fields. These areas are generally identified on Figure 3-3. Due 
to these characteristics, it is recommended that these areas be designated as Green Space on 
the City/County Land Use Plan. Consideration should be given to future projects in these 
areas that protect, enhance, and provide opportunities for multiple benefits through 
voluntary/conservation easements or land acquisition, and/or water quality enhancements 
through native vegetation restoration. These sites would also be good candidates for using 
transfer of development rights if available as a zoning tool in the future.  

Opportunity Area 1 
This area is located at the base of Yankee Hill dam, adjacent to the Yankee Hill WMA, and 
provides an opportunity to reduce stormwater runoff and enhance water quality while 
providing for recreational opportunities. The area also includes the riparian corridor along 
Cardwell Branch that drains from the dam and a portion of the spillway. Key areas of the 
existing cropland and smooth brome fields could be converted to native tall grass prairie, 
thus enhancing runoff infiltration capacities and water quality benefits. The exact location 
and extent of native prairie grass plantings within this planning area would need to be 
carefully considered with the goal of protecting the integrity of the dam. Passive recreation 
areas with native vegetation could be coupled with active recreation areas (playing fields), 
to provide an optimal use of land that is located immediately downstream from an existing 
lake dam. 

Opportunity Area 2  
This area is south and west of SW 27th and W. Denton Road. It includes the main stem of the 
Cardwell Branch south tributary, the confluence with a secondary tributary flowing from the 
southeast, riparian corridors, native tall-grass prairie, and a future trail. In addition, the 
Master Plan identifies a stream stability CIP in this location and examines the potential for a 
regional detention basin for flood control. There are opportunities to enhance the native 
vegetation for water quality and wildlife, to consider future east-west trail connections, and to 
complete “Rain to Recreation” projects that provide multiple benefits. While this area is in the 
City’s Tier II growth area, consideration should be given to amending the Future Parks map 
to identify a Neighborhood or Community Park once inside Tier 1. 

3.5.4  Vegetative Maintenance/Restoration/Protection Efforts 
Vegetative maintenance and restoration efforts will improve the benefits of buffers including 
reduced runoff, enhanced wildlife habitat, and improved water quality and stream stability. 
Vegetative maintenance is proposed at two locations, including (1) Cardwell Branch main 
stem between Highway 77 and Folsom Road, and (2) Cardwell Branch main stem extending 
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from SW 12th Street to approximately 1,500 feet upstream. The vegetative maintenance efforts 
would vary depending on the specific reach in question, but could include thinning of the 
understory, selected application of herbicide on undesirable species, and replanting with 
native riparian species. These maintenance efforts will connect the two stream reaches with 
the highest quality of woodland vegetation (Figure 3-1) and improve the habitat in the lower 
reach of the watershed. In addition, the first stream reach and a portion of the second stream 
reach are within the proposed conservation easements, which will help facilitate these 
maintenance efforts with the overall goal of enhancing the riparian habitat health within 
Sensitive Area 1.  

Vegetative restoration is recommended for the majority of the south tributary. The 
vegetative restoration efforts would involve the removal of the infestation of reed canary 
grass, which will greatly improve the habitat in those areas. Application of herbicide 
followed by a prescribed burn, and then seeding and/or planting of native wetland and 
prairie species will begin to eradicate the reed canary grass problem. Follow-up efforts for 
a number of years may be necessary given the possibility of long-term storage of reed 
canary grass in the soil or seed bank. The vegetative restoration efforts will also help meet 
the goals of Opportunity Area 2 and Sensitive Area 2, which are both located adjacent to 
the south tributary, by improving the overall health of the riparian corridor. 

Vegetative protection is recommended for the moderate quality native prairie area as 
shown on Figure 3-1. This area contains a diverse mix of native grasses and forbs that 
should be preserved. The first step of the protection process should be updating the 
City/County land use plan and the City's Natural Resources GIS database to include this 
native prairie area. In addition, consideration should be given to future projects in this area 
that protect and enhance the native prairie, while providing opportunities for multiple 
benefits through voluntary conservation easements or land acquisition. This site would 
also be a good candidate for using transfer of development rights. 

3.5.5  Habitat Corridors and Connectivity  
The preservation and reestablishment of the riparian corridors, combined with vegetative 
restoration and maintenance activities, and stream stabilization measures (Section 3.5.6), will 
provide better habitat and connectivity between the Yankee Hill WMA and the Salt Creek 
floodplain corridor. In addition, the potential future conservation easements, as shown on 
Figure 3-3, provide an excellent opportunity for preserving a portion of this riparian corridor. 

Similar riparian corridor improvement measures along the major south tributary will also 
provide better riparian habitat and another corridor for wildlife movement. Expected 
wildlife to use these improved corridors are generalists including white tailed deer, 
skunks, rabbits, raccoons, bobcats, and woodland birds. The improved riparian corridors 
will improve habitat within the watershed, provide a connection to larger tracts of wood-
land and prairie in outlying regions, and increase movement and use by a more diverse set 
of wildlife and birds. In addition, the reestablishment of the stream buffers may make 
some areas suitable for additional species. 

The riparian corridors also offer an excellent avenue for future trail systems. As shown on 
Figure 3-3, the City’s planned trail system alignment follows the Cardwell Branch main 
stem with the goal of connecting to the Yankee Hill WMA. To complement this trail 
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alignment, the City’s planned trail system located east of the watershed could be connected 
to other features within the watershed by extending the trail system directly west across the 
Cardwell Branch watershed to the proposed Opportunity Area 2 (Section 3.5.3), portions of 
the south tributary, and eventually to the Yankee Hill WMA as shown on Figure 3-3. 

3.5.6  Stream Stabilization Measures 
The implementation of stormwater management practices to control the changes in 
hydrology will reduce the severity of erosion. However, it will be very difficult to exactly 
replicate historical streamflows and velocities with BMPs; therefore, stream stabilization 
projects are necessary in critical areas that already are severely eroded or are vulnerable to 
future erosion. 

For areas that are already showing signs of severe erosion, stream stabilization projects 
using natural channel design techniques are recommended to improve the ecosystem 
health and to prevent the problem from migrating elsewhere. The recommended stream 
stabilization projects are discussed in Section 5 of this report. 
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Section 4 
Fluvial Geomorphic Evaluation 
 
4.1  Introduction 
Fluvial geomorphology is the process of how moving water shapes the land. Fluvial 
relates to flowing water and geomorphology refers to the systematic examination of land 
forms. Combined, fluvial geomorphology is the systematic examination of land formed 
by flowing water either through erosion or deposition. Correspondingly, the fluvial 
geomorphic processes are examined in relation to dynamic equilibrium. This equilibrium 
is the balanced movement of water and sediment under dynamic (variable) flow 
conditions typically inherent in a natural environment. 

The objective of the fluvial geomorphic evaluation for the Cardwell Branch study area 
was to verify and, if necessary, supplement the geomorphic assessment conducted by 
USGS, with the overall goal of determining the locations of potential stream stabilization 
projects. The main elements of this investigation included: 

Review of the draft study, An Assessment of the Hydrology, Fluvial Geomorphology, and Stream 
Ecology in the Cardwell Branch Watershed, Nebraska, completed by USGS in April 2006 

Conducting a field reconnaissance of the main stem and south tributary to verify the 
conditions found by USGS 

Evaluate the work done by USGS and the results of the field reconnaissance to classify the 
current conditions of the natural stream system 

As summarized above, one of the key objectives of the evaluation was to evaluate the current 
conditions of the stream system. Schumm (1984) and Simon (1989) have classified the process 
of how streams reestablish equilibrium after a disturbance to the channel or the watershed. 
Simon classifies this reestablishment into six stages: I) Pre-Disturbance, II) Disturbance, III) 
Incision, IV) Widening, V) Deposition, and VI) Recovery and Reconstruction. Figure 4-1 
schematically depicts each of these stream stages. The determination of the stream stages for 
the Cardwell Branch study area was an important component of the evaluation. 

4.2  USGS Geomorphic Assessment 
The draft study completed by USGS in April 2006 was reviewed before conducting the field 
reconnaissance of the main stem and south tributary. A comprehensive description of that 
review is presented in Appendix C. The more notable observations and conclusions 
presented in the draft USGS report included: 

The main stem of Cardwell Branch has incised 1.3 to 2.3 feet since 1978 with no clear 
knickpoints (abrupt drops in the channel indicating incision migrating upstream) found 
during the thalweg survey. 

Using Simon’s (1989) process-based stream classification system, all reaches were 
determined to be Stage IV (widening). 
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Figure 4-1 
Channel Evaluation Model (Simon 1989) 
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Sand bar deposition was not observed, and the majority of sediments found in the 
channels were silt-sized and indicative of local soil source material. 

4.3  Geomorphic Field Reconnaissance 
During June 2006, a geomorphic field reconnaissance was conducted of the main stem and 
south tributary. The goal of the field reconnaissance was to verify the observations and 
interpretations made by USGS. As part of the verification process, the study stream 
reaches were evaluated, which included field visits at each of the cross sections surveyed 
by USGS to define fluvial geomorphic characteristics. The field data collected by the 
project team were compared to the geomorphic data tables developed by USGS, which are 
presented in Appendix C. The data collection process used pocket personal computers 
equipped with ArcPad Version 7.0 to record additional data about the channels. The City 
provided topographic contour, street and stream alignment shapefile layers to locate 
features. In addition, USGS provided shapefile layers locating their cross sections and 
supplemental details pertaining to those cross sections.  

The supplemental data recorded during the field reconnaissance included: photograph 
locations, locations of debris jams, knickpoints and knick zones, active meandering 
segments and other miscellaneous notes. These shapefiles are presented electronically in 
Appendix A, as well as the photographs taken during the field reconnaissance. At a 
minimum, two photographs, one looking upstream and the other looking downstream, 
were taken at each USGS cross section location presented in the tables. 

4.4  Evaluation Results 
A reach description summary for the stream sections evaluated by USGS and the project 
team is provided in Appendix C. These reach summaries are a culmination of interpreting 
the work done by USGS and the verification process and supplemental work completed by 
the project team. Where field measures differed between USGS and the project team, 
measurements taken by the project team were used. A synopsis of the findings follows. 

4.4.1  Stream Stage Classification 
Cardwell Branch Main Stem (Yankee Hill Lake to the Salt Creek Confluence) 
USGS classified the main stem as primarily Stage IV (widening), which differs from the 
project team’s stream assessment. A description of the stream classification process and 
significant features of the channel that were observed by the project team are provided below. 

In general, the incising portions (Stage III) were found along the upstream portion, where 
active knickpoints were found at several locations. The creek progressed to widening 
(Stage IV) in the middle portions and widening to deposition (Stage IV to V) along the 
downstream portions. The presence of Stage V conditions may have been more prevalent 
if the primary source of sediment was coarser. The silt and clay and very fine sand of the 
alluvium, loess and glacial till comprising the uplands, banks, and channel bottom 
typically remained as washload during flood flows and thus did not deposit in bars. The 
mechanism of sediment transport was observed following the rainfall early on June 12, 
2006. Figure 4-2 graphically illustrates the stream classification of the main stem as 
determined by the project team. 
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Figure 4-2
Cardwell Branch Geomorphic Processes 
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The bankfull/dominant discharge heights and widths were significantly different than 
those determined by USGS at several locations. The project team’s determination of 
bankfull/dominant discharge heights were based on field observations of bank slope 
inflections and benches, bank vegetation or lack thereof, and trash or debris lines. 
Correspondingly, the reassessed measurements appear to transition better with those 
measurements upstream and downstream of the cross sections in question.  

Along the upstream portion of the creek, cleared segments of riparian buffer were observed 
that have overgrown with reed canary grass, but not to the extent found along the upstream 
portions of the south tributary. In addition, significant large to small woody debris was 
present along the entire reach, often forming debris jams and de facto grade controls. Similar 
to the south tributary, the origin of the woody debris ranged from natural succession of the 
riparian forest to cleared wood placed along the tributary. Except along a few isolated 
segments of the creek where active meandering was observed, extensive degradation of the 
banks was not found. Further near-term endangerment of existing infrastructure (roads and 
crossings) appeared minimal except at the SW 27th Street crossing. 

South Tributary 
As with the main stem, the main difference between the project team’s evaluation and 
the USGS assessment is the stage classification assignment. In general, the south 
tributary contains significant lengths that are classified as Stage III (incising) and Stage 
IV (widening) of the channel evolution model (Figure 4-2). USGS determined that the 
entire tributary was widening. Typically, the project team found that the sequence of 
incising in the upstream end and widening in the downstream end repeated itself 
between the crossings. Active knickpoints were also found at several locations. At 
several locations, the bankfull/dominant discharge heights and widths were observed to 
be significantly different than those found by USGS. As with the main stem, the 
reassessed measurements appear to transition better with those cross section 
measurements upstream and downstream. 

The riparian buffer width generally widened in the downstream direction as did the 
density of the tree canopy. In the upstream portion of the tributary, especially upstream of 
SW 27th Street, the buffer was segmented with significant portions of the alignment 
bounded by invasive reed canary grass. Significant large to small woody debris was found 
along the entire tributary, often forming debris jams and de facto grade controls. The origin 
of the woody debris ranged from natural succession of the riparian forest to cleared wood 
placed along the tributary. Extensive degradation of the banks was not observed and 
endangerment of existing infrastructure (roads and crossings) appeared minimal. 

4.4.2  Summary Discussion 
The stream reaches that are downcutting or incising typically contain knickpoints or 
knick zones that are migrating as headcuts upstream at varying rates or are temporarily 
abated by channel armoring. The knickpoints and zones are depicted on Figure 4-2. The 
stream lengths that are widening typically show more scouring along the bank toes; 
however, the rate of scour appears slow and for the most part the banks are not 
imminently endangered. The single stream length along the main stem that indicates 
active meandering is a location where significant scouring and mass wasting of 
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alternating banks were observed. Finally, the stable stream lengths are located where the 
channel appears to be in relative balance or shows significant progress in mending itself.  

Figure 4-3 presents the shear in the channel at the bankfull height (depth), which should 
be the stage of the channel-forming flow. This figure depicts shear along the channel, 
which was calculated using the slopes between each of the cross sections surveyed by 
USGS. The resulting values were then grouped in ranges of shear. As with USGS, a 
correlation was observed between the higher shear to higher erosion indicators, 
especially along the south tributary.  

Specifically, calculated shears of 0.4 pounds per square foot (psf) or higher were found 
along the south tributary, where significant incision and widening were observed. 
Typically the calculated shears along the main stem were 0.2 psf or higher, where 
widening, more isolated incision and active re-meandering were observed. The highest 
shear calculated was along the south tributary between Rokeby and SW 27th Streets, 
which coincided with the severe incision conditions.  

The direct correlation of specific shear values to specific erosion potential is not possible 
because of the variability of channel soils, vegetation, groundwater, and other external 
influences. However, shear values 0.6 psf and higher appear to correlate with longer lengths 
of incision found in the south tributary and shear values of approximately 0.4 psf appear to 
correlate with widening and shorter lengths of incision, as found along the main stem.  

4.5  Stream Improvements 
Based on the field reconnaissance effort, the Cardwell Branch stream reaches will 
continue to degrade until stream improvements are implemented. The focus of the 
stream improvements will be to address the channel incision which is causing instability 
problems throughout the study area. The knickpoints and knickzones are sites where the 
hydraulic slope is locally high enough to cause migrating erosion. Installing grade 
control structures will lower the slope below the threshold for bed erosion in this stream 
system. Because of the high erodibility of the streambed, it is necessary to dissipate the 
energy gradually over the length of the grade control structure. For this application, 
Newbury-style grade control structures are recommended, which provide artificial riffles 
along the streambed to distribute energy, while improving water quality by increasing 
dissolved oxygen and providing habitat. Figure 4-4 provides a typical Newbury-style 
grade control structure. Section 5 provides additional details on the recommended 
improvements to address the high priority stream stability problem areas. 
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Figure 4-3
Cardwell Branch Shear Stress Values 



Section 4 
Fluvial Geomorphic Evaluation 

  4-8
P:\22036 (Lincoln, NE)\50948 (Deadmans-Cardwell)\Reports\Cardwell Branch\Section 4\Section 4 82807.doc 

 

Figure 4-4 
Newbury-Style Grade Control Structures 
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Section 5 
Capital Improvement Projects 
 
5.1  Problem Identification 
The results of the hydrologic, hydraulic, and geomorphic evaluations discussed in the 
previous sections of this report formed the foundation for identifying problem areas in 
the watershed. Problem areas were classified as primary or secondary.  

Primary problem areas are those that pose a serious public safety concern with respect to 
frequent building flooding, stream instability, or severe maintenance conditions. In 
addition, primary problem areas include sites where stream degradation or instability 
exist, which creates a clear influence elsewhere in the watershed. Secondary problem 
areas include sites where stream degradation or instability exist but are not likely to 
propagate to other areas of the watershed. Secondary problem areas also include 
infrequent flooding of habitable buildings.  

Three major categories were used to evaluate potential primary and secondary problem 
areas: (1) drainage infrastructure, (2) habitable buildings, and (3) natural streams. For 
primary problem areas, a prioritized list of recommended improvements was developed 
to form the basis of the CIPs, which is presented in Section 5.2. Secondary problems are 
described in Section 5.3.  

The following subsections provide the methodology used to identify primary and 
secondary problems within each of the three major categories. 

5.1.1  Drainage Infrastructure 
Because of the rural nature of the watershed, a significant number of unimproved roads are 
located throughout the study area. As development continues in the watershed, it is 
anticipated that drainage infrastructure (e.g., culverts and bridges) will be replaced or 
retrofitted at the same time the road is improved. Therefore, for the purposes of this study, 
the approach was to provide the necessary design data for each modeled drainage structure 
to be used during detailed design at the time the roadway is upgraded. The design data for 
each modeled drainage structure, as determined by USGS, is provided in Appendix D.  

Drainage structures in need of immediate structural repair were considered a primary 
problem. Routine maintenance needs required to maintain the capacity of the drainage 
system were classified as secondary problems. Applying these criteria resulted in no 
primary or secondary problem areas under this category. 

5.1.2  Habitable Buildings 
The hydrologic and hydraulic computer models developed by USGS (Phase 1) included 
the estimation of the 2-, 5-, 10-, 50-, 100-, and 500-year peak stormwater flow rates and 
resultant water surface elevations (WSEs). For the purposes of this study, frequent 
habitable building flooding (2- and 5-year design storms), typically caused by an altered 
drainage system, was considered a primary problem. Applying these criteria resulted in 
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one primary habitable building problem area located along the south tributary and 
adjacent to Bobcat Circle. 

Habitable buildings being impacted from the 10-, 50-, and 100-year design storms occur 
much less frequently, and therefore were classified as secondary problems. Secondary 
problems are typically associated with deficiencies within the adjacent altered drainage 
system, which is identified as the cause of the flooding. 

Habitable buildings located in the natural 100- and 500-year floodplains were not 
considered primary or secondary problem areas. However, under unique circumstances, 
buildings located within the natural (rural) floodplain could be considered a secondary 
problem. For the Cardwell Branch study area, one secondary problem area was identified 
that addresses habitable buildings located within the natural floodplain. Because 
improvements designed to remove habitable buildings from the natural floodplain are 
cost-prohibitive, identifying low cost options is the preferred approach, which is further 
discussed in Section 5.3.  

5.1.3  Natural Streams  
The geomorphic evaluation discussed in Section 4 was used to identify primary and 
secondary stream instability problems. Each stream instability problem was assigned a 
category based on the descriptions below.  

Category 1 – Hazard. These stream conditions pose a near-term threat to public safety 
or significant infrastructure and should be repaired promptly. Sites exhibiting clear 
evidence that a long delay in treatment will potentially lead to a permanent loss of 
property or a dramatic increase in the cost of treatment directly associated with the 
progression of the problem receive a Category 1 rating.  

Category 2 – Systemic. These sites, while not posing an immediate public hazard, are 
fundamentally unstable with clear influence elsewhere in the watershed. The series of 
knickpoints mentioned above is an example of this case. While the knickpoints may 
pose no immediate threat if left untreated, the incision migrating throughout the 
watershed will. As the bed elevation drops, bank heights increase and consequently so 
does the risk of mass wasting, the generation of massive sediment, and the risk of 
bridge and culvert sedimentation. Category 2 problem areas are not emergencies but 
should be addressed as soon as funding permits.  

Category 3 – Supporting Systemic. Like the Category 2 problems, these sites include 
ongoing channel adjustment conditions. However, either because of location in the 
watershed or particularly robust channel conditions, propagation of the problem is 
less likely or is proceeding relatively slowly.  

Category 4 – Localized. These problems are distinct from the two previous categories 
in that the cause is local rather than systemic. Examples of this type of problem 
include overbank drainage, removal of riparian corridor, and debris dumping.  

Category 5 – Preservation. These are opportunities to protect the higher quality 
reaches of Cardwell Branch. In addition to the aesthetic, water quality, and habitat 



Section 5 
Capital Improvement Projects 

  5-3 
P:\22036 (Lincoln, NE)\50948 (Deadmans-Cardwell)\Reports\Cardwell Branch\Section 5\Section 5.82907sk.doc 

benefits, protecting the better functioning reaches provides a reference point for 
reclaiming the damaged areas. Moreover, the presence of self-managing reaches 
buffers some of the effects of stream degradation. 

Category 6 – Enhancements. These are opportunities to prevent future problems, 
reduce water and sediment conveyance stress on the stream system, or to otherwise 
improve stream performance. This category includes improvements that increase 
infiltration, dissipate or direct energy, or reestablish a normal grade for streambanks. 

Categories 1 and 2 are considered primary problem areas. In addition, Category 3 areas 
located within the City of Lincoln’s Tier 1 growth area were also considered primary problem 
areas, due to the near-term growth potential. Category 3 areas located outside of the Tier 1 
growth area were considered secondary problems, as were all Category 4, 5, and 6 locations.  

None of the problem areas were given a Category 1 designation, while 7 problem areas were 
assigned as Category 2 and 1 problem area was assigned as Category 3 (within Tier 1 
growth area), for a total of 8 primary problem areas. A total of 27 secondary problems was 
identified that received a priority of 3 (outside of Tier 1 growth area), 4, 5, or 6. 

5.2  Primary Problem Area Improvements 
Conceptual recommended improvements were developed to address each primary 
problem area, which form the basis for the CIPs. For the Cardwell Branch study area, 
nine primary problems were identified and are shown on Figure 5-1. Eight of the 
primary problems were classified as stream instability problems, while one was 
classified as a habitable building flooding issue. A brief description of each CIP is 
provided below, followed by the results of applying the City’s prioritization process to 
these projects. 
 
5.2.1  Capital Improvement Projects 
The total estimated conceptual level cost estimate for the nine CIPs is approximately $3.2 
million. Detailed cost information is presented in Appendix E. All costs are in 2007 dollars. 
The cost estimates do not include costs for easements or land rights, hazardous waste 
remediation, utility relocation, or rehabilitation. The nine CIPs are described on the 
following pages. 
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Figure 5-1
Cardwell Branch CIP Locations
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Project CB-1 location area, looking upstream 

Project CB-1: Main Stem, Station 319+50 to 322+80 – Grade Control Incising Channel 
(Category 2) 

Problem Description: Extensive downcutting, a 
relatively narrow lower channel and at least one 
knickpoint was observed in this segment. 
Accumulations of woody debris apparently 
have slowed the rate of incision; but, through 
the presence of the knickpoint in the bare 
channel, incision has not been abated. 
Continued incision will generate more woody 
debris, as well as generate significant sediment. 
Further, the upstream migration of incision will 
erode the channel and degrade the banks 
upstream and along this segment. Further 
accumulation and raising of woody debris 
along existing locations of the main stem may contribute to backpooling behind the 
debris and thereby lead to uncontrolled flooding. 
 
Recommended Interventions: Placing several grade controls to arrest incision and direct 
flows along the fairly tight meanders. The grade controls should be Newbury-type rock 
structures with gently sloping tailwater ramps. The grade controls should be shaped to 
direct flows through the tight meanders as well as manage meander migration. Other 
than vegetating the transitions upstream and downstream of the grade controls, the 
current condition of the banks does not warrant further stabilization. 
 

 
 
Estimated Project Cost: $228,900 
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Project CB-2 location area, looking 
downstream from SW 27th Street culvert

Project CB-2: Main Stem at SW 27th Street Crossing, Station 241+60 to 242+80 – Grade 
Control Headcut at Road Crossing (Category 2) 
 
Problem Description: The headcut underneath 
and downstream of the crossing is currently 
stabilized by ongoing armoring of the channel. 
The channel bed elevation difference upstream 
and downstream of the crossing is 4.0 feet for a 
channel slope in excess of 0.03 ft/ft, indicating 
the presence of a knick zone. This slope is 
highly unstable for the natural bed and bank 
soils and will cause significant degradation of 
the channel under the crossing and downstream 
of the crossing. Should the knick zone under 
this crossing be allowed to migrate upstream, 
the channel will incise as deep as 4 feet, thereby 
causing bank instability and significant generation of sediment and woody debris. In 
particular, this woody debris could block the crossing. 
 
Recommended Intervention: Stabilizing the knick zone more permanently with a stepped-
grade control structure immediately downstream of the crossing with a scour pool. The 
grade control structure shall be constructed of crushed stone with a cross-sectional shape 
that directs the flow toward the center of the channel. The scour pool shall be sized to 
properly dissipate energy at the end of the stepped structure. The current condition of the 
banks does not necessitate extensive bank stabilization other than what would be required 
for the installation of the stepped-grade control and scour pool. 
 

 
 
Estimated Project Cost: $349,300 



Section 5 
Capital Improvement Projects 

  5-7 
P:\22036 (Lincoln, NE)\50948 (Deadmans-Cardwell)\Reports\Cardwell Branch\Section 5\Section 5.82907sk.doc 

Project CB-3 location area, looking upstream
at check dam 

Project CB-3: Main Stem, Station 206+50 to 212+00 – Grade Control Flanked Check 
Dam (Category 2) 
 
Problem Description: The 2-feet high check 
dam, which crosses the channel near the 
upstream portion of this segment, was 
flanked along the right descending bank. It 
is no longer controlling the grade in the 
channel and is manifesting itself into a 
headcut. If left unabated, this headcut will 
migrate upstream. The eroded channel will 
raise the banks, exposing bare ground below 
the root zone. This erosion could potentially 
lead to bank instability, accelerated 
generation of woody debris, and toppling of 
trees and significant sediment generation. 
 
Recommended Intervention: Replace the lost function of the check dam with a series of 
rock grade controls. The grade control structures should be the Newbury-type structures 
with gentle slope tailwater ramps. Vegetating the transitions from the grade controls to 
the adjacent banks would provide a more robust and flexible connection between the 
grade control and natural banks and additional energy dissipation. 
 

 
 
Estimated Project Cost: $275,500 
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 Project CB-4 location area, looking downstream

Project CB-4: Main Stem, Station 74+90 to 103+50 – Grade and Flow Control Active 
Meanders (Category 2) 
 
Problem Description: This segment shows 
active meandering as indicated by alternating 
scoured and bare banks. This active 
meandering is progressing in the downstream 
direction. Typically, the scoured banks were 
bare to nearly bare, and the grass and tree root 
zones are undercut, leaving overhanging to 
imminently overhanging trees. If left unabated, 
this active meandering will continue, scouring 
the banks over a large scale, generating great 
volumes of woody debris and sediment. 
Further, the continuance of this active 
migration could potentially cut off meanders, shorten the channel length, and cause 
incision in a location where incision is currently not a process. 
 
Recommended Interventions: Arrest the active channel meandering by fixing select 
locations of current riffles with rock grade controls. The grade controls should be 
Newbury-type structures with gently sloping tailwater ramps and a cross-sectional 
shape to direct flow. Because of the existing tree and other vegetation cover in place, the 
installation of more robust bank treatments would disrupt the riparian environment 
more than it would improve it. The diversion of the flow away from the bank would 
reduce the shear force on these banks and allow them to mend. Further, vegetating the 
transitions from the grade controls to the adjacent banks would provide a more robust 
and flexible connection between the grade control and natural banks and provide 
additional energy dissipation. 
 

 
 
Estimated Project Cost: $703,600 
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Project CB-5 location area, downstream of 
Cardwell Road 

Project CB-5: Tributary, Station 7+50 to 11+50 – Grade Control Incising Channel 
(Category 2) 
 
Problem Description: Extensive downcutting 
with steep banks are present along this 
segment. At least two knickpoints were found 
in this segment. The sanitary sewer, encased 
in concrete, is exposed immediately 
downstream of the crossing at Cardwell Road 
and forms one of the knickpoints. Continued 
incision could undermine the concrete 
encasement of the sanitary sewer, potentially 
leading to a line break. The continuation of 
incision will also generate more woody debris 
that could block either the tributary or 
Cardwell Branch. Further, the upstream 
migration of incision will erode the channel and degrade the banks upstream and along 
this segment. Additional accumulation of woody debris along existing locations of the 
tributary may contribute to backpooling behind the debris and thereby lead to 
uncontrolled flooding. 
 
Recommended Interventions: Placing grade controls to arrest incision and direct flows 
toward the central portion of the channel. The grade controls should be Newbury-type 
rock structures with gently sloping tailwater ramps. The grade controls should be shaped 
to direct flows through the tight meanders as well as manage meander migration. Other 
than vegetate the transitions upstream and downstream of the grade controls, the current 
condition of and location of the banks does not warrant further stabilization. 
 

 
 
 

 
 

Estimated Project Cost: $237,300 
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Project CB-6 location area, looking upstream at 
check dam 

Project CB-6: South Tributary, Station 101+30 to 129+80 – Grade Control Straightened 
and Incising Channel (Category 2) 
 
Problem Description: This segment of the 
tributary is incised with steep-sided banks and 
a channel slope approaching 0.007 ft/ft. In 
addition, the flows at the bankfull/dominant 
discharge stage exert the highest shear stress 
on the channel over this segment than any 
other in the study area. A knick zone 
approaching 850 feet long is upstream of and 
through a culvert crossing located in the center 
of the problem area. The culvert crossing is in 
poor condition and will likely be flanked or a 
headcut will propagate through the corroded 
bottom, thus potentially creating a 4.5-foot 
high headcut that will ultimately migrate upstream. The banks, with little or no deep root 
reinforcement from woody vegetation, will slough and erode and generate significant 
volumes of sediment. This sediment will accumulate downstream in Cardwell Branch and 
Salt Creek. Further, continued degradation of the banks and lack of stream energy manage-
ment will continue until the channel slope flattens and the channel widens after it incises. 
 
Recommended Intervention: Several rock structures in conjunction with a stepped-grade 
structure and scour pool will manage the channel slope, abate migration of the knick zone, 
and provide longer-term stabilization than the existing culvert. The grade controls should be 
Newbury-style structures, which are hydraulically rough with gentle tailwater slopes. The 
stepped-grade control structure with a scour pool should be placed in the area of the 
existing culvert crossing. The grade control structure shall be constructed of crushed stone 
with a cross-sectional shape that directs the flow toward the center of the channel. 
 

The scour pool shall be sized to 
properly dissipate energy at the 
end of the stepped structure. 
Currently, the banks are in good 
enough condition not to warrant 
bank stabilization other than 
vegetated transitions upstream 
and downstream of each 
structure and around the scour 
pool. Further, the installation of 
the grade controls should 
provide a stabilizing influence 
through diverting flows away 
from the banks and thereby 
reducing the stress on the banks. 
However, the current bank 

vegetation is the invasive reed canary grass. Augmenting the stability of the banks with 
deeper rooted vegetation along the banks near construction access points would prove 
fortuitous. 
 
Estimated Project Cost: $890,100
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  Project CB-7 location area, looking upstream 
at knickpoint

Project CB-7: South Tributary, Station 202+30 to 208+30 – Grade Control Incising Channel 
(Category 2) 
 
Problem Description: This segment of the 
tributary shows signs of incision through 
steep banks and at least two knickpoints. 
Currently one of the knickpoints is abated by 
tree roots that are being undermined such 
that there are little or no mechanisms to 
prevent incision from migrating upstream. 
Unless the headcuts are more permanently 
arrested, the upstream channel will downcut 
and the banks will erode and generate 
significant volumes of excess sediment that 
will accumulate downstream in the Cardwell 
Branch main stem and Salt Creek. Further, the 
stable channel upstream of this incised segment will not be preserved. 
 
Recommended Intervention: Several rock structures will abate migration of the 
knickpoints or headcuts and will provide long-term preservation of the upstream stable 
channels. The grade controls should be Newbury-style structures with hydraulically 
rough surfaces and gently sloping tailwater slopes. Currently, the banks are in good 
enough condition not to warrant bank stabilization other than vegetated transitions 
upstream and downstream of each structure. Further, the installation of the grade 
controls will provide a stabilizing influence through diverting flows away from the 
banks and thereby reducing the stress on the banks. 
 

 
 
Estimated Project Cost: $216,300 
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Project CB-8 location area, looking upstream 
at knickpoint 

Project CB-8: South Tributary, Station 213+40 to 218+70 – Grade Control Incising 
Channel (Category 2) 

Problem Description: This segment of the 
tributary shows signs of incision through steep 
banks and at least one knickpoint. Currently, 
there are no mechanisms to prevent incision 
from migrating upstream. Unless the headcuts 
are arrested, the upstream channel will 
downcut and the banks will erode and generate 
significant volumes of excess sediment that will 
accumulate downstream in Cardwell Branch 
main stem and Salt Creek. Further, the stable 
channel upstream of this incised segment will 
not be preserved. 
 
Recommended Intervention: Several rock structures will abate migration of the knickpoints 
and will provide long-term preservation of the upstream stable channels. The grade controls 
should be Newbury-style structures with hydraulically rough surfaces and gently sloping 
tailwater slopes. Currently, the banks are in good enough condition not to warrant bank 
stabilization other than vegetated transitions upstream and downstream of each structure. 
Further, the installation of the grade controls should provide a stabilizing influence through 
diverting flows away from the banks and thereby reducing the stress on the banks. 
 

 
 
Estimated Project Cost: $226,600 
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Project CB-9 Cardwell Woods 
Existing Drainage Pattern 

Project CB-9: South Tributary, Station 25+30 to 27+09 – Local Earth Berm 

Problem Description: During a severe rainstorm 
(5-year storm and greater), floodwaters are diverted 
from the south tributary into a side channel through a 
“notch” along the streambank. The streambank notch is 
located just upstream of Bobcat Circle. Once the flow is 
diverted through the streambank notch, the floodwater 
is conveyed within a side channel located along the 
backyards of several buildings along Bobcat Circle, 
which has the potential to cause flooding. As discussed 
in Section 2.2, this flooding situation was observed by 
USGS staff during a recent rainstorm that occurred on 
May 5, 2007. 
 
Recommended Intervention: This improvement project 
consists of constructing an earth berm that extends across the “notch.” The earth berm 
extending across the notch would be approximately 6 feet high with 3:1 side slopes, and 
designed to retain floodwaters within the channel 
during most flooding conditions. A pipe with flap 
gate would need to be constructed as part of the 
earth berm for local drainage back to the tributary. 
The pipe and flap gate would require regular 
maintenance. A potential alternative to the pipe and 
flap gate would include regrading the side channel 
so that local drainage would flow to the east and 
then north to Cardwell Road. The earth berm would 
provide flood protection for buildings along Bobcat 
Circle; however, the berm would not meet FEMA 
standards to remove buildings along Bobcat Circle 
from the floodprone area. 
 
The proposed implementation plan for this project would involve shared responsibility 
between the public and private sectors for design, construction, right-of-way, and long-term 
maintenance. 
 

  
Estimated Project Cost: $45,200 

Flooding at “notch” on May 5, 2007
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5.2.2  Prioritization 
The prioritization of Cardwell Branch CIPs was completed according to the prioritization 
system that was developed for the City and NRD by a peer review committee to set 
priorities for the implementation of watershed master planning projects. The peer review 
committee consisted of local consultants along with City, State, and NRD staff who 
provided input and suggestions regarding the prioritization criteria and appropriate 
weighting of the selected criteria. The prioritization system was specifically developed for 
CIPs that are part of the ongoing watershed master planning efforts. 
 
The prioritization system contains five major categories as summarized below: 

Flooding Impacts – This category identifies the impact of floodwater encroachment on 
structures, public or private property, parking lots, public utilities, or other infrastructure. 
The flooding potential can be identified through hydrologic and hydraulic analysis, study 
of topographic maps, field investigation, and recorded historic problems. This category is 
further divided according to the frequency of the flooding – flooding that occurs at a more 
or less frequent rate than the 10-year storm event. Projects primarily intended to address 
structural or nonstructural flooding will usually incorporate a high or low risk safety 
factor and may, if applicable, incorporate stream stability or water quality benefits. 

Stream Stability – This category identifies the impacts of channel erosion – the transport 
and undermining of soil by stream flow or overland flow. Channel erosion can threaten 
structures, public property, parking lots, public utilities, or other public infrastructure. 
Channel erosion can also endanger streams, wetlands, lakes, conservation easements, 
buffer zones, or other natural resources. The stream stability and erosion threat may be 
identified through basic visual observation, not strictly using a fluvial geomorphic 
assessment. This category is further divided according to the nature of the erosion, 
aggressive channel downcutting as compared to gradual channel widening. Projects 
primarily intended for stream stability typically will not incorporate flooding impact 
benefits, though will incorporate water quality benefits. 

Water Quality – This category identifies the impacts of water quality. A number of 
geomorphic mechanisms can adversely affect water quality through increased 
pollutant loading. The water quality benefits broken down in this category reflect the 
types of projects developed during watershed master planning efforts. This category is 
further divided according to the perceived scope of the project benefits, with greater 
emphasis placed upon projects with broad based impacts. Projects primarily intended 
for water quality typically will not incorporate flooding impact benefits, though may 
incorporate stream stability benefits. 

Safety Factor – This category identifies benefits to the potential threat to public health 
and safety. The potential for loss of life or bodily injury may include individuals 
trapped in structures during flooding or vehicles being swept away by floodwater. A 
safety factor is generally associated with projects addressing structural or nonstructural 
flooding, though may be associated with stream stability or water quality projects. 

Miscellaneous Factors – This category identifies various other miscellaneous factors 
and additional considerations that have not been addressed in the previous four 
categories. Examples of other factors include but are not limited to: project location, 
development status, adjacent projects, complaints, and outside funding opportunities. 
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For each project, a ranking worksheet was used to assign points under each category, 
with the goal of developing an overall score. The projects with the highest point score are 
considered a higher priority. Appendix F provides a copy of each ranking worksheet. 
Table 5-1 lists the results of the ranking scores for the eight CIPs within the Cardwell 
Branch study area. For projects with the same overall score, engineering judgment was 
used to finalize the ranking. 

Table 5-1
Cardwell Branch Priority Ranking Results

Project No. Overall Score Project Ranking Project Cost 
CB-1 170 9 $228,900  
CB-2 205 2 $349,300  
CB-3 190 5 $275,500  
CB-4 205 3 $703,600  
CB-5 205 4 $237,300  
CB-6 190 6 $890,100  
CB-7 185 7 $216,300  
CB-8 185 8 $226,600  
CB-9 245 1 $45,200  

Total $3,172,800  
 
As implementation begins on the Cardwell Branch CIPs, the priority of these projects will 
need to be reviewed and weighted against other projects included in adopted watershed 
master plans. 

5.3  Secondary Problem Area Improvements 
The majority of the secondary problem areas consists of stream instability problems. In 
addition, there is one location where habitable buildings are located within the natural 
floodplain, which was identified during the floodplain mapping update process 
conducted by USGS. The secondary problem area locations are illustrated on Figure 5-2 
and summarized below. 

5.3.1  Habitable Building 
As discussed in Section 1.1, the Cardwell Branch watershed planning process is being 
conducted using a two-phased approach. Phase 1, called the Cardwell Branch Watershed 
Assessment was recently completed by USGS (Section 2.2). One of the major outcomes of 
the Phase 1 planning process was updated floodplain mapping, which is being reviewed 
by FEMA. In the interim, the City has adopted the study floodplain maps for the purposes 
of locally regulating the floodprone areas until the FEMA approval process is finalized. 

During the Phase 1 public participation process, property owners along Bobcat Circle 
expressed their concern about residences being shown within the study floodprone areas 
that are not currently shown within the existing published FEMA floodplain. In response 
to these public concerns, the City and NRD evaluated feasible low cost solutions as part of 
the Master Plan effort to reduce the width of the floodprone area along this tributary reach. 
A potential feasible low cost solution is described below. 

5.3.1.1  Potential Feasible Low Cost Solution  
The goal of this evaluation was to identify a feasible low cost solution to reduce the width 
of the floodprone area along the Cardwell Branch south tributary that drains parallel to 
Bobcat Circle. 
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Figure 5-2
Cardwell Branch Secondary Problem Area Locations 
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To achieve the goal of floodplain reduction, various watershed improvements were 
considered as potential solutions: grading modifications, multi-use detention, natural 
channel modifications, and diversion channels. However, only one alternative, grading 
modifications, was determined to be both low cost and provide flood reduction benefits to 
the affected property owners. A brief description of the recommended solution is provided 
below, while Section 5.3.1.2 describes the other alternatives that were considered. The 
recommended solution is provided as a response to the concerns of local residents and 
could be completed as a private project.  

Project CB-10: Grading Modifications 
The recommended improvement project consists of regrading the properties located 
adjacent to the stream by placing fill in the rear of the properties. The placement of fill 
would require the buildings to have traditional basements, thereby eliminating the walk-out 
basement feature. These modifications would elevate the low-flow opening of the building, 
thus providing additional flood protection to the structure. The estimated project cost per 
property ranges from $15,000 to $25,000, which would be funded by the property owner. A 
list of advantages and disadvantages for this alternative follows: 

Advantages 
Provides 100-year flood protection for individual buildings along Bobcat Circle. 

Removes individual buildings from the FEMA floodplain, if the grading modifications 
are completed prior to FEMA adopting the study floodplain. 

Disadvantages 
The property owner will need to retain the services of a professional surveyor to fill 
out the necessary FEMA documents (MT-EZ Form) verifying the low-flow opening of 
their building. 

The placement of fill and elimination of the walk-out basement feature will affect the 
functionality and appearance of the property. 

5.3.1.2  Other Alternatives Examined  
Several other alternatives were evaluated to address the future flooding potential along 
Bobcat Circle. A brief description of each alternative is provided below. 

Regional Detention Basin 
This alternative includes the construction of a regional detention basin shown on Figure 5-3. 
The basin would control the stormwater runoff from the upstream tributary area. The 
regional detention basin would provide downstream flood control benefits by reducing the 
100-year peak flow rates by approximately 90 percent immediately downstream of the basin 
and approximately 50 percent near SW 27th and Cardwell Road. The basin would also lower 
100-year floodplain elevations almost 2 feet in portions of the Cardwell Woods homeowners’ 
association near SW 27th and Cardwell Road. However, the magnitude of this flow reduction 
is not enough to provide 100-year flood protection for all of the buildings located along 
Cardwell Road and Bobcat Circle. The estimated project cost for this alternative ranges from 
$500,000 to $750,000, which does not include costs to acquire land rights. If this alternative is 
further pursued, additional analysis should be performed to compare cost/benefit ratios 
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Figure 5-3 
Cardwell Branch Potential 
Regional Detention Basin 

with other alternatives, as well as determine public acceptance of a regional detention 
facility. A list of advantages and disadvantages for this alternative follows: 

Advantages  
Reduces the potential magnitude of flooding along Bobcat Circle and Cardwell Road. 

The detention basin could be designed as a multiuse facility with potential water 
quality features, recreational features, and long-term stream stability benefits. 

Disadvantages 
The detention basin does not provide 
100-year flood protection for all of the 
buildings along Bobcat Circle. 

Requires land rights for 80 to 90 acres. 

Channel Modifications 
This alternative includes modifying the 
stream segment adjacent to Bobcat Circle by 
constructing approximately 150-foot-wide 
flood benches on each side of the creek to 
increase the conveyance capacity of the 
stream. The flood benches would be 
constructed to maintain the low flow 
channel configuration (2-year design storm 
or bank full stage), while maintaining 
positive drainage towards the main channel. 
The flood benches would transition back to 
existing grade with 2:1 side slopes stabilized 
with bioengineering methods. 

The proposed channel modifications would 
reduce the magnitude of future flooding along this reach, but would not provide enough 
additional conveyance capacity to provide 100-year flood protection for buildings along 
Bobcat Circle. The estimated project cost for this alternative ranges from $500,000 to 
$700,000. A list of advantages and disadvantages for this alternative follows: 

Advantages 
Reduces the potential magnitude of flooding along Bobcat Circle. 

Disadvantages 
The channel improvements do not provide 100-year flood protection for buildings 
along Bobcat Circle. 

The riparian vegetation and habitat adjacent to the stream will be eliminated during 
channel construction. 

Flood benches would have significant use and aesthetic impacts on the yards of the 
adjacent residences. 
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Will require land rights and cooperation from several landowners, which costs are not 
included in this estimate. 

Channel Modifications with Overflow Swale  
This alternative includes the channel modification described above and provides a 
supplemental overflow swale to provide additional conveyance capacity during flooding 
conditions. During a severe rainstorm, once the maximum capacity of the channel is 
achieved, the overflow swale would divert excess floodwaters from the channel to minimize 
future flooding potential. The overflow swale would be designed to eventually drain back 
into the main channel of Cardwell Branch at a location north of Bobcat Circle. The estimated 
project cost for this alternative ranges from $600,000 to $800,000. A list of advantages and 
disadvantages for this alternative follows: 

Advantages 
Provides 100-year flood protection for buildings along Bobcat Circle and would remove 
residences along Bobcat Circle from the FEMA floodplain through a Letter of Map 
Revision process. 

Disadvantages 
The construction of the overflow swale would require modifications to the local 
drainage paths in the neighborhood. 

The riparian vegetation and habitat adjacent to the stream will be eliminated during 
channel construction. 

Flood benches would have significant use and aesthetic impacts on the yards of the 
adjacent residences. 

Will require land rights and cooperation from several landowners, which costs are not 
included in this estimate. 

Regional Detention with Overflow Swale 
This alternative combines the regional detention facility and the supplemental overflow 
swale concept as described above. The estimated project cost for this alternative ranges from 
$700,000 to $900,000. A list of advantages and disadvantages for this alternative follows: 

Advantages 
Provides 100-year flood protection for buildings along Bobcat Circle and would 
remove residences along Bobcat Circle from the FEMA floodplain through a Letter of 
Map Revision process. 

The riparian vegetation and habitat adjacent to the stream will be preserved. 

Disadvantages 
The construction of the overflow swale would require modifications to the local 
drainage paths in the neighborhood. 

Costs do not include land rights, which would be significant. 
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5.3.2  Natural Streams 
The majority of secondary problem areas are associated with natural stream instability 
areas. These problem areas are not as serious as the stream instability problems classified 
as primary problems, but should be addressed in conjunction with other infrastructure 
projects occurring in the watershed. For example, many of the secondary stream instability 
problems could be addressed at the same time roadways are improved and water and 
wastewater pipelines are installed, if they are located in the same general vicinity. In 
addition, many of these secondary problems could be combined with routine maintenance 
activities. Secondary problems could also be addressed as a private project; however, close 
coordination with the City, County, and NRD would be required. 

Project CB-11: Main Stem, Station 350+00 to 354+30 - Grade control straightened 
channel (Category 6) 
Problem Description: This segment of the main stem is widening. 
Recommended Intervention: Install several rock structures to direct flow, keep the stable 
upstream segment intact, and provide longer-term stabilization than debris jams. 

Project CB-12: Main Stem, Station 345+60 to 346+70 - Further stabilize SW 40th Street 
channel crossing (Category 6) 
Problem Description: The crossing is recognized as an existing grade control along the 
main stem. 
Recommended Intervention: Place rock grade controls to protect the crossing. 

Project CB-13: Main Stem, Station 247+00 to 327+20 - Manage channel grade and 
stabilize woody debris grade controls (Category 6) 
Problem Description: Accumulations of woody debris at numerous locations have 
apparently acted as de facto grade controls. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization than debris jams and maintain channel grade. 

Project CB-14: Main Stem, Station 227+00 to 234+90 - Manage channel upstream and 
downstream of confluence with Main Tributary (Category 6) 
Problem Description: Any lowering of this channel could also trigger a headcut or 
accelerate headcuts along the main tributary.  
Recommended Intervention: Install several rock structures to provide longer-term 
maintenance of the channel grade. 

Project CB-15: Main Stem, Station 140+40 to 185+60 - Manage channel grade and 
stabilize woody debris grade controls (Category 6) 
Problem Description: Accumulations of woody debris at numerous locations apparently 
have acted as grade controls. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization than debris jams and maintain channel grade. 

Project CB-16: Main Stem, Station 131+60 to 130+40 - Further stabilize SW 12th Street 
channel crossing (Category 6) 
Problem Description: The crossing is recognized as an existing grade control along the 
main stem. 
Recommended Intervention: Place rock grade controls to protect the crossing. 
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Project CB-17: Main Stem, Station 110+70 to 128+80 - Manage channel grade and 
stabilize woody debris grade controls (Category 6) 
Problem Description: Accumulations of woody debris at several locations apparently have 
acted as de facto grade controls. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization than debris jams and maintain channel grade. 

Project CB-18: Main Stem, Station 116+60 to 114+00 - Bank toe projection and flow 
vanes and grade control (Category 4) 
Problem Description: The full height of the left descending bank is bare with little or no 
root reinforcement.  
Recommended Intervention: Divert flow from the left descending bank toward the center 
of the channel using large rock along the toe of the bank and the use of flow vanes and a 
grade control. 

Project CB-19: Main Stem, Station 24+10 to 71+70 - Manage channel grade and stabilize 
woody debris grade controls (Category 6) 
Problem Description: Accumulations of woody debris at several locations apparently have 
acted as de facto grade controls. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization than debris jams and maintain channel grade. In areas of sparse woody 
vegetation, we recommend augmenting tree and brush plantings. 

Project CB-20: Main Stem, Station 57+40 to 62+80 - Bank toe projection and flow vanes 
and grade controls (Category 4) 
Problem Description: The right descending bank is bare with little or no root 
reinforcement along its full height.  
Recommended Intervention: Divert flow from the left descending bank toward the center of 
the channel using large rock along the toe of the bank and the use of flow vanes and grade 
controls. 

Project CB-21: Main Stem, Station 22+60 to 23+20 - Further stabilize South 1st Street 
channel crossing and beaver dam grade control (Category 6) 
Problem Description: The crossing and beaver dam are recognized as an existing grade 
control along the main stem. 
Recommended Intervention: Place rock grade controls to protect the crossing. 

Project CB-22: Main Stem, Station 9+50 to 20+30 - Manage channel grade and stabilize 
woody debris grade controls (Category 6) 
Problem Description: Accumulations of woody debris at several locations have apparently 
acted as de facto grade controls. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization than debris jams and maintain channel grade. We also recommend particular 
monitoring for channel adjustments. 

Project CB-23: Tributary, Station 0+00 to 5+40 - Grade control incising channel (Category 3) 
Problem Description: Downcuttings with steeper banks are present along this segment 
with at least two knickpoints found in this segment. 
Recommended Intervention: Place grade controls to arrest incision and direct flows toward 
the central portion of the channel. 
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Project CB-24: Tributary, Station 19+50 to 20+30 - Bank toe projection and flow vanes 
and grade control (Category 4) 
Problem Description: The full height of the left descending bank is bare with little or no 
root reinforcement. 
Recommended Intervention: Divert flow from the left descending bank toward the center 
of the channel using large rock along the toe of the bank and the use of flow vanes and a 
grade control. 

Project CB-25: Tributary, Station 11+50 to 27+00 - Further stabilize channel between 
Category 3 grade controls (Category 6) 
Problem Description: Although knickpoints were not found along this segment, the 
channel slope merits monitoring and potential interventions. 
Recommended Intervention: Place several rock grade controls to protect and maintain 
grade between Category 3 grade controls. 

Project CB-26: Tributary, Station 27+00 to 43+40 - Grade control incising channel 
(Category 3) 
Problem Description: Incision and the presence of several knickpoints were observed 
along this segment. 
Recommended Intervention: Place several rock structures to manage the channel slope and 
abate migration of the knickpoints or headcuts and to provide longer-term stabilization 
than debris jams or roots crossing the channel. 

Project CB-27: Tributary, Station 42+30 to 53+40 - Further stabilize SW 27th Street 
channel crossing and in between Category 3 grade controls (Category 6) 
Problem Description: The crossing is recognized as an existing grade control along the 
main stem. 
Recommended Intervention: Place several rock grade controls to protect the crossing and 
maintain grade between Category 3 grade controls. 

Project CB-28: Tributary, Station 50+80 to 64+10 - Grade control incising channel 
(Category 3) 
Problem Description: Extensive downcutting and relatively narrow lower channel was 
observed with at least one knickpoint found in this segment. 
Recommended Intervention: Place grade controls to arrest incision and direct flows along 
the fairly tight meanders in the upstream portion of this segment. 

Project CB-29: Tributary, Station 66+60 to 97+00 - Manage channel grade and stabilize 
woody debris grade controls (Category 6) 
Problem Description: Accumulations of woody debris at several locations have apparently 
acted as de facto grade controls. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization than debris jams and maintain channel grade. 

Project CB-30: Tributary, Station 121+60 to 146+00 - Manage channel grade between 
Category 2 and 3 interventions (Category 6) 
Problem Description: The channel has been manipulated to varying degrees over the years. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization to maintain channel grade. 
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Project CB-31: Tributary, Station 146+00 to 158+20 - Grade control straightened and 
incising channel (Category 3) 
Problem Description: This segment of the tributary was straightened and most of the 
deep-rooted riparian vegetation was removed. 
Recommended Intervention: Place several rock structures to manage the channel slope and 
abate migration of the perceived headcut. 

Project CB-32: Tributary, Station 162+90 to 164+30 - Further stabilize Rokeby Road 
channel crossing (Category 6) 
Problem Description: The crossing is recognized as an existing grade control along the 
main stem. 
Recommended Intervention: Place rock grade controls to protect the crossing. 

Project CB-33: Tributary, Station 166+80 to 181+60 - Grade control incising channel 
(Category 3) 
Problem Description: Extensive downcutting and relatively narrow lower channel with at 
least one knickpoint were found in this segment. 
Recommended Intervention: Place grade controls to arrest incision and direct flows along 
the fairly tight meanders in the upstream portion of this segment. 

Project CB-34: Tributary, Station 184+80 to 192+80 - Manage channel grade and stabilize 
woody debris grade controls (Category 6) 
Problem Description: Accumulations of woody debris at several locations have apparently 
acted as de facto grade controls. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization than debris jams and maintain channel grade. 

Project CB-35: Tributary, Station 194+60 to 201+00 - Grade control straightened and 
incising channel (Category 3) 
Problem Description: This segment of the tributary was straightened and most if not all of 
the deep-rooted riparian vegetation was removed. 
Recommended Intervention: Place several rock structures to manage the channel slope and 
abate migration of headcuts and to provide longer-term stabilization than debris jams. 

Project CB-36: Tributary, Station 204+50 to 212+30 - Manage channel grade between 
Category 2 interventions (Category 6) 
Problem Description: Accumulations of woody debris at several locations apparently have 
acted as de facto grade controls. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization than debris jams and maintain channel grade. 

Project CB-37: Tributary, Station 220+60 to 241+70 - Manage channel grade at the Main 
Tributary headwaters (Category 6) 
Problem Description: The potential exists for headcuts to form along this segment and 
migrate upstream through stable channels. 
Recommended Intervention: Install several rock structures to provide longer-term 
stabilization to maintain channel grade. 
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Section 6 
Implementation 
 
While the Cardwell Branch watershed is predominately undeveloped, this area will be 
experiencing growth in the coming years. Therefore, it is appropriate to start establishing 
the foundation for implementing the recommendations outlined in Section 3. Specifically, 
the following list of items needs to be accomplished following the adoption of the study. 

6.1  Policy and Ordinances 
Drainage Criteria Manual Revisions - The City’s manual will need to be updated to 
reflect the recommendations outlined in Section 3. These revisions include BMP 
design criteria to support the integrated detention facility or alternative site design 
approach. The design criteria would also include the necessary maintenance activities. 

Ordinances - The implementation of site-specific structural BMPs and required 
maintenance activities will require modifications to City ordinances.  

Opportunity Area Protection - If parcel acquisition is the desired method to protect 
the two general planning locations, referred to as Opportunity Areas 1 and 2, 
coordination efforts between the City, NRD, and the County will be required to define 
the parcel boundaries. 

6.2  Maintenance and Funding 
Maintenance Agreements - The drainage standards should be revised to establish 
uniform criteria for the development of a maintenance plan for stormwater facilities to be 
submitted with the preliminary plat and referenced in the subdivision agreement. A good 
maintenance plan will not only provide a guide for future owners but will help ensure 
that maintenance responsibilities are clear when ownership is transferred from the 
developer. The facility owner should be required to perform inspections at a specified 
frequency and submit inspection forms to the regulatory agency. Penalties for breach of 
agreement should be clearly stated. The City and NRD should obtain legally binding 
agreements with property owners stating that the stormwater facilities for the site will not 
be altered and will be maintained as needed to achieve their original design intent. 

Cost-Share Program - As discussed in the adopted Stevens Creek Watershed Master 
Plan, a cost-share program is anticipated to be implemented to address both 
construction and maintenance of site-specific structural BMPs. The Cardwell Branch 
Master Plan embodies the same cost-share concept as described in the Stevens Creek 
Master Plan, which includes a public-private agreement where the City and NRD share 
in the cost of constructing the BMP portion of the facility, jointly providing funding for 
$100 of the $210 cost estimated per acre of drainage area. City and NRD funding is 
anticipated to be provided on a first-come, first-serve basis and be contingent upon City 
and NRD approval of the proposed cost-share program. In addition, the cost-share 
program would be subject to yearly budget approvals, voter approval of general 
obligation bonds, and NRD board approval. 
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6.3  Education Program 
Water Quality Education - A proactive education program focusing on water quality 
issues should be developed to educate homeowners associations and private facility 
owners. The program may include a water quality seminar to address the primary 
sources of stormwater pollution; the methods for pollution reduction and removal, 
including both nonstructural and structural BMPs; and the proposed new 
maintenance requirements. 

Demonstration Project – The City and NRD are in the process of constructing two 
demonstration projects that incorporate water quality BMPs into stormwater detention 
facilities through a partnership with the private sector. Once constructed, an 
evaluation should be completed to determine benefits and challenges of BMP 
incorporation into traditional stormwater detention facilities and to provide education 
on incorporating water quality features into private development in the future. 

Structural BMP Design Workshop - A Structural BMP Design workshop could be 
held to educate engineers and developers on designing and constructing structural 
BMPs. Providing this education will ensure proper BMP design, which will streamline 
the plan review process. The workshop would primarily focus on design guidance for 
extended wet and dry detention basins. 

Natural Channel Design Workshop - A Natural Channel Design workshop could be 
held for engineers and developers focused on using bioengineering and geomorphic 
techniques for stream stabilization. The workshop would include proper design 
techniques for grade control structures and streambank stabilization materials. 

6.4  Coordination Efforts 
A cooperative agreement between the City, NRD, and the County needs to be 
established to guide the implementation of the Master Plan. For example, as roadways 
are upgraded, the design data developed for stream crossings should be used during the 
design. In addition, the design, construction, and maintenance of structural BMPs need 
to be closely monitored and enforced by all agencies to make sure these facilities are 
properly managed. Lastly, many of the secondary problems can be addressed as part of 
ongoing County maintenance activities and/or combined with other City department or 
NRD projects. 
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Section 7 
Glossary of Terms and References 
7.1  Glossary of Terms 
The following terms and acronyms are used throughout the report. 

P 2-year design storm - A rainfall event with a probability of occurrence of 50 percent in 
any given year. 

P 5-year design storm - A rainfall event with a probability of occurrence of 20 percent in 
any given year. 

P 10-year design storm - A rainfall event with a probability of occurrence of 10 percent in 
any given year.  

P 50-year design storm - A rainfall event with a probability of occurrence of 2 percent in 
any given year. 

P 100-year design storm - A rainfall event with a probability of occurrence of 1 percent in 
any given year. 

P 500-year design storm - A rainfall event with a probability of occurrence of 0.2 percent 
in any given year. 

P Bank angle - The angle measured from the horizontal between the base of the slope and 
the top of bank. For complex cross sections, it is the series of angles measured from the 
horizontal at each change in slope. 

P Bankfull elevation - In classical terms, the elevation in the channel where water surface 
reaches the top of the streambanks, also referred to as “top-of-bank” elevation. When 
the water surface rises above the bankfull elevation, it crests the banks and spills over 
onto the bankfull floodplain. In urban streams, the bankfull elevation generally 
coincides with the dominant discharge elevation. This elevation corresponds to the 
stream forming flow, which creates bankfull floodplains. 

P Bankfull floodplain - The bankfull floodplain is a low, vegetated terrace, formed by, and 
an indicator of, the bankfull discharge. In incised streams, bankfull floodplains form as 
internal shelves within the main channel. While not an absolute diagnostic, functioning 
bankfull floodplains indicate stable reaches. Bankfull floodplains fulfill the important 
function of reducing stress on the streambanks. When the flow crests the internal 
floodplain, the velocity and thereby the shear stress is reduced as the flow spreads 
across the internal shelf. 

P Base flow - In a perennial stream, the low flow discharge attributable to groundwater flow. 

P BFE - Base flood elevation. 

P Bioengineering (also called biostabilization) - A scientific and ancient method of 
restoring the landscape of ecosystems using the physical properties of plants, such as 
their sheer resistance, tensile strength, and flexibility, to rebuild the terrestrial or aquatic 
foundation in a manner that is both physically and ecologically stable (see streambank 
stabilization, synonymous with bioengineering). 



Section 7 
Glossary of Terms and References 

 7-2

P BMP - Best management practice, a structural or nonstructural device designed to 
temporarily store and treat urban stormwater runoff in order to mitigate flooding, 
reduce pollution, and provide other amenities. 

P cfs - Cubic feet per second, a unit of measurement for labeling flow of water. 

P Channel bar - A streambed deposit of silt, clay, sand, or gravel, often exposed during 
low-water periods. An alluvial deposit composed of silt, clay, sand, gravel, or other 
material that obstructs flow and induces deposition or transport. 

P Channel evolution - The progression of channel form (usually expressed as cross 
section) over time as a response to a disturbance. The model describes the progression of 
channel shapes as the stream accommodates the disturbance and eventually reacquires 
equilibrium. The stages of channel evolution in the most commonly used model are 
equilibrium, channel disturbance, incision, widening, deposition, and recovery. 

P CMP - Corrugated metal pipe. 

P Composite revetment - A bank strengthening method in which rock, geogrid, and plants 
form a composite material and increase resistance to scour and near-surface mass 
wasting. The revetment is built in layers comprised of durable rock interlaid with 
woody bare root plants. The thickness of the rock is controlled by geogrid layers 
wrapping the rock on three sides. The channel-facing side remains open. On steep 
slopes, a structural geogrid may also be used to increase slope stability.  

P Contours - Lines of equal elevation that represent the land surface. 

P Conveyance system - Natural channels and manmade structures that convey 
stormwater downstream. 

P Cross section - A one-dimensional line that is drawn perpendicular to the contours to 
represent the open channel flow conveyance at that location. 

P Detention basin - A stormwater facility that collects and temporarily stores runoff to 
reduce peak flow rates and alleviate downstream flooding and erosion problems. 

P DFIRM - Digital Flood Insurance Rate Map 

P Dominant discharge - The dominant stream-forming flow or recurring flow responsible 
for the majority of work and channel maintenance in a stream. It is the flow that over 
time has the greatest influence on stream form. The recurrence interval for the dominant 
discharge of most streams is roughly 1.5 years, as determined by flood frequency 
analysis. In urban areas with highly altered hydrology, this return interval may be much 
more frequent. The dominant discharge is sometimes referred to as the bankfull or 
stream-forming discharge. 

P FEMA - Federal Emergency Management Agency. 

P FIRM - Flood Insurance Rate Map 

P FIS - Flood Insurance Study. 
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P Flood bench - A technique used in stormwater control, when horizontal space is 
available, that removes earth from one or both streambanks such that the result is a 
visible bench when the stream is viewed in cross section, and done to reduce water 
velocity, shear stresses, and water surface elevation. 

P Floodplain - The area of land that is inundated with water during a given storm event. 

P Fluvial geomorphology - The scientific discipline concerned with the study of how 
moving water shapes landforms.  

P ft/sec - Feet per second, a unit of measurement for labeling velocity of water. 

P ft2 – Square foot or square feet, a unit of measurement for labeling area. 

P Geomorphology - The study of surface land forms and the processes that develop those 
forms. Geomorphic processes are the primary mechanisms that produce these land 
forms, including drainage patterns, streams, floodplains, and other watershed features 
(see also fluvial geomorphology). 

P GIS - Geographical information system. 

P GPS - Global positioning system.  

P HEC - Hydrologic Engineering Center of the U. S. Army Corps of Engineers. 

P HEC-HMS - A computer model developed by the U. S. Army Corps of Engineers to 
simulate the hydrologic conditions of a drainage area. 

P HEC-RAS - A computer model developed by the U. S. Army Corps of Engineers to 
simulate the hydraulic conditions of a conveyance system through a drainage area. 

P Hydraulic analysis - The study of stormwater flow through the conveyance system that 
includes underground pipelines, culverts, improved open channels, and natural creeks. 

P Hydraulic Profile - A plot of the water surface elevation along the flow line of a stream 
or pipe. 

P Hydrograph - A plot of surface runoff or excess precipitation versus time. 

P Hydrology analysis - The study of the occurrence, distribution, movement, and 
properties of waters of the earth and their environmental relations. 

P Hyetograph - A plot of rainfall depth or intensity versus time. 

P Impervious - The characteristic of a material that prevents the infiltration or passage of 
liquid through it. This may apply to roads, streets, parking lots, rooftops, and sidewalks. 

P Incision - Vertical channel adjustment, or channel downcutting, generally in response to 
an alteration upstream or downstream of the incising reach. Incision occurs when 
sediment or transport material is more easily removed from the channel bed than it is 
from the streambanks. Bed material is liberated to “heal” a temporary disturbance in 
sediment transport equilibrium or channel shape.  
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P Knickpoint - An abrupt discontinuity in bed slope indicating the upward limit of channel 
incision. A knickpoint usually occurs at a resistant hard point in the channel bed, such as 
a geologic control, debris jams, de facto grade control, or manmade structure. 

P Knickzone - Typically observed in loess or alluvial streams, a knickzone is an area of 
slope discontinuity similar to a knickpoint, but less pronounced and occurring over a 
greater length of channel. In bedrock streams, knickzones occur as a series of smaller 
knickpoints. 

P Left (and right) descending bank - Refers to the either side of the channel in relation to 
the downstream flow of water. For example, left descending bank refers to the left-hand 
side of an in-channel observer facing downstream. This designation is the convention in 
river science and engineering. 

P lf – Linear foot or linear feet, a unit of measurement for labeling length. 

P Longitudinal profile - A profile survey down the thalweg of a stream. A thalweg profile 
is not a channel centerline profile and the two are not interchangeable. Longitudinal 
profiles are used both for diagnosis of dominant process and for design guidance. 
Longitudinal profiles are particularly helpful in identifying knickpoints and knickzones 
and for evaluating pool riffle sequences. 

P Manning’s formula - A formula used to predict the velocity of water flow in an open 
channel or pipeline: V = 1.486/n* R2/3 *S1/2, where V is the mean velocity of flow in feet 
per second; R is the hydraulic radius; S is the slope of the channel, in feet per foot; and n 
is the roughness coefficient of the channel lining. 

P Mass wasting - Landslide, a mass downward movement of material caused by gravity 
in contrast to surficial erosion, which is the movement of individual soil particles. 

P Meander advance - The natural process by which the meander waveform migrates 
downstream. The movement is a consequence of the secondary flows occurring 
perpendicular to the primary downstream flow. These secondary flows alternately 
scour and deposit channel materials. The greatest stress and the greatest scour occur just 
downstream of the apex of a curve on the outside of the bend. Similarly, the peak 
deposition occurs just downstream of the apex on the inside of a bend. Over time, this 
pattern moves the waveform downstream.  

P Meander amplitude - The linear distance between the apex of one meander and the apex 
of the next meander. 

P Meander wavelength - The length of one complete waveform. Wavelength can be 
measured as the linear distance between two analogous points on a waveform.  

P Normal depth - Depth of flow in an open conduit during uniform flow for the given 
conditions (see Manning’s equation). 

P NPDES - The National Pollutant Discharge Elimination System, established by Section 
402 of the Clean Water Act, is a federally mandated system used for regulating point 
source and stormwater discharges. 
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P Open channels - Also known as swales, grass channels, streams, and biofilters. These 
systems are used for the conveyance, retention, infiltration, and filtration of stormwater 
runoff. 

P Outfall - The point where water flows from a conduit, stream, or drain. 

P Perennial stream - A stream channel that has running water throughout the year. 

P Plan form analysis - Evaluation of the horizontal geometry of the shape and size of the 
channels. Plan form analysis provides insight on whether and how parts of the basin 
differ from one another and if the geometric relationships of meanders are within the 
expected norms. 

P Pool-riffle sequences - In a streambed, the combination of topographical lows (pools) 
produced by scour and the topographical high areas (riffles) created by the accumulation 
of relatively coarse-grained sediment. A sequence is defined as the beginning point of 
one riffle to the beginning of the next. 

P RCB - Reinforced concrete box.  

P RCP - Reinforced concrete pipe. 

P Riparian - Woody vegetation that is characteristic of an area bordering a stream or river. 

P Riprap - A loose assemblage of broken stones built along streams or beaches for erosion 
protection.  

P Runoff - The portion of precipitation that is discharged from a drainage area.  

P Sediment transport - The movement of dislodged particles through a stream system. It is 
one of the driving forces (along with flow) of channel adjustment. 

P Sediment transport competence - The condition in which the stream maintains sufficient 
stream power to transport the sediment supplied to it continuously through the system. 

P Sedimentation - Soil particles suspended in stormwater that can settle in streambeds 
and disrupt the natural flow of the stream. 

P Scour line elevation - The distance above a known datum (top of ground) to a persistent 
near-horizontal erosion feature at the peak depth of any given flow. 

P Side slopes - The slope of the sides of a channel, dam or embankment, where customary 
naming is the horizontal distance first, as 1.5 to 1, or frequently, 1½:1, meaning a 
horizontal distance of 1.5 feet to 1 foot vertical. 

P Sinuosity - The ratio of channel length to valley length. For example, a river 2,000 feet 
long, winding through a river valley that is 1,000 feet long has a sinuosity of 2. 

P Slope - Defined by change in vertical elevation divided by horizontal distance and 
typically expressed as a percentage. 
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P Stabilization - Providing adequate measures, vegetative and/or structural that will 
prevent erosion from occurring. 

P Streambank stabilization - The use of the structural properties of live plants to rebuild 
washed out streambanks and flood terraces, including live slope fascines, hedge brush 
layers, and live willow brush mattresses. 

P Structural BMPs - Constructed facilities designed to remove pollutants and slow down 
the runoff from smaller rainstorms to preserve water quality and provide long-term 
stream stability. These facilities can be installed as development progresses (site-
specific) or to address multiple developments (regional). 

P Subarea - A portion of a watershed that drains and concentrates at point, typically at a 
catch basin, within a system of drainage pipes, or along a stream. 

P Swale - An open drainage channel or depression explicitly designed to detain and 
promote the filtration of stormwater runoff. 

P Tail water - Water, in a river or channel, immediately downstream from a structure. 

P Thalweg - The deepest part of a channel cross section. The dominant thread of stream 
flow creates the thalweg.  

P Time of concentration - Time required for water to flow from the most remote point of a 
watershed, in a hydraulic sense, to a point of concentration described within a subarea. 

P Toe (of slope) - Where the slope stops or levels out. Bottom of the slope. 

P TR-55 - Technical Release 55, a report compiled by the Natural Resources Conservation 
Service that presents procedures for stormwater calculations. 

P Watershed - A region of land that drains to a river, creek, or body of water. 

P WQCV - Water quality control volume. 

P WSE - Water surface elevation. 
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