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Executive Summary 

ES-1

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 
proposed development and as a guide in the preparation of future capital improvement 
projects.

The City and NRD have previously adopted watershed master plans for the Beal Slough, 
Stevens Creek, Cardwell Branch, Deadman's Run and Southeast Upper Salt Creek basins 
Figure ES-1 shows the basins in the Comprehensive Watershed Master Plan. The Little Salt 
Creek Watershed Master Plan (Master Plan) is the sixth master planning effort to date and is 
summarized in this report.  The Master Plan for the Little Salt Creek Watershed has been 
prepared because some near-term growth within the basin is expected, as identified in the 
Lincoln-Lancaster County Comprehensive Plan.   

The Little Salt Creek Watershed is located north of the City of Lincoln as illustrated in 
Figure ES-2. The watershed drains approximately 46 square miles from the headwaters north 
of West Ashland Road to the confluence with Salt Creek located southeast of I-80 at North 
27th Street. The watershed is approximately 14 miles in length with a maximum width of 
about 5.5 miles. The purpose of the Master Plan is to outline long-term planning tools and 
improvement projects to address water quality, flood management, and stream stability to 
provide guidance for sustainable urban growth in the watershed.

The project team was led by the City and NRD, in cooperation with Lancaster County 
(County). The City/NRD retained the consultant team of Intuition & Logic (I&L), in 
association with the Heartland Center for Leadership Development (HC), PBS&J, E&A 
Consulting Group, Inc. (E&A), University of Nebraska (UNL), and Terracon. 
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Public Participation 
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 July 2008 and February 2009 
� Project updates and information on the City’s website to post preliminary results and 

upcoming events 
� A series of five newsletters and one postcard mailed to over 800 individuals and 

organizations
� Input from a 16-member Citizens Advisory Committee (CAC) that included three 

farmers, six landowners, three developer/business owners, a representative of the 
Nature Conservatory, and three elected officials representing the City of Lincoln, 
Lancaster County, and the Lower Platte South NRD.  Three CAC meetings were held 
throughout the watershed master planning process. 

� The involvement of a 14-member Technical Advisory Committee (TAC) that was 
selected based on technical knowledge of water resource issues as well as local, state 
and national standards and trends.  Four TAC meetings were held throughout the 
watershed master planning process.

The public input and feedback received during this process was used by the project team to 
formulate and refine the 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) Floodplain Management Tools, 2) 
Capital Improvement Projects, 3) Stormwater Best Management Practices, and 4) Other 
Improvement Recommendations.  A brief summary of each major element follows: 

Floodplain Management Tools
One of the major elements of the Little Salt Creek Master Plan is the incorporation of 
updated floodplain and floodway boundary maps.  Accurate floodplain and floodway 
boundaries alert property owners to flood hazards as well as provide guidance for future 
growth and development within the watershed. Figure ES-3 illustrates the nearly 86 miles of 
streams and updated floodplain and floodway boundaries delineated as part of this Master 
Plan following the specifications and procedures set by the Federal Emergency Management 
Agency (FEMA).

This floodplain mapping update increased the accuracy of currently-mapped stream reaches 
and also identified flood hazards for upper stream reaches not previously mapped by FEMA.  
Consistent with other watershed master plans, the floodplain mapping limits included all 
streams draining 150 acres or more, as shown on Figure ES-3.  The more detailed mapping 
identifies that approximately 3,560 acres are within the 100-year floodplain.  This includes 
approximately 875 acres that were not previously known to be prone to flooding and were 
not identified on the FEMA maps.  However, the mapping update also determined that 
approximately 475 acres shown to be in the floodplain on the FEMA maps are not within the 
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100-year floodplain as updated.  Section 5 of this Master Plan includes further detail 
regarding the revised floodplain delineation. 

The Little Salt Creek floodplain maps resulting from the present study are anticipated to be 
submitted to FEMA for preliminary review and comment when FEMA’s MapRISK program 
begins in the Fall of 2009.  However, the FEMA review process has the potential to take 
more than a year following the final submittal.  In the meantime, the Master Plan 
recommends the adoption of this information for local regulatory purposes within the 
jurisdiction of both the City of Lincoln and Lancaster County.
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Capital Improvement Projects
The results of the hydrologic, hydraulic, and geomorphic evaluations formed the foundation 
for identifying problem areas in the watershed. Potential improvement projects addressing 
each problem area were evaluated based on design considerations, economic feasibility, and 
overall efficiency. 

The Master Plan includes 18 stream stability capital improvement projects. The general 
locations of the projects are shown in Figure ES-5 Capital Improvements Project Location 
Map. Projects 1 through 10 are grade controls along the main stem immediately downstream 
of bridge crossings. The main stem of the stream is incising, and continued incision will 
cause erosion that could compromise bridge footings and stability. Sediment released from 
incision and subsequent bank failures could threaten property and natural resources along the 
channel. These grade controls will hold the profile grade of the channel, reducing the erosion 
and sediment released. 

Projects 11 through 18 are stilling basins at the outfall of existing culverts. Channel erosion 
and incision have caused eight existing culvert outfalls to be perched from one to three feet 
above the channel, thereby threatening the stability of the culverts. The stilling basin at the 
downstream end of culvert will dissipate energy and protect the outfall.

The total cost for all 18 capital improvement projects is estimated to be approximately $1.6 
million using 2009 material and construction costs. Traditional funding options for the 
Capital Improvement Projects include City stormwater bonds, funding from the Lower Platte 
South Natural Resources District, and County funding for stream stability measures where 
appropriate in association with County road improvement projects. More discussion on 
funding is detailed further in Section 10 of this report.

The recommended projects were categorized using the prioritization categories from the 
Prioritization Methodology Report for Watershed Master Planning Projects, City of Lincoln, 
Nebraska, 2006. The prioritization methodology was developed for the City of Lincoln to set 
priorities and implement projects for watershed master planning each year.  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 estimated project cost and ranking scores for the 18 projects within the Little 
Salt Creek study area.  Further detail on each project, including the problem description and 
recommendations are found in Section 9 of this Master Plan. 
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Table ES.1  Capital Improvement Project Summary Results
Project

No. Project Name Classification
Priority 
Score

Project
Ranking Project Cost 

1
Grade Control Main Stem, 
Waverly Road Bridge Secondary 255 3 $95,000

2
Grade Control Main Stem, 
North 14th Street Bridge Secondary 260 1 $113,000

3
Grade Control Main Stem, 
Mill Road Bridge Secondary 250 7 $91,000

4
Grade Control Main Stem, 
North 1st Street Bridge Secondary 255 4 $110,000

5
Grade Control Main Stem, W 
Raymond Road Bridge Secondary 260 2 $115,000

6
Grade Control Main Stem, 
NW 12th Street Bridge Secondary 240 8 $91,000

7
Grade Control Main Stem, W 
Branched Oak Road Bridge Secondary 255 5 $71,000

8
Grade Control Main Stem, 
NW 19th Street Bridge Secondary 240 9 $84,000

9
Grade Control Main Stem, W 
Rock Creek Road Bridge Secondary 240 10 $78,000

10 
Grade Control Main Stem, W 
Agnew Road Bridge Secondary 255 6 $69,000

11 
Stilling Basin at N 40th Street 
Culvert Outfall,  Tributary 10 Secondary 105 11 $78,000

12 
Stilling Basin at N 40th Street 
Culvert Outfall, Tributary 110 Secondary 95 14 $77,000

13 
Stilling Basin at N 40th Street 
Culvert Outfall, Tributary 220 Secondary 100 13 $67,000

14 

Stilling Basin at Waverly 
Road Culvert Outfall, 
Tributary 35 Secondary 90 15 $75,000

15 
Stilling Basin at N 1st Street 
Culvert Outfall, Tributary 30 Secondary 100 12 $85,000

16 

Stilling Basin at Branched 
Oak Road Culvert Outfall, 
Tributary 45 Secondary 85 16 $95,000

17 

Stilling Basin at W Davey 
Road Culvert Outfall, 
Tributary 1260 Secondary 80 17 $113,000

18 
Stilling Basin at Davey Road 
Culvert Outfall, Tributary 260 Secondary 80 18 $85,000

Total =  $1,591,000
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Stormwater Best Management Practices (BMPs)
In the Little Salt Creek Watershed, the highly erodible nature of the soils cause the main 
channel and tributaries to be very susceptible to erosion resulting from changes in runoff 
volumes and rates for storms which are more frequent than the 2-year event.  The key to 
preserving water quality, maintaining long-term stream stability, and providing flood control 
benefits is to install stormwater facilities that control the full range of hydrologic conditions, 
including the smaller rain events in addition to the 2-, 10-, and 100-year storm events.  Site-
specific structural best management practices (BMPs) are recommended to control the 
smaller rain events, with detention basins being used to control the larger rain events (2-, 10-, 
and 100-year design storms).  Two approaches to manage both the larger storm events and 
smaller more frequent storm events are 1) Integrated Detention Facility, and 2) Alternative 
Site Design.  This Master Plan recommends changing the City’s current stormwater BMP 
program from a voluntary to a mandatory program for site-specific structural BMPs as 
outlined in the Stevens Creek Watershed Master Plan, to include options for both the 
integrated detention facility and the alternative site design approaches.  Further discussion of 
these two approaches can be found in Section 7 of this Master Plan under subsection 7.2 
Stormwater BMPs. 

Other Improvement Recommendations
The City’s Capital Improvement Program generally includes the design and construction of 
physical improvements with a minimum useful life of fifteen years.  For Watershed Master 
Plans, the City’s Capital Improvement Program has been used for stream stability, water 
quality, channel improvement, flood reduction and conservation projects. Some 
recommendations have measureable benefits but provide no substantial flood reduction, 
stream stability and water quality benefits.  Others are improvements that are more 
appropriately made in conjunction with street improvements.  Projects such as these are 
identified as recommended projects for the Watershed Capital Improvement Program, but are 
included in this Master Plan as other evaluated projects to be used as a reference.    The three 
types of recommendations are 1) Bridge and Culvert Improvements, 2) Natural Resources, 
and 3) Riparian Corridor Enhancement. These types of recommendations are briefly 
summarized below. 

The Bridge & Culvert Improvement recommendations address the problem of frequent 
roadway topping on paved roads. The recommended approach is to replace or enhance the 
hydraulic structure to convey a minimum of the 25-year storm event without topping the road 
or compromising channel geomorphic parameters. Although these recommendations provide 
measurable benefits, they are not included as projects in this Watershed Master Plan because 
they do not impact habitable structures and are not within an urbanized or otherwise 
artificially altered drainage system.  These structural improvement projects are road projects 
and would come into effect when the bridge/culvert is replaced due to condition or capacity 
issues. Details on these recommendations are found in Appendix L of the Master Plan. 

Natural Resources recommendations recognize that Saline Wetlands and the Salt Creek Tiger 
Beetle are major resources of the Little Salt Creek Watershed. Several issues and approaches 
were discussed during multiple Technical Advisory Committee meetings and in subsequent 
conversations throughout the Master Plan process.   As a result, the impact of the Capital 
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Improvement Projects on Salt Creek Tiger Beetle habitat is addressed as part of this Master 
Plan. Currently, the University of Nebraska at Lincoln and other agencies are working to 
develop potential plans to restore and protect the natural resources within the Little Salt 
Creek watershed.  It was determined that more research needs to be done before any specific 
projects can be developed. Discussions on Natural Resources issues are found in Section 9 of 
this Master Plan under subsection 9.3.1.2 Natural Resources and Water Quality Problem 
Identification and 9.3.2.2 Natural Resources Evaluation Approach. 

The Riparian Corridor Enhancement Program is a watershed management program with the 
goal of re-establishing the corridor and reducing erosion and stream downcutting. A woody 
riparian buffer could be re-planted along Little Salt Creek and its tributaries along reaches 
where soil and saline content will support it. Over the past decades, the woody riparian 
corridor has been substantially depleted. This management measure will contribute to a more 
robust, self-managing stream system and provide abundant opportunity for habitat and 
improved water quality. There is over 68 miles of corridor that may qualify for this type of 
restoration.  The Riparian Corridor Enhancement is a voluntary program for the landowners 
and developers and is not considered a Capital Improvement Project because is it does not 
meet the funding requirements under the Capital Improvement Program.  More details on the 
Riparian Corridor Enhancement can be found in Appendix L of this report.

Summary
The Little Salt Creek Watershed Master Plan provides the necessary planning tools and 
improvement projects to address water quality, flood management, and stream stability and 
provide guidance for sustainable urban growth in the watershed.  This master plan is a 
reference for the implementation of improvement projects in the Watershed through the City 
and County Capital Improvement Programs and the NRD’s Long Range Implementation 
Plan, and as a guide for future growth. 

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 
� Preservation of natural resources and endangered species 
� Long-term stream stability that protects public infrastructure 
� Development guidelines that address stormwater quantity and quality 
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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 
proposed development and as a guide in the preparation of future capital improvement 
projects.

The City and NRD have previously adopted watershed master plans for the Beal Slough, 
Stevens Creek, Cardwell Branch, Deadmans Run and Southeast Upper Salt Creek basins 
Figure 1-1 shows the basins in the Comprehensive Watershed Master Plan. The Little Salt 
Creek Watershed Master Plan (Master Plan) is the sixth master planning effort to date and is 
summarized in this report.  The Master Plan for the Little Salt Creek Watershed has been 
prepared because some near-term growth within the basin is expected as identified in the 
Lincoln-Lancaster County Comprehensive Plan.  The Master Plan also includes the potential 
impacts to sensitive natural resources, including the saline wetlands and the federally listed 
endangered species Salt Creek Tiger Beetle. 

The Little Salt Creek Watershed is located north of the City of Lincoln with much of the 
watershed north of I-80 as illustrated in Figure 1-2. The watershed drains approximately 45.8 
square miles from the headwaters near just north of West Ashland Road to its confluence 
with Salt Creek located just southeast of I-80 at 27th Street. The watershed is approximately 
14.25 miles in length with a maximum width of about 5.5 miles. The purpose of the Master 
Plan is to outline long-term planning tools and improvement projects to address water 
quality, flood management, and stream stability to provide guidance for sustainable urban 
growth in the watershed.

The project team was lead by the City and NRD, in cooperation with Lancaster County 
(County). The City/NRD retained the consultant team of Intuition & Logic (I&L), in 
association with Heartland Center for Leadership Development (HC), PBS&J, E&A 
Consulting Group, Inc. (E&A), University of Nebraska (UNL), and Terracon to provide 
assistance with the planning effort. Figure 1-3 shows the project organizational chart. 
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1.2 Goals and Objectives
The goal of the study was to develop planning tools and improvement projects to address 
water quality, flood management, and stream stability and provide guidance for sustainable 
urban growth in the watershed.  While developing the improvements projects, the project 
team incorporated community input, developed cost-effective improvement solutions, 
integrated water quality and natural resource components, protected infrastructure, 
minimized stakeholder impacts, and avoided any recommendation that would cause adverse 
impacts elsewhere in the watershed. The study included a wide range of services organized 
into the following major components: 

1.2.1 Goals and Criteria 
� Update floodplain and floodway maps for the entire Little Salt Creek Watershed using 

best available data. 
� Identification of known problem areas and areas requiring protection. 
� Prioritization of problem and/or protection areas based on degree of flooding, erosion, 

water quality degradation, potential impacts to environmental resources, importance of 
habitat/resource protection, and location relative to growth tier. 

Figure 1-3:  Project Organization Chart 
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� Develop guidelines and recommendations for future development of the watershed 
based on master plan findings and best available information regarding environmental 
resources.

� Identify potential funding sources for future studies and/or implementation of potential 
BMPs and future capital improvement projects. 

� Maintain a proactive stakeholder and public involvement process. 
� Foster resource agency coordination. 
� Incorporate flexibility into the plan to allow potential BMPs and capital improvements 

to be modified as more information is made available. 

1.2.2 Watershed Inventory 
� Collect, compile, and evaluate the data for the basin. 

1.2.3 Hydrology and Hydraulics 
� Model existing conditions to evaluate stormwater runoff and stream flows throughout 

the watershed for the 2- 10-, 50-, 100-, and 500-year storm events. 
� Model existing and future conditions for the water quality storm event to determine 

potential impacts from development and assist in the formation of potential water quality 
BMPs.

� Determine delineations for the 100- and 500-year floodplains and the floodway. 
� Prepare Work Maps and Report 

1.2.4 Water Quality 
� Conduct stream bio-assessments 
�  Perform limited water quality assessment 
� Valuate typical water quality pollutant issues anticipated to arise with future urban 

development.  

1.2.5 Geomorphic 
� Conduct geomorphic inventory of the main stem and significant tributaries to Little Salt 

Creek

1.2.6 Soil Assessment 
� Field sample and lab test soil samples from possible locations of dispersive soils to 

determine soil type. 

1.2.7 Structures 
� Collect basic hydraulic information on existing hydraulic structures (i.e., culverts, and 

bridges) that drain at least 150 acres.
� Establish survey control for watershed.

1.2.8 Public Involvement & Facilitation 
� Hold open house meetings to disseminate information and solicit feedback from the 

public.
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� Form a Citizens Advisory Committee (CAC) and hold meetings to receive input from 
various interest groups and elected officials, 

� Mail newsletters to watershed residents and stakeholders and  provide a website to 
inform the public about the study and to post preliminary results. 

1.2.9 Capital Improvement Projects 
� Develop capital improvement projects and watershed best management practices to 

improve water quality, address stream stability, and reduce flooding.  

1.2.10 Potential Guidelines/Ordinances 
� Provide recommendations and guidelines based on master plan hydrologic, hydraulic, 

water quality, and geomorphic analyses. 

1.2.11 Technical Advisory Committee (TAC)
� Form a Technical Advisory Committee (TAC) and hold meetings to share and discuss 

information the Salt Creek Tiger Beetle and other aspects of the Master Plan. 

1.3 Public Participation Process 
Through each stage of the study, active citizen participation was a key component of the 
watershed evaluation process. Citizens and property owners were offered a variety of ways to 
provide input to the study and to contribute to the development of alternative concepts and 
solutions. Each public involvement activity provided the project team with ideas for 
presenting and refining its recommendation. The 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 solicit input, update the public on the 
status of the study, and to present preliminary results. Both events followed the same general 
format consisting of formal presentations followed by information stations at which the 
attendees could inquire more about the study and discuss their concerns with representatives 
from the project team. The first event was held at Lincoln North Star High School on April 

22, 2008, and the second event was held at the 
Lower Platte South NRD office on February 
24, 2009.  A summary of both open house 
events is provided below. 
Approximately 25 citizens participated in the 
first open house. The first open house was 
designed to provide an overview of the study, 
including background information, purpose of 
the watershed master plan, and study goals and 
objectives.
Following the formal presentations, 
participants were encouraged to visit five 
information stations set up around the room. 
The five stations addressed the following 

Figure 1-4: Information stations at the public 
meetings 
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major topics: Public Involvement, Interactive Mapping, Floodplain Mapping, Stream 
Stability and Natural Resources. 

Approximately 50 citizens participated in the second open house held on February 24, 2009.
The second open house was designed to be a continuation of the first open house.  At the 
second open house, the citizens were provided with an update on the watershed master plan 
process, a first look at the updated floodprone area, and an overview of the watershed master 
plan recommendations including capital improvement projects.  Following the formal 
presentations, participants were encouraged to visit six information stations set up around the 
room.  The six stations addressed the following major topics: Public Involvement, Interactive 
Mapping, Floodplain Mapping, Capital Improvement Projects, Stream Stability and Natural 
Resources.

1.3.2 Citizen Advisory Committee 
An important part of the study was the participation and review process of the Citizen 
Advisory Committee (CAC). The committee members were selected to represent the interests 
of watershed residents, farmers, land owners, developers, business owners and more.  

Balancing interests, perspectives, geography, and gender resulted in a 16-member group.  
The CAC included three farmers, six landowners, three developer/business owners, a 
representative of the Nature Conservatory, and three elected officials representing the City of 
Lincoln, Lancaster County, and the Lower Platte South NRD. The mission of the committee 
was to provide review and input on preliminary study results, offer advice and oversight, and 
to serve as a liaison to the rest of the community. The committee members included Doug 
Emery, David Grimes, Gary Hellerich, Don Helmuth, Chris Helzer, Larry Hudkins, Merle 
Jahde, Susan Kuck, Don Linscott, Jack Nagel, Gene Petersen, David Potter, Harold Roper, 
Dave Sands, Vicky Wheeler, and Mark Whitehead. 

The project team held a total of three committee meetings that started in April 2008 and 
ended in July 2009.  The first meeting was held on April 15, 2008, and the second meeting 
was held on January 29, 2009, and the third meeting was held on May 14, 2009.  In addition 
to the meetings, progress summaries were sent to the CAC members keeping them updated 
on the project progress. At the last meeting, the draft Capital Improvement Projects (CIP) and 
Guidelines were given to the CAC members for comment and discussion. A copy of the 
progress summary documents, meeting minutes, and attendance records are provided in 
Appendix B. 
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1.3.3�Website�and�Newsletter�
A series of five newsletters (Watershed 
News), one postcard and a project website 
were used to supply information about the 
study process and Master Plan 
recommendations. Each newsletter edition, 
along with the postcard, provided an 
effective means of informing the public 
about key aspects of the project.  The 
newsletters were sent to every landowner of 
record in the Little Salt Creek watershed. 
See Appendix B for a copy of each 
Newsletter and Postcard. 

The project website was another mechanism 
used to inform the public about the progress 
of the study. The website contains general 
background information, preliminary study 
results, and handout materials that were 
distributed at the Advisory Committee 
meetings and open houses. The website was 
regularly updated throughout the study 
process and was used to advertise upcoming 
events. 

1.4 Technical Advisory Committee 
Another important part of the 
watershed study was the technical 
advice and expertise of the 
Technical Advisory Committee 
(TAC). TAC members were 
selected based on technical 
knowledge of water resource 
issues as well as local, state and 
national standards and trends. The 
TAC members included four 
representatives from the University 
of Nebraska at Lincoln, two 
representatives from the Lower 
Platte South Natural Resources 
District, two representatives from 
the City of Lincoln, Parks and 
Recreation, and a representative 
from the Nebraska Department of 
Environmental Quality, U.S. Fish 
and Wildlife Service, Nebraska 

Figure 1-5: April 2008 Issue 

Figure 1-6: Website information 

http://www.lincoln.ne.gov/city/pworks/watrshed/mp
lan/lsc/index.htm
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Game and Parks Commission, U.S. Army Corps of Engineers, Lancaster County 
Engineering, and Natural Resource Conservation Service.  The committee members included 
John Bender, Terry Genrich, Thomas Malmstrom, Bob Harms, Tierney Brosius, Edwin 
Harvey, Leon Higley, Steven Spomer, Ted LaGrange, John Moeschen, Doug Pillard, Dennis 
Schroeder, Dan Schulz, and Ed Ubben. 

The TAC reviewed project elements, findings and recommendations as provided by the 
project team at four meetings during the course of the study.  The meetings were held on 
April 15, July 17, January 29, and May 14, 2009.  TAC members provided comments at the 
formal meetings and through informal communications between meetings.  The TAC 
members provided key information regarding the Salt Creek Tiger Beetle habitat and what 
effects certain stream interventions would have on this habitat.  They also aided in the natural 
resource and water quality aspects of the Master Plan by providing existing research 
information and optimal locations and method for possible projects. 

A copy of the progress summary documents, meeting minutes, and attendance records are 
provided in Appendix B. 
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Section 2 
Data Collection and Development 

2.1 Watershed Inventory 
The watershed inventory consisted of collecting, compiling and evaluating existing data 
applicable to the Little Salt Creek watershed study. A data search was conducted to identify 
existing information to be used by the project team. Most of the information collected is in 
digital format and is available on the Watershed Inventory CD. Certain items that were 
collected are referenced here, but the file size made inclusion in the project CDs impractical 
or the information is readily available on the internet. GIS files collected as part of the 
Watershed Inventory are included in the GIS Data CD at the City. 

The information collected and compiled is summarized below:   
� GIS Data 
� Microstation Files 
� Aerial Photos and Topographic Data 
� Planning Documents 
� Previous Studies of Little Salt Creek 
� Additional Informational Sources 
� Structure Survey 
� Previous Meeting Minutes 

A complete table of the information including the date and source is found in Appendix I – 
Watershed Inventory Data Table.

2.2 Hydraulic Structure Field Survey 
A hydraulic structure field survey was conducted to obtain the necessary hydraulic data along 
the study reaches.  The hydraulic structures, totaling 80, included existing bridges and 
culverts that drain at least 150 acres.  The stream long profile survey was limited to the 
flowline elevations taken during this hydraulic structures survey.  The information was 
collected using a combination of Global Positioning System (GPS) and total station 
technology to obtain the required elevations for each drainage structure, while inventory 
sheets were used to graphically document the data. The drainage structures were categorized 
based on two types: bridges and culverts. 
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Bridges – The types of information collected 
for each bridge included size and shape of the 
opening, upstream and downstream channel 
invert elevations, entrance conditions (i.e. 
wingwalls, vertical abutments), bridge deck 
thickness, low steel elevation and bridge 
parapet, roadway embankment side-slope rate, 
type and width of roadway pavement, and spot 
top of road elevations. 

Culverts – The types of information collected 
included size and shape, upstream and 
downstream channel invert elevations, entrance 
conditions (i.e. headwall, wingwalls, mitered to 
slope, projecting), roadway embankment side-
slope rate, type and width of roadway 
pavement, and spot top of road elevations. 

The hydraulic structure naming convention 
matches that of the existing Lancaster County 
structure naming convention.  Site benchmarks 
for each structure were located or set and 
indicated on the hard copy printouts found in 
Appendix F – Drainage Structure Survey Data.  
Photos of each surveyed hydraulic structures 
were also taken and are included on the data 
CD.

Figure 2-3 graphically illustrates the approximate location of each drainage structure 
surveyed. Appendix A located in Volume II of the report, contains a CD-ROM that includes 
the electronically recorded survey data and photographs for each drainage structure.

2.3 Base Mapping/Triangular Irregular Network 
The base mapping used for the project consists of Light Detection and Ranging (LiDAR) 
data provided by the City of Lincoln and Nebraska Department of Natural Resources 
(NDNR) from November and December 2003.  South of Rock Creek Road, a 6-foot Digital 
Elevation Model (DEM) was created from the LiDAR data.  North of Rock Creek Road, a 
10-meter DEM created from 1972 USGS Quad map, provided by the NDNR, was used.  
Many of the basins that were delineated for an earlier HEC-1 hydrologic model were 
maintained with the HEC-HMS hydraulic model.  ArcHydro, an extension of ArcMap, was 
used to develop basin boundaries from both LiDAR and the 10-meter DEM. 

All water mapped water surface elevations were developed by performing a steady-state 
analysis within HEC-RAS 4.0.  All of the information used for this hydraulic model was 
taken from the LiDAR, DEM, and survey data.   

Figure 2-1: North 1st Street Bridge 

Figure 2-2: Concrete box culvert under 
Waverly Road 
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2.4 Geomorphic Investigation
The purpose of the investigation was threefold: first, to evaluate the physical stability of the 
watershed under current and past conditions; second to make reasonable predictions about 
how the watershed will change under the proposed future conditions and third to make 
concept-level design recommendations for managing the watershed. 

Geomorphology is a data-intensive endeavor. The selection of data for collection was driven 
by the choice of analysis and design approaches. There are three commonly recognized 
approaches to stream design, each with advantages and limitations (Skidmore, et al, 2001). 
The two simplest approaches, often called analog and empirical methods, explicitly assume 
equilibrium conditions regarding hydrology and sediment transport. Because Little Salt 
Creek is not in equilibrium and reliable regional data regarding channel form is not available, 
data sets consistent with the analytical approach are most appropriate. Analytical methods 
derive equilibrium conditions based on sediment transport functions, the continuity and 
roughness equations and hydraulic and hydrologic conditions. The approach does not depend 
on current or previous channel stability for its validity. In this instance, appropriate data 
collection focuses on stream process indicators rather than on extensive documentation of 
channel form.

2.4.1 Geomorphic Background Investigation 
The purpose of the background investigation is assessment of basin behavior as a whole. The 
elements of the evaluation were a drainage basin analysis, plan form analysis and 
interpretation of historical aerial photographs. The City provided aerial photographs for all 
three analyses. Both drainage basin analysis and photo interpretation were conducted in 
general agreement with the methods of Lueder (1959). 

The drainage basin analysis provides insight on how local geology influences stream 
behavior and whether one or more sub-basins behave in ways distinct from the basin as a 
whole. This may be an indication that such sub-basins require different methods of analysis 
or management. 

The historical photo interpretation provides insight into how the land uses and channel 
conditions have changed over time. It also provides useful information on the relative 
intensity and duration of channel process for a given set of stresses. The City supplied 
historical aerial photographs for the years 1940, 1949, 1959 and 1971. The analysis did not 
include photogrammetry but did include notation of channel adjustment such as changes in 
meander amplitude, wavelength or radius of curvature, scour and deposition patterns, tree 
scrolls and altered lag sections. 

2.4.2 Geomorphic Field Investigation 

2.4.2.1 GIS and Metadata 
Engineers with extensive geomorphic training and experience collected field data on 
approximately 33 miles of channel. Most of the data collection occurred in March and April 
2008. To improve the efficiency of data collection and reduce the likelihood of transcription 
errors, all field data is collected using HP iPAQ pocket PCs with ArcPad 7.1 using GRS 1980 
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Traverse Mercator coordinate system projection.  GlobalSat BT-338 GPS units relay field 
location data to the pocket PC computers via Bluetooth® interface.  The City supplied base 
data and projection files. Immediately after field collection, all data is downloaded to 
ArcMap 9.2 for analysis. 

Metadata was viewed and edited in ArcCatalog using the FGDC ESRI metadata format.  
Metadata was added to the field data collection layers created by Intuition & Logic.  
Metadata information included: keywords, abstract, purpose, status of data, time period for 
which data is relevant, publication information, data storage and access information, and who 
completed the metadata document.  Metadata was not added to the GIS files provided by the 
City and County, nor was existing City and County metadata modified. 

2.4.2.2 GIS Data Themes 
The following ten themes shown in Table 2.1 represent the collected field data. The themes 
include 109 data parameters.  An electronic version of the data is available in Appendix A. 

Table 2.1 Geomorphic Field Data Themes 
1 Channel Dimensions (ch dim)
2 Material
3 Vegetation
4 Photos
5 Erosion and mass wasting
6 Profile Features
7 Bar
8 Outfalls
9 Notes
10 Crossings

The data organization is a modification of the approach described by Johnson, Gleason and 
Hey, (2001). Dr. Johnson’s team developed an approach of rapid, efficient data collection 
that is oriented towards assessing stability in streams affected by infrastructure. The 
paragraphs below detail the data collected and their relevance to channel process. 

Channel Dimensions 
The Channel Dimensions theme is essentially channel cross-section information. In this 
theme, there are 27 parameters, including bed width, bank height, bank angle, top of bank 
width, scour line elevation, and lower limit of woody vegetation. The combined bank height 
and angle data are useful in distinguishing between fluvial and geotechnical causes of bank 
failure and therefore the appropriate approach to management. 

Material
The Material theme consists of 14 bed and bank material parameters, including bed or bank 
material type, bed material shape, degree of consolidation or imbrication, approximate bed 
material gradation (D90, D60, etc.) and the height and type of seeps. These data and their 
distribution through the project reach inform assessments of present and future resistance to 
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erosion. The size of particles on the bed surface, expressed as D90 and D50, are indicators of 
stream power. In addition, consolidation and imbrication of bed material is used in 
conjunction with bar data to evaluate sediment transport competency. 

Vegetation 
The Vegetation theme contains 16 elements. Vegetative data include the quality, size and 
structure of the riparian forest, percent of canopy cover and presence or absence of invasive 
species. Native vegetation plays a role in stabilizing stream systems through mechanical 
reinforcement of stream banks by plant roots, soil moisture management through 
evapotranspiration and hydraulic roughness at the bank toes. Vegetative conditions such as 
surfed or toppled trees, freshly exposed or barked over roots are useful in estimating the 
degree of instability and progress towards recovery.

Dominant and sub-dominant tree species and the successional status of the riparian corridor 
are also important to urban stream management. Invasive non-native species can interrupt the 
succession of more desirable tree and under story species that would not only provide greater 
habitat and ecological benefits, but also provide improved bank stability and scour resistance. 
The timing and degree of disturbance is reflected in the same vegetation characteristics. For 
example, sudden changes in vegetation type often accompany localized problems, which help 
distinguish between systemic and local concerns. Vegetative status also indicates how well 
the stream banks will respond to soil biostabilization and provides insight into the potential 
for habitat recovery. 

Photos
Photos are taken at regular intervals, not only for internal QA/QC practices, but also to 
provide the user with a virtual walk-through of the study reach. 

Erosion and Mass Wasting 
The Erosion and Mass Wasting theme includes both quantitative and qualitative data used to 
identify lengths of channel experiencing active erosion or mass wasting, as well as the 
dominant mode of failure, such as scour, toppling, flow, wedge, or circular failure. 
Identifying the type of mass wasting is essential to understanding the failure mode and to 
distinguish between systemic, local, and geotechnical failures. Scour patterns are also helpful 
in determining the systemic process driving the erosion.  

Profile Features (non-surveyed) 
This theme includes the location of knickpoints and the tops of pool-riffle sequences. The 
height of the knickpoint, bed material type, presence or absence of debris jams, and erosion 
patterns are all used to distinguish between active and completed channel incision. 
Evaluation of pool-riffle sequence particularly relative to location in plan form is useful in 
assessing potential plan form migration. 

Bar
The Bar theme is used primarily for developing an understanding of sediment transport, a 
critically important stream process.  
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The Bar theme includes 16 parameters. These include extent and type of bed sorting 
(generally coarse to fine proceeding downstream); pattern of bar placement, bar width 
relative to stream width, consolidation, vegetative condition and other indicators of potential 
bar advance. Assessment of bar condition is particularly useful in distinguishing between 
widening and meander adjustment, two stream processes associated with systemic bank 
failures. Bar evaluation is also helpful in temporal analysis of stream process and helps 
distinguish between ongoing and completed channel adjustments. 

Outfalls 
The Outfall theme locates in-stream or near stream infrastructure. Outfall locations may help 
explain localized erosion.  In additions, the condition of in-stream infrastructure can provide 
clues to past and present channel conditions in that undermined outfalls indicate the extent of 
channel incision.

Notes
The notes themes mainly include supporting or miscellaneous information. Notes generally 
consist of short site descriptions or information that does not otherwise fit into any of the 
previously mentioned themes.  

Crossings
The Crossing theme locates bridges, culverts or exposed utility crossings. The location of 
crossings is essential when considering design limitations and construction access. In 
addition, the condition of infrastructure can provide clues to past and present channel 
conditions in that culverts and crossings can also act as process indicators. Undermined 
culverts and exposed utility crossings indicate the extent of channel incision while 
discontinuities in energy distribution and sediment transport can be inferred from the depth 
and consolidation of deposits in culvert or bridge bays.

2.4.3 Supplemental Geomorphic Aerial Photo Analysis 
This section describes the methodology used to assign process to reaches of stream that were 
not examined in the field. Field investigation was conducted on 33 miles of channels.  The 
field-examined areas included the majority of the main stem and the major tributaries.  The 
field-examined reaches were used for reference for the remaining channels in concert with 
standard aerial photo interpretation supplemented with GIS-based soils mapping.   

The base photograph for the supplemental analysis was the 2007 aerial photo supplied by the 
City.  The historic aerial photo interpretation of the entire watershed conducted as part of the 
background investigation provided a sound basis for correlating aerial photographic evidence 
of channel process with the field evidence.  For example, correlating the characteristic 
appearance of erosion, mass wasting or in-channel bars on aerial photos with documented 
cases of these generated from the field examinations.  In most cases, there was a field-
examined reach nearby in the same soil type. Dominant process was assigned to the 
remaining reaches by using the same process indicators in the photo analysis as used in the 
field work.
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2.5 Soil Assessment
A dispersive soils analysis was performed by Terracon Consultants, Inc. on soil samples 
taken at nine locations throughout the Little Salt Creek watershed that included private 
property, County ROW, LPSNRD owned property, and Nebraska Game and Parks owned 
property.  Figure 2-4 illustrates the soil boring locations by owner type.  The locations were 
chosen by overlaying the USGS Soil Survey and observed field indicators of dispersive soils.
A soil sample was taken where there was a unique soil type and observed dispersive soil 
characteristics.

2.5.1 Methodology 
The soil borings were taken at the top of bank to a depth approximately two to five feet 
below.  The soil located in the upper two to 3 feet was placed into a plastic bag, while the 
sample collected in the bottom three to five feet was collected in-situ using a Shelby tube 
sampler.  Terracon conducted pinhole dispersion tests on the soil samples along with 
moisture content, dry density, Atterberg limits and grain size distribution tests. 

2.5.2 Dispersive Soils 
The pinhole dispersion test (ASTM D 4647) was developed to qualitatively measure the 
dispersibility and consequent colloidal erodibility of clay soils by flowing water through a 
small hole punched in a specimen. Three alternative procedures for classifying the 
dispersibility of clay soils are provided. Method A and Method C classify soils into six 
categories of dispersiveness as: dispersibility (D1, D2), slight to moderately dispersive (ND4, 
ND3), and nondispersive (ND2, ND1). Method B classifies soils into three categories of 
dispersiveness as: dispersibility (D), slightly dispersive (SD), and nondispersive (ND). 

2.5.3 Saline Seeps 
Visually apparent seep locations were identified on the 33 miles of channel that were walked 
during the geomorphic field data collection. The seeps were visually classified as saline if the 
seeps possessed obvious indicators of salinity. The indicators for a saline seep include the 
presence of evaporites and salt tolerant plants or the absence of salt intolerant plants. 

2.5.4 Summary and Recommendations 
Four of the nine soil samples were found to be slightly to moderately dispersive clays with 
the five other samples non-dispersive.  The slightly to moderately dispersive clays were 
found near 27th Street just north of Bluff Road, along the Little Salt Creek Mainstem near 
Waverly Road,  near the confluence with Salt Creek, and along the Little Salt Creek 
Mainstem just south of West Branch Oak Road. Figure 2-5 illustrates the locations of the 
dispersive clays. 
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2.6 Existing Projects and Conservation Easements 
Throughout the Little Salt Creek watershed, existing conservation easements and projects are 
found both on public land and private property.  Wetlands and Salt Creek Tiger Beetle 
habitat are found within on these properties.  The existing conservation easement and 
projects are shown in Figure 2-6 Little Salt Creek Existing Projects Locations Map. 

Arbor Lake, located at N. 27th Street and Arbor Road, is a 62.5 acre site owned by the City of 
Lincoln.  Recent activity includes noxious weed control, repair of the water control structure 
by the City of Lincoln Public Works and Utilities Department, and insect research projects 
on the salt flat area by the University of Nebraska – Lincoln.  In 2006, miscellaneous 
construction material and debris were removed from the site along with noxious weeds and 
woody debris. In 2007, the City of Lincoln repaired a portion of the south berm due to 
structural failure associated with dispersive soils and site hydrology.  The City repaired the 
water control structure also in 2007.  The overhead high voltage transmission line running 
through the property was removed and rerouted around the property.  In 2008 design began 
on a wetland restoration project with possible completion in 2010.

Whitehead Wetlands located east of N. 27th Street on Wildcat Drive and north of Prairieview 
Drive, is owned by the Lower Platte South Natural Resource District (LPSNRD).  In 2006, 
activities on the 98.8 acre wetland included management of noxious weed and phragmites.
The engineering for restoration/replacement of an existing drop structure adjacent to Little 
Salt Creek and removal of sediment along 28th Street was also completed in 2006.  In 2007, 
UNL installed monitor wells for research, and construction began on the removal of sediment 
and replacement of the existing drop structure.  Ongoing management of weeds and woody 
vegetation also continued.  In 2008, the construction of a new drop structure was completed. 

The Schleich Wetlands is located southwest of Little Salt Creek near the confluence with Salt 
Creek and east of the Northbridge housing development.  This 50.2 acre wetland is owned by 
the LPSNRD.  2006 activities included engineering to repair the existing drop structure 
adjacent to Little Salt Creek, managing noxious weeds and bank stabilization along the buffer 
area adjacent to the Northbridge Subdivision.  In 2007, construction to repair the drop 
structure began; Salt Cedars were removed from the banks of Little Salt Creek and ongoing 
management of noxious weeds and woody vegetation.  The drop structure repair was 
completed in 2008. 

The Frank Shoemaker Marsh, owned by the City of Lincoln, is located at N. 27th Street and 
Bluff Road.  A geotechnical engineering report was completed in October 2005.  In 2006, 
final wetland restoration design was completed, a wetland plant assessment was completed, 
and restoration of the wetland began.  In 2007, the restoration of the wetland was completed 
and seeps were tested for conductivity with locations marked with GPS.  The University of 
Nebraska – Lincoln installed monitoring wells for research through the Habitat Conservation 
Planning (HCP) process.  Noxious weed management continues in 2008. 

King Wetlands, located south of Arbor Road and east of N. 27th Street, is a 61.2 acre site 
owned by the City of Lincoln.  Recent activity includes weed and woody vegetation control.
The University installed monitoring wells for research through the HCP process.  Past work 
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included removal of miscellaneous construction and woody debris, and planting of a high 
diversity native seed mix. 

The Schell Property, a 124.3 acres tract of land located southwest of NW 12th Street and W. 
Branched Oak Road, is owned by the LPSNRD.  Purchased midway through 2007, the 
northeasterly boundary was marked, the LPSNRD established an agreement with Prairie 
Plains Institute for a high diversity seeding of cropped areas, and the LPSNRD completed an 
access easement on the west property line off of Branched Oak Road.  In 2008, the high 
diversity seeding was performed on the property. 

The Little Salt Fork Marsh Preserve is 174.1 acres located northwest of N. 1st and W. 
Raymond Road and owned by the Nature Conservancy.  In 2006, management activities 
included noxious weed control and woody vegetation removal.  In 2007, management 
activities included noxious weed control, woody vegetation removal, and mowing of a path.  
Also Salt Cedars were removed from the banks of Little Salt Creek. 

The Little Salt Creek Wildlife Management Area located southeast of N. 1st Street and W. 
Raymond Road is 156 acres in size and owned by the Nebraska Game and Parks 
Commission.  In 2006, site preparation for a prescribed burn and a new perimeter fence was 
installed.  In 2007, UNL installed monitoring wells for research through the HCP process.
Perimeter fence installation was completed, grazing was conducted on the site, and some 
woody vegetation was removed. 

The Noble Tract is located between N. 14th and N. 1st Street and north of Mill Road.  This 
100.5 acre tract, owned by the Nebraska Game and Parks Commission, was purchased March 
2007.  In May 2000, The Nature Conservancy (TNC) completed a plant community map.  In 
August 2001, dimensions of head-cuts throughout the property were determined and mapped. 

Helmuth Conservation Easement, located on the Helmuth property south of Mill Road and 
west of N. 14th Street.  The conservation easement was purchased through NRCS Wetland 
Reserve Program (WRP).  The wetland restoration was completed in 2007 and maintained by 
the property owner. 

Dial Conservation Easement is located along Little Salt Creek, just north of the Whitehead 
Wetland.  This 7.45 acre tract, owned by the City of Lincoln, was purchased through Federal 
Section 6 on December 31, 2008.  The property contains Category 1 saline wetlands and is 
proposed as Salt Creek tiger beetle critical habitat.
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Section 3 
Hydrologic Model Development 

3.1 Introduction 
The Hydrologic Investigation presents the methodology used to create and calibrate the 
hydrologic model for the Little Salt Creek watershed.  This section provides a brief 
description of the basin, the incorporation of a previously generated hydrologic model of 
Little Salt Creek, the refinement of the previous hydrologic model basin delineations, the 
design rainfall, the determination of rainfall excess (runoff), and the channel routing methods 
utilized. This section also presents the model verification, sensitivity analysis, and calibration 
process that led to the adopted model; followed by the model results. 

3.1.1 Basin Description 
Little Salt Creek is a left bank tributary to Salt Creek.  Its watershed is situated just above the 
northern city limits of Lincoln, Nebraska.  An overall view of the Little Salt Creek watershed 
is displayed in Figure 3-1. Little Salt Creek has a contributing area of 45.8 square miles that
is largely composed of agricultural lands such as farms and natural grasslands.  The soil types 
found throughout the basins are classified as B, C, and D type soils with the vast majority of 
the watershed comprised of a shallow loess or sandy loam (B type soils).  The topography 
ranges from mild to steep hill slopes in the upper reaches of the watershed to wide and low 
sloping floodplains in the lower reaches.  Little Salt Creek meanders in a southeast direction 
for a length of 25.8 miles.  The channel slopes vary from a rate of 36 feet per mile in the 
upper reaches to a rate of about 5 feet per mile in the lower reaches. 

3.2 Methodology 

3.2.1 Incorporation of Previous Little Salt Creek Model 
In a previous study done by the City of Lincoln (the City) in 2002, the hydrologic 
characteristics of the lower reaches of the Little Salt Creek basin were modeled using the 
U.S. Army Corps of Engineers HEC-1 computer model (HEC-1). The extent of the 
previously studied area can be seen in Figure 3-2. The HEC-1 model received from the City 
was imported into U.S. Army Corps of Engineers HEC-HMS, version 3.1.0 (HMS). Once 
imported, all basin characteristics such as area (mi2), lag time (hr), and runoff curve number 
were compared to those values given in the HEC-1 model report. A check was also 
performed to ensure that all the necessary basins and reservoirs were referencing the proper 
stage-discharge, elevation-stage, and elevation-area tables. Basic reviews of all reaches were 
also performed to ensure that the utilized slopes (ft/ft), reach lengths (ft), and Manning’s 
values matched those of the HEC-1 model report. 
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All of the characteristics for each basin, reach, and reservoir, for the 10-, 25-, and 100-year 
events were simulated. The simulations used the same rainfall distribution (SCS Type II) as 
were used in HEC-1 for the respective frequency events.  The results of the HMS model were 
compared to those of HEC-1.  The basins in the HMS model produced the same volumes, 
peak discharges, and time-to-peaks as HEC-1. However, once the discharges were routed 
through their respective reaches and reservoirs, the timing and peak discharges of the 
downstream junctions began to differ in comparison. These differences were compounded 
further downstream, producing greater differences between the results of the two models. 
Since both models used the same routing routine of Muskingum-Cunge, these differences 
were attributed to the differences in routing algorithms used by the two models. 

3.2.2 Basin Delineation 
Many of the HEC-1 delineated basin areas were maintained within HMS.  However, some 
basins exceeded the City’s desire that basins found on the upstream end of a modeled reach 
be approximately 150 acres in size. This included the upper 25.7 square miles (mi2) of the 
Upper Little Salt Creek watershed that was described as a single subbasin in the HEC-1 
model.  Those basins that required further break-down were re-delineated using an extension 
of ArcMap titled ArcHydro.  ArcHydro utilized an automated process to develop basin 
boundaries from a 10 meter digital elevation model (DEM). These automated boundaries 
were then reviewed and refined using USGS topographic maps along with LiDAR 
information provided by the City. A map showing the boundaries of the basins is shown in 
Figure 3-3. The 119 basins within the upper reaches of the Little Salt Creek watershed 
contain an average area 133 acres. Overall the Little Salt Creek model contains 242 basins 
with an average area of 121 acres. 
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3.2.3 Rainfall 
The SCS Type II storm distribution was used to simulate the 24-hr events of the 2-, 5-, 10-, 
50-, 100-, and 500-yr return periods. Depths corresponding to these return periods were taken 
from the City’s Drainage Criteria Manual (Rev May 10, 2004 edition) and are listed within 
Table 2.7 of the Manual.

Table 3.1 Rainfall depths corresponding to the each return period (note 500-yr depth is 
interpolated) 

Return 

Period

Depth 

(in) 

2-yr 3.00 
5-yr 3.93 
10-yr 4.69 
50-yr 6.00 

100-yr 6.68 
500-yr 8.18 

3.2.4 Runoff Volume Calculation 
To calculate the volume of the runoff resulting from the corresponding design storms, the 
SCS Curve Number Loss method was used.  This method was employed to be consistent 
with HEC-1.  The major factors that determine the runoff curve number (CN) are the 
hydrologic soil group, cover type (land use), hydrologic condition, and antecedent moisture 
condition.

The composite curve number for each basin was calculated using digitized coverage’s 
describing the existing land use and hydrologic soil group. The land use information 
describing the vegetation and use (agricultural, urban, etc.) of the watershed was obtained 
from the City and is displayed in Figure 3-4.  The Soil Survey Geographic (SSURGO) soil 
data was obtained from the Natural Resources Conservation Service (NRCS) and classifies 
the hydrologic soil groups found within the watershed. Overlaying the land use and soil 
group information resulted in areas that represented a specific combination of one land use 
and one soil group. Using this combination and assuming a normal antecedent moisture 
condition (AMC II) a CN value was assigned using tables published by the NRCS.  A lookup 
table defining the utilized CN for each land use-soil group combination is displayed in Table 
3.2.  After assigning the CN values to each combination, the CN for each basin was 
calculated using an area-weighted average for each basin. 
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Table 3.2 Lookup table used to define the curve number for each land use-soil group 
combination 

Hydrologic Soil Group 

Landuse Category Cover Type (% Imp) A B C D

Public and Semi-Public Open Space - Fair Condition 49 69 79 84 
Parks and Open Space Good Condition (> 75% grass) 39 61 74 80 
Pasture and Grasslands Good Condition 39 61 74 80 
Agricultural Row Crops - Contoured Good Condition 65 75 82 86 
Residential, Low Density Residential 1 acres (12%) 51 68 79 84 
Residential, Urban Residential 1/4 acres (38%) 61 75 83 87 
Ag/Stream Corridor Woods - Grass Combination - Good 32 58 72 79 
Commercial Commercial and business (85%) 89 92 94 95 
Industrial Industrial (72%) 81 88 91 93 
Lakes and Streams Water 98 98 98 98 
Forest and Woodlands Woods – Fair Condition 36 60 73 79 
Other ROW Open Space – Fair Condition 49 69 79 84 
Mining and Extraction Non-contributing Depression Areas 0 0 0 0 
Vacant Land Open Space – Fair Condition 49 69 79 84 

Initial and Constant Loss Method 
Due to the large amount of available storage found throughout the basin, the Initial and 
Constant Loss Method was used to better simulate the runoff volume from each basin.  The 
Initial and Constant Loss Method uses a constant loss rate in inches per hour, a defined initial 
loss in inches, and the percentage of basin area that is impervious. However, due to the 
watershed being vastly composed of agriculture and grassland, the percentage of area 
considered impervious was assumed to be negligible.  
The constant loss rate is defined as the ultimate infiltration capacity of the soils. Skaggs and 
Khaleel (1982) published estimates of infiltration rates based on hydrologic soil groups. This 
information is shown in Table 3.3. As seen in Figure 3-5, the Little Salt Creek watershed is 
comprised of soils within hydrologic soil group B, C, and D.  To define a comprehensive 
constant loss rate for each basin, the same area weighted average used to estimate a basin’s 
curve number was applied. Using the SSURGO soil data that was obtained from the NRCS, a 
digitized soil coverage was created. Applying the constant loss values of 0.30 in/hr, 0.15 
in/hr, and 0.05 in/hr for B, C, and D soils respectively, an area-weighted average calculation 
was performed for each basin. 
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Table 3.3  Constant loss rates as defined by Skaggs and Khaleel (1982) 

Soil

Group 
Description 

Range of 

Loss Rates 

(in/hr)

A Deep sand, deep loess, aggregated silts 0.30 - 0.45 

B Shallow loess, sandy loam 0.15 - 0.30 

C
Clay loams, shallow sandy loam, soils low in 
organic content, and soils usually high in clay 0.05  -0.15 

D
Soils that swell significantly when wet, heavy plastic 
clays, and certain saline soils 0.00 - 0.05 

An initial loss parameter was defined to characterize the interception and depression storage 
of each basin.  Interception is the process of absorption of rainfall by the surface cover and 
vegetation before reaching the soil.  Depression storage is the volume of precipitation that 
can be stored in depressions and ponds before contributing to the runoff volume for the 
basin. Until the accumulated precipitation within the basin exceeds the initial loss volume, no 
runoff occurs. The amount of initial loss due to interception was estimated by creating a 
series of sensitivity runs prior to calculating the amount of available storage for each basin.  
The watershed was initially modeled using the SCS Curve Number Method. By comparing 
the runoff volumes from the CN model with the volumes of the Initial Loss and Constant 
Loss model, it was discovered that 1 inch of initial loss with a constant loss of 0.3 in/hr 
closely approximated the results of the CN model. 

To define the amount of initial loss for each basin due to depression storage, all storage 
ponds and large depression areas were analyzed by locating the minimum and maximum 
elevation of the storage areas along with the surface area of the pond corresponding to each 
elevation. From these values an approximate volume was estimated for each storage area. 
These volumes were converted to depths by dividing the storage volume by the area of the 
contributing basins. The depth of loss attributed to depression storage was then added to the 1 
inch of initial interception loss. 

3.2.5 Runoff Hydrographs (Lag Time) 
The SCS Dimensionless Unit Hydrograph method was employed within HMS in order to 
distribute the runoff volume for each basin.  This method requires the SCS lag time to be 
calculated. The lag time for each basin was calculated using the Curve Number Lag Method 
described in the “National Engineering Handbook, Section 4” (Natural Resources 
Conservation Service, 2001).  This calculation was performed using an automated process 
available within HEC-GeoHMS. HEC-GeoHMS is an extension of ArcMap created by the 
Hydrologic Engineering Center (HEC) that analyzes the available digital terrain information 
to create drainage paths and watershed boundaries. To calculate the lag time, HEC-GeoHMS 
employed a DEM to estimate the hydraulic length and average land slope of each basin.  The 
lag time for each catchment was calculated using the curve number method: 
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in which CN represents the dimensionless curve number. 

HMS then uses the lag time parameter to internally calculate the time of concentration (tc) for 
each basin using the equation, 

6.0

L
tc �

The time of concentration represents the time it takes for a drop of water to travel from the 
furthest point of the catchment to the outlet.   

3.2.6 Routing 
The channel characteristics within Little Salt Creek vary from low to moderately incised 
channels in the upper reaches of the main channel and the tributaries to deeply incised in the 
lower main channel.  The floodplain is generally wide, with ponds and storage common 
within both the tributaries and the main channel.  The lower portion of Little Salt Creek has 
been straightened, with the abandoned oxbows providing storage for out of bank flows.  As 
noted earlier, the watershed slope is very mild in the lower portion of the basin, increasing to 
moderately steep in the upper main channel and tributaries. 

The Muskingum-Cunge Routing method was used to route the runoff hydrographs through 
the watershed. This approximates the diffusion method, allowing the model to describe the 
physical nature of the basin and thus the attenuation potential.  Within the HEC-HMS model 
the Muskingum-Cunge method uses up to an eight-point cross section to describe the channel 
and overbank geometries, roughness values, lengths and slopes. The eight-point channel 
cross sections, lengths and slopes were created for each reach of the Upper Little Salt Creek 
watershed using the LiDAR elevation grid made available by the City.  The respective 
roughness values were obtained from field observations.  The channel roughness value for 
the lower portion of the watershed was calibrated to a USGS stream gauge within the 
watershed.  The USGS stream gauge information is described in model verification and the 
calibration is described in the Hydraulic Investigation.
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3.3 Model Verification 
Model verification involves utilizing stream gauge information to assess the reasonableness 
of the model’s prediction of a basins rainfall-runoff response, both in terms of peak discharge 
and total volume.   
The data contained within the stream gauge record is statistically analyzed to generate basin 
discharge-frequencies and volume-duration-frequencies.  The hydrologic model is then 
executed with various rainfall-frequencies and the resultant peak discharge- and volume-
frequencies checked against the statistical data for the stream gauge.   

A stream gauge (USGS Stream Gauge 06803510) is situated near the downstream end of the 
Little Salt Creek at the intersection of Arbor Road and 27th Street (see Figure 3-8). The 
stream gauge’s contributing drainage area is approximately 43.6 square miles.  This stream 
gauge has a continuous period of record of thirty seven years.  Given the location and long 
period of record of the stream gauge, statistical analysis of the stream gauge data were 
performed and utilized within this study to verify the Little Salt Creek Hydrologic Model 
results for the respective SCS Type II storm simulations.  The statistical analysis consisted of 
generating peak flood flow frequency and volume-duration-frequency relationships of the 
stream gauge data.  For this study, one- and two-day volume-duration-frequency analysis 
were performed since some of the Little Salt Creek flood events and resulting flood 
hydrographs would have been captured over a two day reporting period.  The verification 
consisted of comparing the volume and peak flow outputs of the Little Salt Creek Hydrologic 
Model with the flood flow frequency results. 

3.3.1 Statistical Analysis of Stream Gauge Data 
The peak flood flow frequency was estimated by analyzing the annual peak flow data from 
the stream gauge using the methods described in “Bulletin 17B, Guidelines for Determining 
Flood Flow Frequency” (U.S. Water Resources Council, 1981) (Bulletin 17-B). The peak 
flow-frequency analysis utilized a generalized skew of -0.2, as recommended for this portion 
of the United States within Bulletin 17-B.  The volume-duration-frequency was estimated by 
analyzing the high annual one- and two-day flow data from the stream gauge.  The volume-
duration-frequency analysis utilized a generalized skew of 0.0, as recommended within 
Bulletin 17-B.  The results of the peak flood flow frequency analysis are summarized in 
Table 3.4 with graphical depictions shown on Figure 3-6.   The results of the volume-
duration-frequency analysis are summarized in Table 3.5 with graphical depictions shown on 
Figure 3-7. The computer results for all flood flow frequency analysis are provided in 
Appendix A.

Table 3.4  Results of the peak flood flow frequency analysis 
Percent 

Chance 

Exceedance

Computed 

Probability 

Flow (cfs) 

0.2 35300 
0.5 23400 
1 16800 
2 11900 
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5 7160 
10 4660 
20 2840 
50 1190 
80 546 
90 377 
95 282 
99 171 

Table 3.5  Results of the volume-duration-frequency analysis 
1-day Output 2-day Output 

Percent 

Chance 

Exceedance

Computed Computed 

Probability Probability 

Volume (ac-ft) Volume (ac-ft)

0.2 16800 22100 
0.5 12300 16100 
1 9460 12400 
2 7120 9380 
5 4650 6140 
10 3190 4210 
20 2020 2670 
50 840 1110 
80 350 465 
90 221 295 
95 152 202 
99 75 100 

The statistical results for the peak flow-frequency as shown on Figure 3-6 indicates that the 
floodplain characteristics near the gauge appear to attenuate flows that exceed approximately 
eight thousand cubic feet per second (cfs).    This is reflected in the Weibull plot of the peak 
flow bending sharply for the last four data points.  However, the volume-duration Weibull 
plots shown on Figure 3-7 do not show a bending trend, indicating that flow attenuated 
within the floodplain is generally returned during the recession side of the hydrograph.  This 
floodplain characteristic confirms the use of the Muskingum-Cunge routing technique.
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Figure 3-6: Graphical Depiction of the Peak Flood Flow Frequency Analysis
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Figure 3-7: Graphical Depiction of the Volume-Duration-Frequency Analysis 
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3.4 Sensitivity Analysis 
During the calibration of the Little Salt Creek Hydrologic model, an analysis was performed 
to investigate the sensitivity of the initial loss parameter.  This was done by simulating the 2-, 
5-, 10-, 50-, and 100-yr SCS Type II events using initial loss values that ranged from 1” to 
2”.  The results of the sensitivity analysis are displayed in Tables 3.6 and 3.7.  Upon review 
of these results, it was concluded that an initial loss value of 1.5” achieved the best 
correlation between the model results and the statistical gauge analysis. 

Table 3.6 Comparison of peak flows resulting from modifications to each basin's initial 
loss parameter 

Initial

Losses 1.0" 1.3" 1.5" 1.6" 2.0"
HEC-FFA 

(cfs) 
Event Qpeak (cfs) 

2-yr 24-hr 3210 1850 957 734 92 1190 
5-yr 24-hr 6770 5330 4290 3790 1940 2840 
10-yr 24-hr 9800 8380 7430 6920 4780 4660 
50-yr 24-hr 14200 13400 12700 12200 10400 11900 
100-yr 24-hr 16200 15600 15000 14700 13000 16800 

Table 3.7 Comparison of cumulative volumes resulting from modifications to each 
basin's initial loss parameter 

Initial

Losses 1.0" 1.3" 1.5" 1.6" 2.0"
HEC-FFA 

(ac-ft) 
Event Volume (ac-ft) 

2-yr 24-hr 1680 1080 721 560 98 840 
5-yr 24-hr 3060 2530 2130 1920 1120 2020 
10-yr 24-hr 4210 3790 3410 3200 2350 3190 
50-yr 24-hr 6250 5940 5630 5440 4650 7120 
100-yr 24-hr 7340 7080 6810 6650 5890 9460 

3.5 Model Calibration 
The calibration process of the hydrologic model consisted of comparing the model results 
with a gauged historical storm event. 

3.5.1 Historical Storm Event Calibration 
To calibrate the hydrologic model with a historical storm event, a stream gauge and the 
corresponding rainfall distribution are needed. This data was obtained from the 
aforementioned USGS Stream Gauge 06803510 situated near the downstream end of Little 
Salt Creek at the intersection of Arbor Road and 27th Street.  Upon review of the gauge data, 
it was noticed that the event which had occurred on June 11, 2008 had produced a peak 
discharge approximating that of a 5-yr event. Due to its recent timing as well as its 
significant peak, the June 11, 2008 event was chosen as the calibration storm.  
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The rainfall distribution corresponding to the June 11th event was copied into the  
HEC-HMS model and applied to each basin. After simulating the June 11th rainfall the 
discharge values of the stream gauge were compared with the HMS model. The comparison 
is displayed in Figures 3-9 and 3-10. As illustrated in the figures, the HMS model calculates 
a peak discharge and hydrograph shape that closely resembles those of the historical gauge 
data. As seen in Figure 3-10, the model results have been shifted to better show a comparison 
of the recession limbs of the hydrographs. The similar slopes of the recession limbs prove 
that the hydraulic characteristics (i.e. slopes, hydraulic lengths, roughness coefficients) 
described within the model closely resemble those of nature. 
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Little Salt Creek Calibration - June 11, 2008
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Figure 3-9: HEC-HMS calibration results compared versus the USGS gauge data 
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Little Salt Creek Calibration - June 11, 2008
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Figure 3-10: HEC-HMS calibration results compared versus the USGS gauge data. The model results have been shifted to 
compare the receding limbs of the hydrographs.
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3.6 Modeling Results 
Tables 3.8 and 3.9 present the HEC-HMS model results of the Little Salt Creek watershed 
under existing conditions compared to the output of the flood flow frequency analysis.  The 
simulation results displayed in Tables 3.10 and 3.11 show the peak flow discharges at various 
locations of Little Salt Creek.  Tables 3.12 and 3.13 show the cumulative volumes at the 
same locations.  The locations at which these results were taken can be viewed in Figure 3-
11.

Table 3.8  HEC-HMS model results compared to the flood flow frequency analysis 

Percent 

Chance 

Exceedance

Computed 

Probability 

Flow (cfs) 

HEC-HMS 

Results 

Flow (cfs) 

0.2 35300 20909 
1 16800 15000 
2 11900 12700 
10 4660 7430 
20 2840 4290 
50 1190 957 

Table 3.9  HEC-HMS model results compared to the volume-duration-frequency 
analysis

1-day 

Output 

2-day 

Output 

Percent 

Chance 

Exceedance

Computed 

Probability 

Volume

(ac-ft) 

Computed 

Probability 

Volume

(ac-ft) 

HEC-

HMS

Results 

Volume

(ac-ft) 

0.2 16800 22100 9470 
1 9460 12400 6810 
2 7120 9380 5630 
10 3190 4210 3410 
20 2020 2670 2130 
50 840 1110 721 
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Table 3.10 HEC-HMS model resultant peak flows for the 2-, 5-, and 10-yr return periods 

Table 3.11 HEC-HMS model resultant peak flows for the 50-, 100-, and 500-yr return periods 

Location 

ID
Stream Description 

2-year 5-year 10-year 

Peak Discharge (cfs) 

1 Little Salt Creek Mouth of Little Salt Creek 1090 4390 7570 
2 Little Salt Creek Crossing at Waverly Rd 741 2160 3800 
3 Little Salt Creek Crossing at Mill Rd 781 2370 4100 
4 Little Salt Creek Crossing at Raymond Rd 833 2540 4160 
5 Little Salt Creek Crossing at Branched Oak Rd 539 1700 2820 
6 Little Salt Creek Crossing at Rock Creek Rd 670 1820 2830 
7 Little Salt Creek Crossing at Little Salt Rd 367 941 1400 
8 Trib 15 Stream confluence north of 7th St. and Alvo Rd. 125 856 1478 
9 Trib 20 Stream confluence east of 27th St. and Waverly Rd. 51.0 988 2047 
10 Trib 65 Stream crossing west of 1st St. and Branched Oak Rd. 463 1290 1990 

Location ID Stream Description 
50-year 100-year 500-year

Peak Discharge (cfs) 

1 Little Salt Creek Mouth of Little Salt Creek 12000 14400 20000 
2 Little Salt Creek Crossing at Waverly Rd 7240 9200 14100 
3 Little Salt Creek Crossing at Mill Rd 7450 9360 14000 
4 Little Salt Creek Crossing at Raymond Rd 7340 9050 13200 
5 Little Salt Creek Crossing at Branched Oak Rd 4930 6130 8750 
6 Little Salt Creek Crossing at Rock Creek Rd 4430 5160 6720 
7 Little Salt Creek Crossing at Little Salt Rd 2080 2380 3020 
8 Trib 15 Stream confluence north of 7th St. and Alvo Rd. 2830 3592 5137 
9 Trib 20 Stream confluence east of 27th St. and Waverly Rd. 4045 5105 7225 
10 Trib 65 Stream crossing west of 1st St. and Branched Oak Rd. 3170 3710 4970 
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Table 3.12 HEC-HMS model resultant cumulative volumes for the 2-, 5-, and 10-yr return periods 
Location 

ID
Stream Description 

2-year 5-year 10-year 

Total Volume (ac-ft) 

1 Little Salt Creek Mouth of Little Salt Creek 789 2270 3620 
2 Little Salt Creek Crossing at Waverly Rd 496 1240 1920 
3 Little Salt Creek Crossing at Mill Rd 404 1020 1590 
4 Little Salt Creek Crossing at Raymond Rd 336 849 1320 
5 Little Salt Creek Crossing at Branched Oak Rd 159 400 622 
6 Little Salt Creek Crossing at Rock Creek Rd 120 270 396 
7 Little Salt Creek Crossing at Little Salt Rd 42.2 95.1 139 
8 Trib 15 Stream confluence north of 7th St. and Alvo Rd. 22.9 138 236 
9 Trib 20 Stream confluence east of 27th St. and Waverly Rd. 11.8 141 266 
10 Trib 65 Stream crossing west of 1st St. and Branched Oak Rd. 99.6 239 371 

Table 3.13 HEC-HMS model resultant cumulative volumes for the 50-, 100-, and 500-yr return periods 
Location 

ID
Stream Description 

50-year 100-year 500-year 

Total Volume (ac-ft) 

1 Little Salt Creek Mouth of Little Salt Creek 5930 7170 9950 
2 Little Salt Creek Crossing at Waverly Rd 3140 3760 5170 
3 Little Salt Creek Crossing at Mill Rd 2620 3150 4350 
4 Little Salt Creek Crossing at Raymond Rd 2180 2630 3640 
5 Little Salt Creek Crossing at Branched Oak Rd 1020 1230 1700 
6 Little Salt Creek Crossing at Rock Creek Rd 603 708 944 
7 Little Salt Creek Crossing at Little Salt Rd 212 248 330 
8 Trib 15 Stream confluence north of 7th St. and Alvo Rd. 412 504 704 
9 Trib 20 Stream confluence east of 27th St. and Waverly Rd. 486 601 855 
10 Trib 65 Stream crossing west of 1st St. and Branched Oak Rd. 616 746 1040 
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3.7 Future Land Use 
Future land use conditions were analyzed to predict the hydrologic effects of urbanization on 
the Little Salt Creek watershed.  This involved the estimation of future buildout within the 
watershed.  For the purpose of this study, full buildout of the watershed was not assumed. 
Instead, buildout of the watershed was defined by growth tiers.  The growth tier boundaries 
and future land uses were provided by the Lincoln-Lancaster County Planning Department 
and are displayed in Figure 3-12.  Under the 2030 development plan, it was assumed that 
only Tier 1 and Tier 2 would have changes to the land uses.  These developments were 
considered to be two separate scenarios. The first scenario considered only the changes 
within Tier 1. The second scenario considered the modifications located within Tier 1 and 
Tier 2.

Within the Little Salt Creek watershed, the change in hydrologic response due to future 
conditions was  modeled using the following process:  initially determine the NRCS soil-
cover complex curve number (CN) of each subbasin for both existing conditions and, if 
applicable, for changed future conditions; then determine the volume of runoff difference 
between the future and existing conditions CN values for each such changed subbasin as well 
as the change to a subbasin lag time; finally, modify the respective changed subbasin initial 
loss value by the difference between the future and existing volume of runoff.   Thus a 
subbasin that is predicted to have more impervious area under future conditions was modeled 
as losing initial storage volume due to the loss of pervious area.  In some cases the future 
land use will actually gain more storage due to the land use changing from, e.g., row crops to 
grasslands or parks.  These subbasins had initial storage added within the future conditions 
model to reflect the assumed future changes. 

This section presents the techniques to modify the hydrologic model for changed watershed 
land use.  Section 6 will present modeling results for anticipated future expansion of the 
watershed.  This analysis will include low flow assessments with regard to water quality 
(increased volume of storm water leading to increase loading of heavy metals, oils and 
nutrients) as well as flood flow assessments.   
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3.7.1 Calculation of Existing and Future Curve Numbers 
For basins contained within Tier 1, calculated CNs were based on the future land uses 
displayed within Figure 3-12.  For basins overlapping the Tier 1 boundary, the composite CN 
was calculated from existing land uses (areas outside Tier 1) and future land uses (areas 
within Tier 1). 

The composite curve number for each basin was calculated using digitized coverage’s 
describing the existing and future land uses as well as the hydrologic soil groups.  As 
previously mentioned, the existing and future land use information describing the vegetation 
and use (agricultural, urban, etc.) of the watershed were obtained from the City and are 
displayed in Figures 3-4 and 3-12.  The hydrologic soil groups found within the watershed 
were obtained in SSURGO format from the NRCS. Overlaying the land use and soil group 
information resulted in composite areas that represented a specific combination of one land 
use and one soil group. Using this combination and assuming a normal antecedent moisture 
condition (AMC II) a CN value was assigned using tables published by the NRCS.  A lookup 
table defining the utilized CN for each land use-soil group combination is displayed in Table 
3-14.  After assigning the CN values to each combination, the CN for each basin was 
calculated using an area-weighted average for each basin.   

Table 3-14 Lookup table used to define the curve number for each land use-soil group 
combination 

Hydrologic Soil Group 

Land Use Category Cover Type (% Impervious) A B C D W

Ag/Stream Corridor Woods - Grass Combination - Good 32 58 72 79 98 
Agricultural Row Crops - Contoured Good Condition 65 75 82 86 98 

Tier 2 Future Land Uses Applied to Ag Lands 61 75 83 87 98 
Commercial Commercial and business (85%) 89 92 94 95 98 

Forest and Woodlands Woods - Fair Condition 36 60 73 79 98 
Industrial Industrial (72%) 81 88 91 93 98 

Lakes and Streams Water 98 98 98 98 98 
Mining and Extraction Non-contributing Depression Areas 0 0 0 0 0 

Natural/Environmentally
Sensitive Wetlands 98 98 98 98 98 

Other ROW Open Space - Fair Condition 49 69 79 84 98 
Parks and Open Space Good Condition (> 75% grass) 39 61 74 80 98 

Pastures and Grasslands Good Condition 39 61 74 80 98 
Public and Semi-Public Open Space - Fair Condition 49 69 79 84 98 

Residential, Low Density Residential 1 acre (12%) 51 68 79 84 98 
Residential, Urban Residential 1/4 acres (38%) 61 75 83 87 98 

Vacant Land Open Space - Fair Condition 49 69 79 84 98 

For Tier 2, a future land use category was developed based on a typical square mile of 
development as set by the Lincoln-Lancaster County Planning Department.  Table 3-15 
summarizes the land use category percentages used for the future land use, which was 
applied to the existing conditions agricultural land use areas located within Tier 2. 
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Table 3-15 Breakdown of future land uses applied to agricultural lands within Tier 2 
Land Use Category Percentage of Area (%) 

Commercial 11 
Parks and Open Space 11 
Public and Semi-Public 3 

Residential, Urban 75 

Using the land use breakdown displayed in Table 3-15, a composite CN for the agricultural 
lands defined within Tier 2 was calculated.  This was performed by multiplying the fraction 
of each land use category by its corresponding CN and then summing the values. Using this 
technique, the future conditions CNs corresponding to these current agricultural lands with 
hydrologic soil groups A, B, C, and D were found to be 61, 75, 83, and 87, respectively.
These values were then utilized to calculate a composite curve number for each basin located 
within Tier 2.  There were multiple locations where basins overlapped the Tier 2 boundaries.   
In such cases, the areas of the basin outside Tier 2 utilized the existing land use classification, 
while the areas within the Tier 2 boundary were classified as future land use. In the cases 
where a basin included areas located within Tier 1 and Tier 2, a composite CN representing 
the future land use conditions within Tier 1 and Tier 2 was calculated.

3.7.2 Calculation of Changes to Initial Storage 
As previously mentioned within Section 3.2.4 of this report, the Initial and Constant Loss 
Method was used to simulate the runoff volume for each basin. Therefore, a relation between 
the change in CN and the change in initial loss was made. The future land use CNs were 
compared to the existing CNs for those subbasins that were modified within Tier 1 and Tier 
2. The difference between the future and existing CNs were assumed to be due to a change in 
the initial loss value.  

To calculate the change in initial loss, the following equation relating runoff volume for a 
given rainfall depth and CN was used: 

)800)8((

)200)2(( 2

��
��

�
PCNCN

PCN
Q

in which CN equals the dimensionless CN value, P represents the total rainfall in inches, and 
Q equals the resulting runoff in inches. This equation is referenced in “Engineering 
Hydrology, Principles and Practices” (Ponce, V., 1989).  For this particular study, a rainfall 
value of 2.35” was utilized. The rainfall depth of 2.35” was implemented due to the fact that 
it produced a runoff of 0.5” for the entire watershed under existing conditions.  This depth 
will be used for the Water Quality Assessment presented in Section 6.  Also, the initial 
storage depth for all curve numbers within the Little Salt Creek watershed would have been 
satisfied prior to 2.35” rainfall. Therefore, any changes to the initial storage to reflect future 
conditions would be readily apparent.

After calculating the runoff (Q) for each basin within Tier 1 and Tier 2 with the existing and 
future land use CNs, the difference in runoff (Qd) was calculated using the following: 
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fed QQQ ��

where Qe and Qf correspond to the runoff resulting from the existing and future CNs for each 
basin, respectively. This difference (Qd) was then added to the existing initial loss value.  
Tables 3-16 and 3-17 display the adjusted initial loss values for the Tier 1 and Tier 2 
scenarios.   

Table 3- 16 Comparison of curve numbers, calculated runoff, and initial loss values for 
basins within Tier 1 using 2.35” of rainfall 

CN Q (in) Init Loss (in) 

NAME Existing Future Existing Future Diff (in) Existing Future 

LSC000500 79 90 0.74 1.40 -0.66 1.50 0.84 
LSC000505 80 87 0.79 1.19 -0.40 1.50 1.10 
LSC000510 77 89 0.65 1.32 -0.68 1.50 0.82 
LSC000600 98 98 2.12 2.12 0.00 1.50 1.50 
LSC000700 83 87 0.94 1.19 -0.24 1.50 1.26 
LSC000705 81 85 0.84 1.06 -0.22 1.50 1.28 
LSC001015 77 82 0.65 0.89 -0.24 2.00 1.76 
LSC001025 76 76 0.61 0.61 0.00 2.00 2.00 
LSC001510 73 76 0.49 0.61 -0.12 1.50 1.38 
LSC021005 77 87 0.65 1.19 -0.54 2.00 1.46 
LSC031000 75 74 0.56 0.53 0.04 2.00 2.04 
LSC031010 75 75 0.56 0.56 0.00 2.00 2.00 
LSC031505 74 79 0.53 0.74 -0.21 2.00 1.79 
LSC041515 73 81 0.49 0.84 -0.35 1.50 1.15 
LSC0MC000 76 94 0.61 1.73 -1.12 1.50 0.38 
LSC0MC005 81 95 0.84 1.82 -0.98 1.50 0.52 
LSC0MC007 78 85 0.69 1.06 -0.37 1.50 1.13 
LSC0MC010 77 80 0.65 0.79 -0.14 1.50 1.36 
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Table 3-17 Comparison of curve numbers, calculated runoff, and initial loss values for 
basins within Tier 2 using 2.35” of rainfall 

CN Q (in) Init Loss (in) 

NAME Existing Future Existing Future Diff (in) Existing Future 

LSC000505 80 87 0.79 1.19 -0.40 1.50 1.10 
LSC001010 79 79 0.74 0.74 0.00 2.00 2.00 
LSC001015 77 80 0.65 0.79 -0.14 2.00 1.86 
LSC001020 71 74 0.42 0.53 -0.11 2.00 1.89 
LSC001025 76 76 0.61 0.61 0.00 2.00 2.00 
LSC001030 75 76 0.56 0.61 -0.04 2.00 1.96 
LSC001035 73 76 0.49 0.61 -0.12 2.00 1.88 
LSC001040 75 77 0.56 0.65 -0.08 2.00 1.92 
LSC001045 76 77 0.61 0.65 -0.04 2.00 1.96 
LSC001050 76 76 0.61 0.61 0.00 2.00 2.00 
LSC001505 74 77 0.53 0.65 -0.12 1.50 1.38 
LSC001510 73 76 0.49 0.61 -0.12 1.50 1.38 
LSC001515 78 79 0.69 0.74 -0.05 2.00 1.95 
LSC001520 74 77 0.53 0.65 -0.12 2.00 1.88 
LSC001525 77 79 0.65 0.74 -0.09 2.00 1.91 
LSC001530 70 77 0.39 0.65 -0.26 2.00 1.74 
LSC001540 75 78 0.56 0.69 -0.13 2.00 1.87 
LSC011000 84 86 1.00 1.12 -0.12 1.50 1.38 
LSC011005 76 77 0.61 0.65 -0.04 1.50 1.46 
LSC011010 76 76 0.61 0.61 0.00 1.50 1.50 
LSC011500 75 79 0.56 0.74 -0.17 1.50 1.33 
LSC011505 76 77 0.61 0.65 -0.04 1.50 1.46 
LSC021000 81 80 0.84 0.79 0.05 2.00 2.05 
LSC021500 76 76 0.61 0.61 0.00 2.00 2.00 
LSC031000 75 74 0.56 0.53 0.04 2.00 2.04 
LSC031005 75 77 0.56 0.65 -0.08 2.00 1.92 
LSC031010 75 76 0.56 0.61 -0.04 2.00 1.96 
LSC031500 74 79 0.53 0.74 -0.21 2.00 1.79 
LSC031505 74 80 0.53 0.79 -0.26 2.00 1.74 
LSC041500 69 74 0.35 0.53 -0.17 2.00 1.83 
LSC041505 68 77 0.32 0.65 -0.32 2.00 1.68 
LSC041510 64 77 0.22 0.65 -0.43 1.50 1.07 
LSC041515 73 80 0.49 0.79 -0.30 1.50 1.20 
LSC041520 69 77 0.35 0.65 -0.29 1.50 1.21 
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3.7.3 Guidelines for Modifying the Hydrologic Model Initial Storage to 
Account for Future Land Use Changes
Based on the above analysis, Table 3-18 presents general guidelines to modify the existing 
conditions model as the basin continues to develop.

Table 3-18 Guideline for modifying subbasin initial storage depth based on change in 
curve number 

Existing Condition CN Value at or lower than 74 
Difference Between Future 

Condition and Existing 
Condition CN Value 

Change in Initial Storage 
Depth (Added if Future CN 
is Smaller than Existing CN) 

0 – 1 0 
2 – 3 0.1 
4 – 5 0.2 
6 – 8 0.3 
9 - 14 0.4 

Existing Condition CN Value Greater than 74 
0 - 1 0 
2 - 3 0.1 
4 - 5 0.2 
6 - 8 0.4 
9 - 10 0.5 
11 - 12 0.7 
13 - 15 1.0 

> 15 1.1 

The above process is two-step: obtain the curve number for a subbasin, then modify the 
initial storage value to reflect the change.  This process is recommended for Little Salt Creek 
due to the amount of storage that has been constructed within the watershed.  Using the curve 
number method alone does not account for this man-made storage.  Had this storage been 
provided by only a few structures, then these structures could have been incorporated into the 
model – allowing the use of the curve number method to be utilized within the hydrologic 
model.  However, the storage within Little Salt Creek is contained in many small cells 
throughout the watershed, making it more difficult to describe within a hydrologic model.
Each of these storage cells would need to have the principal and emergency spillways 
surveyed and the stage-storage volume measured separately.  These storage cells could just 
not be ignored either.  Based on the runoff analysis for the USGS gauge located within the 
basin, the constructed storage does have a significant effect.  However, since the future 
development will be required to maintain this storage, the method outlined above will remain 
in effect as the Little Salt Creek develops. 
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3.7.4 Modifying the Hydrologic Model Lag Time to Account for Future 
Land Use Changes
 Finally, a watershed that is becoming urbanized will generally have a quicker hydrologic 
response time due to an increase in impervious surfaces.  This response time is described 
within the Little Salt Creek watershed hydrologic model as the lag time.  This is the time 
from the centroid of the rainfall event until the time to peak of the flood hydrograph at the 
point of interest.  The lag time is calculated based on the following NRCS equation: 
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in which L equals the lag time in hours; l is defined as the hydraulic length of the catchment 
in feet; Y represents the average watershed land slope in percent; and
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in which CN represents the dimensionless curve number. 

For the Little Salt Creek watershed, Tables 3-19 and 3-20 present the multiplying factor for 
subbasins having a change from an existing curve number to a future curve number.  These 
tables were based on the above equation.
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Table 3-19 Look up table for the lag time multiplying factor due to changes in curve number (future CNs ranging from 62-80) 
Existing

CN 

Future CN 

62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

62 1.00 0.98 0.95 0.93 0.91 0.89 0.87 0.85 0.83 0.81 0.79 0.77 0.75 0.73 0.71 0.69 0.67 0.65 0.64 

63 1.02 1.00 0.98 0.95 0.93 0.91 0.89 0.87 0.85 0.83 0.81 0.79 0.77 0.75 0.73 0.71 0.69 0.67 0.65 

64 1.05 1.02 1.00 0.98 0.95 0.93 0.91 0.89 0.87 0.85 0.82 0.80 0.78 0.76 0.74 0.72 0.70 0.69 0.67

65 1.07 1.05 1.02 1.00 0.98 0.95 0.93 0.91 0.89 0.87 0.84 0.82 0.80 0.78 0.76 0.74 0.72 0.70 0.68 

66 1.10 1.07 1.05 1.02 1.00 0.98 0.95 0.93 0.91 0.89 0.86 0.84 0.82 0.80 0.78 0.76 0.74 0.72 0.70 

67 1.12 1.10 1.07 1.05 1.02 1.00 0.98 0.95 0.93 0.91 0.89 0.86 0.84 0.82 0.80 0.78 0.76 0.74 0.72

68 1.15 1.13 1.10 1.07 1.05 1.02 1.00 0.98 0.95 0.93 0.91 0.88 0.86 0.84 0.82 0.80 0.77 0.75 0.73 

69 1.18 1.15 1.13 1.10 1.07 1.05 1.02 1.00 0.98 0.95 0.93 0.91 0.88 0.86 0.84 0.82 0.79 0.77 0.75 

70 1.21 1.18 1.15 1.13 1.10 1.08 1.05 1.02 1.00 0.98 0.95 0.93 0.90 0.88 0.86 0.84 0.81 0.79 0.77

71 1.24 1.21 1.18 1.16 1.13 1.10 1.08 1.05 1.02 1.00 0.98 0.95 0.93 0.90 0.88 0.86 0.83 0.81 0.79 

72 1.27 1.24 1.21 1.18 1.16 1.13 1.10 1.08 1.05 1.03 1.00 0.98 0.95 0.93 0.90 0.88 0.85 0.83 0.81 

73 1.30 1.27 1.24 1.21 1.19 1.16 1.13 1.10 1.08 1.05 1.03 1.00 0.97 0.95 0.93 0.90 0.88 0.85 0.83

74 1.34 1.31 1.28 1.25 1.22 1.19 1.16 1.13 1.11 1.08 1.05 1.03 1.00 0.97 0.95 0.92 0.90 0.87 0.85 

75 1.37 1.34 1.31 1.28 1.25 1.22 1.19 1.16 1.13 1.11 1.08 1.05 1.03 1.00 0.97 0.95 0.92 0.90 0.87 

76 1.41 1.38 1.34 1.31 1.28 1.25 1.22 1.19 1.16 1.14 1.11 1.08 1.05 1.03 1.00 0.97 0.95 0.92 0.90

77 1.45 1.41 1.38 1.35 1.32 1.29 1.26 1.23 1.20 1.17 1.14 1.11 1.08 1.05 1.03 1.00 0.97 0.95 0.92 

78 1.49 1.45 1.42 1.39 1.35 1.32 1.29 1.26 1.23 1.20 1.17 1.14 1.11 1.08 1.06 1.03 1.00 0.97 0.95 

79 1.53 1.49 1.46 1.42 1.39 1.36 1.33 1.30 1.26 1.23 1.20 1.17 1.14 1.11 1.09 1.06 1.03 1.00 0.97

80 1.57 1.54 1.50 1.47 1.43 1.40 1.36 1.33 1.30 1.27 1.24 1.21 1.18 1.15 1.12 1.09 1.06 1.03 1.00
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Table 3-19 Look up table for the lag time multiplying factor due to changes in curve number (future CNs ranging from 62-80) 
Existing

CN 

Future CN 

62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

81 1.62 1.58 1.54 1.51 1.47 1.44 1.41 1.37 1.34 1.31 1.27 1.24 1.21 1.18 1.15 1.12 1.09 1.06 1.03 

82 1.67 1.63 1.59 1.55 1.52 1.48 1.45 1.41 1.38 1.35 1.31 1.28 1.25 1.22 1.18 1.15 1.12 1.09 1.06

83 1.72 1.68 1.64 1.60 1.57 1.53 1.49 1.46 1.42 1.39 1.35 1.32 1.29 1.25 1.22 1.19 1.16 1.12 1.09 

84 1.77 1.73 1.69 1.65 1.61 1.58 1.54 1.50 1.47 1.43 1.40 1.36 1.33 1.29 1.26 1.23 1.19 1.16 1.13 

85 1.83 1.79 1.75 1.71 1.67 1.63 1.59 1.55 1.51 1.48 1.44 1.41 1.37 1.34 1.30 1.27 1.23 1.20 1.17

86 1.89 1.85 1.81 1.77 1.72 1.68 1.64 1.61 1.57 1.53 1.49 1.45 1.42 1.38 1.34 1.31 1.27 1.24 1.20 

87 1.96 1.92 1.87 1.83 1.79 1.74 1.70 1.66 1.62 1.58 1.54 1.50 1.47 1.43 1.39 1.36 1.32 1.28 1.25 

88 2.03 1.99 1.94 1.89 1.85 1.81 1.76 1.72 1.68 1.64 1.60 1.56 1.52 1.48 1.44 1.41 1.37 1.33 1.29

89 2.11 2.06 2.01 1.97 1.92 1.88 1.83 1.79 1.75 1.70 1.66 1.62 1.58 1.54 1.50 1.46 1.42 1.38 1.34 

90 2.19 2.14 2.09 2.05 2.00 1.95 1.91 1.86 1.82 1.77 1.73 1.68 1.64 1.60 1.56 1.52 1.48 1.44 1.40 

91 2.29 2.24 2.18 2.13 2.08 2.03 1.99 1.94 1.89 1.85 1.80 1.76 1.71 1.67 1.62 1.58 1.54 1.50 1.46

92 2.39 2.34 2.28 2.23 2.18 2.13 2.08 2.03 1.98 1.93 1.88 1.83 1.79 1.74 1.70 1.65 1.61 1.56 1.52 

93 2.50 2.45 2.39 2.34 2.28 2.23 2.17 2.12 2.07 2.02 1.97 1.92 1.87 1.83 1.78 1.73 1.69 1.64 1.59 

94 2.63 2.57 2.51 2.46 2.40 2.34 2.29 2.23 2.18 2.13 2.07 2.02 1.97 1.92 1.87 1.82 1.77 1.72 1.68

95 2.78 2.72 2.66 2.59 2.53 2.47 2.42 2.36 2.30 2.25 2.19 2.14 2.08 2.03 1.98 1.92 1.87 1.82 1.77 

96 2.96 2.89 2.82 2.76 2.69 2.63 2.57 2.51 2.44 2.39 2.33 2.27 2.21 2.16 2.10 2.04 1.99 1.93 1.88 

97 3.17 3.09 3.02 2.95 2.88 2.81 2.75 2.68 2.62 2.55 2.49 2.43 2.37 2.31 2.25 2.19 2.13 2.07 2.01

98 3.43 3.35 3.27 3.20 3.12 3.05 2.98 2.91 2.84 2.77 2.70 2.63 2.57 2.50 2.44 2.37 2.31 2.24 2.18 
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Table 3-20 Look up table for the lag time multiplying factor due to changes in curve number (future CNs ranging from 81-98) 
Existing

CN 

Future CN 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

62 0.62 0.60 0.58 0.56 0.55 0.53 0.51 0.49 0.47 0.46 0.44 0.42 0.40 0.38 0.36 0.34 0.32 0.29 

63 0.63 0.61 0.60 0.58 0.56 0.54 0.52 0.50 0.49 0.47 0.45 0.43 0.41 0.39 0.37 0.35 0.32 0.30 

64 0.65 0.63 0.61 0.59 0.57 0.55 0.53 0.52 0.50 0.48 0.46 0.44 0.42 0.40 0.38 0.35 0.33 0.31

65 0.66 0.64 0.62 0.60 0.59 0.57 0.55 0.53 0.51 0.49 0.47 0.45 0.43 0.41 0.39 0.36 0.34 0.31 

66 0.68 0.66 0.64 0.62 0.60 0.58 0.56 0.54 0.52 0.50 0.48 0.46 0.44 0.42 0.39 0.37 0.35 0.32 

67 0.69 0.67 0.65 0.63 0.61 0.59 0.57 0.55 0.53 0.51 0.49 0.47 0.45 0.43 0.40 0.38 0.36 0.33

68 0.71 0.69 0.67 0.65 0.63 0.61 0.59 0.57 0.55 0.52 0.50 0.48 0.46 0.44 0.41 0.39 0.36 0.34 

69 0.73 0.71 0.69 0.67 0.64 0.62 0.60 0.58 0.56 0.54 0.52 0.49 0.47 0.45 0.42 0.40 0.37 0.34 

70 0.75 0.73 0.70 0.68 0.66 0.64 0.62 0.59 0.57 0.55 0.53 0.51 0.48 0.46 0.43 0.41 0.38 0.35

71 0.77 0.74 0.72 0.70 0.68 0.65 0.63 0.61 0.59 0.56 0.54 0.52 0.49 0.47 0.45 0.42 0.39 0.36 

72 0.79 0.76 0.74 0.72 0.69 0.67 0.65 0.63 0.60 0.58 0.56 0.53 0.51 0.48 0.46 0.43 0.40 0.37 

73 0.81 0.78 0.76 0.73 0.71 0.69 0.66 0.64 0.62 0.59 0.57 0.55 0.52 0.49 0.47 0.44 0.41 0.38

74 0.83 0.80 0.78 0.75 0.73 0.71 0.68 0.66 0.63 0.61 0.58 0.56 0.53 0.51 0.48 0.45 0.42 0.39 

75 0.85 0.82 0.80 0.77 0.75 0.72 0.70 0.67 0.65 0.62 0.60 0.57 0.55 0.52 0.49 0.46 0.43 0.40 

76 0.87 0.84 0.82 0.79 0.77 0.74 0.72 0.69 0.67 0.64 0.62 0.59 0.56 0.53 0.51 0.48 0.44 0.41

77 0.89 0.87 0.84 0.82 0.79 0.76 0.74 0.71 0.69 0.66 0.63 0.61 0.58 0.55 0.52 0.49 0.46 0.42 

78 0.92 0.89 0.86 0.84 0.81 0.78 0.76 0.73 0.70 0.68 0.65 0.62 0.59 0.56 0.53 0.50 0.47 0.43 

79 0.94 0.92 0.89 0.86 0.83 0.81 0.78 0.75 0.72 0.70 0.67 0.64 0.61 0.58 0.55 0.52 0.48 0.45

80 0.97 0.94 0.91 0.89 0.86 0.83 0.80 0.77 0.74 0.72 0.69 0.66 0.63 0.60 0.57 0.53 0.50 0.46 
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Table 3-20 Look up table for the lag time multiplying factor due to changes in curve number (future CNs ranging from 81-98) 
Existing

CN 

Future CN 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

81 1.00 0.97 0.94 0.91 0.88 0.85 0.83 0.80 0.77 0.74 0.71 0.68 0.65 0.61 0.58 0.55 0.51 0.47 

82 1.03 1.00 0.97 0.94 0.91 0.88 0.85 0.82 0.79 0.76 0.73 0.70 0.67 0.63 0.60 0.56 0.53 0.49

83 1.06 1.03 1.00 0.97 0.94 0.91 0.88 0.85 0.81 0.78 0.75 0.72 0.69 0.65 0.62 0.58 0.54 0.50 

84 1.10 1.06 1.03 1.00 0.97 0.94 0.90 0.87 0.84 0.81 0.78 0.74 0.71 0.67 0.64 0.60 0.56 0.52 

85 1.13 1.10 1.07 1.03 1.00 0.97 0.93 0.90 0.87 0.83 0.80 0.77 0.73 0.70 0.66 0.62 0.58 0.53

86 1.17 1.14 1.10 1.07 1.03 1.00 0.97 0.93 0.90 0.86 0.83 0.79 0.76 0.72 0.68 0.64 0.60 0.55 

87 1.21 1.18 1.14 1.11 1.07 1.04 1.00 0.96 0.93 0.89 0.86 0.82 0.78 0.74 0.70 0.66 0.62 0.57 

88 1.26 1.22 1.18 1.15 1.11 1.07 1.04 1.00 0.96 0.93 0.89 0.85 0.81 0.77 0.73 0.69 0.64 0.59

89 1.30 1.27 1.23 1.19 1.15 1.11 1.08 1.04 1.00 0.96 0.92 0.88 0.84 0.80 0.76 0.71 0.67 0.62 

90 1.36 1.32 1.28 1.24 1.20 1.16 1.12 1.08 1.04 1.00 0.96 0.92 0.88 0.83 0.79 0.74 0.69 0.64 

91 1.41 1.37 1.33 1.29 1.25 1.21 1.17 1.13 1.08 1.04 1.00 0.96 0.91 0.87 0.82 0.77 0.72 0.67

92 1.48 1.43 1.39 1.35 1.30 1.26 1.22 1.18 1.13 1.09 1.04 1.00 0.95 0.91 0.86 0.81 0.76 0.70 

93 1.55 1.50 1.46 1.41 1.37 1.32 1.28 1.23 1.19 1.14 1.09 1.05 1.00 0.95 0.90 0.85 0.79 0.73 

94 1.63 1.58 1.53 1.49 1.44 1.39 1.34 1.30 1.25 1.20 1.15 1.10 1.05 1.00 0.95 0.89 0.83 0.77

95 1.72 1.67 1.62 1.57 1.52 1.47 1.42 1.37 1.32 1.27 1.22 1.16 1.11 1.06 1.00 0.94 0.88 0.81 

96 1.83 1.77 1.72 1.67 1.61 1.56 1.51 1.45 1.40 1.35 1.29 1.24 1.18 1.12 1.06 1.00 0.93 0.86 

97 1.96 1.90 1.84 1.78 1.73 1.67 1.61 1.56 1.50 1.44 1.38 1.32 1.26 1.20 1.14 1.07 1.00 0.92

98 2.12 2.06 2.00 1.93 1.87 1.81 1.75 1.69 1.63 1.56 1.50 1.44 1.37 1.30 1.23 1.16 1.08 1.00
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Section 4
Hydraulic Model Development 

4.1 Introduction 
The Hydraulic Investigation presents a description of the methodology used to create and 
calibrate the hydraulic model for the Little Salt Creek watershed.   The streams located 
within the Little Salt Creek watershed range from highly incised channels having moderate 
degrees of meandering, mild slopes (approximately five feet per mile) and wide floodplains 
in the lower reaches; to large swales with moderately steep slopes (about 36 feet per mile) 
and overgrown in the upper stream reaches.   

This section provides a brief description of the data and methodology used in creating the 
stream network and cross sectional geometries; the establishment of the hydraulic parameters 
assigned to the cross sections; the incorporation of field survey for roadway crossings; the 
special hydraulic situations encountered during the modeling process; the boundary 
conditions utilized; the calibration of the hydraulic model to gauge information; and the 
Floodway development. 

The hydraulic modeling was performed using the USACE Hydrologic Engineering Center’s 
River Analysis System (HEC-RAS) version 4.0. The following appendix sections provide 
detailed information on the hydraulic model data input and results: 

� Appendix D – Hydraulic Model Input Data and Results 
� Appendix M – Stream Profiles 
� Appendix N – Hydraulic Structure Performance Data 

4.2 HEC-RAS Model Development 
The HEC-RAS data requirements are categorized into data sets as shown in Table 4-1. The 
model parameters were developed using a combination of manual procedures and automation 
tools within ArcGIS 9.2 and HEC-GeoRAS 4.2.92. All GIS datasets and files were created in 
Nebraska State Plane NAD83 projection. 
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Table 4.1 HEC-RAS Model Data Sets 

HEC-RAS Model Parameter Development Method Data Requirements 

Stream Network ArcGIS and HEC-GeoRAS Stream centerline shapefiles with 
unique stream reach names 

Cross sections (river station 
and geometry data) 

ArcGIS, HEC-GeoRAS, and field 
survey data 

Digital elevation model (DEM), 
cross section cut line coverage 

Channel bank stations Manually input using engineering 
judgment 

Cross section geometries 

Manning’s n values Field visits and calibration Field visit photos and aerial 
imagery 

Downstream reach lengths 
(channel and overbanks) 

ArcGIS and HEC-GeoRAS Stream centerline and overbank  
flow path shapefiles 

Roadway crossings Manually input using field survey 
data 

Roadway profile along with the 
structure opening 

Ineffective flow areas Manually input using standard 
procedures and engineering 
judgment 

Cross section shapefiles and 
roadway crossing data 

Expansion and contraction 
coefficients 

Manually input using standard 
values

Cross section shapefiles  

Normal depth boundary 
conditions

ArcGIS Stream centerline and cross 
section shapefiles, contours 

Known water surface 
boundary conditions 

Referenced from the FIS Report 
for Salt Creek 

Salt Creek FIS Report 

4.2.1 Stream Network, Cross Sections, and Reach Lengths 
The first step in developing the HEC-RAS model was to create a geometry file describing the 
stream network, junctions, cross section station and geometries, as well as the downstream 
reach lengths of the channel and overbanks for each cross section. The stream network 
defines the extent of the Little Salt Creek and all tributaries that collect runoff from 
contributing areas that are at least 150 acres.  Junctions were used to note the locations where 
two or more streams come together or split apart. Each cross section station defines the 
location of the cross section along the respective stream as the distance in feet measured from 
its confluence. The cross section geometries are described by station and elevation points that 
portray the layout of the stream channel and floodplain.  The downstream reach lengths of 
the channel define the distance to the next downstream cross section measured along the 
stream. The downstream reach lengths of the overbanks define the distance to the next 
downstream cross section measured along the path of the center of mass for the overbank 
flow. 

The stream network, cross sections, and cross sectional characteristics were created using an 
automated process.  This process was performed through the use of ArcGIS 9.2, as well as 
HEC-GeoRAS 4.2.92.  These tools were used to create the physical layout of the modeled 
area that was imported directly into the HEC-RAS model. The data used to create the stream 
network, cross sections, and cross sectional characteristics of the modeled area are described 
in the following sections. 
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4.2.1.1 Digital Elevation Model (DEM) 
As previously discussed in Section 2, multiple DEMs were used to create the three-
dimensional surfaces of the Little Salt Creek watershed.  Areas located south of Rock Creek 
Road were described using Light Detection and Ranging (LiDAR) made available by the 
City of Lincoln and Nebraska Department of Natural Resources (NDNR). These areas were 
described using a DEM with a grid cell size of two feet.  A DEM containing a grid cell size 
of 10 meters was used to describe areas north of Rock Creek Road. The 10 meter DEM was 
also provided by the NDNR. The vertical datum referenced for the multiple DEMs was 
NAVD88. These DEMs were used in conjunction with a cross section cut line coverage to 
develop a series of station and elevation points for each cross section.   

4.2.1.2 Stream Centerline Coverage 
The stream centerline coverage was created in ArcGIS 9.2 using a series of aerial 
photographs as well as quad maps. The stream centerline coverage defines the Little Salt 
Creek stream network which includes the Little Salt Creek and all tributaries that collect 
runoff from drainage areas that are at least 150 acres.  Overall a total of 86 miles encompass 
the 47 modeled streams that are modeled within the Little Salt Creek watershed.  Figure 4-1 
displays the modeled stream network. 

4.2.1.3 Stream Junction Data 
In order to simulate the entire Little Salt Creek watershed stream network in one model, the 
use of multiple stream junctions was needed.  A stream junction is required at any location 
where two or more streams come together or where flow from a single stream splits apart.  
The only required junction data entered into the HEC-RAS model is the stream length across 
the junction between the two bounding cross sections.  This length was automatically 
calculated within HEC Geo-RAS and confirmed manually. 

4.2.1.4 Cross Section Coverage 
The cross section coverage identifies the location and extent of each cross section. The cross 
section coverage was generated in ArcGIS along with the aforementioned HEC-GeoRAS 
extension. Cross section locations were placed along each stream at control points and 
locations that represent the average geometry of the stream. The control points of the stream 
are locations where there are abrupt changes in channel or floodplain geometry, slope, and 
discharge.  Available aerial photography and contour information were utilized in the layout 
of the cross sections. An effort was made to limit the distance between cross sections to a 
maximum of 500 feet. However, cross sections that were located at structures and control 
points were placed with less distance between each other to capture the more rapidly 
changing flow characteristics. Each cross section is labeled with a river station, stream name, 
and reach name.  The river station for each cross section is the cumulative distance in feet 
measured from the respective stream’s confluence. 
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4.2.1.5 Overbank Flow Path Coverage 
The overbank flow path coverage was created in GIS and represents the distance to the 
next downstream cross section measured along the path of the center of mass for the 
overbank flow.  The flow path coverage was used to determine the downstream reach lengths 
for the left and right overbanks. When creating the flow path coverage, the location of each 
flow path was approximated based upon the estimated width of the local floodplain. 

4.2.2 Manning’s n-Values 
The Manning’s n-value was used to help calculate the energy losses between cross sections 
due to friction. The Manning’s n-value depends on a number of factors which include: 
surface roughness; vegetation; channel irregularities; degree of meander; obstructions; size 
and shape of the channel.  For the present study, each reach was assigned Manning’s n-
values for the channel and overbank flow areas. The Manning’s n-values were estimated 
using field and aerial photography.  The range of Manning’s n-values used with the Little 
Salt Creek hydraulic analysis along with the description of land surface can be found in 
Table 4-2.  The assigned Manning’s n-values were validated through the calibration of the 
model. The calibration process is further described in Section 4.5 of this report. 

Table 4.2 Range of Manning's n-values utilized 

Channel Description 

Range of Manning's n-

Values

Relatively clean, slight meanders, incised 0.025 - 0.033 
Relatively clean, appreciable meanders, deep 0.033 - 0.045 

Heavier vegetation, irregular, shallow 0.050 - 0.080 
Floodplain Description 

Light brush and some trees 0.040 - 0.080 
Medium to dense brush and trees 0.045 - 0.110 

4.2.3 Roadway Crossings 
Bridge and culvert openings along with roadway profiles were developed using data 
collected during field surveys. A total of 81 hydraulic structures were surveyed using a 
combination of a Global Positioning System (GPS) and total station technology to obtain the 
required elevations.  All survey information references NAVD88 and can be found in 
Appendix F and the data CD previously mentioned in Section 2.  Field survey data for 
bridges included measurements such as span widths, pier count and dimensions, bridge deck 
profile and width, as well as station and elevation points used to describe the channel.  The 
survey data used to describe culverts included culvert type and geometry, upstream and 
downstream inverts, as well as roadway profile and width. All of the surveyed information 
was manually entered into the HEC-RAS model. For instances where the surveyed channel 
geometry or roadway profile did not extend far enough horizontally to capture the extents of 
the overbank flow, LiDAR information was imported to supply the remainder of the required 
geometries. 
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4.2.4 Expansion and Contraction Coefficients 
The contraction and expansion of flow due to changes in the cross sectional geometry is a 
typical cause for the loss of energy between two cross sections.  To assist in computing this 
loss, HEC-RAS requires the user to define an expansion and contraction coefficient at each 
cross section. The expansion and contraction coefficients were estimated based on the ratio 
of the expansion and contraction of the effective flow area between two cross sections and 
are typical of values used in similar studies.  The coefficients used in the present study are 
listed in Table 4-3. 

Table 4.3 Contraction and expansion coefficients utilized 

Transition Type 
Contraction 

Coefficient 

Expansion

Coefficient 

Gradual Transitions 0.1 0.3 
Typical Conveyance 

Sections 0.3 0.5 
Abrupt 0.6 0.8 

4.2.5 Ineffective Flow Areas 
Ineffective flow areas can be defined as areas of a cross section that provide little or no 
conveyance of flow in the downstream direction.  In the present study, ineffective flow areas 
were utilized where the following instances occurred: 

� Ineffective areas were initially placed within the bounding cross sections of all 
roadway crossings.  Using expansion and contraction ratios of 2:1 and 1:1 (reach 
length: width) respectively, ineffective areas were calculated from the edges of the 
culvert or bridge opening. This process was carried through to the next upstream or 
downstream cross section until the flow was completely expanded. However, in the 
case of a roadway overtop, the downstream ineffective areas were established at the 
edge of the road overtop. 

� Reaches experiencing drastic changes in floodplain width. The locations of these 
areas were set using the expansion and contraction ratios of 2:1 and 1:1, as well as 
engineering judgment.  

� Floodplain areas located within cross sections that were not hydraulically connected 
to the upstream or downstream cross sections. The locations of such areas were 
determined using the cross sectional geometries as well as the available DEMs and 
contour data. 

4.2.6 Boundary Conditions 
When determining the downstream boundary condition for the Little Salt Creek hydraulic 
model, the affect that the Salt Creek has on the Little Salt Creek was considered. In the 
previous study performed in 2002 (Lower Little Salt Creek Watershed – Interim Stormwater 
Hydrology and Hydraulic Report) the downstream boundary condition correlating to the 1% 
frequency stage of the Salt Creek was utilized for the 1% frequency event of the Little Salt 
Creek. However, the two events involved are possibly not coincident with each other. The 
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probability of the simultaneous occurrence that both the Salt Creek and the Little Salt Creek 
are experiencing a 1% stage at the confluence of these two creeks may be far less than the 
1%.  To provide a more reasonable estimate of coincident Salt Creek stage with a respective 
Little Salt Creek peak discharge-frequency, a Texas Department of Transportation (TXDOT) 
criterion for coincident occurrence at the confluence of two streams (shown in Table 4-4) 
was utilized (TXDOT, 2004).  TXDOT obtained this criterion from the U.S. Army Corps of 
Engineers.  The criterion assigns the coincident main stem or tributary frequency based on 
the ratio of the drainage areas of the streams.  For this study, the ratio of the Salt Creek 
watershed area to Little Salt Creek watershed area is slightly greater than 15 to 1.  Therefore, 
the Area Ratio of 10 to 1 was deemed the appropriate relationship to incorporate.  Table 4-5 
displays the coincident Salt Creek stage-frequency for the respective Little Salt Creek design 
storm.  The 500-year Little Salt Creek coincident frequency was assumed (see Hydrologic 
Model Development Section 3 of this report).  Note:  The 100-yr backwater for Salt Creek 
was used for floodplain mapping per FEMA requirements.   

Table 4.4 Frequencies for coincidental occurrence based upon the ratio of watershed 
sizes 

Frequencies for Coincidental Occurrence 

Area

Ratio 

10 Year Design 50 Year Design 100 Year Design 

Main

Stream 
Tributary

Main

Stream 
Tributary

Main

Stream 
Tributary 

10,000 

to 1 

1 10 2 50 2 100 
10 1 50 2 100 2 

1,000

to 1 

2 10 5 50 10 100 
10 2 50 5 100 10 

100 to 

1

5 10 10 50 25 100 
10 5 50 10 100 25 

10 to 

1

10 10 25 50 50 100 
10 10 50 25 100 50 

1 to 1 
10 10 50 50 100 100 
10 10 50 50 100 100 

Table 4.5 Assigned boundary condition stages for the Little Salt Creek 
Little Salt 

Creek  Salt Creek  

Salt Creek 

Stage

Design Storm Design Storm (ft NAVD) 

2-yr 2-yr 1131.5 
10-yr 10-yr 1133.7 
50-yr 25-yr 1136.5 
100-yr 50-yr 1138.0 
500-yr 100-yr 1140.4 
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4.3 Special Modeling Cases 
During the development of the hydraulic model, a few locations required further analysis. 
These unique situations are described below. 

4.3.1 Split Flow Locations 
At three road crossing locations within the watershed, the road overtopping flow will cause a 
flow split downstream of the structure.  These structures are shown in Table 4-6 and in 
Figures 4-2, 4-3, 4-4 and 4-5.  For frequent flow events at all three of these road structures, 
the respective main conveyance structure will allow the flood flows to pass through before 
road overtop.  During rare-event flooding, the flood flows exceed the capacity of the 
conveyance structure and overtop the road.  Some of the road overtopping flow will be 
directed above the next, downstream road structure.  The remaining of the road overtopping 
flow will be directed below the next, downstream road structure.   

For the structure on Trib 65 at W. Raymond Road, this is due to the overtopping road section 
paralleling the downstream stream for a long distance, with the a portion of the overflow of 
the road overtop introduced several reaches downstream of the road culvert structure (see 
Figure 4-3). 

For the structures on Trib 45 at N. 14th Street and Trib 220 at N. 40th Street, this is due to the 
downstream road “teeing” into the upstream road (see Figures 4-4 and 4-5).  Overtopping 
flows to one side of the “Tee” will be on the upstream side whereas flows on the other side of 
the “Tee” will be on the downstream side of the downstream structure.  The flow that is 
directed below the downstream structure will provide additional submergence and reduced 
capacity of that respective downstream structure.  In order to model this condition, a 
bifurcation was established allowing the overtopping flows to split.   This was accomplished 
by creating a separate channel and using an iterative process in which flow was subtracted 
from the primary channel and added to the split channel. The process was performed until the 
water surface elevations of two conjoined cross sections located immediately above the toe 
of the upstream structure embankment were identical.  The locations and events of these split 
flow occurrences are shown in Figure 4-2 and Table 4-6. 

Table 4.6 Locations and frequencies of the split flows 
Split Flow Occurrences 

Location 2-yr 10-yr 50-yr 100-yr 500-yr 

Trib 65 at W Raymond Rd -- -- X X X 
Trib 45 at N 14th Street -- -- X X X 

Trib 220 at N 40th Street -- X X X X 
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4.3.2 Multiple Structure Analysis 
Within the Little Salt Creek watershed, many roadway crossings contain multiple structures 
that convey flow from separate streams. However, during rare-events, the two separate 
streams act as one due to ponding that exceeds the drainage boundary divide elevation.  To 
simulate this, the junction was moved from the streams confluence located on the 
downstream side of the roadway, to the upstream side where the streams combined due to the 
ponding.  The cross sections located within the vicinity of the hydraulic structures were also 
combined to include the two channels in the same cross section.  The locations and events 
that required the relocation of stream junctions are displayed in Figures 4-6, 4-7, 4-8, 4-9, 
and Table 4-7. 

Table 4.7 Locations and frequencies of multiple opening analysis 
Multiple Opening Occurrences 

Location 2-yr 10-yr 50-yr 100-yr 500-yr 

Little Salt Creek and Trib 35 at Waverly Rd -- X X X X 
Trib 15 and Trib 215 at N 14th St -- -- X X X 
Trib 15 and Trib 315 at N 7th St -- -- X X X 
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4.3.3 Roadway Skew Analysis 
Special consideration was given to roadway crossings where the stream’s angle of approach to 
the hydraulic structure was greater than 20 degrees. To account for this occurrence, HEC-RAS 
allows the user to define the skew angle. HEC-RAS then adjusts the bounding cross sections and 
bridge dimensions to reflect the skew angle.  This adjustment was made along the Little Salt 
Creek at the N 14th Street crossing to account for an approach angle of 40 degrees. 

The skew correction is not an option within HEC-RAS for culverts.  However, at the Tributary 
60 crossing of Davey Road, which has a box culvert structure, it appears that the culvert capacity 
is of a similar magnitude as the channel capacity, i.e., the box culvert acts similar to that of a 
bridge condition.  At this specific location the stream has an approach angle of 21 degrees.  In 
order to account for the reduction in flow efficiency due to the stream’s approach angle, hand 
calculations were made resulting in the box culvert having a 10.15’ span being altered to 
resemble a box culvert with a 9.45’ span.   

4.4 Model Calibration 
The HEC-RAS model was calibrated using gauge information made available by the United 
States Geological Survey (USGS).  As mentioned in Section 3 of this report, a stream gauge 
(USGS Stream Gauge 06803510) is situated near the downstream end of the Little Salt Creek at 
the intersection of Arbor Road and 27th Street. The USGS stage-discharge rating curve was 
obtained to allow comparison of model predicted stage-discharge at the stream gauge location.   

Due to the Little Salt Creek at the stream gauge location being deeply incised, the stream record 
and stage-discharge rating mainly applies to the channel section.  This allows for good prediction 
of the channel roughness values, but does not provide adequate information for overbank 
calibration.  The HEC-RAS model channel roughness value within the lower reaches of Little 
Salt Creek were modified slightly to provide a good fit to the USGS rating curve.  During the 
calibration process, the model downstream boundary condition was set to normal depth instead 
of a design tailwater depth.  Since the downstream boundary location is several miles below the 
USGS gauge location, this was of minor consequence.

The model output is shown in Table 4-8 and the model output in relation to the rating curve is 
provided in Figure 4-10.  It is noted that model results beyond 10,000 cfs are beyond the extent 
of the USGS rating curve.  Although the values above the 10,000 cfs rating limit appears to fit on 
an extrapolated curve, such judgment is suspect given to the possibility of a curve break due to 
floodplain conveyance becoming more of a factor.  Based on the calibration, it is believed that 
the channel roughness value within the lower reaches of Little Salt Creek is proper for the range 
of low flows through the rare-event flows. 
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Table 4.8 HEC-RAS model output at the gauge location 
HEC-RAS Model Output 

Event Stage (ft NAVD88) Discharge (cfs) 

2-yr 1125.60 957 
10-yr 1134.86 7429 
50-yr 1138.43 12668 
100-yr 1139.68 15043 
500-yr 1142.00 20909 
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USGS 06803510, Little Salt Creek 
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4.5 Floodway Determination 
A floodway was determined for each of the modeled streams. The floodway is determined from 
the floodplain model by encroaching upon the left and right overbanks of each cross section to 
produce a maximum rise of one foot in the water surface elevation.  The encroachments simulate 
fill within the floodplain that reduces conveyance of flood flows. 

A one-foot rise criterion was used to determine the encroachment stations at each cross section.  
Initially, Encroachment Method 4 was used to estimate encroachment stations at each cross 
section.  Encroachment Method 4 automates the floodway modeling process by computing the 
left and right floodplain encroachment station so that the overall change in conveyance within 
the encroached system produces a target water level that meets the rise criterion. 

Once the initial encroachment stations were determined by HEC-RAS, each cross section was 
reviewed and adjusted if necessary to meet the target one-foot rise.  The downstream boundary 
condition for the floodway model was set to one foot higher than that of the 100-year floodplain 
analysis. 
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Section 5 
Floodplain Management Tools 

5.1 Introduction 
A major component of the Little Salt Creek Master Plan is the incorporation of updated 
floodplain and floodway boundary maps.  Accurate floodplain and floodway boundaries alert 
present homeowners and businesses of flood hazards as well as provide guidance for future 
growth and development within the watershed.  The creation of the updated floodplain maps 
follows the specifications and procedures set by the Federal Emergency Management 
Agency (FEMA).

The current FEMA Little Salt Creek floodplain maps were based on a study performed by 
HDR completed in February of 1981, with an effective date of September 2001.  The 
previously mapped areas were defined as Zone A and only included the estimated 100-year 
floodplain boundary.  The floodplain maps were updated as part of the present Little Salt 
Creek Watershed Master Plan study.  The modified maps include an updated 100-year 
floodplain and floodway boundaries as well as the 500-year floodplain boundary.  The 
present study updated the floodplain boundaries in areas that were previously mapped and 
delineated the boundaries along reaches that were not previously studied.  While updating the 
100-year floodplain boundary, the data used during the analysis and mapping procedures was 
accurate enough by FEMA standards to determine the base flood elevations (BFE). This 
allowed for the areas previously mapped as Zone A to be reclassified as Zone AE.  These 
boundaries will be reflected on the FEMA floodplain maps once it is adopted by the City and 
FEMA finalizes the Flood Insurance Rate Map Physical Map Revision. 

The Little Salt Creek floodplain maps resulting from the present study will be submitted to 
FEMA for preliminary review and comment. The FEMA review process could take several 
months to more than a year following the final submittal and will include a public comment 
period hosted by FEMA.  In the interim, the City intends to adopt these newly mapped 
floodplains for the purposes of regulating the updated floodplain and floodway boundaries 
(i.e. flood-prone areas). Because such a large portion of the watershed having updated 
floodplain information is within the County’s jurisdiction, it is also recommended that the 
County adopt the updated information for the purpose of administering the County floodplain 
regulations.

5.1.1 Floodplain Delineation Process 
HEC-GeoRAS Version 4.2.92 was utilized to create the geometric data used for the hydraulic 
analysis as well as generate the water surface boundaries resulting from the 100-year 
floodplain and floodway and the 500-year analysis.  The resulting water surface profiles were 
created using RASPLOT Version 2.5.

Due to the variability in the timing of the peak flows between the various modeled 
tributaries, the stream confluences were not simulated with HEC-RAS. Per FEMA 
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requirements, stream confluences are to be simulated with HEC-RAS only if coincident 
peaks occur.  In order to map the floodplain and stream profiles at stream confluences, a level 
pool backwater process was performed.  Listed in Table 5-1 are the water surface elevations 
predicted for the main-stem channel for the respective tributary confluence of each stream 
reach.  These elevations were used to create the floodplain boundary at each stream 
confluence.   Each reach can be viewed in larger scale in Figures 5-2 through 5-13. 

Approximately 555 additional acres are susceptible to flooding and now identified to be in 
the floodplain.  The Little Salt Creek Watershed’s floodplain is now approximately 3,715 
acres.   

5.1.2 Study Floodplain and Floodway Maps 
Figure 5-1 presents an overview map of the entire Little Salt Creek watershed divided into 12 
floodplain maps identified as tiles 1 through 12. The study floodplain maps are based on the 
hydrologic and hydraulic analysis described in Section 3 and Section 4, respectively. Each 
floodplain map is shown in further detail in Figures 5-2 through 5-13.

Stream profiles for each modeled reach were developed to depict the 10-, 50-, 100-, and 500-
year water surface elevations. The stream profiles are located in Appendix M of the report. 
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Reach Name* 10-year 50-year 100-year 500-year
LSC** 1134.73 1136.5 1137.75 1139.03
Tributary 05 1134.84 1136.59 1137.82 1139.12
Tributary 10 1138.06 1141.50 1142.90 1145.70
Tributary 110 1159.63 1160.20 1160.39 1160.83
Tributary 115 1142.94 1145.50 1146.16 1147.74
Tributary 120 1149.97 1151.33 1151.91 1153.14
Tributary 1260 1207.00 1208.70 1209.17 1210.05
Tributary 130 1194.98 1196.15 1196.51 1197.10
Tributary 1415 1215.83 1216.22 1216.37 1216.65
Tributary 145 1167.87 1169.12 1169.80 1170.94
Tributary 15 1139.22 1143.06 1144.15 1146.37
Tributary 150 1196.21 1196.91 1197.23 1197.73
Tributary 160 1178.71 1179.57 1179.99 1180.88
Tributary 170 1202.02 1202.88 1203.22 1203.77
Tributary 20 1148.76 1149.88 1150.54 1151.98
Tributary 210 1195.95 1196.56 1196.85 1197.24
Tributary 215 1166.26 1167.16 1167.52 1168.14
Tributary 220 1166.61 1168.21 1168.88 1169.83
Tributary 2220 1216.27 1217.20 1217.51 1217.99
Tributary 230 1213.33 1213.85 1214.10 1214.50
Tributary 25 1149.74 1151.08 1151.63 1153.01
Tributary 250 1212.99 1213.52 1213.72 1214.10
Tributary 260 1198.62 1199.26 1199.52 1200.06
Tributary 270 1228.93 1229.69 1230.08 1230.73
Tributary 30 1152.68 1154.11 1154.74 1155.98
Tributary 315 1182.97 1183.72 1184.05 1184.61
Tributary 320 1210.34 1211.02 1211.30 1211.77
Tributary 35 1153.93 1155.37 1155.96 1157.16
Tributary 360 1252.36 1253.35 1253.69 1254.37
Tributary 40 1160.62 1161.84 1162.63 1163.99
Tributary 415 1201.41 1202.63 1203.07 1203.75
Tributary 420 1220.92 1221.78 1222.10 1222.60
Tributary 45 1164.80 1168.09 1169.05 1170.48
Tributary 50 1169.57 1171.00 1171.69 1173.10
Tributary 520 1247.99 1248.46 1248.64 1248.94
Tributary 55 1172.49 1173.93 1174.49 1175.69
Tributary 60 1178.71 1179.57 1179.99 1180.88
Tributary 65 1178.71 1179.57 1179.99 1180.88
Tributary 70 1190.46 1191.15 1191.47 1192.09
Tributary 75 1202.35 1203.54 1204.04 1204.98
Tributary 80 1208.83 1210.31 1210.97 1212.09
Tributary 85 1213.30 1215.10 1215.80 1216.99
Tributary 90 1266.35 1268.03 1268.67 1269.87
Tributary 92 1277.78 1279.40 1280.04 1281.28
Tributary 94 1282.30 1283.69 1284.22 1285.25
Tributary 96 1318.77 1319.59 1319.91 1320.51
Tributary 98 1338.03 1338.68 1338.91 1339.33
* Reach names are show n on Figure 5-1.

** Obtained from the latest Salt Creek hydraulic analysis made available by the City.

Table 5.1 Little Salt Creek Confluence Level Pool Elevations (NAVD88)
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Section 6 
Water Quality and Bio-Assessment 

6.1 Water Quality 
Water quality was assessed using three overview parameters, biological oxygen demand 
(BOD), total suspended solids (TSS) and total dissolved solids (TDS).  The detailed report 
including laboratory analysis is presented in Appendix O. The stream was sampled twice, on 
November 19, 2008 and January 22, 2009.  Both sample sets were taken during dry weather 
periods. The ten sample sites are depicted in Figure 6-1. The sample sites were adjusted to 
coincide with stream macroinvertebrate measurements in 2000.  The locations of those 
earlier tests are also shown in Figure 6-1.  However, because the sampling protocols differed 
widely, the results were not directly comparable.

The purpose of TDS testing in water quality is to gain a general understanding of how much 
material is dissolved in the water. Briefly, the test used to determine the concentration of 
total dissolved solids consists of filtering the sample to remove suspended particles then 
placing a portion of the sample in an oven until all of the water has evaporated.  The solid 
material remaining in the crucible is that which was previously dissolved in the liquid 
sample. This test is not intended to distinguish between one dissolved material and another.  
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The results of these tests are depicted in Figure 6-2 below. The two series of water quality 
tests were consistent and demonstrated that the reaches below Raymond Road have markedly 
higher total dissolved solids than the upper reaches. These concentrations, over 4000 mg/L in 
the lower reaches of the basin, approach levels that may be toxic to livestock.  While at first 
blush this is disturbing, high TDS levels in isolation do not necessarily imply a water quality 
problem.  Naturally saline water bodies may not be suited for watering livestock but that 
does not mean that the salinity is a pollutant.  These data should be evaluated in a broader 
context and supported by more extensive testing. 

There are several potential causes of the high level of TDS including the stream’s salinity, 
leachate from the soil, animal waste or agrichemicals such as fertilizer or pesticides. Given 
that the testing was conducted in winter when the fields were not being worked and that TDS 
increases lower in the watershed, it is likely that much if not most of the TDS is associated 

Figure 6-2:  Total Dissolved Solids Results 
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with salt. This is generally consistent with the findings of Greene, et al (2008) 1in which the 
authors measured the seasonal salinity of Little Salt Creek. These authors also noted that 
salinity was highest during periods of base flow, a condition that generally corresponds to the 
testing here. 

Biological oxygen demand is a measure of the oxygen consumed by bacteria as they 
consume the organic material in the water.  Sources of organic material in the water include 
decomposing plants, leaf or crop litter, animal waste, sewage and fertilizers. High levels of 
BOD indicate that the oxygen in the water is taken up by bacteria and is less available to 
other life forms.  Low levels of BOD indicate higher water quality.  BOD levels in Little Salt 
Creek were consistently at or below the detection limit of 3 mg/L.  These results indicate that 
these samples did not have high levels of organic pollutants. 

Total suspended solids tests measure the concentration of solids entrained in the water 
column. The test is conducted by passing a known quantity of sample water through a filter 
of standardized pore size.  The filter is then dried to remove the water.  The difference in the 
weight of the filter before and after the sample was pored through it is the weight of the 
suspended solids.  Suspended solids are both organic and inorganic.  Typical sources for TSS 
in streams include silt from bed, banks and overland runoff, animal waste, algae, plankton 
and agricultural or industrial waste. High concentrations of TSS clog fish gills and interfere 
with growth and reproduction of stream organisms.  High TSS levels also absorb light and 
contribute to excessive warming of stream water.  The results of these tests are presented in 
Figure 6-3.  The TSS tests produced far more variable results than the TDS evaluations.  
Generally the samples taken in November had higher TSS levels particularly in the mid-basin 
reaches.  Given the erodible soils in the watershed, even small variations in flow rates on the 
sample days may account for these differences. However, in all cases, the levels were 
relatively low. 

                                           
1 Greene, D.L. Harvey, F. E., Gilbert, J. M., Coke, G. R., and Winter,
J. R., Seasonal Variations In Stream Salinity In Eastern Nebraska's Salt Creek Watershed –  
Implications for the Survival of the Endangered Salt Creek Tiger Beetle. 2008 Joint Meeting of  
The Geological Society of America, Soil Science Society of America, American Society of Agronomy,  
Crop Science Society of America, Gulf Coast Association of Geological Societies with the Gulf Coast  
Section of SEPM �
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6.1.1 Water Quality Discussion
Streams dominated by saline wetlands will necessarily have different water quality profiles 
than their freshwater counterparts. For example high TDS levels that would be a cause for 
grave concern in a fresh water stream may simply reflect the rare but normal conditions of 
the surrounding saline wetlands.  

These tests were conducted in the midst of winter, a period when dissolved oxygen would be 
at its highest (cold water dissolves more oxygen than warm water) and when agricultural 
activities are at a minimum. The samples were taken at the same time of year under similar 
flow conditions and when land disturbance due to farming or other activities is dormant.  
Achieving a more balanced and accurate understanding of the water quality requires repeated 
sampling during the full range of flow conditions, agricultural activity and seasons.  

Figure 6-3:  Total Suspended Solids Results 
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6.2 Stream Bio-Assessment 
Unlike the water quality tests described above, measures of living organisms such as macro 
invertebrates and algae give an indication of water quality over a period of time.  For 
example, peak summer water temperatures may still influence populations in late fall.
Similarly, a pollutant spill or erosion event may still leave its mark on stream organisms long 
after TDS or TSS levels have returned to baseline.

The stream bio-assessment conducted here conformed to the USEPA Rapid Bio-Assessment 
for Use in Streams and Rivers: Benthic Macro invertebrates and Fish.  The species sampled 
included macro invertebrates and periphyton but not fish.  The index and scoring criteria 
developed by the Nebraska Department of Environmental Quality (NDEQ) for invertebrates 
were used in the evaluation and classification of biological integrity. NDEQ has not 
established analogous criteria for the classification of periphyton assemblages. The sampling 
locations are depicted in Figure 6-1. Water quality samples were also taken at each bio-
assessment site.  The sites were selected in part to allow comparison with testing conducted 
previously. The complete report including details of sample processing and quality control 
procedures is included in Appendix O.

Briefly, the evaluation uses the number of individual organisms and the species richness as 
well as the attributes of each type of organism to make reasonable inferences about the 
habitat and likely water quality supporting these populations. The Nebraska Invertebrate 
Community Index (ICI) uses a range of factors including species richness and percentage of 
pollution sensitive organisms to assign a score on a test stream relative to the same 
evaluation on reference streams in this ecoregion. An ICI score of 25 or higher is classified 
as excellent while a score of less than 16 is classified as poor. It is important to note that this 
index, while from the same ecoregion, was not prepared for saline streams.  However, 
attributes of stream organisms that are not related to salt-tolerance should be comparable 
throughout the region.  These other attributes may not be reflected in the index. The ICI 
index is directly applicable to the non-saline reaches of the stream. 

6.2.1 Stream Bio-Assessment Results 
All of the sample sites had ICI scores in the poor range and ranged from 12 at the Rock 
Creek Road site to 4 at the Arbor and N. 14th sites.  The ICI score of each site is presented in 
Table 6.1. 

Table 6.1 Nebraska ICI Rating by Sample Site 
Nebraska ICI rating 
Sample site ICI Rating 
Rock Creek 
Road 12 
LPSNRD 6 
Game & Parks 6 
Waverly Road 8 
Arbor 4 
N. 14th 4 
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The salinity of some reaches of the stream most likely has a major influence on the low 
species richness and low population of pollution intolerant organisms.  However, the Rock 
Creek Road, LPSNRD and N. 14th sites scored poorly where TDS (presumably correlating to 
saline conditions) concentrations were not excessive.  Moreover, Figure 6-4, the Rock Creek 
Road site facing upstream suggests that the natural salt in the stream may not be the only 
factor depressing stream organism populations. The detailed report indicates nutrients such as 
from fertilizers or livestock waste, pesticides and other factors such as poor habitat diversity 
may also play a role. All of the sites had high percentages of salt-tolerant algae and diatoms 
ranging from 30% at the upstream-most site (Rock Creek Road) to 68% at the Waverly Road 
site.  At no sample site did the concentration of species that are strictly intolerant to salt 
exceed 2%. Generally the relative abundance of salt-tolerant organisms (both 
macroinvertebrates and algae) increased from upstream to downstream on the main stem; 
however, salt-tolerant organisms are abundant even high in the watershed at the Rock Creek 
Road site. 

6.2.1.1 Rock Creek Road Site 
This site had higher macro invertebrate diversity than the others and included some pollution 
sensitive organisms.  The site includes a rocky substrate that has not silted in and is 

Figure 6-4: Rock Creek Road sample site facing upstream 
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supportive of these animals. However, the site also includes a high percentage (26%) of 
hemoglobin bearing species.  This is indicative of hypoxic substrates. The cause of oxygen 
depletion in the sediment is not clear and may be due to the persistent influence of 
summertime high temperatures or nutrient enrichment. The possibility of high nutrient 
loading at the site is further suggested by the high concentrations of eutraphentic diatoms. 
Seventy-six percent of the diatoms sampled here require eutrophic, or nutrient enriched 
conditions.

6.2.1.2 LPSNRD Site 
This site, located between W. Branched Oak and Raymond Roads was dominated by 
hemoglobin-bearing taxa indicating hypoxic conditions in the channel substrate. The flora at 
the site also suggests low oxygen, nutrient enriched condition; 69% of the periphyton 
assemblage was eutraphentic. Both macro invertebrate and diatom populations had high 
concentrations of salt tolerant members indicating a saline environment.  

6.2.1.3 Game and Parks Site 
The species diversity of macro invertebrates was lower at this site than in the upstream 
reaches and the fauna that was present was particularly pollution-tolerant. The low species 
diversity often indicates that the stream bed is not heterogeneous enough to support a broad 
range of organisms. This is a characteristic of silted-in streams. The diatoms however, had a 
higher species richness relative to the upstream reaches. Of the diatoms, 49% were salt-
tolerant and additionally 61% favored a nutrient-rich environment. 

6.2.1.4 Waverly Road Site 
This site appears to include some stony substrates that have not silted in based on the 
presence of caddis fly.  However, the abundance of hemoglobin-bearing taxa indicates that 
where sediments were present, they were oxygen depleted. This site had the highest 
concentration (68%) of salt-tolerant diatom taxa of any sampled.  Taxa that favor nutrient-
enriched substrates were also dominant.  Filamentous algae were sampled here further 
suggesting that nutrient enrichment may impair water quality. 

6.2.1.5 Arbor Site 
This site was overwhelmingly dominated by midges associated with filamentous algae and 
hypoxic substrates. High levels of filamentous algae suggest severe nutrient enrichment. 
Here there was also a near-complete absence of the most prominent pollution-intolerant taxa. 
Sixty-nine percent of the diatom taxa favored nutrient-enriched habitats. This site is depicted 
in Figure 6-5. 
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6.2.1.6 N. 14th Site 
Located on a tributary, this site had a lower concentration of salt-tolerant macro invertebrates 
than the other sites. The site was dominated by pollution tolerant organisms associated with 
stagnant water. Salt-tolerant diatoms comprised 51% of the taxa sampled while eutraphentic 
taxa were 81% of the sampled diatoms.  

6.3 Water Quality and Bio-assessment Summary 
The water quality in Little Salt Creek is poor. The bio-assessment revealed that organisms 
associated with high nutrient loads and oxygen depletion occur throughout the basin. The 
chemical water quality tests did not indicate a problem but were not performed at a time of 
year when such problems are likely to be detected. 

Assuming that concentration of Total Dissolved Solids is a rough proxy for natural salinity, 
then the chemical water quality tests do not indicate serious water quality problems. The high 
levels of TDS in reaches of the stream bounded by salt seeps are to be expected while the 5-
day BOD and Total Suspended Solids concentrations are unexceptional.  However, the tests 
were conducted only in winter at approximately base flow with no recent run-off inducing 
events.  At this time of year there is very little land disturbance or other agricultural activity. 

Figure 6-5: Arbor sample site facing upstream 
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Moreover, the tests did not include analysis of the nutrients nitrogen and phosphorous or of 
fecal coliform.  All of these tests are important for determining the degree of nutrient 
enrichment and the likely causes.  In designing future protocols it would also be helpful to 
map the areas most heavily grazed by livestock and the times of year the animals are present. 
Other water quality data from UNL or other sources will likely include these parameters. 

The results of the stream bio-assessment tell a different story because measures of living 
organisms necessarily provide a longer-term perspective on stream health. The natural saline 
wetlands profoundly influence the flora and fauna of this stream.  Even if there were no 
anthropogenic influences in the watershed, the saltier reaches would most likely be different 
from and less diverse than those used in the ICI reference set. Ideally, there would be a 
reference stream bounded by salt seeps in pristine condition for comparison. The absence of 
such a perfect reference complicates the interpretation of the bio-assessment but does not 
eliminate its usefulness.   Even allowing for an influence of the natural saline conditions, 
there are strong indicators of water quality problems in the stream.  These merit a more 
detailed examination.  Species that are indicators of nutrient enrichment and hypoxia 
possibly associated with high water temperatures are consistent throughout the basin and 
occur in both the saline and non-saline reaches.  This suggests that factors beyond saline 
wetlands are influencing water quality and habitat.  Poor water quality is indicated by high 
nutrient levels and oxygen depletion regardless of other natural factors.  It is necessary to test 
directly for nitrogen, phosphorus, fecal coliform and dissolved oxygen to gain a more 
quantitative understanding of the extent of water quality degradation in this stream.  

6.4 Water Quality Future Land Use Hydrology 
Urbanization of watersheds can lead to significant impacts due to increased flooding and to 
water quality issues from increased heavy metals and oil loadings from the addition of 
parking lots, driveways, and road surfaces as well as potential increased nutrient loadings 
from residential lawns.  While the majority of the Little Salt Creek watershed is in an 
agricultural land use today, there are approximately 1,200 acres within Lincoln’s Future 
Service Limit where urban services and inclusion in the City limits are anticipated by 2030.  
Approximately 675 acres are within the Priority A area designated to be served with utilities 
in the next six years.  In addition, there are some unique and special water resource 
considerations in this watershed, including the Eastern Nebraska Saline Wetlands, which are 
notably rare and form the habitat for the endangered Salt Creek Tiger Beetle (federally-
listed), and the Saltwort plant (state-listed).   Thus, it is still important to address the potential 
water quality impacts of future urbanization. 

6.4.1 Hydrologic Modeling of Future Land Use 
To assess the potential impacts to future land use changes, the hydrologic model was 
modified to reflect future conditions.  The description of the hydrologic model modification 
is presented in Section 3.7, above.  Within Section 3.7.3, guidelines are provided to adjust the 
hydrologic model initial storage based on type of land use changes within the subbasins.
Within Section 3.7.4, multiplication factors are provided to adjust the lag times of subbasins 
having changed future land uses.  These guidelines were applied to the Tier 1 and Tier 2 
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projected changes.  The hydrologic model was then executed for both future conditions 
scenarios (Tier 1 only, then Tier 1 and Tier 2 changes) for low flow conditions.

The purpose of the low flow conditions was to assess volume of increased runoff containing 
the first flush from parking lots and such.  To assess low flows, the rainfall producing a half-
inch basin-wide runoff volume under existing conditions was analyzed.  

6.4.2 Low Flow Analysis 
Since low flows peak discharges and volumes may be more influenced by watershed base 
flows, the first step in assessing low flows was to obtain an estimate for the average annual 
base flow for Little Salt Creek.  Average daily flows for the period of record were obtained 
from the USGS stream gauge located at 27th and Arbor Street.  These flows were then 
arranged from highest to lowest on a Weibull Chart.  It was found that 95% of the flows were 
at or less than 32 cfs.  Therefore a chart was developed showing the flow rankings for flows 
less than 100 cfs (see Figure 6-6).  For the low flow analysis the flow which is approximately 
exceeded 50% of the time was adopted.  This flow is 5.4 cfs.  This flow was assumed to be 
distributed throughout the conveyance system based on a ratio to the contributing drainage 
area.  At the gauge site the drainage area is 43.6 square miles.  Therefore, the base flow was 
assumed to have a rate of 0.124 cfs/square mile of drainage area.   
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Figure 6-6:  Weibull analysis of Little Salt Creek average daily flows at N 27th St and Arbor Rd  

Weibull Analysis
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The rainfall depth required to produce an average half inch runoff from the watershed 
was found to be 3.30 inches over a twenty-four hour period.  This rainfall depth was 
distributed based on an SCS Type II rainfall pattern.  This event corresponds to a 2.5-year 
frequency (40% probability of exceedance). The resultant runoff volume plots within the 
computed probabilities of the 1-day and 2-day volumes for the 40% probability of 
exceedance as described in Section 3.3.1 of this report (see Figure 3-7). Table 6.2 through 
Table 6.4 displays the comparison between existing conditions and future conditions for 
the Tier 1 and Tier 2 scenarios for the half inch runoff event.  The locations at which the 
results were taken are displayed above in Figure 6-7.  For this rainfall event the 
percentage increase in peak discharge is substantial in the smaller tributaries undergoing 
changes from agriculture to fully developed.  However, the percentage increase in total 
volume of runoff is more moderate. Figures 6-8 through 6-15, located at the conclusion 
of this section, provide the hydrograph results for the three conditions (existing, Tier 1, 
and combined Tier 1 & 2) for the half inch runoff event.  These hydrographs again reflect 
the effects urbanization on the lower portion of the watershed has on the main channel.    

Table 6.2 Comparison of peak flows under existing and future conditions for the 
0.5" runoff event 

Existing Tier 1 Tiers 1 and 2 

Location 

Peak Flow 

(cfs) 

Peak Flow 

(cfs) % Increase 

Peak Flow 

(cfs) % Increase 

1 2036 2013 -1.13 2203 8.20 
2 2011 2087 3.78 2309 14.8 
3 483 556 15.1 740 53.2 
4 337 423 25.5 678 101 
5 383 454 18.5 440 14.9 
6 298 396 32.9 366 22.8 

Table 6.3 Comparison of total volumes under existing and future conditions for the 
0.5" runoff event 

Existing Tier 1 Tiers 1 and 2 

Location Volume (ac-ft) Volume (ac-ft) % Increase Volume (ac-ft) % Increase 

1 1249 1313 5.12 1334 6.81 
2 1157 1172 1.30 1194 3.20 
3 135 141 4.44 159 17.8 
4 60.0 64.7 7.83 81.6 36.0 
5 69.7 79.6 14.2 82.7 18.7 
6 35.7 46.5 30.3 48.5 35.9 
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Table 6.4 Comparison of volumes within the first six hours of runoff under existing 
and future conditions for the 0.5" runoff event 

Existing Tier 1 Tiers 1 and 2 

Location Volume (ac-ft) Volume (ac-ft) % Increase Volume (ac-ft) % Increase 

1 580 643 10.9 664 14.5 
2 549 565 2.91 586 6.74 
3 96.2 102 6.03 120 24.7 
4 54.6 59.4 8.79 75.7 38.6 
5 68.8 78.8 14.5 81.8 18.9 
6 35.7 46.5 30.3 48.5 35.9 

Within these smaller subbasins the increase in volume could be controlled through 
watershed management such that the peak discharge could be maintained by use of 
retention cells, with the volume distributed over a longer period of time.  Therefore, with 
watershed management control, such as implementing the site specific structural and non-
structural best management practice (BMP) recommendations of Section 7.2, oils and 
nutrients could also be more easily controlled. 

It is noted that the main channel of Little Salt Creek is predicted to have a very slight 
lowering of peak discharge during an event producing a half inch runoff.  In looking at 
the modeling results this was due to the peak runoff from the lower fifth of the basin 
becoming quicker, thus entering and leaving the main channel prior to the upper 
watershed contributing.  This is reflected in the comparative tables above as well as 
displayed in Figures 6-8 and 6-9, which shows the multiple peaks due to timing 
differences between the upper and lower portions of the watershed for the half inch of 
watershed runoff.  In review of Tables 6.2 and 6.4 above, the increase in future 
conditions storm volumes are much larger for the first six hours of runoff, with the 
percentage of increase dropping for the entire storm volume.   

This is indeed possible, but it is noted that the design storm utilized is stationary.  Storm 
systems that cause flooding frequently tend to be moving systems.  Any storm system 
that would move from northwest to southeast within this watershed would allow the 
upper watershed to develop first, with the lower basin developing and contributing later.
In this case, which is common, the predicted peak discharge at the confluence of the 
watershed would become higher. 
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FINAL DRAFT

Figure 6-8:  0.5" runoff event resultant hydrographs of existing and future conditions scenarios at Location 1 
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FINAL DRAFT

Figure 6-9:  0.5" runoff event resultant hydrographs of existing and future conditions scenarios at Location 1 (first 6 hours of
runoff)
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FINAL DRAFT

Figure 6-10:  0.5" runoff event resultant hydrographs of existing and future conditions scenarios at Location 2 
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FINAL DRAFT

Figure 6-11:  0.5" runoff event resultant hydrographs of existing and future conditions scenarios at Location 2 (first 6 hours of
runoff)
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FINAL DRAFT

Figure 6-12:  0.5" runoff event resultant hydrographs of existing and future conditions scenarios at Location 3 
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FINAL DRAFT

Figure 6-13:  0.5" runoff event resultant hydrographs of existing and future conditions scenarios at Location 4 
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FINAL DRAFT

Figure 6-14:  0.5" runoff event resultant hydrographs of existing and future conditions scenarios at Location 5 
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FINAL DRAFT

Figure 6-15:  0.5" runoff event resultant hydrographs of existing and future conditions scenarios at Location 6 
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Section 7 
Drainage Criteria Review

7.1 Introduction
The purpose of this section is to review stormwater standards for the City relating to future 
urban land use and, where appropriate, make recommendations relating to future rural 
residential development. 

The following studies, design criteria and ordinances were reviewed: 

CITY OF LINCOLN 
� The Drainage Criteria Manual, City of Lincoln Public Works and Utilities 

Department and the Lower Platte South Natural Resources District, February 22, 
2000, Revised May 10, 2004 

� City of Lincoln Design Standards, Chapter 2.05 STORMWATER DRAINAGE 
DESIGN STANDARDS 

� Lincoln Municipal Code Subdivision Ordinance Chapter 26.24 Flood Regulations For 
Existing Urban Area 

� Lincoln Municipal Code Subdivision Ordinance Chapter 26.25 Flood Regulations for 
New Growth Area 

� Lincoln Municipal Code Zoning Ordinance Chapter 27.52 Flood Regulations For 
Existing Urban Area 

� Lincoln Municipal Code Zoning Ordinance Chapter 27.53 Flood Regulation For New 
Growth Area 

� Lincoln Municipal Code Stormwater Quality and Erosion and Sediment Control 
Chapter 28.01 Regulations for Construction Site Discharges 

� Lincoln Municipal Code Stormwater Quality and Erosion and Sediment Control 
Chapter 28.02 Regulations for Illicit Discharges 

� Stevens Creek Masterplan, Section 7, Drainage Criteria Manual Review 
� Alternative Stormwater Best Management Practices Guidelines, April 2006, City of 

Lincoln and Lower Platte South NRD. 

LANCASTER COUNTY 
� Nebraska Department of Roads-Roadway Design Manual, Chapter 10: Miscellaneous 

Design Issues, 2.E.2 Stream Crossings 
� Lancaster County Land Subdivision Regulations, CHAPTER 4 Design Standards 
� Lancaster County Land Subdivision Regulations, CHAPTER 6 Subdivision within 

Floodplain
� Lancaster County Zoning Regulations, ARTICLE 11 FLOOD PLAIN DISTRICT 

(Resolution No. 3665, January 26, 1982) 
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The guidelines and ordinances review for the Little Salt Creek Watershed, in general, focuses 
on characteristics unique to the watershed as follows:

� Dispersive soils 
� Saline wetlands and seeps 
� Endangered species, including the Salt Creek Tiger Beetle and Saltwort Plant 
� Rural watershed, primarily agricultural 
� The lower 10% of the watershed is projected to develop from a rural to urban density 

by the year 2030. 
� The upper 90% of the watershed is projected to remain rural through the year 2030.

The recommendations described in the following subsections address the following topics: 
1. Stormwater BMPs  
2. Dispersive soils 
3. Conservation culvert or crossing 
4. Revised floodprone area adopted as best available information 

7.2 Stormwater BMPs 
In the Little Salt Creek Watershed, the highly erodible nature of the soils cause the main 
channel and tributaries to be very susceptible to erosion resulting from changes in runoff 
volumes and rates for storms which are more frequent than the 2-year event.  The key to 
preserving water quality, maintaining long-term stream stability, and providing flood control 
benefits is to install stormwater facilities that control the full range of hydrologic conditions, 
including the smaller rain events in addition to the 2-, 10-, and 100-year storm events.  Site-
specific structural and non-structural best management practices (BMPs) are recommended 
to control the smaller rain events, with detention basins being used to control the larger rain 
events (2-, 10-, and 100-year design storms).  Two approaches to manage both the larger 
storm events and smaller more frequent storm events and meeting the water quality goals are 
1) Integrated Detention Facility, and 2) Alternative Site Design.

These two approaches are possible alternatives to achieve the same objective of helping 
preserve water quality and long-term stream stability within the Little Salt Creek Watershed 
and are explained in more detail below.  This recommended guideline is for the City of 
Lincoln only.

7.2.1 Integrated Detention Facility
The integrated detention facility approach involves designing detention ponds to control the 
smaller more frequent storm events, as well as the 2-, 10-, and 100-year events. This will 
require changing the City’s current stormwater BMP program from a voluntary to a 
mandatory program for site-specific structural BMPs as outlined in the Stevens Creek 
Watershed Master Plan. The implementation of integrated detention facilities approach will 
help preserve water quality and long-term stream stability. 

7.2.2 Alternative Site Design
The alternative site design approach involves using site-specific structural and non-structural 
BMPs separate from the detention ponds.  The BMPs can include, but are not limited to 
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grass-lined swales, bio-retention cells, and constructed wetlands.  Being separate from the 
detention ponds allows them to be incorporated into the site as landscape features, park 
amenities, and passive recreation amenities.  The alternative site design method will require 
changing the City’s current stormwater BMP program from a voluntary to mandatory 
program for conservation site design and structural BMPs as outlined in the Stevens Creek 
Watershed Master Plan. The implementation of the alternative site design approach will help 
preserve water quality and long-term stream stability. 

7.3 Dispersive Soils 
The Salmo soils are potentially dispersive and highly erodible.  Salmo soils are generally 
located in the lower part of the Little Salt Creek watershed along the main stem, downstream 
of the NW 12th Street and Branched Oak Road and the entire watershed south of Waverly 
Road.  Stormwater structures constructed in dispersive and highly erodible soils are 
susceptible to piping and flanking. Headcuts in stream channels can propagate easily through 
these soils which can result in perched and threatened drainage structures. Consideration 
should be given to soil erodability when designing stormwater structures (culverts, bridges, 
grade controls, energy dissipation structures, etc.) within the watershed.  The project 
geotechnical exploration should include testing for dispersive soils for use by design 
engineers.  If soils are found to be highly erodible and dispersive, stormwater structures shall 
be designed and constructed of material that will not allow piping or degradation of the 
structure.

The following recommendations are for both the City of Lincoln and Lancaster County in 
areas containing Salmo soils: 

� Dispersive soils test should be included as part of the geotechnical testing on each 
project.

� Geotechnical reports should include a section on erodibility. 
� A Certified Professional in Erosion and Sediment Control (CPESC), a geotechnical 

engineer or similarly qualified professional should professionally seal or certify 
interventions that may result in accelerated erosion.  

7.4 Conservation Culvert or Crossing 
The design of new culverts or stream crossings should incorporate the natural channel 
configuration of the stream at the location of the new culvert or crossing.  Most streams have 
a two-stage channel configuration consisting of a low-flow channel where the frequent flows 
are contained and then a flood-flow channel.  Through conventional culvert design, streams 
are over-widened at the culvert.  Over-widened streams will revert back to their natural 
channel shape over time by depositing sediment in the culvert barrel(s) to develop the low-
flow channel.  This deposition through the culvert causes maintenance problems and reduces 
the efficiency of the culvert during the flood-flows. Moreover, by inducing upstream incision 
and potentially bank failures, over-widening of streams at culverts is responsible for 
accelerated erosion and sediment delivery to the stream system with subsequent degradation 
of water quality and critical habitat. 
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Figure 7-1: Conservation culvert example 

A conservation culvert is designed and configured to match the natural two-stage channel 
shape for each stream.  The low-flow barrel should be sized to maintain the stream-forming 
flow depth through the culvert.  The hatched area in Figure 7-1 shows the low-flow channel.
The stream-forming flow may be derived using the Manning parameters including channel 
width, bed slope, hydraulic roughness and the depth at stream forming flow.  This depth is 
sometimes determined from field indicators such as bar height and lower limit of woody 
vegetation, elevation of internal floodplains or persistent scour lines among others. Potential 
stream-forming flow indicators are plotted against the bed elevation; if the best fit line for the 
indicator plots parallel to the channel bed, the vertical difference between the two may be 
assumed to be a reasonable estimate of the depth of the stream forming flow. The indicators 
mentioned above are important but may be difficult to discern or altogether absent in heavily 
disturbed streams. Other valid methods for estimating the stream forming flow include 
methods described in Hydraulic Design of Stream Restoration Projects1. Once the low-flow 
barrel is sized, the other barrels and configuration are sized to handle the capacity of the 
flood-flow design storm. The most important point of this exercise is that flood capacity is 
obtained above the depth of the stream forming flow. 

                                           
1 US Army Corps of Engineers ERDC/CHL TR – 01-28. 

Low flow

channel
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The location of the low flow channel should be consistent with the natural plan-form of a 
stream. Channel plan form should not be altered. The low-flow channel should be on the 
outside of bends and more toward the center in transition segments between bends. 

At bridge crossings, the same goal can be accomplished by maintaining a low-flow channel 
under the bridge.  The channel cross section under the bridge should closely match that of the 
channel upstream of the bridge. 

While applying this conservation culvert and crossing design concept, the requirements and 
design criteria outlined in Chapter 4 of the City’s Drainage Criteria Manual revised May 10, 
2004, should be followed. 

These Conservation Culvert or Crossing guidelines are for both the City of Lincoln and 
Lancaster County. 

7.5 Adopt Revised Floodprone Area as Best Available 
Information 
It is recommended that the updated floodprone area and floodway boundaries be adopted as 
best available information to be used for regulatory purposes, in accordance with the existing 
City Flood Regulations.  Accurate floodplain and floodway boundaries alert present 
homeowners and businesses of flood hazards as well as provide guidance for future growth 
and development within the watershed. The current FEMA floodplain boundaries were based 
on a study completed in 1981.  They are considered FEMA Zone A (i.e. no detail analyses 
were performed) with limited coverage in the watershed. The updated floodprone area and 
floodway boundaries are delineated using more accurate contour data, allowing them to be 
considered FEMA Zone AE (i.e. a detail analyses was performed).  The updated boundaries 
also include reaches that were not previously mapped. 

The Little Salt Creek floodplain maps resulting from the present study will be submitted to 
FEMA for preliminary review and comment. The FEMA review process could take several 
months to more than a year following the final submittal, and will include a public comment 
period hosted by FEMA.  In the interim, the City anticipates adopting these newly mapped 
floodplains for the purposes of regulating the updated floodplain and floodway boundaries 
(i.e. floodprone areas). Because such a large portion of the watershed having updated 
floodplain information is within the County’s jurisdiction, it is also recommended that the 
County use the updated information for the purpose of administering the County floodplain 
regulations.
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Section 8 
Geomorphic Evaluation 
 
8.1 Fundamentals of Fluvial Geomorphology 
Fluvial geomorphology is the science of how moving water shapes the land.  It is the 
fundamental discipline of river science and allows the quantitative description stream 
behavior now and reasonable predictions of future behavior under specified conditions. 
Fluvial geomorphology and the related disciplines of hydrology and hydraulic engineering, 
geology and soil science together provide the technical underpinnings for sound watershed 
management. Following is a brief overview of geomorphic principles with emphasis on their 
application to stream and watershed management. 
 
8.1.1 Major Models
Streams exist in a state of dynamic equilibrium in which the forces driving channel form are 
balanced by the resisting forces.  The driving force is gravity and acts on the stream as the 
rate at which water and sediment move through a stream while the resisting forces are the 
strength of the channel boundary materials and friction expressed as the channel shape.  
When the driving forces exceed the resisting forces, the stress applied by water or sediment 
exceeds the channel strength.  The stream channel responds by altering its shape in plan, 
profile and cross-section to accommodate the change in flow volume and applied shear.  
Once disturbed, the processes by which streams respond are: 1) incision or degradation, 2) 
widening, 3) aggradation or deposition and 4) plan form adjustments.  Through these 
processes, streams eventually re-establish equilibrium.  Determining which process is 
dominant and the likely progression of stream processes is one of the principle challenges of 
stream management. 
 
Gravity and friction are first principles and drivers of channel form at the most fundamental 
levels. Stream managers grapple with their many manifestations including sediment source, 
sizes and abundance, varying hydrologic conditions, vegetative influences and a broad range 
of geological influences.  Given the large number of independent variables and the complex 
relationships between the many dependent variables, it is reasonable to seek robust, relatively 
straightforward models that organize these variables. In disturbed systems such as Little Salt 
Creek, the chosen approach evaluates each channel process separately then develops an 
integrated assessment using energy relationships. 

Although there are three commonly recognized approaches to stream design, each with 
advantages and limitations (Skidmore et al. 2001), the two simplest approaches, often called 
analog and empirical methods, explicitly assume equilibrium conditions regarding hydrology 
and sediment transport.  Because Little Salt Creek is not in an equilibrium condition, as 
discussed in more detail in Section 8.3.1 Existing Channel Process, the analytical approach is 
used. 
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Lane’s Relationship  
In 1955, E.W. Lane expressed the relationships between the driving and resisting forces for 
channel change in the following simple proportionality.  The expression is also illustrating in 
Figure 8-1. 

QS D50  �   S QW 

Where QS  � Rate of sediment flow 
  D50   � Median size of mobile particles 
  S  � Slope of the channel bed 
  QW  � Rate of water flow 

Figure 8-1: Lane’s Stable Channel Balance 
 
Here the D50 stands as proxy for boundary strength and S for channel shape. From this 
relationship, it is clear that a change in any of these parameters will, once a threshold is 
exceeded, induce a change in one or more of the others.  The familiar increase in Qw 
associated with urban development illustrates this point well.  The response to this increase is 
some combination of the following: a decrease in channel bed slope (incision), an increase in 
sediment load (increased erosion) and an increase in the median size of mobile particles.  

� Initial change: QW �; response: QS�.  Often the bed slope remains relatively 
unchanged at first, so to maintain the proportionality, Qs increases.  The increase in 
sediment load is generated by down cutting of the channel bed (incision), scour of the 
stream banks or both.  The incision locally steepens the channel slope, compounding 
the driving force for more erosion.  This local steepening of bed slope is called a 
knickpoint.  Knickpoints migrate upstream liberating sediment as they progress. 
When the stream banks exceed their critical height, mass failure ensues.  This 
reconfiguring of the channel geometry continues until the equilibrium described by 
Lane is re-established. 
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� Initial change: QW �; response: D50 �. This condition occurs when there is little 
sediment initially available in the bed or banks. So, to maintain Lane’s 
proportionality, the size of the median mobile particles increases.  Under this 
condition, rock armor that previously protected a structure becomes mobile as the D50 
increases.  Subsequently, the service life of the infrastructure declines. Moreover, the 
natural bed armoring aggregate, previously mobile only during less frequent floods, 
becomes mobile during more frequent events and the underlying, more erosion-prone 
bed and bank materials are exposed to greater and more frequent erosive force. 

 
� Initial change: QW �; response: S �.  If the channel bed is relatively resistant to 

incision, the stream may respond to increased flows by decreasing its slope.  The 
stream accomplishes this decrease in slope by meandering or increasing the channel 
length over the same change in elevation.   The downstream progression of point bars 
(crescent-shaped sediment deposited on the inside bank of stream bends) opposite the 
downstream progression of eroding and failing cut banks (steeper outside banks of 
stream bends) are classic signs of meandering. 

  
� Initial change: S �; response: QS �.  Increasing channel slope is often accomplished 

through channel straightening to achieve greater flood conveyance or to optimize land 
development.  This increase in slope causes an increase in sediment load, in mobile 
D50 size or both.  Bed and banks erode to generate the sediment that deposits 
downstream where channel slopes are flatter.  The effective change in water surface 
slope may extend upstream well beyond the actual channel straightening, extending 
the accelerated erosion.    The sediment eroded from upstream of the channelization 
and deposited downstream counteracts the effect of the channelization and 
improvements in flood conveyance are often less than anticipated.  

 
Lane’s Relationship is useful for broad conceptual understanding of stream behavior. The 
following models more specifically address stream process. 
 
Channel Evolution – Evaluating Channel Changes in Cross-Section 

When considering streams from a 
management perspective, it is especially 
helpful to note that streams trend toward 
the equilibrium condition.  Schumm 
(1984) and most recently Simon (2001) 
have described process by which streams 
reacquire equilibrium after a disturbance in 
the watershed .  Simon separates changes 
in channel morphology into six stages: I) 
Pre-disturbance, II) Disturbance, III) 
Incision, IV) Widening, V) Deposition, 
and VI) Recovery and Reconstruction.   
Determining the phase of channel 
evolution in the various project reaches 
was an important part of the analysis.   

Figure 8-2: Dynamic equilibrium channel on the 
mainstem of Little Salt Creek
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At Stage I, the channel is stable and transports the water and sediment delivered to it without 
significant adjustment.  Although not a universal feature, internal floodplains are common in 
stable streams including those in the Central Midwest.  Bankfull floodplains occur at the 
elevation corresponding to the dominant discharge.  The dominant discharge is the flow that, 
over time, accomplishes the most work on the stream channel. In undisturbed streams, the 
dominant discharge typically occurs every 1.5 to 2 years.  The bankfull floodplain performs a 
valuable function by lowering the bank shear during higher flows and effectively managing 
the stream energy.   

During Stage II, natural or manmade events disturb the channel. In disturbed systems, the 
dominant discharge often occurs far more frequently and may not support the development of 
internal floodplains.  Common forms of manipulation include increases in the rate, volume or 

timing of flow or direct alteration of 
channel dimensions or alignment.   

In Stage III, the stream cuts downward, 
lowering its channel slope to redistribute 
energy.  This incision process migrates 
upstream.  The migrating face of an 
incision front is referred to as a 
knickpoint or knickzone.  The typical 
shape of these channels is V- shaped or 
narrow U-shaped.  In soils such as loess, 
incision may proceed rapidly; migration 
rates exceeding 1000 feet/year occur in 
the Central Midwest.  Incision proceeds 
until the channel has reached a stable 
slope, the incision reaches a more 
resistant layer or the stream banks begin 

failing because of mass wasting.  

Channel widening through mass 
wasting of the stream banks, Stage 
IV, follows incision.  There are two 
common mechanisms of bank failure.  
Fluvial action erodes soil away from 
the toe of the slope resulting in a 
cantilevered bank, which eventually 
fails through toppling.  Alternatively, 
the incision cuts deeply enough into 
the bed that the stream banks exceed 
their critical height and fail.  Both 
mechanisms may operate in a stream.   

The next phase of channel evolution is 

Figure 8-4: Deposition on Little Salt Creek 
Mainstem at W. Davey Road culvert 

Figure 8-3: Incised V-shaped channel on Tributary 
220 
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Stage V when the channel has sufficiently widened and begun depositing sediment eroded 
from upstream reaches in the bed. The deposits occur as channel bars and occasionally as 
internal floodplains.    

In Stage VI, the channel regains the equilibrium condition and efficiently transports both 
water and sediment.  If a substantial increase in Qw precipitated the adjustment, final 
dimensions of the channel will probably be larger than the pre-disturbance condition. 

Each of these phases is depicted on Figure 8-5. 
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Stage I Pre-disturbance  
� Bed and bank materials balanced with 

erosive forces 
� Permanent woody vegetation near the water 

line 
� Two-stage channel shape evident at about 

1.8 year return interval 

Stage III Incision 
� Downcutting liberates sediment 
� Lost or perched bankfull floodplains 
� “U” shaped channel 
� Woody vegetation high on bank with 

many “surfer” trees 

Stage II Disturbance  
� Channel altered, hydrology or 

sediment inputs modified  
� Removal of permanent woody 

vegetation near the water line 
� Two-stage channel shape 

eliminated or no longer supported 
by flow conditions

Figure 8-5: Channel Evolution Model (from Simon, 2001) 
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Stage V Deposition 
� Deposition begins from liberated 

sediment 
� Vegetation establishes near water line

Stage VI Recovery and Reconstruction 
� Bankfull floodplains may be 

reconstructed from liberated sediment 
� Woody vegetation establishes near 

water line 
� Stability re-established

Stage IV Channel Widening 
� Widespread bank failures as banks exceed 

critical height  or were undercut by toe 
scour 

� Channel adjusts to new flow regime 
� Significant sediment loads generated; most 

significant erosion hazard in this phase 
� Bank armoring generally ineffective 

Figure 8-5: Channel Evolution Model (cont.) 
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Meander Formation and Migration – Evaluating Channel Change in Plan Form 
Adjustments in plan form are common and have an important influence on the sustainability 
of a stormwater system as well as on the safety and service life of near-stream infrastructure.  
Some plan form adjustments can liberate significant sediment and present major erosion 
hazards. The management requirements of plan form adjustment differ from those of an 
incising or widening stream. Consequently, distinguishing between these processes is an 
important part of the investigation and analysis. Straight stream channels are rare and require 
a narrow set of circumstances to maintain dynamic equilibrium in a natural setting.  Like all 
other open systems, streams adjust their form to minimize the expenditure of energy.  The 
formation of pool-riffle patterns and meanders are consistent with this trend towards 
maintaining an equilibrium condition. Meanders are complex in both formation and behavior.    
Meander formation graphically demonstrates the principle of cause and effect in stream 
mechanics.  The cause is the force applied by moving water and sediment and the effect is 
the shape of stream channel.   
To describe the basic process of meander formation, the distinction between the meander 
flow or discharge centerline and the channel centerline is important.  As illustrated in Figure 
8-6, the channel centerline (effect) lags the discharge flowline (cause). The flow in a stream 
does not progress in straight lines parallel to the stream channel. Rather the flow is comprised 
of a primary flow oriented downstream and transverse flows oriented perpendicular to the 
primary flow. Along the discharge flow path, these inward and outward transverse flows are 
balanced.  However, along the channel flow path, there is considerable asymmetry.   Because 
of the variable turbulence and secondary flow patterns, the flow velocity, sediment transport 
and boundary shear stress are non-uniform cross the channel.  These areas of turbulence 
produce alternating pulses of sediment, scour and deposition. 

Figure 8-6: Meander Formation and Migration 
 

Areas of scour and deposition alternate along the axis of discharge flow producing a pool 
along the outer bend and a corresponding point bar on the inner bend.  As the pattern of scour 
and deposition alternates from one side of the channel to the other, the thalweg (deepest 
portion of the channel cross section) and maximum flow velocity cross over the center of the 
channel.  Theses cross over points become the riffles.  The alternating pattern of bar building 
and bank scour causes straight streams to evolve into meandering ones with a sinuous 
pattern.  Specifically, this is how channelized reaches eventually reacquire a sinuous shape. 
 
Although the process of creating riffles and pools encompasses highly variable processes, the 
riffles and pools occur at generally predictable intervals.  The spacing of these riffles or pools 

FLOW CENTERLINE 

FLOW LINE 
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along the thalweg relates closely to the width of the stream at the elevation of dominant 
discharge. Figure 8-7 below illustrates riffle geometry in plan form.  Further, the spacing of 
the pools, which are near the outside bend and slightly downstream of the maximum 
curvature of the meander, have essentially the same relationship to channel width as the 
riffles.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In alluvial streams of homogeneous material, meanders take the form of sine-generated 
curves.  Leopold and Langbein (1969)  demonstrated that this shape is the most hydraulically 
efficient form for turning water.  Further, Chang (1998) presents a more analytical 
assessment of this meander plan geometry.  These relationships between stream width, riffle 
spacing, meander wavelength and radius of curvature are remarkably consistent for streams 
and rivers throughout the world.  
 
Most stable relationships in channel geometry include the channel width at the elevation 
corresponding to the dominant discharge.  Riffle spacing (Z) generally occurs every 6.3 bank 
widths (W) where W is the width at the dominant discharge. This spacing is essentially 2�W.  
Meander wavelength is approximately 12 bank widths, which approaches 4�W.   
 
The radius of curvature is also related to the channel width at dominant discharge elevation. 
The ratio of meander radius of curvature (Rc) to channel width (W) generally ranges between 
2 and 7. Bagnold’s (from Thorne et al, 1997) investigation of energy losses at bends 
confirmed the empirical observations by determining that flow energy losses are minimized 
through this shape.  A tighter radius causes a flow separation and severe energy losses, a 
hydraulic inefficiency that is not persistent.  In natural rivers, channel bends erode to a Rc/W 
ratio of 2-5 and then maintain that form, which indicates that the hydraulic efficiency is 
optimized by this form.   
 
In streams containing heterogeneous media and in confined channels, the meander pattern is 
interrupted by variations in bank structure, infrastructure, confluences, geologic features and 
channel manipulation.  Streams out of equilibrium also display distortions in meander pattern 
and growth.  Nevertheless, the fundamental relationships describing these patterns remain 
broadly applicable.  

L

Rc

L = 4�W 
Rc/ W = 2 – 7 

Riffle spacing (Z) = 2�W 

W

Z

A

L = wavelength    Rc = radius of curvature  
A = amplitude W = width at dominant discharge

Figure 8-7: Meander geometry 
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Consistent with the location of peak stress downstream of each bend apex, meander 
waveforms migrate downstream.  In stable streams, the meander migration generally occurs 
at a rate that does not affect infrastructure.  However, accelerated migration may pose a 
substantial risk.  A rapid increase in sediment load delivered from an incising reach upstream 
is the most likely trigger for accelerated migration in Little Salt Creek.  
 
Profile Analysis 
Little Salt Creek flows through erodible soils and has a low threshold for incision.  A profile 
analysis reveals reaches where by virtue of bed slope and material strength, incision is likely.  
Abrupt changes in channel profile indicate areas where incision is occurring now or where 
the degradation is arrested by manmade or natural structures. In Little Salt Creek debris jams 
in the upper reaches are the most common natural structures restraining the advance of 
incision. The advancing front of incision is known as a knick point or, where slope changes 
are slightly less abrupt, knick zone. It is especially important to identify and manage incision 
because it usually precedes processes that are more destructive.  The channels here are 
generally flatter at their mouths and steepen to the headwaters as is normal for watersheds. 
The exceptions are the northeast tributaries in the middle of the watershed which are in drier, 
less erodible soils and shown on Figure 8-8.
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It appears that threshold slope for fluvial geomorphic processes is influenced by incipient 
moisture conditions and of course soil erodibility as demonstrated in Figure 8-9.  

 
As the slope increases, the geomorphic process changes from plan form adjustment to 
incision to widening to dynamic equilibrium. The hydraulic slopes where determined for the 
2-year flow event. The ranges of these hydraulic slopes where different fluvial geomorphic 
processes occur are shown in Table 8.1. 
 
Table 8.1 Hydraulic Slope and Fluvial Geomorphic Process  
 Hydraulic slope from the modeled 2-year flow event
Fluvial geomorphic process Salmo soils less erodible loams 
Plan form adjustment 0.0009 to 0.0015 0.0014 to 0.0087 
Incision 0.0010 to 0.0082 0.0014 to 0.0198 
Widening 0.0010 to 0.0041 0.0014 to 0.0089 
Dynamic equilibrium Not observed 0.0033 to 0.0110 
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Energy Relationships 
Other fundamental relationships used to understand stream mechanics are energy, continuity 
and loss relationships.  Remembering that energy can neither be created nor destroyed, that 
mass is conserved and that all dynamic systems have losses, we can calculate flood 
elevations and erosive stresses.  

 
First, the total energy in a system can be expressed as: 
 

E = w + v2/(2g) + z – L 
 
Where:  E � energy (ft-lb/lb) 

w � work per unit mass  
  v2/(2g) � kinetic energy 
  z � potential energy 
  L � losses 
 
The total energy at any point is equal to the total energy at any other point and is expressed 
as: 

w1 + v1
2/(2g) + z1 = w2 + v2

2/(2g) + z2 – L 
 
Additional equations such as continuity1 and Manning’s loss equation2 allow the designer to 
calculate the depth and velocity at any point in the system. Energy, continuity and Manning’s 
equations are the bases for programs such as HEC-RAS. 
 
Bringing these concepts together in the context of stream mechanics, work is the movement 
of sediment by water, kinetic energy is the movement of water, potential energy is the depth 
of the water and losses are friction and sound. HEC-RAS does not include a separate 
calculation of work. The energy exchange of work moving sediment is included by default in 
losses and kinetic energy.   
 
Some designers consider sediment transport competency for major projects by establishing a 
sediment budget to analyze sediment movement through the designed intervention. More 
sophisticated techniques include computer based analyses. For small projects, it is usually 
difficult to justify a sophisticated model. The designer, however, can achieve a basic 
understanding of sediment transport competency and erosion hazard from data and analyses 
used to determine water surface elevations. The designer estimates area of erosion and 
deposition from the continuity of the stream power or boundary shear stress. Routines in the 
HEC-RAS model calculate stream power and boundary shear stress. The values of either 
stream power or boundary shear stress are plotted against the longitudinal profile. The 
designer compares the zones of highest and lowest values to his field observations of size and 
distribution of bed material and the location of scour and erosion. The designer then 
establishes threshold values from these observations. Improved sediment transport 
                                                 
1For modeling purposes, the continuity relationship expresses the concept that the quantity of water 
in any one point in a system is the same as the quantity of water at another point or changes only 
gradually.  At each confluence, hydraulic models are partitioned into discrete reaches. 
2 Manning’s loss equation is commonly expressed as Q =1.49(R2/3S1/2)A/n
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competency results from using these threshold values in design. Boundary shear stress is the 
product of density, depth and slope. The designer predicts areas of scour and erosion by 
comparing the boundary shear stress to the shear resistance of the bed or bank toe materials.  
The shear resistance for granular materials is calculated using empirical relationships. The 
shear resistance for cohesive materials is usually compared to measured or tabulated values. 
 
Lane’s proportionality allows the designer to understand and predict the effect of forces on a 
stream. Energy and continuity equations allow the designer to predict the depth and average 
velocity at any point. The energy and continuity equations are the bases for understanding the 
exchange of energy modes. Perhaps the simplest useful way to apply these principles is to 
think of energy as either kinetic or potential.  For the purposes of stormwater, flooding 
occurs when potential energy is higher than accepted and accelerated erosion occurs when 
kinetic energy is higher than accepted. 
 
8.1.2 Temporal and Spatial Implications 
The dominant process in a stream reach is influenced by its location in the watershed.   

Figure 8-10: Stages of a river system (adapted from Rienick and Singh, 1980) 

As shown on Figure 8-11, the profile of the channel slope becomes flatter progressing 
downstream.  In the most general sense, incision dominates the steep, upper watershed and 
plan form adjustments are most common in the relatively flat lower watershed.   
 

Figure 8-11: General channel profile of a watershed 
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In disturbed watersheds, this pattern may be reset by infrastructure. For example, a dammed 
stream can act as the end of a watershed, as illustrated in Figure 8-12, where sediment and 
water is deposited in the receiving lake. Here the outfall behaves like a spring beginning the 
next watershed.  

 

Stream crossings such as bridges and culverts can also reset river formation, as shown on 
Figure 8-13.  In developing areas, the characteristic profile shape of natural watersheds may 
be repeated after each hard crossing that materially effects transport of water and sediment. 
These obstructions may geomorphically isolate the reach.  
 

Figure 8-13: Effect of stream crossings resetting the stream formation sequences 
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Figure 8-12: Effect of dam resetting the stream formation sequence 
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8.1.3 Sediment Transport 
Natural channels transport both water and sediment through the watershed.  Sediment and 
water movement play parallel roles in flood and erosion control and in the performance of 
bridges and culverts.  For this discussion, sediment includes large woody debris, man-
introduced materials and other debris that comes to rest on the streambed. A stream in 
dynamic equilibrium maintains the movement of water and sediment without sudden and 
wholesale areas of erosion and deposition.  Flow rate governs both the initiation of sediment 
movement and its deposition, moving material when the system has sufficient kinetic energy 
and depositing it when the kinetic energy is depleted. As described earlier, gravity, expressed 
here as hydraulic slope, is the driving force acting on the system. The movement of water 
transfers that force to dislodge and keep particles moving. Figure 8-12 is a generic 
hydrograph and sedigraph relating the rate of flow to time. Note that there is a lag between 
the flow of water and the movement of sediment (ts i).  The lag represents the flow necessary 
to exceed the critical shear stress. At the peak water flow there is often a decrease in the 
transport of sediment as the hydraulic slope decreases. The falling leg of the hygrograph may 
coincide with the peak of the sedigraph with the particles already mobile and an increase in 
hydraulic slope. As the flow recedes and kinetic energy declines, the stream deposits 
particles of decreasing particle size. This process forms the riffles between pools. In Little 
Salt Creek, this is most apparent in the upper reaches where the woody debris jams 
morphologically behave as riffles.  
 
Issues of sediment transport are particularly relevant to stream managers at infrastructure 
crossings. Bridge, culvert and pipeline crossings may interrupt the hydraulic slope with 
predictable, adverse consequences. A crossing backwatered under high flow conditions 
decreases the hydraulic slope and may induce deposition that reduces flow capacity.  Over-
widened or excessively smooth crossings increase hydraulic slope and induce scour.  The 
scour may occur immediately downstream and undermine the structure or may, as the result 
of an upstream drawdown curve, induce incision.  This incision migrates upstream until the 
stream reaches a stable bed slope.  
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Figure 8-14: Hydrograph and Sedigraph 
 
Management activities that remove or add material to the stream also interrupt equilibrium 
sediment transport and may have similarly adverse consequences. Snagging, straightening 
and widening a channel all disrupt the sediment balance. These and similar activities induce 
upstream erosion and eventual deposition at the site of disturbance.  Un-designed bank armor 
such as dumped riprap or waste concrete disrupts sediment transport when it migrates into 
the bed.  These large, rough particles induce deposition where they enter the bed but induce 
scour downstream.  Dumping materials on the bed can also reset the pool and riffle sequence 
if the dumped material becomes the hardest point in the reach.  

8.2 Little Salt Creek Evaluation 
The stream stability analysis included an extensive background investigation, field data 
collection, and a supplemental aerial photo analysis to document the key geomorphic 
characteristics of the main channel and tributaries. The background investigation methods are 
described in Section 2.4.1 and included the historic aerial photo interpretation which provides 
insight into how the land uses and channel conditions have changed over time. Details of the 
historic photo interpretation and conclusions are presented in Volume II, Appendix E, Aerial 
Photo Interpretation. The field data investigation included walking 33 miles of stream to 
assess, record, and photograph the condition of the streambed, stream bank, riparian 
vegetation and to assess the overall stability of the stream. The geomorphic field 
investigation methods are presented in Section 2.4.2, and the collected field data is 
summarized by reach in Volume II, Appendix G, Geomorphic Data Summary by Reach. 
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Evaluation of 2007 aerial photographs supplements the field investigations on channels that 
were not walked. The supplemental aerial photo analysis methods are presented in Section 
2.4.3 and the results are summarized by reach in Appendix G, Geomorphic Data Summary 
By Reach.   
 
8.2.1 Channel Geometry 
Little Salt Creek Creek was evaluated in plan, cross section, and profile. Plan form 
information was obtained from the aerial photos and the LiDAR base mapping topographic 
data. Channel cross section information was generated from the LiDAR topographic data 
supplemented with field cross section measurements. Profile data was generated from the 
LiDAR data supplemented with the structure survey information.   
 
8.2.1.1 Plan Form 
Evaluating the shape of the watershed in plan form provides insight on whether and how 
parts of the basin differ from one another. For example, subbasins with a greater degree of 
geologic control, higher density of tributaries, or more severe degrees of channel 
manipulation may require different management approaches than the remaining subbasins. 
The drainage basin analysis was conducted in accordance with the method described by 
Lueder (1959). Consistent with the regional geology, the drainage network analysis indicates 
relatively high erodibility, high groundwater and low permeability. The angle at which the 
tributaries intersect each other and intersect the main stem suggests manipulation, most likely 
channel relocation along farm field lines.  The main stem is highly manipulated and while 
natural plan form adjustment is evident, a rough estimate of the degree of man-made channel 
shortening is 20%. 
 
The features of the Little Salt Creek basin are consistent with wind deposited land forms.  
The topography is gently undulating with generally uniform slopes and orientation roughly 
aligned with prevailing winds. The dense drainage network is also a characteristic of wind-
deposited silt landforms as are near-vertical stream banks, steep head ends of gullies and 
other erosion features. This drainage network is dendritic meaning that it has an extensively 
branched or tree-like pattern.  Classical Aeolian land forms are uniform and integrated.  Here 
Little Salt Creek differs from the classical in having extensive seeps, marshes and other 
features that appear to lack a direct surface water connection to the stream.  These 
discontinuities are indicative of dispersive soils although recent laboratory testing does not 
support this observation. These features may be associated with internal piping as described 
below in the section on soil.  The distinctive features noted above also differentiate this basin 
from others in the Lincoln area. 
 
Scrolls, oxbows and other evidence of channel movement over time are abundant. While 
most of the changes in channel alignment are clearly man-made, some of the extensive 
migration across the broad, shallow valley may be natural. 
 
The main channel is flanked by depressions and slumps, some near the bank, others as far as 
800 feet away. Surrounding soils are blotchy and mottled sometimes with evaporites at the 
surface. 
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8.2.1.2 Cross Section 
The cross sectional shape of a stream channel indicates the stage of channel evolution. When 
integrated with plan and profile indicators such as erosion or knickpoints, cross section data 
are used to determine the dominant channel process, the foundation of stream management. 
No one data set is adequate to diagnose channel process, but analyzed together, it is possible 
to build a defensible case for the type of channel evolution. The field investigation revealed 
very few bankfull features at any elevation. Those few features identified as potential 
bankfull floodplains occurred at elevations well below the major breaks in slope now 
dominating the channel cross section.  Channel features are masked by the high number of 
slumps. The most common failure modes are spreading and wedge with minor circular and 
one flow slide observed. Failures occur throughout the watershed on saturated, shallow 
reaches with steep banks  
 
Continual erosion at the toe of a slide and low shear resistance on failed surfaced enables 
creep to occur. Blocks of intact soil slowly creep toward the channel allowing spread. When 
sufficient movement has occurred the next block fails from the intact soil. This process will 
continue until the bank angle is lower than the critical angle. This process may be interrupted 
by higher flows that can easily scour away disturbed soils resulting in large mass wasting. 
 
8.2.1.3 Profile 
The longitudinal profiles used in the HEC-RAS model formed the basis for the profile 
analysis. Reach average bed slope for the upper main stem above Agnew Road and for the 
tributaries varies between 0.5% and 1.14% for the 47 reaches included in the analysis. Of the 
47 reaches, 17 or 36% have a slope of 0.9% to 1.0%. The main stem below Agnew Road has 
a reach average slope of 0.2%. Based on preliminary analysis, observations and experience in 
the region, a stable bed slope approaches 0.06%.  
 
Rock Creek Road Bridge and its downstream riprap have limited major incision upstream of 
the bridge based on analysis of the longitudinal profile and the location of seeps.  
 
8.2.2 Boundary Material 
The bed and bank materials are composed of the native soil, introduce debris and rock, 
vegetation, groundwater and large woody debris in the wooded reaches. 
 
8.2.2.1 Soil 
Soils throughout the basin are silts, clayey silts, silty clays, fine sandy silt and clay. The 
Salmo series dominates the lower watershed on the main stem while the Nodaway and Colo-
Nodaway are predominate in the upper watershed.  Most tributaries flow through the 
Nodaway or Colo-Nodaway soils except for tributaries 20 (Kennebec silt loam), 10 and 5 
(Salmo silt loam).  In general, the soils near the channels are weak and erodible, from the 
weakest, Salmo to Nodaway, Colo-Nodaway, then Kennebec Soils near the seeps and 
wetlands are erodible but not dispersive as previously suspected. Of the soils that were 
sampled and tested in the laboratory none were classified as dispersive (D1 or D2 see Section 
2.5.2). However, the soils are dissected by ephemeral gullies and have the appearance of 
dispersive soils. Recent work by Glenn Wilson, Research Hydrologist, Agricultural Research 
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Service, USDA 3 suggests this appearance is caused by internal erosion and collapse of the 
soils from preferential flow through soil pipes (piping) that discharge in ephemeral gullies. 
Gullies with an appearance similar to dispersive soils along Little Salt Creek are most often 
associated with seeps based on field observations and observations reported in the Technical 
Task Force meetings by staff of the University of Nebraska in Lincoln.  
 
The four samples, B-2, B-4, B-6 and B-8 were classified slightly dispersive (ND3 or SD). 
Samples B-2, B-6 and B-8 were identified as ML using Unified Soils Classification, 
indicating inorganic silt or clayey silt with slight plasticity. Sample B-4 was identified as CL 
indicating inorganic clay of low to medium plasticity. With the exception of Sample B-1, 
identified as CH, the tested soils are typical of soils that could support the phenomena 
reported by Wilson. 
 
The banks are generally poorly drained in the Salmo series and moderately well drained in 
the Nodaway series. In poorly drained soils, saturation increases the mass and weakens the 
soil. The majority of soils originally thought to be dispersive were observed in the Salmo 
series soils. This also supports the piping phenomena reported by Wilson.  
 
As the clay content increases, the fluvial process shifts from incision to widening. This is 
demonstrated on the main stem between Raymond and Branched Oak Roads.  
 
From Modeling Channel Instabilities and Mitigation Strategies in Eastern Nebraska, by E. J. 
Langendoen, A. Simon and C. V. Alonso, ASCE, 2000, the bed-material properties are 7.7 
Pa for the average critical https://www1.gotomeeting.com/join/860835894 
 stress and 0.28×10-6 m/Pa s for the average erodibility. The streambed material of is a silt 
loam. The clay content on Little Salt Creek was 14%. The bank-material properties of intact 
soil on Little Salt Creek were 4.3 kPa for the average effective cohesion and 30.9 degrees for 
the average angle of internal friction. The average bulk density was 1.58 g/cm3. The bank-
material composition was similar to that of the bed. 
 
8.2.2.2 Debris 
This discussion of debris includes dumped concrete, rock, large woody debris and other 
waste. Other waste includes discarded appliances, hay bales, fence, and similar materials. 
Dumped debris falls into several categories; waste, bank armoring, or bed armoring. With the 
exception of infrastructure protection, there is little systematic armoring in this stream. 
Whether intended to stabilize a failing bank, arrest incision or dispose of waste, the dumped 
material in the stream is not effective in improving stream stability and in some cases 
aggravates the instability. 
 
The natural response to incision in this region is the development of woody debris jams. As 
trees and shrubs fall into the creek, the woody debris is distributed throughout the system 

                                                 
3 Wilson, G.V. 2007. The Role of Preferential Flow Through Soil-Pipes on Ephemeral Gully 
Erosion. Proceedings of the IV International Symposium on Gully Erosion. September 17-19, 
2007, Pamplona, Spain, J. Casali and R. Gimenez (eds.). Public University of Navarra. pp. 
136-137. 
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forming a pool and riffle system. The debris jams generate the profile form that manages 
energy. The jams reinforce the bed and increase the hydraulic roughness dissipating erosive 
energy. The backwater effect of the jams lowers the hydraulic gradient for low flows. The 
critical shear resistance for woody debris is estimated at 3 psf. However, in this watershed 
the natural formation of sufficient woody debris jams to limit incision is limited by the 
absence of a woody corridor in the lower watershed and a narrow woody corridor in the 
upper watershed as discussed in the following section on vegetation. 
 
While debris jams may contribute to local flooding, they also reinforce local stability. 
Removal of debris jams without reinforcing the bed usually leads to incision, widening, or 
meandering. The location of debris jams is presented as a GIS layer.

8.2.2.3 Vegetation 
There are several distinct plant communities bordering this stream.  Herbaceous plants 
dominate in the reaches bounded by the Salmo soil series while woody species such as 
locust, willow and elm are prevalent in the Nodaway and Colo-Nodaway series. Some 
reaches, particularly some headwaters are plowed over and have no persistent vegetation. In 
contrast some headwaters reaches have wide, dense woody corridors.  The vigor and integrity 
of riparian vegetation plays an important role in the physical, chemical and biological health 
of stream systems. In their landmark report, Riparian Areas: Functions and Strategies for 
Management (National Research Council 1999), the authors define riparian areas as 
“transitional between terrestrial and aquatic ecosystems and are distinguished by gradients 
between biophysical conditions, ecological processes, and biota. They are areas through 
which surface and subsurface hydrology connect water bodies with their adjacent uplands.” 
Diverse stands of healthy native vegetation process and sequester pollutants, temper the 
volume and timing of surface runoff, moderate soil moisture, and increase the shear strength 
of stream banks. By adjusting the rate of evapotranspiration as plant-available moisture 
varies, marsh plants, grasses, trees and shrubs moderate the extremes of soil moisture and 
help maintain optimum moisture for soil strength. 
 
The riparian corridor of Little Salt Creek in general is in poor condition. Marshes have been 
drained, incision has isolated marshes from the channel, and woody riparian corridors are 
generally narrow.  
 
In reaches not influenced by salt, there are some stands of trees remaining; most of the 
watershed is denuded. When not farmed to the edge, the banks are often lined with a thin 
band of cottonwood, mulberry, or locust. The sparse trees and shrubs do not provide the 
benefits expected of a vigorous woody corridor. Both the water quality and physical stability 
of the system are affected as a result. The absence of an intact corridor increases the 
sensitivity of the banks to groundwater related failures. In the absence of extensive root 
reinforcement to mechanically strengthen the soil and evapotranspiration to reduce the 
saturation near the surface, the banks are vulnerable to failure under mild stresses. 

8.2.2.4 Groundwater 
The groundwater level varies in relation to land use and the depth of incision.  Marshes and 
wetlands are found where the groundwater level is high.  Agricultural cropland is common 
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where groundwater levels are moderate to lower.  Within the agricultural areas, where the 
groundwater level is high, the landuse is usually left as pasture. 
 
Many seeps were identified during the field work and are presented in Figure 8-15, Observed 
Groundwater Seeps. High ground water contributes to mass wasting by increase soil weight 
and decreasing shear strength. The seep may be a major contributor to the location and 
formation of gullies that look like dispersive soils.  
 
Both fresh and saline seeps occur in the main stem downstream of Davey Road. Freshwater 
seeps are predominant upstream of Branched Oak Road that is above the contact of the 
Salmo Soil Series.  
 
The physical location of seeps was surveyed at five discrete locations along the main stem of 
Little Salt Creek. These locations are shown on Figure 8-16.  At the five locations, a 
topographic survey of 100 feet of channel was performed to identify the top of bank, toe of 
slope, channel bottom and water surface elevation. The relationship of the height of the 
stream bank, the depth of the stream, the height of the seep above the water level and the 
slope of the stream bank were compared for each location. The ratio of the seep height to 
bank height is highest for seep locations 1 and 2 as would be expected since these seep 
locations are likely to be in slightly stronger soils that occur higher in the watershed. In 
general, the locations of the seeps are consistent with those predicted by Dupuit’s theory of 
unconfined flow. This implies that the stream bank seeps are the result of the near-surface 
water table and are points of concentrated flow. Unless there is an impermeable layer beneath 
the water table (an aquiclude), the seeps will migrate down the slope if the channel continues 
to incise. As the channel deepens, the horizontal influence of the seeps increases, lowering 
the groundwater table further from the stream. This effect may result in increased drying of 
the near-bank wetland areas particularly during the dry summer months.  The seep survey 
exhibits are found in Appendix P. 
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8.2.3 Hydraulics 
The Bed and channel shear stresses applied were generated using HEC-RAS. This shear data 
was integrated into the assessment of geomorphic process. The results of this analysis were 
compared with the field assessment of geomorphic stability with generally good agreement. 
The HEC-RAS was developed using the 2-foot Lidar contour data. The 2-year flows formed 
the bases for the applied shear stresses used in the analysis.  This is the lower limit that is 
reasonable to use based on the topographic data and the arrangement of the model. 
Preliminary indications are that the 2-year flow is slightly greater than the stream forming 
flow. Shear values are calculated at discrete cross sections in the model. Reach-average 
shears are used in the analysis.  
 
For all tributaries except Tributary 20, the calculated shear stress exceeded the critical shear 
stress of the soils. In Tributary 20 and the main stem below Branched Oak Road and above 
Arbor Road, the calculated shear stress approaches critical shear stress. Scour and slumps 
occur throughout these reaches. The bed is slightly lower than that used in the HEC-RAS 
model based on water depth observed during the geomorphic fieldwork. Since tractive shear 
is directly proportional to water depth, increases in water depth for shallow flows will 
proportionately increase shear. Applied shear exceeds critical shear for most of the modeled 
watershed. Since the calculated shear stress approaches critical shear stress on the main stem 
between Arbor Road and Branched Oak Road interventions to lower the applied shear stress 
may be more effective in this reach.  

8.2.4 Sediment Transport Competency 
Little Salt Creek is exporting sediment to Salt Creek. Little Salt Creek is extremely 
competent to transport sediment throughout the watershed. Once dislodged, the soil particles 
are easily transported. Although a lot of sediment is being delivered to the system, little is 
stored in bars. Although unconsolidated bars were observed during the fieldwork most bars 
are located on the main stem from the confluence with Salt Creek to a mile north of Arbor 
Road, a half-mile downstream of NW 12th Street and between NW 19th Street and Branched 
Oak Road. These are areas that are undergoing plan form adjustment or widening. Some bars 
were observed in the aerial photographic interpretation in the tributaries and are generally 
near the confluence with the main stem and similarly in areas undergoing plan form 
adjustment or widening.  
 
Slumps occur over most of the watershed, the result of scour at the toe and into the bed. 
Material that has slumped into the channel loses it soil structure as a result of excessive strain 
and becomes mobile. Once suspended this material is exported from the watershed. The 
particles generally do not consolidate into stable bars or benches because of frequent 
exposure to high shear stresses relative to the particle size. 
 
8.3 Physical Stability of the Watershed 

8.3.1 Existing Channel Process 
In this report the term dominant fluvial process refers to the stream process that overall best 
reflects the actions taking place in that stream reach.  In any given reach there may be other 
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local processes acting here or there but the dominant process best describes the reach as a 
whole and its likely interaction with other reaches. 
 
Generally, the terms used in this analysis to describe the dominant fluvial process are the 
same terms used to describe natural stream processes, such as incision and widening. All 
streams adjust their dimensions and alignment in response to the water and sediment 
delivered to them.  The same processes occur in completely natural systems and in those 
influenced by man.  In man-influenced systems, these processes may take place at a 
dramatically increased rate.   
 
Five dominant processes were identified in Little Salt Creek as follows: 
 

1. Dynamic Equilibrium – A channel that is generally in a natural condition where bed 
and bank materials are balanced with erosive and depositional forces.  Channel 
adjustments are generally gradual.    Streams in dynamic equilibrium often have a 
two-stage or multi-stage channel shape, a lack of systemic bed or bank erosion, and 
permanent woody vegetation growing close to the water surface or channel bed.  This 
typically describes a pre-disturbance or recovered condition.   

 
2. Incision – Channel incision is a process of vertical channel adjustment, or channel 

downcutting, generally in response to an alteration upstream or downstream of the 
incising reach.  Channelization frequently induces upstream-migrating 
incision whereas sediment starvation may induce incision in a downstream reach. 
 Incision occurs when bed material is more easily removed from the channel bed than 
it is from the stream banks.  Incision is characterized by actively migrating breaks in 
bed slope called knick points, perched trees and steep banks. 

 
3. Widening – Channel widening is characterized by widespread erosion and bank 

failures as banks reach or exceed critical bank height, a deep “V” or “U”-shaped 
cross-section, inactive or perched floodplains, and unconsolidated bed material. 
Widening occurs as the channel adjusts in cross-section to a new flow or sediment 
regime. Steep and unstable channel banks fail to a stable shape, thereby increasing 
channel width and sediment load.  Channels that are widening typically exhibit 
widespread erosion and mass wasting, along with deposition of unconsolidated 
material liberated from eroding stream banks.  
 

4. Plan Form Adjustment – Plan form Adjustment occurs as the channel changes 
its alignment. This can take many forms including meander cut-off or increase in 
meander amplitude.  However, in this watershed, the most common incarnation of 
this process was accelerated meander advance.  That is, the natural wave form of the 
stream moves downstream at an accelerated rate.  Excess sediment is often a driver of 
this process.  Channels in accelerated meander advance typically exhibit a cut bank 
on the outside of bends downstream of the apex with scour at the toe and an 
advancing unconsolidated bar on the inside of the bend.  The bar is typically 
irregularly shaped and more than 1/3 across the channel.  The downstream side of bar 
is frequently steep, and the bar material is unsorted.  
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5. Managed Swale and Pond – This is not a natural process but refers to ongoing 

maintenance of a waterway.  In most cases, these are farm ponds or straightened and 
graded swales. 

 
The results of the process analyses are presented on Figure 8-16 Existing Channel Process.  
Dynamic equilibrium reaches are indicated in green, widening reaches are yellow, incising 
reaches are red, plan form adjustment reaches are orange, and managed swales and ponds are 
indicated in brown. 
 
Generally, the geomorphic evaluation revealed widespread instability. The instability most 
commonly occurs as incision. Plan form adjustment is also common in the lower reaches.  
Incision is a downward cutting of the channel, migrating upstream and extending through the 
tributaries. The bed and bank materials are relatively weak and are responsive to increased 
stress. Stream bank failures are common in all parts of the watershed. The bank failures are 
usually a consequence of the incision. The absence of a vigorous woody corridor protecting 
the stream banks and the presence of seeps increases the frequency and severity of bank 
failures. The rate of bank failure and soil creep appears to be equivalent to the rate of scour 
and erosion resulting in little if any increase in channel width.  Plan form adjustment is 
generally by meander advance.  
 
The incision observed in Little Salt Creek was initially caused by the incision of Salt Creek 
however Salt Creek is no longer incising. The USACE produced DM MSC11 - Channel 
Improvements and Levees Thru Lincoln; Omaha, NE in 1963 concluding that Salt Creek was 
no longer incising. The only current influence from Salt Creek is probably from flood 
backwater and the resulting deposition of fine sediment. The resulting fluvial process in the 
lowest portion of Little Salt Creek is plan form adjustment influenced by this backwater.  
 
A distinction in the Little Salt Creek Watershed is that there is little evidence of deposition 
(of the liberated sediment) and channel recovery. This may be due in part to the nature of the 
native soils in that once the soils are in suspension they are easily transported from the 
system. Other contributors may include continued manipulations such as the construction of 
in line ponds in the tributaries that cut off the sediment supply to downstream reaches.   
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8.4 Methods of Management 

8.4.1 Watershed-Scale Stability 
The unusual nature of this watershed, particularly the saline wetlands, weaker soils and 
absence of urban development pressure lends itself to management options that are not 
available or appropriate in most Lincoln area basins.  Because of the absence of urban 
development and the accompanying intense focus on immediate stabilization there is an 
opportunity here to take advantage of more dynamic methods of watershed-scale 
stabilization.  The instability extends throughout the watershed and a traditional, or even a 
soil bioengineering approach to stabilizing the channel would not be cost effective.  Instead, 
we recommend protecting critical infrastructure with engineered structures to control grade 
and energy and providing the building materials for the channel to construct its own grade 
controls.  
 
8.4.1.1 Supply Large Woody Debris 
Supplying large woody debris is the single most beneficial action available to stabilize the 
predominantly rural Little Salt Creek Watershed. A major issue influencing systemic stability 
is the scarcity of the woody riparian corridor.  Streamside trees whether under storm stress or 
through channel adjustment contribute this debris. The lower main stem cannot support 
woody growth because of the saline groundwater. Other than the underlying Dakota 
Sandstone there is little durable or coarse material available to form riffles and knick zones to 
arrest incision or to naturally flatten the hydraulic slope for frequent flows. Large woody 
debris will form jams. Along with beaver dams, the debris jams effectively lower the 
hydraulic slope. A naturally occurring logjam can resist applied shear stresses of 
approximately 3.0 psf. Sufficient woody debris needs to be produced to replace deteriorating 
wood after the jams have formed. Dense jams composed of graded sizes of woody debris will 
also trap sediment and allow sufficient time for consolidation. This sediment will fill the bed 
and form bars upstream of the jams. As the woody material migrates down the channel the 
jams and subsequent exposed bars should eventually provide habitat for the Salt Creek Tiger 
Beetle.  
 
A wide band of native trees and shrubs also supports stream stability by increasing bank 
strength and reducing the influence of surface runoff. Stream bank vegetation influences 
sediment dynamics by trapping and storing suspended sediment. Good canopy cover also 
improves water quality and habitat by shading the stream and providing leaf litter important 
for benthic species. When coupled with engineered grade stabilization at bridges, a re-
established woody corridor is a major step towards improving the condition of the stream 
now and preventing continuing incision. 
 
The corridor should be wide, dense, and extend the entire length of the stream except in areas 
of the saline marsh, habitat of endangered species or where salt seeps would prevent growth 
of natural woody species. Headwater reaches are particularly vulnerable to erosion and 
benefit from a protective corridor as much as lower reaches. Species represented should 
include canopy and understory trees, shrubs, and where appropriate, native grasses and forbs. 
Detailed, thoroughly researched guidance on the design and benefits of riparian buffers is 
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available in the text released by the National Academy of Science (National Research 
Council 2002). 
 
8.4.1.2 Arrest Channel Incision 
As presented in the ASCE (2000) paper and subsequent USGS report (2003), channel 
incision should be limited in the Little Salt Creek Watershed. Analyses presented in these 
publications indicated that the channel could incise two to three meters (6.5 to 9.8 feet) in 
areas not intercepting the Dakota Sandstone. Figure 9-2 in Section 9 of this report illustrates 
the estimated depth of incision over the next 30 years for the reach of Little Salt Creek Main 
Stem from upstream of Raymond Road to Bluff Road (from Langendoen, Simon, Alonso, 
2000).  Incision causes most of the problems throughout the basin including slumps along 
most of the channels. Fortunately, incision responds well to treatment. Stopping the incision 
“short circuits” the cycle of channel evolution and improves the likelihood that the channel 
will self-heal. The knickpoints and knickzones are sites where the hydraulic slope is locally 
high enough to induce upstream migrating erosion. Engineered grade control structures along 
with naturally occurring woody structures (jams and beaver dams) will lower the slope below 
the threshold for bed erosion in this stream.  
 
Because of the high erodibility of the streambed, it is necessary to dissipate energy gradually 
over the length of the structure. For this application, Newbury style grade control structures 
offer compelling advantages over concrete or sheet pile drop structures. These rock structures 
provide artificial riffles along the streambed. In addition to distributing energy, these rock 
structures improve water quality by increasing dissolved oxygen and providing refuge for 
benthic organisms. Regardless of the style of grade control structure, prevention of soil 
piping must be included in the design. 
 
Stabilizing the bed below bridges and culverts is recommended. 
 
8.4.1.3 Groundwater 
Others are investigating the interaction between surface and groundwater and the influence of 
wetlands. The effects of groundwater should be considered in any stream intervention. As an 
example, possible freshwater seeps occur south of Waverly Road on the main stem. If these 
are freshwater seeps then common soil bioengineering techniques, such as live staking, can 
be used to help stabilize failing stream banks.  
 
Gullies are common in the basin.  If seeps are implicated in the gully formation or progress, 
then any potential repair must take into consideration the recent work of Wilson, (2007).  
Wilson’s important work on gully genesis in fine grained soils is directly applicable to this 
watershed. More conventional gully repair schemes such as filling and grading will be 
ineffective in seep-influenced gullies.  
 
8.4.2 Local Stability 
Little Salt Creek has an abundance of failed stream banks and a few areas of meander 
adjustment. Most of these problems are a consequence of incision and are best addressed in a 
context of systemic grade control. Once systemic incision is controlled, the driving force for 
bank failure will have been removed. However, stream banks with substantial toe scour will 
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continue to fail until a stable cross section is achieved. Attempting to prevent all of these 
failures and repair all stream banks that are failing now is prohibitively expensive. It is 
appropriate to treat areas of threatened infrastructure using methods consistent with systemic 
stabilization. 
 
In addition to grade controls, bankfull floodplains may be used to flatten hydraulic gradients 
and lower shear stresses. An additional benefit of the bankfull floodplains is possibly habitat 
for the Salt Creek Tiger Beetle.  
 
The organizing principle for local stability is, like systemic stability, energy management. 
The goal is to manage energy throughout the intervention so that neither scour nor deposition 
is induced in the adjoining reaches. This implies managing hydraulic roughness, focusing 
flows and achieving an equilibrium channel shape. Where stream bank repair is necessary, it 
is preferable to reduce the stress acting on the bank while strengthening, rather than 
hardening, the bank. Lowering the slope of the bank above the effective discharge elevation 
and increasing the near-bank hydraulic roughness will lower the applied shear stress. 
Vegetative reinforcement and selective use of armor will provide the necessary strength. 
Failed stream banks may be stabilized by live-staking where sufficient sunlight is available. 
Where possible, opposite banks should be stabilized to limit inducing migration into an 
unstablized bank. Livestakes will not be successful in areas of saline groundwater. 
 
8.4.3 Conclusions 
The soils in this basin are highly erodible, creating a low threshold for stream disturbance 
and have induced undesired changes in the stream that threaten people, habitat or property. 
The channelization of Salt Creek and historic farming practices have induced extensive 
channel down cutting and widening. There is little evidence that the stream is close to 
regaining its equilibrium, and the condition is likely to worsen. 
 
A major recommendation is the construction of the woody riparian buffer along Little Salt 
Creek and its tributaries and allowing woody debris jams to develop. Comprehensive grade 
stabilization, most of it constructed by the stream itself, will remove the driving force for 
continued bed degradation. Included in the comprehensive grade stabilization 
recommendation is the construction of grade control structures immediately downstream of 
the bridge crossings along the Little Salt Creek Main Stem. Whenever bridges are replaced or 
repaired, detailed consideration should be given to the effect of changes on applied shear 
stresses.  A low flow channel should be maintained through the bridge, and the channel 
section under the bridge should closely match the channel upstream and downstream of the 
bridge.  Whenever culverts are replaced or modified, outfall protection should be used to 
protect against erosion and channel degradation at the crossing.  Together, these management 
measures contribute to a more robust, self-managing stream system. 
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Section 9 
Capital Improvement Projects 

9.1 Introduction 
For Watershed Master Plans, the City’s Capital Improvement Program has been used for 
projects that provide substantial benefits to flood reduction, stream stability, and water 
quality. 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. Potential improvement projects addressing each problem area were evaluated 
based on design considerations, economic feasibility, and overall efficiency. The following 
pages describe the process used to identify problem areas, evaluation approach and 
formulation of the recommended Capital Improvement Projects (CIP).  The CIP 
Prioritization Worksheets are found in Appendix J, and the cost worksheets for each project 
are found in Appendix K.  Details of other recommended improvements including Bridge & 
Culvert Improvements, Riparian Corridor Enhancement and Water Quality are found in 
Appendix L. 

9.2 Capital Improvement Projects 

9.2.1 Problem Identification 
The problem identification was based upon an evaluation of areas along the Little Salt Creek 
main stem and tributaries which pose a serious public safety concern with respect to drainage 
infrastructure and stream erosion and/or threaten water quality or natural resources. 

The geomorphic evaluation discussed in Section 8 was used to identify stream stability 
problems in the watershed. The stream processes driving instability identified in Section 8 
are systemic channel incision, widening, and plan form adjustment. Incision is the source of 
much of the erosion and mass wasting observed throughout the Little Salt Creek Watershed 
and widening and plan form adjustment is the natural progression of instability once the 
channel has incised to critical bank height. Plan form adjustment is the process of the stream 
changing its alignment either by meander cut-off or increase in meander amplitude. 

Incision is the main stream stability problem in the watershed. In some locations the Little 
Salt Creek Main stem is expected to incise 12 feet over the next 30 years. The incision stage 
of channel evolution drives the widespread bank failures, mass wasting, and sediment 
generation phases that follow. Channel incision threatens bridges and culverts by eroding 
down to below the structure footing and removing the very soil on which these structures 
bear. Incision threatens streamside utilities by day-lighting them and exposing the utility to 
channel shear forces, and also threatens streamside structures by driving bank erosion.  

Figure 9-1 illustrates the estimated depth of incision over the next 30 years for the reach of 
Little Salt Creek Main Stem from upstream of Raymond Road to Bluff Road (from 
Langendoen, Simon, Alonso, 2000).
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Widening and plan form adjustment are not considered problems because those reaches 
diagnosed as widening and plan form adjustment can continue to adjust until the stream is in 
equilibrium without threatening structures or infrastructure.  

9.2.2 Evaluation Approach
The recommended projects will not address all the stream stability issues in the watershed. 
Little Salt Creek is systemically unstable and continuing to degrade watershed-wide. A 
program to repair all of the problem sites along this stream is cost prohibitive. Instead, the 
recommended improvements are strategic, focusing on interrupting the cycle of degradation 
and moving the entire system closer to self-sustaining dynamic equilibrium. 

The approach to controlling incision is to place grade controls at bridge crossing locations 
along the main stem. The grade control holds the channel in place in plan, section and 
profile. In an incising stream, the effect of a grade control diminishes the farther upstream we 
move from the grade control. Therefore, placing the grade control immediately downstream 
of the crossing provides the greatest benefit to the bridge structure and channel immediately 
upstream of the grade control. 

Most of the stream stability addresses systemic channel incision, the source of much of the 
erosion and mass wasting observed throughout the Little Salt Creek Watershed. Early 
intervention in this stage of channel evolution minimizes widespread bank failures, mass 
wasting, and sediment generation. This approach enables construction of stable channel 
grade and cross section, thereby accelerating channel recovery and reestablishing dynamic 
equilibrium. 

In many locations, incision has advanced to a road crossing culvert, leaving the culvert 
perched with a one to six foot drop on the downstream end. The approach to protect these 

Figure 9-1: Projected incision of Little Salt Creek between Raymond Rd and Bluff Rd 
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structures from the incision that has already occurred and from future incision is to construct 
a stilling basin downstream of the culvert to help dissipate the energy from culvert flows and 
protect the tow wall and foundation of the culvert at the downstream outfall.  

Bank failures are commonplace in this watershed and it is reasonable to question why bank 
stabilization is so rarely the focus of the recommendations. Little Salt Creek is fundamentally 
unstable. The old truism regarding streambanks is as applicable here as anywhere in this 
region - It is impossible to stabilize a streambank on an unstable stream. Until some measure 
of equilibrium is regained, extensive bank stabilization efforts are wasteful and probably 
counterproductive. Critical infrastructure areas, where protection of a bridge or other 
crossing requires that the stream alignment be fixed, are the exceptions to this rule. 

9.2.3 Stream Stability Projects 
Conceptual recommended improvements were developed to address each primary problem 
area. For this study, stream stability problem areas were identified. The types of 
improvements to address these problems are referred to as Capital Improvement Projects. 
Figure 9-2 below shows all of the Capital Improvement Projects included in the Capital 
Improvement Program.  A general description of the methodology followed by a detailed 
description of each capital improvement project is provided below.    
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Two categories of projects are recommended to address stream stability along the incising 
reaches as follows:

1. Grade Control at Bridges - construct grade controls at bridge crossings along the main 
stem to stop incision at these locations. The grade controls will eliminate incision at 
each bridge and substantially limit the propagation and depth of incision between the 
grade controls. There are nine bridge crossings recommended for grade controls. The 
series of structures will systemically halt incision along the main stem, once the 
channel profile between the grade controls stabilizes.  

The material for grade controls can be rock, logs or sheet pile, depending on the 
location and soil conditions at each bridge. Figure 9-3 and 9-4 illustrates the different 
grade control structures.   Piping and erosion of weak soils present significant 
challenges and should be thoroughly addressed in grade control design. Rock grade 
controls may be appropriate where the soils are less prone to piping, have higher clay 
content, and where the rock can be successfully vegetated. Rock should be well 
graded to fill voids. The designer may consider using graded filters or geosynthetics 
to limit piping. The designer should prevent concentrated run-off from entering the 
landward keys of the grade control.

Alternatively, this approach can be implemented using logs.  As is the case with rock 
structures, piping is a major design consideration and geosynthetics or graded filters 
should be included. 

Sheetpile grade controls may be more appropriate where the soils are prone to piping 
or highly erodible, silty with lower clay content and where salinity is higher. 
Depending on the sheetpile material, sheetpile should have corrosion protection such 
as a protective coating and cathodic protection. Sheetpile should extend into the 
banks a sufficient distance to prevent piping around the ends. The design should 
prevent erosion at the ends of the sheetpile. The designer should consider notching 
the weir of the grade control for low flow. The designer should consider box or 
arched planform shapes of the sheet pile to increase weir length or to concentrate or 
disperse flows.

Grade control structures made of natural materials and shaped to mimic natural 
stream structures offer water quality and ecological benefits relative to sheetpile 
weirs.  For those sites where sheetpile structures are preferable, a more sustainable 
structure can be achieved by integrating a sheetpile cutoff wall through the key of a 
rock grade control. 
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Figure 9-3: Rock Grade Control Structure Detail 
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2. Stilling Basins - construct engineered stilling basins at culvert outfalls on the 
tributaries where channel incision has caused the culvert to be perched. Stilling basins 
will protect the structure from scour that, if left unchecked, could undermine the 
outfall. The basins range in size based on the flow, culvert slope, drop height and 
other parameters and can be constructed of rock and vegetated around the edges. 
There are eight culvert outfall locations recommended for stilling basins. Since the 

Figure 9-4: Sheet Pile Grade Control Structure Detail 
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stilling basins at culvert outfalls address only the erosion problem at the culvert 
location, the stilling basin projects are recommended as eight individual projects.
Figure 9-5 below show a detail of a stilling basin. 

Figure 9-5: Stilling Basin Structure Detail 
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In determining impacts to Natural Resources and Salt Creek Tiger Beetle habitat, 
assumptions are made.  One of the main and most important assumptions is that there will be 
good erosion and sediment control measures and maintenance during construction.  Good 
erosion and sediment control measures include multiple layers of protection (silt fence, fabric 
slopes, sediment traps in the channel with silt dikes).  Sediment will not be released into the 
system, and storing of material will be in such a way that the material will not reach the 
channel in the event of a spill.  It is assumed that the construction will be limited to within 
the ROW where the land has already been disturbed to construction the road and that Salt 
Creek Tiger Beetle habitat will not be there.  If the project is near a habitat area, it is assumed 
that construction will not occur during the time of year when the Salt Creek Tiger Beetles are 
mating or the larvae are hatching.  The channel will not be dammed and create bank 
instability, and any overbank work will not be removing or disturbing habitat. 
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Figure 9-7: Project 1 Proposed Improvements 

9.2.3.1 Project 1: Grade Control Main Stem, Waverly Road Bridge

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision 
and subsequent bank failures could threaten natural 
resources along the channel.

Recommendation: The recommended improvement is to 
construct a grade control immediately downstream of the 
bridge crossing to hold the profile grade of the channel.
Figure 9-7 shows the proposed location of the grade 
control, possible limits of construction and possible easement needs. The grade control 
should be placed at grade on the channel bottom and formed in a manner to mimic the 
elevation and stable slopes of the existing channel banks. The grade control should extend to 
the top of each bank or the 25 year flow depth, whichever is greater. Consideration should be 
given to soil erodability, piping and shear stresses along the grade control and at the edges. 
The grade control can be constructed using various materials. For the purposes of this study, 
a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $95,000

Figure 9-6: Waverly Road Bridge 
over Main Stem 
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9.2.3.2 Project 2: Grade Control Main Stem, North 14th Street Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision and 
subsequent bank failures could threaten natural resources 
along the channel.

Recommendation: The recommended improvement is to 
construct a grade control immediately downstream of the 
bridge crossing to hold the profile grade of the channel.
Figure 9-9 shows the proposed location of the grade 
control, possible limits of construction and possible easement needs. The grade control 
should be placed at grade on the channel bottom and formed in a manner to mimic the 
elevation and stable slopes of the existing channel banks. The grade control should extend to 
the top of each bank or the 25 year flow depth, whichever is greater. Consideration should be 
given to soil erodability, piping and shear stresses along the grade control and at the edges. 
The grade control can be constructed using various materials. For the purposes of this study, 
a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $113,000 

Figure 9-8: North 14th Street Bridge 
over Main Stem 

Figure 9-9: Project 2 Proposed Improvements 
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9.2.3.3 Project 3: Grade Control Main Stem, Mill Road Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision 
and subsequent bank failures could threaten natural 
resources along the channel.

Recommendation: The recommended improvement is 
to construct a grade control immediately downstream of 
the bridge crossing to hold the profile grade of the 
channel.  Figure 9-11 shows the proposed location of the 
grade control, possible limits of construction and possible easement needs. The grade control 
should be placed at grade on the channel bottom and formed in a manner to mimic the 
elevation and stable slopes of the existing channel banks. The grade control should extend to 
the top of each bank or the 25 year flow depth, whichever is greater. Consideration should be 
given to soil erodability, piping and shear stresses along the grade control and at the edges. 
The grade control can be constructed using various materials. For the purposes of this study, 
a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $91,000

Figure 9-11: Project 3 Proposed Improvements 

Figure 9-10: Mill Road Bridge 
over Main Stem 
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9.2.3.4 Project 4: Grade Control Main Stem, N 1st Street Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision 
and subsequent bank failures could threaten natural 
resources along the channel.

Recommendation: The recommended improvement is to 
construct a grade control immediately downstream of the 
bridge crossing to hold the profile grade of the channel.
Figure 9-13 shows the proposed location of the grade 
control, possible limits of construction and possible 
easement needs. The grade control should be placed at grade on the channel bottom and 
formed in a manner to mimic the elevation and stable slopes of the existing channel banks. 
The grade control should extend to the top of each bank or the 25 year flow depth, whichever 
is greater. Consideration should be given to soil erodability, piping and shear stresses along 
the grade control and at the edges. The grade control can be constructed using various 
materials. For the purposes of this study, a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $109,000

Figure 9-12: North 1st Street Bridge 
over Main Stem 

Figure 9-13: Project 4 Proposed Improvements 
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9.2.3.5 Project 5: Grade Control Main Stem, W Raymond Road Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision 
and subsequent bank failures could threaten natural 
resources along the channel.  In addition to the main stem 
incising, W Raymond Road is one of the paved east/west 
roads that span the watershed. The existing 48’ single 
span bridge over the Main Stem is topped during the 10-
yr storm event.  

Recommendation:  The recommendation includes constructing a grade control immediately 
downstream of the bridge to maintain the channel grade through bridge, protecting the new 
bridge and improving local stream stability.  Figure 9-15 shows the proposed location of the 
grade control, possible limits of construction and possible easement needs. The grade control 
should be placed at grade on the channel bottom and formed in a manner to mimic the 
elevation and stable slopes of the existing channel banks. The grade control should extend to 
the top of each bank or the 25 year flow depth, whichever is greater. Consideration should be 
given to soil erodability, piping and shear stresses along the grade control and at the edges. 
The grade control can be constructed using various materials. For the purposes of this study, 
a sheet pile grade control system was assumed. The recommended improvements also 
include removing the existing bridge and replacing it with a new bridge configuration 
capable of passing a 25year storm event without topping the roadway, but this did not impact 
habitable structures and is not within an urbanized or otherwise artificially altered drainage 
system and is not included in the cost for Project 5. This structural improvement portion of 
the project is a road project and would be most appropriately addressed when the 
bridge/culvert is replaced due to condition issues.

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat:  Saline Wetlands 
and proposed Salt Creek Tiger Beetle habitat is identified both upstream and downstream of 
the W Raymond Road Bridge.  The Little Salt Fork Marsh Preserve is located immediately 
north (upstream) of W Raymond Road and the new grade control will help preserve the 
upstream channel by maintain the channel grade. Halting incision at this location will 
ultimately reduce slumping in the near upstream reaches, which intern protects the Tiger 
Beetle habitat at the toe of slope and saline wetlands found within the Little Salt Fork Marsh. 

Estimated Project Cost:  $115,000

Figure 9-14: W Raymond Road 
Bridge over Main Stem 
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Figure 9-15: Project 5 Proposed Improvements 
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9.2.3.6 Project 6: Grade Control Main Stem, NW 12th Street Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision 
and subsequent bank failures could threaten natural 
resources along the channel.

Recommendation: The recommended improvement is to 
construct a grade control immediately downstream of the 
bridge crossing to hold the profile grade of the channel.
Figure 9-17 shows the proposed location of the grade 
control, possible limits of construction and possible easement needs. The grade control 
should be placed at grade on the channel bottom and formed in a manner to mimic the 
elevation and stable slopes of the existing channel banks. The grade control should extend to 
the top of each bank or the 25 year flow depth, whichever is greater. Consideration should be 
given to soil erodability, piping and shear stresses along the grade control and at the edges. 
The grade control can be constructed using various materials. For the purposes of this study, 
a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $91,000

Figure 9-16: NW 12th Street Bridge 
over Main Stem 

Figure 9-17: Project 6 Proposed Improvements 
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9.2.3.7 Project 7: Grade Control Main Stem, W Branched Oak Road Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to 
twelve feet over the next 25 years.  The incision will 
cause erosion at the bridge that could compromise 
bridge footings and stability. Sediment released from 
incision and subsequent bank failures could threaten 
natural resources along the channel.

Recommendation: The recommended improvement 
is to construct a grade control immediately 
downstream of the bridge crossing to hold the profile 
grade of the channel.  Figure 9-19 shows the proposed 
location of the grade control, possible limits of construction and possible easement needs. 
The grade control should be placed at grade on the channel bottom and formed in a manner 
to mimic the elevation and stable slopes of the existing channel banks. The grade control 
should extend to the top of each bank or the 25 year flow depth, whichever is greater. 
Consideration should be given to soil erodability, piping and shear stresses along the grade 
control and at the edges. The grade control can be constructed using various materials. For 
the purposes of this study, a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $71,000

Figure 9-18: W Branched Oak Road 
Bridge over Main Stem 

Figure 9-19: Project 7 Proposed Improvements 
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9.2.3.8 Project 8: Grade Control Main Stem, N 19th Street Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision 
and subsequent bank failures could threaten natural 
resources along the channel.

Recommendation: The recommended improvement is to 
construct a grade control immediately downstream of the 
bridge crossing to hold the profile grade of the channel.
Figure 9-21 shows the proposed location of the grade 
control, possible limits of construction and possible 
easement needs. The grade control should be placed at grade on the channel bottom and 
formed in a manner to mimic the elevation and stable slopes of the existing channel banks. 
The grade control should extend to the top of each bank or the 25 year flow depth, whichever 
is greater. Consideration should be given to soil erodability, piping and shear stresses along 
the grade control and at the edges. The grade control can be constructed using various 
materials. For the purposes of this study, a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $84,000

Figure 9-20: North 19th Street 
Bridge over Main Stem 

Figure 9-21: Project 8 Proposed Improvements 
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9.2.3.9 Project 9: Grade Control Main Stem, W Rock Creek Road Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision 
and subsequent bank failures could threaten natural 
resources along the channel.

Recommendation: The recommended improvement is to 
construct a grade control immediately downstream of the 
bridge crossing to hold the profile grade of the channel.
Figure 9-23 shows the proposed location of the grade 
control, possible limits of construction and possible easement needs. The grade control 
should be placed at grade on the channel bottom and formed in a manner to mimic the 
elevation and stable slopes of the existing channel banks. The grade control should extend to 
the top of each bank or the 25 year flow depth, whichever is greater. Consideration should be 
given to soil erodability, piping and shear stresses along the grade control and at the edges. 
The grade control can be constructed using various materials. For the purposes of this study, 
a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $78,000

Figure 9-22: W Rock Creek Road 
Bridge over Main Stem 

Figure 9-23: Project 9 Proposed Improvements 
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9.2.3.10 Project 10: Grade Control Main Stem, W Agnew Road Bridge 

Problem description: The main stem is incising and 
projected to continue to incise an additional six to twelve 
feet over the next 25 years.  The incision will cause 
erosion at the bridge that could compromise bridge 
footings and stability. Sediment released from incision 
and subsequent bank failures could threaten natural 
resources along the channel.

Recommendation: The recommended improvement is to 
construct a grade control immediately downstream of the 
bridge crossing to hold the profile grade of the channel.
Figure 9-25 shows the proposed location of the grade 
control, possible limits of construction and possible easement needs. The grade control 
should be placed at grade on the channel bottom and formed in a manner to mimic the 
elevation and stable slopes of the existing channel banks. The grade control should extend to 
the top of each bank or the 25 year flow depth, whichever is greater. Consideration should be 
given to soil erodability, piping and shear stresses along the grade control and at the edges. 
The grade control can be constructed using various materials. For the purposes of this study, 
a sheet pile grade control system was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Grade stabilizing the main stem will protect the Tiger Beetle habitat at the toe of slope and 
within the saline wetlands near the top of banks along the main stem. The grade control is 
sited within road right of way so there is no direct impact on the possible Salt Creek Tiger 
Beetle habitat. 

Estimated Project Cost:  $69,000

Figure 9-24: W Agnew Road 
Bridge over Main Stem 

Figure 9-25: Project 10 Proposed Improvements 
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9.2.3.11 Project 11: Stilling Basin at N 40th Street Culvert Outfall, Tributary 10

Problem description: Channel erosion and incision 
through Tributary 10 have caused the existing culvert to 
be perched approximately four feet threatening the 
stability of the culvert.

Recommendation: The recommended improvement is to 
construct a stilling basin at the downstream end of culvert 
to dissipate the energy and protect the outfall.  The 
stilling basin should be designed to withstand hydraulic 
forces during a 25 year storm event. Figure 9-27 shows 
the proposed location of the stilling basin, possible limits 
of construction and possible easement needs. The stilling 
basin and associated bank protection can be constructed 
using various materials. Consideration should be given to 
soil erodability, piping and shear stresses along the grade control and at the edges. For the 
purposes of this study, a rock stilling basin with vegetated banks was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
This project has no impact on the possible Salt Creek Tiger Beetle habitat or natural 
resources.

Estimated Project Cost:  $78,000

Figure 9-26: North 40th Street 
Culvert on Tributary 10 

Figure 9-27: Project 11 Proposed Improvements 



Section 9 
Capital Improvement Projects 

9-22 

9.2.3.12 Project 12: Stilling Basin at N 40th Street Culvert Outfall, Tributary 110

Problem description: Tributary 110 is a managed swale 
between two farm fields.  Channel erosion and incision 
have caused the existing culvert to be perched 
approximately one to two feet threatening the stability of 
the culvert. 

Recommendation: The recommended improvement is to 
construct a stilling basin at the downstream end of culvert 
to dissipate the energy and protect the outfall.  The 
stilling basin should be designed to withstand hydraulic 
forces during a 25 year storm event. Figure 9-29 shows 
the proposed location of the stilling basin, possible limits 
of construction and possible easement needs. The stilling 
basin and associated bank protection can be constructed 
using various materials. Consideration should be given to soil erodability, piping and shear 
stresses along the grade control and at the edges. For the purposes of this study, a rock 
stilling basin with vegetated banks was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: This project has no 
impact on the possible Salt Creek Tiger Beetle habitat or natural resources. 

Estimated Project Cost:  $77,000

Figure 9-28: North 40th Street 
Culvert on Tributary 110 

Figure 9-29: Project 12 Proposed Improvements 
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9.2.3.13 Project 13: Stilling Basin at N 40th Street Culvert Outfall, Tributary 220

Problem description: Channel erosion and incision 
along Tributary 220 have caused the existing culvert to 
be perched approximately two to three feet threatening 
the stability of the culvert. 

Recommendation: The recommended improvement is to 
construct a stilling basin at the downstream end of 
culvert to dissipate the energy and protect the outfall.
The stilling basin should be designed to withstand 
hydraulic forces during a 25 year storm event. Figure 9-
31 shows the proposed location of the stilling basin, 
possible limits of construction and possible easement 
needs. The stilling basin and associated bank protection can be constructed using various 
materials. For the purposes of this study, a rock stilling basin with vegetated banks was 
assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: This project has no 
impact on the possible Salt Creek Tiger Beetle habitat or natural resources. 

Estimated Project Cost:  $67,000

Figure 9-30: North 40th Street 
Culvert on Tributary 220 

Figure 9-31: Project 13 Proposed Improvements 
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9.2.3.14 Project 14: Stilling Basin at Waverly Road Culvert Outfall, Tributary 35

Problem description: Channel erosion and past 
incision at the outfall of the Waverly Road culvert on 
Tributary 35 have caused the existing culvert to be 
perched approximately one to two feet threatening the 
stability of the culvert. 

Recommendation: The recommended improvement is 
to construct a stilling basin at the downstream end of 
culvert to dissipate the energy and protect the outfall.
The stilling basin should be designed to withstand 
hydraulic forces during a 25 year storm event. Figure 9-
33 shows the proposed location of the stilling basin, 
possible limits of construction and possible easement needs. The stilling basin and associated 
bank protection can be constructed using various materials. Consideration should be given to 
soil erodability, piping and shear stresses along the grade control and at the edges. For the 
purposes of this study, a rock stilling basin with vegetated banks was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: This project has no 
impact on the possible Salt Creek Tiger Beetle habitat or natural resources. 

Estimated Project Cost:  $75,000

Figure 9-32: Waverly Road Culvert 
on Tributary 35 

Figure 9-33: Project 14 Proposed Improvements 
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Figure 9-34: North 1st Street 
Culvert on Tributary 30 

9.2.3.15 Project 15:  Stilling Basin at N 1st Street Culvert Outfall, Tributary 30  

Problem description: The existing grouted concreted 
outfall protection/armor is undermined and fractured 
immediately downstream of the outfall of the N 1st Street 
culvert on Tributary 30.  The grout is armoring an 
approximately six-foot drop in bed elevation at the 
outfall.

Recommendation: The recommended improvement is to 
remove the grouted concrete apron and construct a ramp 
and stilling basin at the downstream end of culvert to 
dissipate the energy and protect the outfall.  The ramp and 
stilling basin should be designed to withstand hydraulic 
forces during a 25 year storm event. Figure 9-35 shows the proposed location of the ramp 
and stilling basin, possible limits of construction and possible easement needs. The ramp, 
stilling basin and associated bank protection can be constructed using various materials. For 
the purposes of this study, a rock ramp and basin with vegetated banks was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: This project has no 
impact on the possible Salt Creek Tiger Beetle habitat or natural resources. 

Estimated Project Cost:  $85,000

Figure 9-35: Project 15 Proposed Improvements 
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9.2.3.16 Project 16: Stilling Basin at Branched Oak Road Culvert Outfall, Tributary 45  

Problem description: Channel erosion and incision at the 
outfall of the Branched Oak Road culvert on Tributary 45 
have caused the existing culvert to be perched 
approximately one to two feet threatening the stability of 
the culvert. 

Recommendation: The recommended improvement is to 
construct a stilling basin at the downstream end of culvert 
to dissipate the energy and protect the outfall.  The stilling 
basin should be designed to withstand hydraulic forces 
during a 25 year storm event. Figure 9-37 shows the 
proposed location of the stilling basin, possible limits of 
construction and possible easement needs. The stilling basin and associated bank protection 
can be constructed using various materials. For the purposes of this study, a rock stilling 
basin with vegetated banks was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: This project has no 
impact on the possible Salt Creek Tiger Beetle habitat or natural resources. 

Estimated Project Cost:  $95,000

Figure 9-37: Project 16 Proposed Improvements 

Figure 9-36: Oak Road Culvert on 
Tributary 45 
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9.2.3.17 Project 17: Stilling Basin at W Davey Road Culvert Outfall, Tributary 1260  

Problem description: Channel erosion and incision at the 
outfall of the W Davey Road culvert on Tributary 1260 
have caused the existing culvert to be perched 
approximately one to two feet threatening the stability of 
the culvert. 

Recommendation: The recommended improvement is to 
construct a stilling basin at the downstream end of culvert 
to dissipate the energy and protect the outfall.  The stilling 
basin should be designed to withstand hydraulic forces 
during a 25 year storm event. Figure 9-39 shows the 
proposed location of the stilling basin, possible limits of 
construction and possible easement needs. The stilling basin and associated bank protection 
can be constructed using various materials. For the purposes of this study, a rock stilling 
basin with vegetated banks was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: This project has no 
impact on the possible Salt Creek Tiger Beetle habitat or natural resources. 

Estimated Project Cost:  $113,000 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9-38: W Davey Road 
Culvert on Tributary 1260 

Figure 9-39: Project 17 Proposed Improvements 
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9.2.3.18 Project 18: Stilling Basin at Davey Road Culvert Outfall, Tributary 260  

Problem description: Channel erosion and incision on 
Tributary 260 have caused the existing culvert to be 
perched approximately one to two feet threatening the 
stability of the culvert. 

Recommendation: The recommended improvement is to 
construct a stilling basin at the downstream end of culvert 
to dissipate the energy and protect the outfall.  The 
stilling basin should be designed to withstand hydraulic 
forces during a 25 year storm event. Figure 9-41 shows 
the proposed location of the stilling basin, possible limits 
of construction and possible easement needs. The stilling 
basin and associated bank protection can be constructed using various materials. For the 
purposes of this study, a rock stilling basin with vegetated banks was assumed.  

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
This project has no impact on the possible Salt Creek Tiger Beetle habitat or natural 
resources.

Estimated Project Cost:  $85,000

Figure 9-41: Project 18 Proposed Improvements 

Figure 9-40: Davey Road Culvert on 
Tributary 260 
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9.3 Other Improvement Recommendations

Other problems were identified and projects and recommendations developed that have 
measureable benefits, but do not provide substantial flood reduction, stream stability and 
water quality benefits and therefore, do not qualify as Capitol Improvement Projects.  These 
projects and recommendations are included in this Master Plan as Other Improvement 
Recommendations for use with other programs. Details of other recommended improvements 
including Bridge & Culvert Improvements, Riparian Corridor Enhancement and Water 
Quality are found in the following pages and in Appendix L.  

9.3.1 Problem Identification 

9.3.1.1 Bridge and Culvert Problem Identification 
The process for identifying bridge and culvert problems was focused on areas along the Little 
Salt Creek main stem and tributaries. The majority of the watershed is rural with agriculture 
as the dominant land use.  

Hydraulic deficiencies, including undersized bridges and culverts, were identified at roadway 
stream crossings. There are 81 bridges & culverts in the Little Salt Creek Watershed that 
have a contributing drainage area greater than 150 acres. 62 of these are Lancaster County 
Structures, 16 are private and three are for I-80. Figure 9-42 shows the location of these 81 
hydraulic structures in the Little Salt Creek Watershed. 

Bridge and Culvert topping is characterized as a deficiency if the structure is topped in a 
storm event more frequent than the 25-year event and the roadway is paved. Six structures 
were identified as problems based on these criteria. Structures C-91, F-78, F-82, F-86 and F-
91 all met the criteria outright, while Structure F-79 was selected because the amount of 
sediment observed in the structure substantially reduced the conveyance capacity 
demonstrated by the hydraulic model. 

Table 9.1 lists all of the structures draining greater than 150 acres and is sorted by the 
roadway topping storm event and by the roadway condition (paved or unpaved). Those 
structures identified as being deficient are highlighted. 
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Table 9.1 Bridge and Culvert Topping

County 

Structure

Number Structure Location 

Road

Topping

Event 

25-yr 

Water 

Depth 

Over 

Road 

(ft) 

Roadway 

Condition 

(paved, 

unpaved) 

Structure

Type Size 

Main Stem 

or Trib # 

  14000 N 14th St 2 2.62 paved Culvert 8' CMP Trib 45 

  15737 N 14th St 2 1.16 unpaved Culvert 4.5' CMP Trib 150 

  20200 NW 12th St 2 1.53 unpaved Culvert 2.5' CMP Trib 360 

C-211A 20900 NW 12th St 2 2.16 unpaved Culvert 

5'w x 3.5'h 
CMP

Ellipse Trib 360 

  870 Raymond Rd 2 2.00 unpaved Culvert 3.5' CMP Trib 65 

  2801 W Davey Rd 2 2.36 unpaved Culvert 2' CMP Trib 85 

  1042 W Raymond Rd 2 3.37 unpaved Culvert 3' CMPs Trib 65 

  966 W Raymond Rd 2 1.73 unpaved Culvert 
Triple 2' 
CMPs Trib 65 

C-91 
W Raymond Rd (just west 
of 1st St) 10 2.69 paved Bridge 

1-Span, 
48' Main Stem 

F-78 8480 N 14th Street 10 1.53 paved Bridge 
1-Span, 

25.5' Trib 15 

F-82 9084 N 14th St 10 1.12 paved Bridge 
1-Span, 

23' Trib 115 

F-86 11618 N 14th St 10 1.34 paved Bridge 
1-Span, 

18.0' Trib 30 

F-91 14000 N 14th Street 10 0.82 paved Culvert 

Triple 9'w 
x 7'h 
RCBs Trib 45 

  14123 N 1st St 10 0.79 paved Culvert 
Twin 3' 
CMPs Trib 55 

F-96 1101 Mill Rd 10 2.87 unpaved Bridge 
3-Span, 

88' Main Stem 

F-26 15200 N 1st Street 10 0.82 unpaved Bridge 
1-Span, 

59.3' Main Stem 

C-172 

NW 12th St (bet. W 
Branched Oak Rd &  W 
Raymond Rd) 10 1.96 unpaved Bridge 

2-Span, 
45' Main Stem 

C-253 
East of 1801 W Branched 
Oak Rd 10 2.04 unpaved Bridge 

1-Span, 
32' Main Stem 

C-262 16900 NW 19th St 10 2.69 unpaved Bridge 
1-Span, 

68' Main Stem 

C-227 2900 W Davey Rd 10 3.14 unpaved Culvert 

Twin
12.7'w x 

12'h RCBs Main Stem 

C-113 3500 W Little Salt Rd 10 1.20 unpaved Culvert 
12'w x 8'h 

RCB Main Stem 

C-51 4601 W Ashland Rd 10 1.72 unpaved Culvert 7' CMP Main Stem 

G-144 3636 Bluff Rd 10 0.66 unpaved Bridge 
1-Span, 

20' Trib 10 
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Table 9.1 Bridge and Culvert Topping

County 

Structure

Number Structure Location 

Road

Topping

Event 

25-yr 

Water 

Depth 

Over 

Road 

(ft) 

Roadway 

Condition 

(paved, 

unpaved) 

Structure

Type Size 

Main Stem 

or Trib # 

G-51 11275 N 40th Street 10 0.87 unpaved Culvert 
12.5'w x 

6.1'h RCB Trib 10 

F-153 8101 N 7th St 10 0.93 unpaved Culvert 

Twin 8'w x 
6.5'h
RCBs Trib 15 

F-211 
W McKelvie Rd (bet. N 1st

St & NW 12th St) 10 1.57 unpaved Culvert 
Twin 8'w x 
6'h RCBs Trib 15 

F-167 605 W Bluff Rd 10 1.12 unpaved Culvert 
8'w x 6'h 

RCB Trib 15 

F-154 8101 N 7th St 10 0.93 unpaved Culvert 

6.75'w x 
4.5'h

Concrete 
Ellipse Trib 315 

G-160 3862 Mill Rd 10 2.34 unpaved Culvert 
8'w x 5'h 
CMPA Trib 20 

F-192 601 Waverly Rd 10 0.90 unpaved Culvert 
11.5'w x 
9'h RCB Trib 30 

F-132 
N 1st St (bet. Mill Rd. & 
Waverly Rd) 10 1.25 unpaved Culvert 

12'w x 6'h 
RCB Trib 30 

F-95 1200 Mill Rd 10 2.15 unpaved Culvert 
10'w x 6'w 

RCB Trib 45 

C-240 2200 Branched Oak Rd 50 0.80 unpaved Culvert 
6'w x 5.4'h 

RCB Trib 45 

C-246 1000 Branched Oak Rd 10 1.06 unpaved Culvert 
7'w x7'w 

RCB Trib 50 

F-25 
N 1st St (just south of 
Raymond Rd) 10 1.68 unpaved Culvert 

10'w x6'w 
RCB Trib 55 

C-250 400 W Branched Oak Rd 10 2.06 unpaved Bridge 
1-Span, 

30.8' Trib 60 

C-231 1000 W Davey Rd 10 1.78 unpaved Culvert 

Twin
10.15'w x 
8'h RCBs Trib 60 

C-167 
NW 12th St (South of W 
Rock Creek Rd) 10 1.55 unpaved Culvert 

8.7'w x 
6.25'h
RCB Trib 60 

C-215 1400 W Rock Creek Rd 10 0.87 unpaved Culvert 
7.5'w x 7'h 

RCB Trib 60 

C-210 
At W Rock Creek Rd & 
NW 12th St 10 1.16 unpaved Culvert 

8'w x 8'h 
RCB Trib 360 

C-228 2225 W Davey Rd 10 1.18 unpaved Culvert 4' CMP Trib 80 

G-53 
N 40th St (bet. Bluff Rd & I-
80) 10 0.96 unpaved Culvert 

6'w x 6'h 
RCB Trib 110 

G-33 
N 27th St (north of Arbor 
Rd) 10  1.16 unpaved Culvert 

9.75'w x 
10.5'h
RCB Trib 10 
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Table 9.1 Bridge and Culvert Topping

County 

Structure

Number Structure Location 

Road

Topping

Event 

25-yr 

Water 

Depth 

Over 

Road 

(ft) 

Roadway 

Condition 

(paved, 

unpaved) 

Structure

Type Size 

Main Stem 

or Trib # 

Private – 1000 W 
Raymond Rd 10 0.83 unpaved Culvert 

Twin
7.15'w x 
5.75'h
RCBs Trib 65 

Private – 2801 W Davey 
Rd 10 1.35 unpaved Culvert 3.5' CMP Trib 85 

  Private – 12855 N 40th St 10 1.09 unpaved Bridge 
1-Span, 

36' Trib 220 
Private – NW 12th St (bet. 
W Rock Creek Rd & W 
Davey Rd) 10 2.01 unpaved Bridge 

1-Span, 
29' Trib 60 

Private – NW 12th St (bet. 
W Rock Creek Rd & W 
Davey Rd) 10 1.10 unpaved Culvert 12' CMP Trib 360 

  Private – 605 Waverly Rd 10 2.68 unpaved Culvert 4' CMP Trib 30 

F-79 
14th St (bet. McKelvie Rd 
& Arbor Rd) 25 1.53 paved Culvert 

6'w x 3'h 
RCBs Trib 215 

G-146 3500 Waverly Rd 25 1.43 paved Culvert 
10'w x 

8.5'h RCB Trib 220 

C-95 East of 910 Raymond Rd 25 0.11 paved Culvert 
11'w x10'h 

RCB Trib 50 

C-85 965 W Raymond Rd 25 1.30 paved Culvert 
12'w x 6'h 

RCB Trib 65 

G-36 
N 27th St (bet. Waverly Rd 
& Bluff Rd 25 0.24 unpaved Culvert 

Twin 14'w 
x 10'h 
RCBs Trib 20 

G-44 13051 N 40th St 25 1.16 unpaved Culvert 
12'w x 6.'h 

RCB Trib 220 

F-191 201 Waverly Rd 25 0.74 unpaved Culvert 4' CMP Trib 130 

F-134 12200 N 1st Street 10 0.94 unpaved Culvert 4' CMP Trib 130 

C-185 2240 Raymond Rd 50  unpaved Culvert 

Twin
7.25'w x 

6.5'h
RCBs Trib 45 

Private – 333 Branched 
Oak Rd 50  unpaved Culvert 4' CMP Trib 160 

C-179 16060 NW 27th St 25 0.29 unpaved Culvert 
5'w x 5'h 

RCB Trib 70 

C-218 
W Rock Creek Rd (bet. 
NW 12th St & NW 40th St) 100  unpaved Culvert 

6'w x 7'h 
RCB Trib 80 

G-164 4201 Mill Rd 25 0.31 unpaved Culvert 
5'w x 5'h 

RCB Trib 2220 

F-201 Arbor Rd & N 27th St 100  paved Bridge 
3-Span, 

122' Main Stem 

F-88 13201 N 14th Street 100  paved Bridge 
1-Span, 

80' Main Stem 
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Table 9.1 Bridge and Culvert Topping

County 

Structure

Number Structure Location 

Road

Topping

Event 

25-yr 

Water 

Depth 

Over 

Road 

(ft) 

Roadway 

Condition 

(paved, 

unpaved) 

Structure

Type Size 

Main Stem 

or Trib # 

I-80 (bet. N 40th St & Arbor 
Rd) 100  paved Culvert 

10.3'w x 
6'h RCB Trib 05 

G-145 
Waverly Rd (bet. N 27th St 
& N 40th St) 100  paved Culvert 

14.5'w x 
12'h RCB Trib 20 

C-132 1300 W Agnew Rd 500  paved Culvert 
6'w x 6'h 

RCB Trib 360 

F-139 8633 N 1st St 100  unpaved Culvert 

Twin 12'w 
x 8'h 
RCBs Trib 15 

C-248 15601 N 1st St 100  unpaved Culvert 4' CMP Trib 160 

  Private – 15800 N 1st St 100  unpaved Culvert 
Twin 3' 
CMPs Trib 160 

C-238 400 Davey Rd 100  unpaved Culvert 
6'w x 5'h 

RCB Trib 260 

C-234 East of 638 W Davey Rd 100  unpaved Culvert 
6'w x 6'h 

RCB Trib 1260 

F-197 1301 Waverly Rd 500  paved Bridge 
3-Span, 

98' Main Stem 

F-199 
Waverly Rd (bet. N 14th St 
& N 27th St) 500  paved Culvert 

8'w x 6'h 
RCB Trib 35 

  I-80 at N 27th St 500+  paved Bridge 
3-Span, 

206' Main Stem 

  I-80 off ramp at N 27th St 500+  paved Bridge 
3-Span, 

180 Main Stem 

C-125 3600 W Agnew Rd 500+  paved Bridge 
3-Span, 

70' Main Stem 

F-85 11122 N 14th St 500+  paved Culvert 
5'w x 7'w 

RCB Trib 25 

C-220 3425 W Rock Creek Rd 500+  unpaved Bridge 
1-Span, 

74' Main Stem 

G-132 4001 Arbor Rd 500+  unpaved Culvert 
Twin 8'w x 
5'h RCBs Trib 05 

F-141 8101 N 1st St 500+  unpaved Culvert 

Twin 10'w 
x 6'h 
RCBs Trib 415 
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9.3.1.2 Natural Resources and Water Quality Problem Identification 
The process for identifying natural resources and water quality problems focuses on the 
protection, preservation and/or enhancement of the saline wetlands and Salt Creek Tiger 
Beetle Habitat.  There are several studies and efforts underway to protect and enhance these 
vital resources and there is still a lot to learn. In an effort to gain insight into this knowledge 
base, the Technical Advisory Committee (TAC) was formed and consulted throughout the 
Little Salt Creek Watershed Master Planning process. The TAC is a panel of stakeholders 
and experts from the Nebraska Department of Environmental Quality, Nebraska Game and 
Parks Commission, University of Nebraska at Lincoln School of Natural Resources, 
University of Nebraska at Lincoln Department of Entomology, Natural Resource 
Conservation Service, U.S. Fish and Wildlife Services, U.S. Army Corps of Engineers, City 
of Lincoln Parks & Recreation, Lancaster County Planning, and the Lower Platte South 
NRD.  

The TAC was in general agreement that the continued incising of Little Salt Creek would 
have a negative effect on near channel groundwater elevations which could, in turn, affect 
near-channel saline wetlands. It was further generally agreed that continued incision could 
have a negative effect on Tiger Beetle habitat. For this reason, incision is also considered a 
natural resource and water quality problem. 

Degradation and reduction of saline wetlands and Tiger Beetle habitat was identified as 
another problem. Several efforts are underway to protect and restore these resources, but 
funding is limited and many of the areas are left unprotected.

9.3.2 Project Evaluation Approach 

9.3.2.1 Bridge and Culvert Evaluation Approach 
The bridge and culvert improvement recommendations in this report are based on adding 
stormwater conveyance capacity in a manner that does not compromise channel geomorphic 
parameters. The approach to improving the problem of frequent roadway topping on paved 
roads was to replace or enhance the hydraulic structure to convey a minimum of the 25 year 
storm event without topping the road. Replacing the bridge or culvert entails removing the 
existing structure and constructing a new structure. Enhancing the existing structure to add 
capacity included widening the existing opening or adding flanking culverts.  Although these 
recommendations provide measurable benefits, they are not included as projects in this 
Watershed Master Plan because they do not impact habitable structures and are not within an 
urbanized or otherwise artificially altered drainage system.  These structural improvement 
projects are road projects and would be most appropriately addressed when the bridge/culvert 
is replaced due to condition or capacity issues. Details on these recommendations are found 
in Appendix L.

9.3.2.2 Natural Resources Evaluation Approach  
The natural resources and water quality goals were generated from discussions and 
coordination with the Technical Advisory Committee. On July 17, 2008, the second 
Technical Advisory Committee meeting was held with the objective of developing an 
approach to natural resource and water quality throughout the watershed, among others. 
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Several issues and approaches were discussed during the meeting and in subsequent 
conversations throughout the following months. As a result, the goals of improving Salt 
Creek Tiger Beetle habitat and restoring, enhancing and creating new saline wetlands were 
established. Currently, the University of Nebraska and other agencies are working with the 
City to develop the best possible plan to restore and protect the natural resources within the 
Little Salt Creek watershed.  It was determined that more research needs to be done before 
any specific projects can be developed. 

9.3.2.3 Riparian Corridor Enhancement Evaluation Approach  
Riparian Corridor Enhancement Program involves re-planting the woody riparian buffer 
along Little Salt Creek and its tributaries along the reaches where soil and saline content will 
support a dense, woody riparian corridor with the goal of re-establishing the corridor and 
reducing erosion and stream downcutting. Over the past decades, the woody riparian corridor 
has been substantially depleted. This management measures will contribute to a more robust, 
self-managing stream system and provide abundant opportunity for habitat and improved 
water quality. There is over 68 miles of corridor that may qualify for this type of restoration.  
The Riparian Corridor Enhancement is a voluntary program for the landowners and 
developers and is not considered a Capital Improvement Project because it is cost prohibitive 
and there are several voluntary tree planting programs already in place.  More details on the 
Riparian Corridor Enhancement Program can be found in Appendix L of this report. 

9.3.2.4 Water Quality Evaluation Approach
While the water quality data generated through this study is limited, there is persuasive 
evidence that nutrient enrichment and high seasonal temperatures are degrading this stream. 
Sediment generation and transport exacerbate both conditions.  Nutrients adhere to sediment 
particles which, when mobilized and transported, facilitate their distribution throughout the 
system. Sediment particles also absorb light and contribute to increased water temperatures. 

It was determined that more planning needs to be done before any specific projects can be 
developed to address water quality in the Little Salt Creek Watershed. The water quality 
management recommendations that follow emphasize sediment management for the purpose 
of improving water quality.   

In most rivers and streams sediment management involves three approaches: 1) reducing the 
generation of sediment, 2) maintaining transport of entrained sediment and 3) selectively 
trapping sediment. The primary stream stability approach of grade stabilization at bridges as 
discussed previously in this section is useful in controlling sediment generation through 
arresting incision although other incising reaches remain untreated.  The second approach, 
maintaining transport is not applicable in this watershed because the particle size of the 
sediment in Little Salt Creek is so small that it does not settle out readily and tends to remain 
entrained.  The options available under the third approach, sediment trapping, are limited by 
the salinity of the watershed.  There are no feasible sediment trapping alternatives because 
the salinity of the soil sharply reduces the effectiveness1 of the polyacrylamides.  

1 www.nebraskadrybean.com/research23.htm . Yonts, C.D., 1999. Polyacrylamide (PAM) a Method to Control 
Irrigation Induced Soil Erosion. 
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As discussed previously in this section, addressing every stream erosion problem is cost 
prohibitive. Systemic grade controlling to reduce sediment generation falls into this cost 
prohibitive category. However, as time, money and interests permit, grade controls in 
addition to the recommended CIP grade controls could be built to advance the goal of 
reducing sediment generation to enhance water quality. Although these recommendations 
provide measurable benefits, they are not included as projects in this Watershed Master Plan 
because the data and research to date is limited. Additional details on these water quality 
management recommendations are found in Appendix L. 

9.4 Prioritization
The recommended capital improvement projects were classified as primary or secondary and 
categorized using the prioritization categories from the Prioritization Methodology Report for 
Watershed Master Planning Projects, City of Lincoln, Nebraska, 2006. Primary problem 
areas are those that pose a public safety concern with respect to road flooding, stream 
instability or severe maintenance conditions. Secondary problem areas are areas of infrequent 
flooding or stream degradation or instability that is propagating very slowly and/or is not 
likely to propagate to other areas of the watershed. The prioritization methodology was 
developed for the City of Lincoln to set priorities and implement Capital Improvement 
Programs for watershed master planning each year. The following prioritization categories 
were used for project ranking: 

� 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 ten-year storm 
event. Projects primarily intended to address structural or non-structural flooding will 
usually incorporate a high or low risk safety factor and may, if applicable, incorporate 
stream stability or water quality benefits.

� For the purposes of the Little Salt Creek Master Plan, roadway flooding was only 
considered a problem for paved roadways. Gravel and dirt roadways that were topped 
in ten year storm were not considered a problem. 

� 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 visual observation, not strictly 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. 
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� 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 place 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 non-
structural 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. 

This ranking system was specifically developed for Capital Improvement Projects proposed 
as part of the on-going watershed master planning efforts. Ranking worksheets were used to 
add 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 J provides a copy of 
each ranking worksheet.  

Table 9.2 lists the classification, priority score, ranking and cost by project for the capital 
improvement projects within the Little Salt Creek Watershed. For projects with the same 
overall score, engineering judgment was used to finalize the ranking. The engineering 
judgment favored projects that provided broader based benefits over those projects that 
focused benefits to one area. The project costs are based on 2009 material and construction 
costs. 
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Table 9.2  Capital Improvement Project Summary Results
Project

No. Project Name Classification

Priority 

Score

Project

Ranking Project Cost 

1
Grade Control Main Stem, 
Waverly Road Bridge Secondary 255 3 $95,000

2
Grade Control Main Stem, 
North 14th Street Bridge Secondary 260 1 $113,000

3
Grade Control Main Stem, 
Mill Road Bridge Secondary 250 7 $91,000

4
Grade Control Main Stem, 
North 1st Street Bridge Secondary 255 4 $110,000

5
Grade Control Main Stem, W 
Raymond Road Bridge Secondary 260 2 $115,000

6
Grade Control Main Stem, 
NW 12th Street Bridge Secondary 240 8 $91,000

7
Grade Control Main Stem, W 
Branched Oak Road Bridge Secondary 255 5 $71,000

8
Grade Control Main Stem, N 
19th Street Bridge Secondary 240 9 $84,000

9
Grade Control Main Stem, W 
Rock Creek Road Bridge Secondary 240 10 $78,000

10 
Grade Control Main Stem, W 
Agnew Road Bridge Secondary 255 6 $69,000

11 
Stilling Basin at N 40th Street 
Culvert Outfall,  Tributary 10 Secondary 105 11 $78,000

12 
Stilling Basin at N 40th Street 
Culvert Outfall, Tributary 110 Secondary 95 14 $77,000

13 
Stilling Basin at N 40th Street 
Culvert Outfall, Tributary 220 Secondary 100 13 $67,000

14 

Stilling Basin at Waverly 
Road Culvert Outfall, 
Tributary 35 Secondary 90 15 $75,000

15 
Stilling Basin at N 1st Street 
Culvert Outfall, Tributary 30 Secondary 100 12 $85,000

16 

Stilling Basin at Branched 
Oak Road Culvert Outfall, 
Tributary 45 Secondary 85 16 $95,000

17 

Stilling Basin at W Davey 
Road Culvert Outfall, 
Tributary 1260 Secondary 80 17 $113,000

18 
Stilling Basin at Davey Road 
Culvert Outfall, Tributary 260 Secondary 80 18 $85,000

Total =  $1,591,000
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Section 10 
Implementation

10.1 Introduction
While the majority of the Little Salt Creek watershed is in an agricultural land use today, 
there are approximately 1,200 acres within Lincoln’s Future Service Limit where urban 
services and inclusion in the City limits are anticipated by 2030.  Approximately 670 acres 
are within the Priority A area designated to be served with utilities in the next six years.  In 
addition, there are some unique and special water resource considerations in this watershed, 
including the Eastern Nebraska Saline Wetlands, which are notably rare and form the habitat 
for the endangered Salt Creek Tiger Beetle (federally-listed), and the Saltwort plant (state-
listed).   Thus, it is appropriate to establish a foundation for implementing the capital 
improvement projects outlined in Section 9 and the water quality best management practice 
recommendations in Section 7.  By establishing this foundation, water quality can be 
preserved, long-term stream stability can be maintained, and site specific flood hazards can 
be reduced.   This section describes the different components of the implementation plan. 

10.2 Implementation of Capital Improvement Projects
The capital improvement projects outlined in Section 9 of this report are stream stability 
projects.  Projects 1 through 10 include grade controls along the main stem at bridge 
crossings and projects 11 through 18 are stilling basins as outfall protection at the 
downstream end of culverts.  It is expected that the stream stability projects will be 
constructed as part of road improvement projects when they take place. 

As described in Section 9, the recommended capital improvement projects were classified as 
primary or secondary and categorized using the Prioritization Methodology Report for 
Watershed Master Planning Projects, City of Lincoln, Nebraska, 2006.  All 18 capital 
improvement projects are classified as secondary because they are in areas of infrequent 
flooding, or stream degradation or instability existing that is propagating very slowly and/or 
is not likely to propagate to other areas of the watershed.  Although each project is 
categorized secondary, each are given a different project ranking based on their priority 
score.

10.3 Policy, Ordinances and Resolutions
� Drainage Criteria Manual Revisions – It is recommended that the City’s manual 

should be updated to reflect the recommendations outlined in Section 7. These 
revisions include changing the City’s current stormwater BMP program from a 
voluntary to mandatory program for site-specific structural BMPs as outlined in the 
Stevens Creek Watershed Master Plan for both the integrated detention facilities and 
alternative site design approaches.   

� Ordinances – The implementation of site-specific structural BMPs and required 
maintenance activities may require modifications to City ordinances. 
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10.4 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. 

� 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. 

10.5 Project Funding
Traditional funding options for the Capital Improvement Projects include City stormwater 
bonds, funding from the Lower Platte South Natural Resources District, and County funding 
for stream stability measures where appropriate in association with County road 
improvement projects. For the water quality best management practice recommendations 
outlined in Section 7, a public-private cost share program supported by the City and NRD is 
anticipated as outlined in the previously adopted Stevens Creek Watershed Master Plan.  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. 

The Riparian Corridor Program could be implemented using one of the existing tree planting 
programs available to landowners through the LPSNRD or USDA as follows:  

� The NRD Conservation Forestry Program in which participants have the opportunity 
to purchase seedling trees in bulk through the NRD.

� The NRD Tree Cost-Sharing Program where volunteers can be reimbursed up to one 
half the total cost of trees and planting for quantities between 1,500 and 4,000 trees.

� The NRD Tree Planting Program makes cost-shared planting services available for 
those wanting to plant between 200 and 1,500 trees.

� The USDA Conservation Reserve Program (CRP) is a voluntary program in which 
landowners are paid for every acre the landowner enrolls in the program. There is 
also a 50% cost-share for tree planting through this program. 
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� The NRCS Environmental Quality Incentives Program in which financial assistance 
is provided for implementation of either structural or land management practices 
including the addition of vegetation. The cost sharing is available to agricultural 
producers in compliance with Highly Erodible Land and wetland conservation 
provisions and gives special consideration to landowners addressing priority natural 
resource concerns. 

By using these existing programs to develop and restore the watershed riparian corridor, 
efficiencies are achieved by working with programs already in place. These programs already 
have the funding mechanisms established and administrative structure in place, ready to help.

The Structural Improvement Recommendations will be funded through the City and County 
roadway project improvements.  Although no natural resource recommendations were 
developed with this Master Plan due to ongoing research, funding for the goal of preserving 
these natural resources can be researched.  Multiple avenues to get funding to preserve 
natural resources are listed below with brief summaries for the less well know opportunities: 

� Natural Resource Conservation Service (NRCS) 
o Wildlife Habitat Incentive Program provides technical assistance and up to 

75% cost share for activities that protect, restore, develop or enhance habitat 
for upland wildlife, wetland wildlife, threatened and endangered species and 
others. The participant or other non-federal entities provide the remaining 
funds. This program is available to private landowners meeting the Highly 
Erodible Land and Wetland Conservation requirements. AGI requirements 
and able to demonstrate control over the land involved in the project. The cost 
share period is a minimum of five to ten years.  Examples of funded projects 
include stream bank stabilization, native tree planting and restoration of native 
grasslands.

o Watershed Protection and Flood Prevention provides financial assistance in 
the form of cost sharing for sedimentation control, agricultural water 
management, watershed protection and others. Examples of projects funded 
include improvement of fish and wildlife habitat, correction of erosion and 
sediment damage and flood control.  State and local agencies are eligible 
recipients. 

o Wetland Reserve Program (WRP) 
o Conservation Reserve Program (CRP) 

� US Department of Agriculture 
o Water Quality Special Research Grants Program focuses on the identification 

and resolution of agriculture-related degradation of water quality.  The 
program requires a watershed-based approach to managing erosion, 
sedimentation, wetland creation and restoration and flood protection. 

o Integrated Programs funded by the Cooperative State Research, Education and 
Extension Service provides funding in the form of competitive grants to 
universities and others to address breakthroughs in agricultural science. The 
grant period may be up to three years. Examples of successful projects include 
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preservation of rural watersheds and accelerating riparian buffer adoption to 
enhance water quality.

� United States Fish & Wildlife Service (USFWS) 
o State Wildlife Grants 

� Department of the Interior  - National Park Service 
o Conservation Activities by Youth Service Organizations. In this program 

assistance is provided in the form of grants to state and local agencies or 
nonprofit institutions and organizations to support youth career training in 
resource management and conservation.  The funding can support 
implementation of conservation activities such as restoration of degraded land, 
erosion control, site preparation and revegetation. 

� Environmental Protection Agency (EPA) 
o Assessment and Watershed Protection Program Grants are available to 

support training and demonstration relating to the extent, prevention, 
reduction and elimination of water pollution.  The funding is available to state 
and local government as well as non-profit organizations. Examples of 
eligible activities include validation of practices for nutrient pollution 
reduction, monitoring and assessment, training handbooks on sustainable 
design and demonstration projects on new techniques to control agricultural 
drainage.

o Targeted Watershed Grants provides funds to organizations with existing 
watershed plans ready to implement water quality projects that produce 
tangible, measurable improvements in a short time frame of two to five years. 
The EPA places priority on projects demonstrating thorough knowledge of the 
watershed, broad-based support from public and private entities and a record 
of successfully implementing and managing watershed projects. 

o 5-STAR Restoration Grant Program 
o Clean Water Act Section 319 Grant 

� Nebraska Environmental Trust 

10.6 Coordination Efforts 
A coordinated effort 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 and recommendations within the Master Plan associated 
with the particular stream crossing 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. 

The unique natural resources and endangered species associated with the Little Salt Creek 
Watershed and ongoing research require governing agencies, developers, and the researchers 
to coordinate their efforts to develop the best possible solutions for preserving these natural 
resources. If possible, the City, NRD and County should collaborate with university faculty 
and graduate students particularly regarding additional water quality data. Leveraging talent, 
institutional resources and experience will improve the likelihood of achieving significant 
funding from the sources described above.  Some of the programs described here address the 
broad issues of watershed planning while others are narrowly targeted to a single 



Section 10 
Implementation 

10-5

constituency or problem.  Both additional research and implementation are available for 
funding. It may be helpful to develop a mosaic of needs and opportunities and to lay out a 
desired timeline and partner for meeting each need.   

10.7 Additional Studies 
The water quality testing was limited to two dry weather sample events in the same season.  
The tests were general and did not provide specific information regarding potential 
pollutants.  Dr. Ed Harvey has indicated that he and others at UNL are in the process of 
compiling data and finalizing reports based upon more extensive water quality testing that 
could further inform future management strategies.  It is recommended that the City and 
NRD acquire this information once the reports are finalized and published.  At such time, a 
complementary study to support management decisions could be designed or this Master 
Plan could be updated to provide additional guidance. 

For example, if the University-funded work is concentrated in the Salt Creek Tiger Beetle 
habitat and measures parameters that are narrowly focused on this organism then an 
appropriate complement to the ongoing work would be to design testing programs that assess 
water quality outside of the Tiger Beetle habitat and that fill in any gaps in the within-habitat 
areas that pertain to more general water quality concerns.

While the interpretation of the water quality data available for review is complicated by the 
presence of the salt marshes, there are some results that strongly suggest degradation 
irrespective of saline conditions.  The prevalence of organisms associated with nutrient 
enrichment and hypoxic sediments throughout the watershed merits further investigation.
Establishing the extent and severity of this potential problem should be the focus of future 
studies. These studies should be frequent enough to detect seasonal variations, reflect a range 
of flow conditions and measure parameters associated with nutrient enrichment.  Excessive 
nitrogen or phosphorous compounds can cause eutrophic conditions.  Testing for total 
nitrogen (TN) is a good place to start.  If TN is high, then it may be helpful to distinguish 
between ammonia nitrogen and nitrate nitrogen. Ammonia is toxic to aquatic life even at low 
levels and if it should prove to be a pollutant might require a swifter response.  Phosphorous 
is frequently the limiting factor in algae growth. At a minimum, total phosphorous should be 
part of the routine sampling protocol.  The bio-assessment also indicated that the populations 
of the stream biota were influenced by warm water.  Temperature measurements are simple, 
inexpensive additions to a sampling procedure and will help assess the effectiveness of the 
reforestation efforts.  Biological oxygen demand is important and should be included in the 
testing as well as the dissolved oxygen levels. The initial dissolved oxygen concentration is 
part of the 5-day BOD testing so obtaining this result separately should not present a 
significant cost.  While the BOD indicates the amount of oxygen consumed by bacteria, it 
would be helpful to know how much oxygen is dissolved in the water at the onset of the test.
If the dissolved oxygen is too low to support diverse life, then water quality is poor even if 
the BOD is low.

Additional bio-assessment testing could be performed at sites were Salt Creek Tiger Beetle 
currently live. The bio-assessment procedures will be based on EPA guidance as published in 
Rapid Bio-assessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, 
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Benthic Macroinvertebrates, and Fish (1999). Evaluation of Periphyton and Benthic 
Macroinvertebrate would provide data on potential prey for the Salt Creek Tiger Beetle. The 
assessments should be conducted in July when the beetles are feeding on the streambanks. 
The EPA protocol can be fine tuned without violating the quality or integrity of the process.
Dr. Steve Spomer of UNL should play an important role in determining the locations, timing 
and sampling details to obtain the most useful information from the study.  Outside the beetle 
habitat, the bioassessment performed in this study was productive.  It is reasonable to repeat 
a similar assessment watershed-wide every couple of years. 

10.7.1 Additional Studies Summary 
In summary the water quality information outlined below is one approach to developing a 
more comprehensive basis for stream management: 

� Water chemistry 
o Temperature 
o Dissolved Oxygen 
o Total Nitrogen – if problematic, consider 

� Ammonia-nitrogen and nitrate-nitrogen 
o Total phosphorous 
o 5-Day BOD 
o TDS or salinity 

The above tests should be conducted at least seasonally and more often if resources permit. 
� Stream bio-assessment 

o In beetle habitat – in close coordination with university experts regarding 
schedule, frequency and details of sampling 

o Elsewhere in the watershed, follow-up assessments every couple of years will 
more accurately reflect progress in improving water quality than individual 
chemical tests. 

10.7.2 Phase II Scoping 
Because sediment appears to be an important element of watershed stability, water quality 
and critical habitat it may be helpful to gain a fuller understanding of sediment generation 
and fate.  The following are areas that merit consideration and may be candidates for external 
funding support. 

� Work with USGS and US Fish & Wildlife to develop a sediment balance/ sediment 
yield analysis and an evaluation of its effect on water quality. The USDA, National 
Sedimentation Laboratory also has extensive experience in this region including Little 
Salt Creek and may be an excellent partner as well. 

� Consider installing automated turbidity threshold water quality sampling to determine 
sediment loads as a function of flow regimes. Automated sampling allows acquisition 
of samples during flow events that cannot practically be sampled using manual 
techniques particularly in the basins that react most quickly to rain events.  The 
turbidity threshold may be more useful than stage dependent sampling because the 
delivery of sediment to the stream from the surrounding land is highly variable and 
not closely correlated with stage. However, turbidity is well correlated to suspended 
solids concentration and provides a more accurate estimate of total load.   
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� Two and three-dimensional hydraulic and water quality models could yield a better 
understanding of stream dynamics.  
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Section 11  
Glossary of Terms and References 

11.1 Glossary of Terms 

The following terms and acronyms are used throughout the report. 

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

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

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

� 25-year design storm - A rainfall event with a probability of occurrence of 4 percent 
in any given year. 

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

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

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

� 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. 

� 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. 

� 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 



Section 11 
Glossary of Terms and References

11-2 
�

the internal floodplain, the velocity and thereby the shear stress is reduced as the flow 
spreads across the internal shelf. 

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

� BFE - Base flood elevation. 

� 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). 

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

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

� 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. 

� 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.

� CMP - Corrugated metal pipe. 

� 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. 

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

� Conveyance system - Natural channels and manmade structures that convey 
stormwater downstream. 
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� Cross section - A one-dimensional line that is drawn perpendicular to the contours to 
represent the open channel flow conveyance at that location. 

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

� DFIRM - Digital Flood Insurance Rate Map 

� 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. 

� Extended dry detention basin: An extended dry detention basin provides flood control 
and water quality treatment and is a dry storage facility. The term “extended” means 
the entire WQCV is treated by slowly releasing the runoff over a specified period of 
time until the facility completely drains. The primary pollutant removal mechanism is 
sedimentation, which is achieved through an appropriate detention time. 

� Extended wet detention basin: An extended wet detention basin provides flood 
control and water quality treatment and contains a permanent pool. The term 
“extended” means the entire WQCV is treated above the permanent pool by slowly 
releasing it over a specified period of time. The permanent pool provides a medium 
for the settling of solids between storms and, with longer retention times and aquatic 
vegetation, nutrients and dissolved pollutants can be removed. Section 8.3.4.2 of the 
Drainage Criteria Manual refers to these basins as “Retention (Wet) Ponds.” 

� FEMA - Federal Emergency Management Agency. 

� FIRM - Flood Insurance Rate Map 

� FIS - Flood Insurance Study. 

� 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. 

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

� Floodway – The channel of a river or watercourse and the adjacent areas that must be 
reserved in order to discharge the 100-yr flood without cumulatively increasing the 
water surface elevation more than one foot. 
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� Floodprone area – term used to refer to the 100-year floodplain identified as part of a 
new study and not yet shown on the FEMA floodplain maps. 

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

� Freeboard - Defined as the distance between the maximum water surface elevation 
anticipated in design and the top of retaining banks or structures, and provided to 
prevent overtopping due to unforeseen conditions. 

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

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

� 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). 

� GIS - Geographical information system. 

� GPS - Global positioning system. 

� Gully - A channel or miniature valley cut by concentrated runoff through which water 
commonly flows only during and immediately after heavy rains and is sufficiently 
deep that it would not be obliterated by normal tillage operations. 

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

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

� 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. 

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

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

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

� Hydrology analysis - The study of the occurrence, distribution, movement, and 
properties of waters of the earth and their environmental relations. 
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� Hyetograph - A plot of rainfall depth or intensity versus time. 

� Illicit connections - The illegal and/or unauthorized connections that result in 
untreated wastewater discharges into storm drainage systems and receiving waters. 

� Illicit discharge - Any discharge to a municipal separate storm sewer system that is 
not composed entirely of stormwater, except for discharges allowed under an NPDES 
permit or waters used for certain emergency situations. 

� Imbrication - Imbrication refers to the pattern of bed load deposition. Larger particles 
such as cobbles, concrete slabs, or shale plates deposit on the streambed in a “fish 
scale” pattern. The stream power necessary to move these larger particles generally 
results from mid-intensity storms (10- to 25-year events). Imbrication armors 
streambeds from the major storms and is one indicator of competent bedload 
transport. 

� 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. 

� 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. 

� 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.

� 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.

� 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 
lefthand side of an in-channel observer facing downstream. This designation is the 
convention in river science and engineering. 

� Length-to-width ratio - Increasing the length-to-width ratio of the facility increases 
the water quality treatment potential by providing additional detention time for 
settling, infiltration, and possibly biological uptake. As a result, a 3:1 length-to-width 
ratio or greater is generally recommended. Basins should be wedge-shaped, narrowest 
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at the inlet and widest at the outlet. Greater flow lengths can be accommodated by 
relocating the basin inlet or outlet where possible, or by installing berms or baffles 
within the basin to the full depth of the WQCV to avoid short circuiting and increase 
travel time to the outlet. 

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

� Littoral zone - An aquatic and safety bench around the perimeter of the basin is called 
the littoral zone. 

� 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. 

� 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. 

� 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. 

� 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. 

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

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

� Micropool - The micropool is an optional feature for extended dry detention basins; a 
relatively shallow impoundment intended to concentrate sediment and reduce the 
potential for resuspension during runoff events. Vegetation in the micropool can help 
stabilize the trapped sediment. A micropool also helps prevent clogging of the outlet. 

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

� 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. 

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

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

� Permanent pool – The permanent pool is the designed area where water is 
permanently stored.  The permanent pool provides a holding volume between runoff 
events for continued settling of particulate contaminants and nutrient uptake by 
aquatic plants. As discussed in Section 6.11.2 of the City’s Drainage Criteria Manual, 
water budget calculations are required for all permanent pool stormwater facilities to 
demonstrate that a permanent pool will be achieved given the average annual site 
hydrologic conditions. If the permanent pool cannot be maintained under normal 
conditions, infiltration losses in the permanent pool can be minimized using various 
methods, including compaction, incorporating clay into the base materials, and 
installing an impermeable liner. 

� Permanent pool volume - There are a variety of methods for determining the design 
volume of the permanent pool. Sizing criteria have been developed based on solids 
settling and nutrient removal mechanisms. Due to limited empirical evidence to 
support these designs, a simplified method of one to two times the WQCV is 
suggested (Table 7-1). The permanent pool depth should be between 5 to 10 feet, 
which is consistent with City’s Drainage Criteria Manual guidance. 

� 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. 

� Pollution prevention plan - A requirement for some land uses or activities (e.g., 
industrial sites) that outlines techniques to prevent pollutants from being washed off 
in stormwater runoff (e.g., spill response, material handling, employee training, etc.) 

� 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. 

� RCB - Reinforced concrete box. 



Section 11 
Glossary of Terms and References

11-8 
�

� RCP - Reinforced concrete pipe. 

� Rill - Erosion of lesser depth than a gully and would be smoothed by ordinary farm 
tillage (see gully). 

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

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

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

� Sediment forebay - A sediment forebay is a pretreatment feature that can increase the 
pollutant removal efficiency of the facility by trapping sediment and trash at all basin 
inlets. Generally it is recommended that the forebay represent at least 10 percent of 
the WQCV to be effective. The forebay can also facilitate maintenance by 
concentrating sediment in an accessible location. The forebay consists of a separate 
cell, formed by an acceptable barrier such as a vegetated earthen weir. 

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

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

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

� 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. 

� 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. 

� 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. 

� Slope - Defined by change in vertical elevation divided by horizontal distance and 
typically expressed as a percentage. 

� Stabilization - Providing adequate measures, vegetative and/or structural that will 
prevent erosion from occurring. 
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� 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. 

� 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 
(sitespecific) or to address multiple developments (regional). 

� 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. 

� Surcharge - A condition of a stormwater system, where the water surface exceeds the 
freeboard and overflows. 

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

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

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

� 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.

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

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

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

� Wing wall - Side wall extensions of a structure, typically at the head or tail end of a 
system of stormwater pipes or a culvert, which is used to prevent sloughing of banks 
or channels and to direct runoff. 

� WQCV - Water quality control volume. 

� WSE - Water surface elevation. 
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PROJECT: Little Salt Creek Watershed Masterplan 
MEETING:  Citizen’s Advisory Group Meeting 

DATE: 4/15/08  
TIME: 2:30 – 4:00 pm   
LOCATION: Lower Platte South Natural Resource District 

Time Topic 
2:30 – 2:45 Introduction 

2:45 – 3:15 Presentation 

3:15 – 3:45 Small Group Activity 

3:45 – 4:00 Discussions 



Meeting Notes 

Little Salt Creek Watershed Master Plan 

Citizens Advisory Committee Meeting 

April 15, 2008 
 
The first meeting of the Citizens Advisory Committee (CAC) for the Little Salt Creek 
Watershed Master Plan was held on April 15, 2008 at the Lower Platte South Natural 
Resources District Office, 3125 Portia Street in Lincoln, Nebraska. 
 
Craig Schroeder from the Heartland Center for Leadership Development began the 
meeting at 4:35 P.M.  Present were: 
 
Don Helmuth 
Larry Hudkins 
Merle Jahde 
Susan Kuck 
Jack Nagel 
Gene Petersen 
David Potter 
Harold Roper 
Dave Sands 
Vicky Wheeler 
Mark Whitehead 
Ed Ubben, Lower Platte South NRD 
Mark Meyer, Intuition & Logic 
Susan McCrary, Intuition & Logic 
Ed Kouma, City of Lincoln, Watershed Management Office 
Ben Higgins, City of Lincoln, Watershed Management Office 
Paul Zillig, Lower Platte South NRD 
Craig Schroeder, Heartland Center for Leadership Development 
Carmen Perzinski, Heartland Center for Leadership Development 
 
Craig introduced Paul Zillig for opening comments and introduction of team members.  
Paul then introduced Mark Meyer from Intuition & Logic, who gave a PowerPoint 
presentation discussing the mission, goals and progress to date. The meeting was 
opened up to discussion and questions.   
 
The suggestion was made that the newsletter and notebook could have been made 
available to the CAC team sooner.  They might also like to have a joint meeting with the 
Technical Advisory Committee. 
 
The questions and comments made by the team members are reflected in the group 
exercise.  The team was divided into groups of three or four and asked to prioritize 
concerns in response to two questions.  Then each small group reported to the group as 
a whole. 
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Question 1:  What issues are most likely to demand the most attention? 
� Protecting habitat and its diversity. 
� Balancing reasonable development opportunities and watershed/environmental 

concerns. 
� What is the effect of recommendations on current and future land use?   
� Keep as much land in private ownership for both cost and future economic 

reasons. 
� Government control vs. property rights. 
� Reasonableness of expenses for projects – benefit vs. cost. 
� Agency coordination after the planning process (i.e. everyone singing from the 

same choir book). 
 
Question 2:  What opportunity areas seem most critical to you? 

� Education - inform public what Little Salt Creek was like and what it has become. 
� Develop win/win solutions to balance development/environmental/agricultural 

concerns. 
� Projects based on data research and cost/benefit analysis. 
� Cost to taxpayers and landowners. 
� Maintain local control and avoid reducing private property tax base. 
� Use carrots rather than sticks.  Give property owners incentives to make 

improvements.  Use a voluntary approach – more policy than regulation. 
� Preservation of agriculture. 

 
Team members were reminded to fill out the comment cards or contact staff people with 
questions and encourage neighbors to attend the Open House on April 22. 
 
Meeting was adjourned at 6:00 P.M. 
 
 
   
 



 

Watershed Master Planning 
Little Salt Creek Basin 

Progress Summary 
July 2008 

We are in the data collection and analysis phase of the Little Salt Creek Watershed 
Masterplan. Generally, we have gathered the large volume of existing data that is 
available for the watershed and we are generating new data from our Hydrologic & 
hydraulic, geomorphic, soils, and public involvement efforts. The following is an update 
on our progress: 

WATERSHED INVENTORY 
We have completed gathering the available GIS data from the City, County, NRD and 
other available sources for use as the base for our data gathering effort. We will 
continue to develop the data we produce as a result of this watershed master plan and 
make it accessible through the GIS system.

HYDROLOGY AND HYDRAULICS 
The watershed hydrology is complete including evaluation of stormwater runoff and 
stream flows throughout the watershed for the 2- 10-, 50-, 100-, and 500-year storm 
events. The model was calibrated using existing stream gauge data.

The hydraulic model is prepared and awaiting hydraulic structure survey data from our 
team survey crew. Over 70 stream structures (bridges, culverts) were surveyed for use 
in the model. Once this data is entered, we will begin running the hydraulic model and 
delineating floodplains.  

WATER QUALITY 
The Water Quality data collection is scheduled to begin in September, 2008. 

GEOMORPHIC 
The geomorphic field data collection, data reduction and diagnosis of dominant process 
are complete.  We have also completed a supplemental photo analysis and diagnosed 
dominant process for those stream reaches were no field data was collected.

SOILS ASSESSMENT 
Soil field sample collection is complete.  Lab testing is being conducted and is 
scheduled for completion by the end of July 2008. Surveying selected seep elevations is 
tentatively scheduled for September of this year. 

STRUCTURES 
Survey control is established for the watershed and the hydraulic structure survey is 
scheduled for completion by the end of July 2008. 
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PUBLIC INVOLVEMENT & FACILITATION 

The first TAC, CAC, and Public Meeting are complete. The second TAC meeting is 
scheduled for July 17, 2008 and the second CAC meeting is scheduled for the end of 
summer/early fall 2008. The first newsletter was mailed in April 2008 and the second 
newsletter was mailed in July 2008. 

DELIVERABLES 

The final report appendix section for the Aerial Photo Analysis has been submitted and 
reviewed. The draft Geomorphic report section and the Reach Summaries section 
including the supplemental photo analysis has been submitted for review. Website data 
for to-date progress and TAC, CAC, and Public Meeting information and notes were 
submitted and are available on the City website at 
http://www.lincoln.ne.gov/city/pworks/watrshed/. The draft Hydrology report section is 
scheduled for completion by the end of July 2008. 
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450 N. New Ballas Rd., Suite 264N  St. Louis, MO 63141 
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PROJECT: Little Salt Creek Watershed Masterplan 
I&L PROJECT NO.: 724 
RE:  CAC 2ND MEETING 

DATE:  1-29-09 
TIME: 5:00pm – 6:30pm
LOCATION:  Loren C. Eiseley Library, 1530 Superior Street 
Attendees:  

Ed Kouma – City Ben Higgins – City 
Nicole Fleck-Tooze – City Paul Zillig – LPSNRD 
Mike DeKalb – County Doug Pillard – County 
Randy Graham – PBS&J Kurt Mantonya – Heartland 
Milan Wall – Heartland Mark Meyer – I&L 
Matt Harper – I&L Larry Hudkins 
Doug Emery Merle Jahde 
David Grimes Susan Kuck 
Gary Hellerich Don Linscott 
Don Helmuth Jack Nagel 
Chris Helzer Gene Petersen 
David Potter Harold Roper 
Dave Sands Vicky Wheeler 
Mark Whitehead  

Who Topic 

Ed Kouma � Introductions  
� Review Purpose of Watershed Master Plan  
� Review Study Goals and Objectives  

 
Mark Meyer, 

PE and Randy 
Graham, PE 

(for H&H 
Update) 

� Progress Updates – Mark Meyer, PE 
o From Our Last Meeting 
o Watershed Inventory 
o Soil Assessment 
o Stream Stability (geomorphic analysis) 
o H&H – Floodplain Mapping (Randy Graham, PE) 

� Floodplain and Floodway 
o Water Quality Summary 

� Bio-assessment results 
� Water Quality Sampling results 

o Seep Elevations  
o Recommended Stormwater Standards 
o Watershed Master Plan Recommendations 

o 19 Capital Improvement Projects 
o 6 Structural Improvement Projects  
o 5 Natural Resources Projects 

o Public Involvement 
o From Our Last Meeting 
o What’s next? 

 
Ed Kouma � Other discussion and adjourn 



Meeting Notes 
Little Salt Creek Watershed Master Plan 
Citizens Advisory Committee Meeting 

January 29, 2009 

The second meeting of the Citizens Advisory Committee (CAC) for the Little Salt Creek 
Watershed Master Plan was held on January 29, 2009 at the Loren C. Eiseley Library, 
1530 Superior Street in Lincoln, Nebraska. 

The meeting was started by Ed Kouma at 5:00pm. 

Present were: 

David Grimes 
Merle Jahde 
Susan Kuck 
Jack Nagel 
Gene Petersen 
David Potter 
Vicky Wheeler 
Mark Meyers, Intuition & Logic 
Matt Harper, Intuition & Logic 
Ed Kouma, City of Lincoln, Watershed Management Office 
Ben Higgins, City of Lincoln, Watershed Management Office 
Paul Zillig, Lower Platte South NRD 
Milan Wall, Heartland Center for Leadership Development 
Kurt Mantonya, Heartland Center for Leadership Development 

Ed Kouma began the PowerPoint presentation by discussing the purpose, goals and 
objectives of the Watershed Master Plan, and then introduced Mark Meyer from Intuition 
& Logic who gave a progress update on each component of the Master Plan.  The main 
updates for this meeting included water quality/bio-assessment report, the updated 
floodplain/floodway limits and Capital Improvement Projects. 

The following is a summary of the major discussions: 

Floodplain/Floodway Limits 
� Updated floodplain limits maybe adopted by FEMA by 2012. 
� As part of the Master Plan, all documentation will be ready to submit to FEMA. 
� The property owners can come and talk to the City about the floodplain limits on 

their property. 

Soil Assessment 
� What does dispersive mean? 
� High erodible soils.  Once the soil gets wet, it loses it cohesive properties and in 

turn becomes high erodible. 
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BMPs and Water Quality Results 
� Aside from detention ponds, other BMPs include bio-retention, rain gardens, and 

water quality BMPs as part of the outfall structure of the detention ponds. 
� Past water quality testing was done in 2000.  Our water quality and bio-

assessment site matched the collection sites from the 2000 tests. 

Capital Improvement Projects 
� The grade controls will be constructed of either planted rock or sheet piles 

depending on the soil characteristics (dispersive soils – sheet piles, non-
dispersive soils – planted rock). 

� The stilling basins will be constructed of planted rock because they are out of the 
Salmo Soils (dispersive characteristics). 

� The appropriate rock size needs to be used for these structures.  Currently 
farmers just dump rock in the channel and it gets washed away. 

� There were concerns that the woody debris will block the bridges and culverts. 
� This is true, but it is a balancing act.  The debris jams will form and continue to 

wash away and rebuild with each rain event. 
� CIP 11 could possibly be replaced when the highway comes through (State 

Project).

Other Discussions 
� What is Salt Creek doing? 
� Salt Creek is no long down cutting. 
� Is there a re-evaluation of the Master Plan? 
� Yes.  As the CIPs are built, someone at the City or NRD is responsible to make 

sure they are constructed property and maintained. 
� Recommendation that NW 12th Street, north of Raymond Road, be closed to 

public traffic.  It is dirt road that is frequently flooded and muddy and often times 
a victim of trash dumping. 

� Recommendation to add more deer crossing signs near the intersection of 14th

Street and Mill Road.  

Meeting was adjourned at 6:30 P.M. 
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16253 Swingley Ridge Rd, Suite 100 St. Louis, MO 63017 
 636-777-3000 P 314.432.5812 F

April 27, 2009 

«Title» «First_Name» «Last_Name» 
«Address_Line_1»
«Address_Line_2»
«City», «State»  «ZIP_Code» 

RE: Little Salt Creek Watershed Master Plan DRAFT Report 

Dear «Title» «Last_Name»: 

Thank you again for your involvement with the Little Salt Creek Watershed 
Master Plan Citizen's Advisory Committee. Your review and input to date has 
been invaluable to this effort. The Draft Little Salt Creek Watershed Master Plan 
Report is complete and ready for your review and comment. For your 
convenience, we have enclosed the DRAFT Executive Summary of the Master 
Plan. The entire DRAFT report will be available on the project website beginning 
May 6th for your use if you would like to review a particular section of the report. 
The website address is: 

http://www.lincoln.ne.gov/city/pworks/watrshed/mplan/lsc/index.htm

Please review these items at your convenience over the next few weeks and 
direct any comments in writing to Ed Kouma at the City of Lincoln no later than 
May 22nd. Ed can be reached by mail or email at the following address: 

Ed Kouma 
901 North 6th Street 
Public Works and Utilities, Street Maintenance Building 
Lincoln, NE 68508 
ekouma@lincoln.ne.gov
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The next and final CAC Meeting will be on May 14, 2009 at the Lower Platte 
South NRD office from 5:00pm to 6:30pm. The NRD office address is: 

Lower Platte South NRD 
3125 Portia Street 
Lincoln, NE  68501 

Please plan on attending with questions and comments for discussion. If you 
have any questions or would like additional information, please call me at (636) 
777-3000 to discuss.  Thank you again and I look forward to seeing all of you 
again on the 14th.

Best regards, 

Mark Meyer, P.E 
Principal Civil Engineer 
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16253 Swingley Ridge Rd, Suite 100 St. Louis, MO 63017 
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PROJECT: Little Salt Creek Watershed Masterplan 
I&L PROJECT NO.: 724 
RE:  CAC 3rd MEETING 

DATE:  5-14-09 
TIME: 5:00pm – 6:30pm
LOCATION:  Lower Platte South NRD Office, 3125 Portia Street 
Invitees: 

Ed Kouma – City Ben Higgins – City 
Nicole Fleck-Tooze – City Paul Zillig – LPSNRD 
Mike DeKalb – County Doug Pillard – County 
Randy Graham – PBS&J Kurt Mantonya – Heartland 
Milan Wall – Heartland Mark Meyer – I&L 
Matt Harper – I&L Larry Hudkins 
Doug Emery Merle Jahde 
David Grimes Susan Kuck 
Gary Hellerich Don Linscott 
Don Helmuth Jack Nagel 
Chris Helzer Gene Petersen 
David Potter Harold Roper 
Dave Sands Vicky Wheeler 
Mark Whitehead  

Who Topic 

Ed Kouma, PE � Introductions  
� Review Purpose of Watershed Master Plan  
� Review Study Goals and Objectives  

Mark Meyer, PE  � Little Salt Creek Watershed Master Plan FINAL DRAFT REPORT Review 
� What’s Next 
� Comments and Discussion Regarding Master Plan 

� Adjourn 
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MEETING 1 

APRIL 15, 2008 
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PROJECT: Little Salt Creek Watershed Masterplan 
MEETING:  Technical Advisory Group Meeting 

DATE: 4/15/08  
TIME:  4:30 – 6:00 pm   
LOCATION: Lower Platte South Natural Resource District 

Time Topic 
4:30 – 4:45 Introduction 

4:45 – 5:15 Presentation 

5:15 – 6:00 Discussion 



Minutes
Little Salt Creek Watershed Master Plan 
Technical Advisory Committee Meeting 

April 15, 2008 

The first meeting of the Technical Advisory Committee for the Little Salt Creek Watershed 
Master Plan was held on April 15, 2008 at the Lower Platte South Natural Resources District 
Office, 3125 Portia Street in Lincoln, Nebraska. 

Craig Schroeder from the Heartland Center for Leadership Development began the meeting at 
2:35 P.M.  Everyone introduced themselves.  Present were: 

John Bender, Nebraska Dept. of Environmental Quality 
Terry Genrich, City of Lincoln, Parks and Recreation 
Bob Harms, U.S. Fish and Wildlife Service 
Edwin Harvey, University of Nebraska 
Thomas Malmstrom, City of Lincoln, Parks and Recreation Department 
Dennis Schroeder, Natural Resource Conservation Service 
Dan Schulz, Lower Platte South NRD 
Ed Ubben, Lower Platte South NRD 
Mark Meyers, Intuition & Logic 
Susan McCrary, Intuition & Logic 
Randy Grahm, PBS&J 
Ed Kouma, City of Lincoln, Watershed Planning Office 
Ben Higgins, City of Lincoln, Watershed Planning Office 
Mike Dekalb, Lincoln-Lancaster County Planning Department  
Paul Zillig, Lower Platte South NRD 
Craig Schroeder, Heartland Center for Leadership Development 
Carmen Perzinski, Heartland Center for Leadership Development 

Craig introduced Mark Meyer from Intuition & Logic, who made a PowerPoint presentation 
discussing the mission, goals and progress to date. The meeting was opened up to discussion and 
questions by team members.   

Much of the discussion centered on the fact that this study will be different from previous 
watershed master plans.  Only a small portion of the watershed is within the city limits, and the 
remainder is mainly agricultural with very little development identified in the 2030 
Comprehensive Plan.  

Additional points to consider were these: 
� Look at the existing study for the lower watershed, evaluate and adjust.
� The erosion is not entirely due to surface water or bank instability, ground water flow 

patterns must be taken into consideration.
� Find out what’s there.  Discover the processes driving the instability.  Identify the 

floodway/floodplain.
� Make sure we are not creating future problems in the basin by trying to fix problems with 

erosion control, bank stability.  If we can improve things, do it.  If not, leave it alone. 
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� Create a viable master plan that will be useful to the county, not create future problems. 
� Good resource management, land easement management.  This is a unique area.  The water 

quality also depends on sedimentation and salinity.  There will be other people using the data 
to develop critical knowledge of the area. 

� The basin doesn’t behave like a typical watershed; it’s ground water dependent with different 
areas having varying sodium and chloride levels.  There should be continuous ground water 
monitoring.

� There is little known about the wetlands and the Tiger Beetle.  The Tiger Beetle count keeps 
going down.  The critical habitat is the bare essential and hasn’t been finalized.  May need to 
look at recovery of Tiger Beetle boundaries.  Raising the water level isn’t going to restore 
habitat.  The beetles are now in the lower parts of the watershed. 

The meeting was adjourned at 4:00 P.M.  
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TECHNICAL ADVISORY COMMITTEE 

MEETING 2 

    JULY 17, 2008 
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450 N. New Ballas Rd., Suite 264N  St. Louis, MO 63141 
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PROJECT: Little Salt Creek Watershed Masterplan 
I&L PROJECT NO.: 724 
RE:  TAC 2ND MEETING 

DATE: 7/17/08  
TIME: 1:00pm – 4:00 pm   
LOCATION: Lincoln Engineering Services Facility, 531 Westgate Blvd., Suite 100, Training Room 

Time Topic 
1:00 - 1:15 � Introductions 

� Purpose of Watershed Master Plan 
� Study Goals and Objectives 

1:15 - 1:20 � Update on recent rain events  

1:20 - 1:30 � Major Study Components 
� Progress Updates 

o Watershed Inventory Complete 
o Hydrology Complete 
o Hydraulic Progress Update 
o Soils Boring and Analysis Progress Update 
o Stream Stability Progress Update 

1:30 - 2:00 � Stream Stability Analysis Methods 
o Background Data and Historic Aerial Photo Analysis 
o Field Work 

� Initial Stream Stability Findings – Dominant Processes and future Stream 
Instability

2:00 - 4:00 � Discussion Themes from last TAC meeting 
� Questions for discussion  
� What’s Next 

It is by LOGIC that we prove 
but by INTUITION that we discover
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Little Salt Creek Dominant Processes 

Five dominant processes were identified in Little Salt Creek as follows: 

1. Dynamic Equilibrium – A channel that is generally in a natural condition where bed and 
bank materials are balanced with erosive and depositional forces.  Channel adjustments 
are generally gradual.    Streams in dynamic equilibrium often have a two-stage or multi-
stage channel shape, a lack of systemic bed or bank erosion, and permanent woody 
vegetation growing close to the water surface or channel bed.  This typically describes a 
pre-disturbance or recovered condition.

2. Incision – Channel incision is a process of vertical channel adjustment, or channel 
downcutting, generally in response to an alteration upstream or downstream of the 
incising reach.  Channelization frequently induces upstream-migrating incision whereas 
sediment starvation may induce incision in a downstream reach.  Incision occurs 
when bed material is more easily removed from the channel bed than it is from the stream 
banks.  Incision is characterized by actively migrating breaks in bed slope called knick 
points, perched trees and steep banks. 

3. Widening – Channel widening is characterized by widespread erosion and bank failures 
as banks reach or exceed critical bank height, a deep “V” or “U”-shaped cross-section, 
inactive or perched floodplains, and unconsolidated bed material. Widening occurs as the 
channel adjusts in cross-section to a new flow or sediment regime. Steep and unstable 
channel banks fail to a stable shape, thereby increasing channel width and sediment load.  
Channels that are widening typically exhibit widespread erosion and mass wasting, along 
with deposition of unconsolidated material liberated from eroding stream banks.  

4. Plan Form Adjustment – Plan form Adjustment occurs as the channel changes 
its alignment. This can take many forms including meander cut-off or increase in 
meander amplitude.  However, in this watershed, the most common incarnation of this 
process was accelerated meander advance.  That is, the natural wave form of the stream 
moves downstream at an accelerated rate.  Excess sediment is often a driver of this 
process.  Channels in accelerated meander advance typically exhibit a cut bank on the 
outside of bends downstream of the apex with scour at the toe and an advancing 
unconsolidated bar on the inside of the bend. The bar is typically irregularly shaped and 
more than 1/3 across the channel.  The downstream side of bar is frequently steep, and 
the bar material is unsorted.  

5. Managed Swale and Pond – This is not a natural process but refers to ongoing 
maintenance of a waterway.  In most cases, these are farm ponds or straightened and 
graded swales. 



Stage I Pre-disturbance  
� Bed and bank materials balanced with 

erosive forces 
� Permanent woody vegetation near the water 

line 
� Two-stage channel shape evident at about 

1.8 year return interval

Figure 8-2 
Channel Evolution Model (from Simon, 2001). 

Stage III Incision 
� Downcutting liberates sediment 
� Lost or perched bankfull floodplains 
� “U” shaped channel 
� Woody vegetation high on bank with 

many “surfer” trees

Stage II Disturbance  
� Channel altered, hydrology or 

sediment inputs modified  
� Removal of permanent woody 

vegetation near the water line 
� Two-stage channel shape 

eliminated or no longer supported 
by flow conditions



Stage V Deposition 
� Deposition begins from liberated 

sediment 
� Vegetation establishes near water line

Stage VI Recovery and Reconstruction 
� Bankfull floodplains may be 

reconstructed from liberated sedime
� Woody vegetation establishes near 

water line 
� Stability re-established

Stage IV Channel Widening 
� Widespread bank failures as banks 

critical height  or were undercut by toe 
scour 

� Channel adjusts to new flow regime 
� Significant sediment loads generate

significant erosion hazard in this pha
� Bank armoring generally ineffective 

nt 
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Figure 8-2 
Channel Evolution Model (cont.). 
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Meeting Notes 
Little Salt Creek Watershed Master Plan 
Technical Advisory Committee Meeting 

July 17, 2008 
Possible Approaches to Managing Channel Erosion 

The second meeting of the Technical Advisory Committee for the Little Salt Creek 
Watershed Master Plan was held on July 17, 2008 at the City of Lincoln Engineering 
Services Facility, 531 Westgate Blvd., Suite 100, Training Room. Several approaches to 
managing channel erosion in the watershed were discussed. Following are the results 
of these discussions: 

Raise Channel Grade: 
� Slowly raising the channel grade is a possible means to rebuilding the stream.

Raising the grade in limited areas where incision is less than 3 to 4 feet would be 
best.  Upstream of Raymond Road is an example of this area.

� Raising the bed in areas where the channel is deeply incised (downstream of 
Raymond Road) would have a negative effect on flooding. 

� Installing structures to raise the grade and pool water to the desired future grade 
was also discussed and determined to be impractical because this aggregation 
may be too slow of a process. Sediments stay in suspension and will not settle to 
cause the agggradation. 

Regrade Channel Banks 
� Laying back channel banks can benefit tiger beetle habitat. Substantially 

regrading the channel banks and overbanks through widening reaches can 
create tiger beetle habitat and wetlands. 

� This was done near the Shoemaker Marsh and initial results indicate that this 
approach was successful for habitat. 

Protect Structures 
� We need to protect the structures, habitat, and wetlands.  There are 73 

structures (bridges, culverts) in the watershed. Grade controls can be placed at 
the road crossings as the bridges/culverts are replaced. 

Sample Projects 
� Pilot projects could be added to the Masterplan to illustrate some of the 

approaches discussed.
� Upstream of Raymond Road is a possible pilot project location to create close 

habitat for natural tiger beetle migration. 
� Artesion wells could also be a pilot project used to bring the salt back to the 

surface within the saline wetlands where salt has diminished. 
� The University and water conservation agencies may want to get together to 

provide information for a pilot project and identify parcels that need protection. 
I&L will contact Tierney Brosius for more information on potential pilot projects. 
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Grade Control at Confluence 
� Grade control at the confluence with Salt Creek to protect Little Salt Creek as 

Salt Creek degrades. 

Do Nothing 
� Let the channel incise, widen and meander without intervention. 
� This approach may tend to dry up wetlands near the top of bank as the water 

table falls. 
� This approach may continue to allow mass wasting where chunks of habitat 

slump into the channel and are washed away. 

Other Discussion 
� Protecting farm fields alone may not be enough of a reason to do something in 

this watershed. 
� If you do something, make sure there is a “back-up” tiger beetle population not 

affected by what was done.



Meeting Notes 
Little Salt Creek Watershed Master Plan 
Technical Advisory Committee Meeting 
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July 17, 2008 
Summary of Meeting Discussions 

 
The second meeting of the Technical Advisory Committee for the Little Salt Creek 
Watershed Master Plan was held on July 17, 2008 at the City of Lincoln Engineering 
Services Facility, 531 Westgate Blvd., Suite 100, Training Room. 
 
In Attendence: 
Ed Harvey, University of Nebraska 
Tom Malmstrom, City of Lincoln, Parks and Recreation Department 
Dan Schulz, Lower Platte South NRD 
Ed Ubben, Lower Platte South NRD 
Mark Meyer, Intuition & Logic 
Matt Harper, Intuition & Logic 
Randy Graham, PBS&J 
Ed Kouma, City of Lincoln, Watershed Planning Office 
Ben Higgins, City of Lincoln, Watershed Planning Office 
Mike Dekalb, Lincoln-Lancaster County Planning Department  
Paul Zillig, Lower Platte South NRD 
Milan Wall, Heartland Center for Leadership Development 
Robert Prager, Intuition & Logic 
Doug Pillard, Lancaster County Engineering 
Tierney Brosius, University of Nebraska 
Steve Spomer, University of Nebraska 
Ted LaGrange, Nebraska Game and Parks 
Dennis Schroeder, Natural Resource Conservation Service 
Terry Genrich, City of Lincoln, Parks and Recreation 
 
Following is a summary of major discussions and decisions: 
 
Study Objective Wording Discussion 

� Tom Malmstrom suggested changing the wording of Study Objectives to 
“conserve” instead of “consider” critical habitat.   

� The Masterplan should not just “conserve” the critical habitat, but also the 
recovery areas in the Eastern saline wetlands. 

 
Hydrologic Model Discussion 

� Draft Hydrology Section of the report is complete. 
� PBS&J used USGS rain gage at Arbor and 27th Street to calibrate the model. 

o More gages would be better, but the location of this one is good for this 
watershed. 

� The model accounted for storage in the upper part of the watershed. 
� Future land use was not taken into consideration since there is very little change 

in the watershed planned for the future. 
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� The water quality storm will be modeled as scoped. 
 
Soil Boring Locations and Testing 

� Soils are being tested now. 
� The soil boring locations were chosen based on observed indicators of possible 

dispersive soils and the different soil types in those locations. 
� Pin holes test will be performed on the soil samples. 
� The Engineering College has a report on dispersive soils in the watershed.  I&L 

will Contact Ed Harvey regarding report. 
 
Saline Wetlands/Critical Habitat 

� There are different levels/categories of saline wetlands. 
� I&L will show the different categories (1, 2, 3, etc.) of saline wetlands on the 

Saline Wetlands Exhibit. 
  
Generation of Woody Debris in Watershed 

� Woody corridor in northern watershed is too narrow to produce sufficient woody 
debris to form debris jams that act as grade control. 

� Possibly more trees historically based on historic publications  
� Discussion of what documents were we using. 
� Lost many trees to fires and farming in the early years of Lincoln. 

 
Wetlands or Tiger Beetle Habitat 

� The role of incision on changes in habitat. Is incision bad? 
� The question should be split up between wetlands and tiger beetle habitat. 
� Flooding hurts the tiger beetle colonies. 
� Bars are hunting habitat for the tiger beetle. 
� Tiger beetle habitat is the same in both wetlands and creek banks. 
� Water table dropping is a problem near the wetlands. 
� At Whitehead and Shoemaker groundwater follows incision. 
� At Whitehead they are seeing freshwater layer from stormwater runoff that sits on 

top of the saltwater lens. 
� Saltwater is coming out in the streams and not in the wetland. 

 
Raising Channel 

� Have been doing work on Rock Creek outside of habitat to restore habitat. 
� Let channel naturally raise the bed with structural grade controls but without deep 

standing water  
� Shallow water is best for tiger beetle. 
� Except for raising the channel for habitat, no reason to work on the watershed 

this far away from Lincoln (Farmland, etc.). 
� Need to be careful with trapping sediment in the upper reaches 
� Sediment will stay in suspension and wash through the watershed 

 
Structure Protection 
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� Need to be careful with trapping sediment in the upper reaches 
� Sediment will stay in suspension and wash through the watershed 

Structure Protection 
� Bridges and structures need to be protected. 
� Is it more feasible to replace structures than stabilize watershed? 
� The City is not going to build structures just to build them. 
� All CIP projects are rated using a standard priority rating system. 

Current Restoration Efforts 
� Laying back slopes along main stem near Shoemaker Marsh have helped 

habitat.
� Sheet pile grade controls are currently being used to halt gullies out of wetlands. 
� Helmuth Site – excavated down to saline layer to help saline wetland 
� There is a rock riprap reach with a 5’ drop in grade at Shoemaker Marsh. 
� Discussed possibility of pre-widening the incised reaches in areas that will not 

affect the bridge structures in an effort to create or enhance habitat as well as 
providing capacity and lowering channel erosion. 

Doing Work on Salt Creek or Near Confluence 
� Discussed if we can do something on Salt to help Little Salt?  
� The City has been looking at flooding on Salt Creek and looking at the individual 

basins through the watershed studies. 

Pilot Projects 
� Possibly have pilot projects as part of the Masterplan. 
� Upstream of Raymond – good pilot area. 
� At the lake north of Raymond, there are isolated tiger beetle colonies and former 

sites for tiger beetles. 
� Possible pilot project to lay back the slopes in deeply incised areas at the seep 

locations.
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PROJECT: Little Salt Creek Watershed Masterplan 
I&L PROJECT NO.: 724 
RE:  TAC 3RD MEETING 

DATE:  1-29-09 
TIME: 2:00pm – 4:00pm
LOCATION:  Loren C. Eiseley Library, 1530 Superior Street 
Attendees:  

Ed Kouma – City Ben Higgins – City 
Nicole Fleck-Tooze – City Paul Zillig – LPSNRD 
Mike DeKalb – County Kurt Mantonya – Heartland 
Randy Graham – PBS&J Mark Meyer – I&L 
Milan Wall – Heartland Edwin Harvey – UNL 
Matt Harper – I&L Leon Higley – UNL 
Terry Genrich – Lincoln Parks & Rec. John Moeschen – USACE 
Thomas Malmstrom – Lincoln Parks & Rec.  Dennis Schroeder – NRCS 
Doug Pillard – Lancaster County Engineering Bob Harms – U.S. Fish & Wildlife 
Dan Schulz – LPSNRD Steve Spomer – UNL 
Ed Ubben – LPSNRD Tierney Brosius – UNL 
John Bender – Nebraska Dept. of Environ. Quality Ted LaGrange – Nebraska Game & Parks 
  

Who Topic 

Ed Kouma � Introductions  
� Review Purpose of Watershed Master Plan  
� Review Study Goals and Objectives  

 
Mark Meyer, 

PE and Randy 
Graham, PE 

(for H&H 
Update) 

� Progress Updates – Mark Meyer, PE 
o Watershed Inventory 
o Soil Assessment 
o Stream Stability (geomorphic analysis) 
o H&H – Floodplain Mapping (Randy Graham, PE) 

� Floodplain and Floodway 
o Water Quality Summary 

� Bio-assessment results 
� Water Quality Sampling results 

o Seep Elevations  
o Recommended Stormwater Standards 
o Watershed Master Plan Recommendations 

o 19 Capital Improvement Projects 
o 6 Structural Improvement Projects  
o 5 Natural Resources Projects 

o Themes from last TAC meeting 
o Discussion 
o What’s next? 

 
Ed Kouma � Other discussion and adjourn 

 



Meeting Notes 
Little Salt Creek Watershed Master Plan 
Technical Advisory Committee Meeting 

- 1 - 

January 29, 2009 

The third meeting of the Technical Advisory Committee for the Little Salt Creek 
Watershed Master Plan was held on January 29, 2008 at the Loren C. Eiseley Library, 
1530 Superior Street in Lincoln, Nebraska. 

The meeting was started by Ed Kouma at 2:00pm. 

Present were: 

John Bender, Nebraska Dept. of Environmental Quality 
Terry Genrich, City of Lincoln, Parks and Recreation 
Edwin Harvey, University of Nebraska 
Thomas Malmstrom, City of Lincoln, Parks and Recreation Department 
Ted LaGrange, Nebraska Game & Parks 
Doug Pillard, Lancaster County Engineering 
Greg Weber, Natural Resource Conservation Service 
Dave Kohake, Natural Resource Conservation Service 
Bruce Evens, Natural Resource Conservation Service 
Ed Ubben, Lower Platte South NRD 
Mark Meyer, Intuition & Logic 
Matt Harper, Intuition & Logic 
Randy Graham, PBS&J 
Ed Kouma, City of Lincoln, Watershed Planning Office 
Ben Higgins, City of Lincoln, Watershed Planning Office 
Mike Dekalb, Lincoln-Lancaster County Planning Department
Paul Zillig, Lower Platte South NRD 
Milan Wall, Heartland Center for Leadership Development 
Kurt Mantonya, Heartland Center for Leadership Development 

Ed Kouma began the PowerPoint presentation by discussing the purpose, goals and 
objectives of the Watershed Master Plan, and then introduced Mark Meyer from Intuition 
& Logic who gave a progress update on each component of the Master Plan.  The main 
updates for this meeting included water quality/bio-assessment report, the updated 
floodplain/floodway limits and Capital Improvement Projects. 

The following is a summary of the major discussions: 

Water Quality and Bio-Assessment 
� The water quality is poor within the watershed based on the water quality and 

bio-assessment testing. 
� What the benchmark was for justifying that the water quality is poor?  Is the water 

quality poor compared to a normal stream or a saline stream? 
� Streams are usually compared to like streams. 
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� John Bender would like more information on the water quality testing baseline.
He has used the Central Plains Center for Bio-Assessment at the University of 
Kansas (Lawrence, KS) for information before. 

Stormwater BMPs 
� Ed Ubben asked if consideration or recommendations made to account for 

situations in areas where freshwater runoff is bad. 
� Mark Meyer responded with the recommended BMPs are for the watershed, and 

this sounds like a project specific BMP. 
� Ed Ubben asked if we want to consider agriculture BMPs (conservation farming 

practices).

Capital Improvement Projects 
� In regards to the CIPs, Ted LaGrange asked if the grade control structures are at 

grade.  Mark Meyer responded with yes. 
� There was a lot of discussion regarding the restoration of a woody corridor in an 

attempt to create woody debris to allow woody debris jams to form.  Comments 
were made about the woody debris getting hung up on bridges and culverts. 
There are pluses and minuses to the increase in woody debris.  The riparian 
corridor CIP is a long term project. 

� Terry Genrich asked and recommended that grasses can be used in conjunction 
with the woody debris. 

� The Nebraska Game & Parks can help with making sure the correct densities 
and species are used in the Riparian Corridor Restoration CIP. 

� Ed Harvey asked if evapotransporation was taken into account with planting all 
these trees and what affect it would have on the watershed.  Mark Meyer 
answered no. 

Natural Resource Projects 
� Wait until his study is complete before any specific projects are recommended. 
� The projects should not be site specific.  Maybe they should be more general or 

list out the possible sites. 
� A list of additional considerations could be included so someone doesn’t just take 

the project description from the report and run with it. 
� Add a statement about the need for coordination with ongoing research (i.e. UNL, 

Nebraska Game & Parks, etc.). 
� There is concern that information provided (i.e. Whitehead wetland project) is 

getting published without citing of who provided the information. 
� More time is needed to do research before the Natural Resource Project 

recommendations can be made. 
� Add a note that UNL is working with the City to develop the best possible result 

for the natural resources in the watershed. 
� The natural resources need to be in the Master Plan so in the future when 

funding is available, the ideas don’t get lost. 
� There is a unique approach to the natural resource projects that needs to be 

taken in to account and needs to be acknowledged in the Master Plan. 
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� Since we are identifying wetlands in the watershed, then maybe we look at the 
generalization of enhancing the wetlands (not project specific). 

� Artesian wells, as recommended at Whitehead Wetland, would be good at all the 
wetlands in the watershed. 

� The recommendations should be more general, allowing more time to do more 
research and identify more sites. 

� The report needs to recognize that more research needs to be done before 
anything gets constructed. 

� There should be a disclaimer about the impact on the Tiger Beetle Habitat, i.e. 
there are other agencies to get approval from.  It isn’t just a cut and dry project. 

Possible Funding Sources for the Natural Resource Projects 
� Multiple possible funding sources were given. 

o Ed Harvey: 
� Natural Science Money through the EPA 
� His research is getting to the point now that he may have additional 

opportunities for federal funding. 
o Tom Malmstrom: 

� U.S. Soil & Water 319 Grant 
� Section 6 – Federal 
� Nebraska Environmental Trust 
� WRP 
� CRP 
� 5-star Program (wetlands) 
� State Wildlife Grand Funds 
� U.S. Fish & Wildlife Agency (Bob Harms) 

Other Discussions or additional studies 
� Ed Harvey has been collecting water quality samples and performing the 

standard field parameters for the past 4 years. 
o The dominating chemistry in the water is sodium chloride. 
o The nutrient loading is minimal compared to the sodium chloride. 
o A thesis was published in December and is available. 

� Tom Malmstrom suggested more study on the vegetation in the watershed. 
� Steve Spomer suggested more bio-assessment samples at the sights where 

Tiger Beetles have been found. 
o This would give potential ideas on their prey. 

� Tom Malmstrom and NRCS representatives discussed a method they are using 
at Arbor Lake called EM38 in which they are using an electric wand over the 
saline soils to determine if endangered species exist. 

� Tom Malmstrom requested an earlier notice of the meeting (1 month). 

The meeting was adjourned at 4:00 P.M.
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16253 Swingley Ridge Rd, Suite 100 St. Louis, MO 63017 
 636-777-3000 P 314.432.5812 F

April 27, 2009 

«First_Name» «Last_Name» 
«Company_Name» 
«Address_Line_1»
«Address_Line_2»
«City», «State»  «ZIP_Code» 

RE: Little Salt Creek Watershed Master Plan DRAFT Report 

Dear «First_Name»: 

Thank you again for your involvement with the Little Salt Creek Watershed 
Master Plan Technical Advisory Committee. Your review and input to date has 
been invaluable to this effort. The Draft Little Salt Creek Watershed Master Plan 
Report is complete and ready for your review and comment. For your 
convenience, we have enclosed the DRAFT Executive Summary of the Master 
Plan. The entire DRAFT report will be available on the project website beginning 
May 6th for your use if you would like to review a particular section of the report. 
The website address is: 

http://www.lincoln.ne.gov/city/pworks/watrshed/mplan/lsc/index.htm

Please review these items at your convenience over the next few weeks and 
direct any comments in writing to Ed Kouma at the City of Lincoln no later than 
May 22nd. Ed can be reached by mail or email at the following address: 

Ed Kouma 
901 North 6th Street 
Public Works and Utilities, Street Maintenance Building 
Lincoln, NE 68508 
ekouma@lincoln.ne.gov
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The next and final TAC Meeting will be on May 14, 2009 at the Lower Platte 
South NRD office from 2:00pm to 4:00pm. The NRD office address is: 

Lower Platte South NRD 
3125 Portia Street 
Lincoln, NE  68501 

Please plan on attending with questions and comments for discussion. If you 
have any questions or would like additional information, please call me at (636) 
777-3000 to discuss.  Thank you again and I look forward to seeing all of you 
again on the 14th.

Best regards, 

Mark Meyer, P.E 
Principal Civil Engineer 
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PROJECT: Little Salt Creek Watershed Masterplan
I&L PROJECT NO.: 724
RE: TAC 4th MEETING

DATE: 5-14-09
TIME:  2:00pm – 4:00pm
LOCATION: Lower Platte South NRD, 3125 Portia Street
Invitees:

Ed Kouma – City Ben Higgins – City
Nicole Fleck-Tooze – City Paul Zillig – LPSNRD
Mike DeKalb – County Kurt Mantonya – Heartland
Randy Graham – PBS&J Mark Meyer – I&L
Milan Wall – Heartland Edwin Harvey – UNL
Matt Harper – I&L Leon Higley – UNL
Terry Genrich – Lincoln Parks & Rec. John Moeschen – USACE
Thomas Malmstrom – Lincoln Parks & Rec. Dennis Schroeder – NRCS
Doug Pillard – Lancaster County Engineering Bob Harms – U.S. Fish & Wildlife
Dan Schulz – LPSNRD Steve Spomer – UNL
Ed Ubben – LPSNRD Tierney Brosius – UNL
John Bender – Nebraska Dept. of Environ. Quality Ted LaGrange – Nebraska Game & Parks

Who Topic

Ed Kouma, PE � Introductions
� Review Purpose of Watershed Master Plan
� Review Study Goals and Objectives

Mark Meyer, PE � Little Salt Creek Watershed Master Plan FINAL DRAFT REPORT Review
� What’s Next
� Comments and Discussion Regarding Master Plan

� Adjourn





CITIZEN'S ADVISORY COMMITTEE 

TECHNICAL ADVISORY COMMITTEE 

BINDER MATERIALS 
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Little Salt Creek Watershed Master Plan 
Project Description 

The Little Salt Creek Watershed Basin Planning Study will 
develop long-term planning tools and improvement projects to 
address water quality, flood management, and stream stability to 
provide guidance for sustainable urban growth in the watershed. 

The project goals include: 

• Maintain a proactive stakeholder and public involvement 
process.

• Update floodplain and floodway maps 
• Identify flooding, erosion, and/or water quality problems 
• Consider Critical Habitat and Rare or sensitive 

environmental resources. 
• Develop Projects  

– Limits, Priority and Cost 
• Develop guidelines and recommendations for future 

development
• Identify potential funding sources for future studies and/or 

projects



              

Technical Advisory Committee
Mission Statement 

The Mission of the Technical Advisory Committee (TAC) is to 
provide technical advice and expertise to the project study team.
The TAC will review project elements, findings and 
recommendations as provided by the project team at four meeting 
during the course of the study. TAC members will be expected to 
provide comments at the formal meeting and through informal 
communications between meetings. 
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Little Salt Creek Watershed Master Plan 
Project Description 

The Little Salt Creek Watershed Basin Planning Study will 
develop long-term planning tools and improvement projects to 
address water quality, flood management, and stream stability to 
provide guidance for sustainable urban growth in the watershed. 

The project goals include: 

• Maintain a proactive stakeholder and public involvement 
process.

• Update floodplain and floodway maps 
• Identify flooding, erosion, and/or water quality problems 
• Consider Critical Habitat and Rare or sensitive 

environmental resources. 
• Develop Projects  

– Limits, Priority and Cost 
• Develop guidelines and recommendations for future 

development
• Identify potential funding sources for future studies and/or 

projects



PUBLIC MEETING 1 

APRIL 22, 2008 
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F

It is by LOGIC that we prove  
 but by INTUITION that we discover

16253 Swingley Ridge Rd, Suite 100, St. Louis, MO 63017 
 636.777.3000 P 314.432.5812  F

PROJECT: Little Salt Creek Watershed Masterplan 
I&L PROJECT NO.: 724 
RE:  4-22-08 Public Meeting 

DATE: 4/22/08  
TIME: 5:00pm – 7:00 pm   
LOCATION: Lincoln North Star High School, 5801 North 33rd 

Time Topic 
4:00-4:30 ROOM SET-UP 

Front of room
� 1 table on left for Ed, Mark, Paul, Milan, etc 
� 1 small table for projector and Laptop 
� Screen in center 
� The small table with projector and laptop will be used after the presentation as 

the interactive GIS station where residents can locate their house.  
o We are considering using this as the locator instead of the big map 

where people circle their house. It is more technical and we 
immediately have an image of where the attendees live.  

Center of room
� 50 Chairs theatre style facing screen 
� Chairs set with an isle down the middle 

Back of room
� 1 table for sign in sheets and comment sheets with 4 chairs and pencils 
� 1 table with cookies and refreshments 

Right side of room
� H&H station - 1 table  

o Existing flood map, Aerial photos, items from other watersheds 
� Geomorphology station – 1 table 

o Field work maps, photos of watershed, photos of before and after 
projects  

Left side of room
� Natural Resource station – 1 table 

o Photos of Salt Wort, Tiger Beetle, Saline Wetlands, saline wetlands 
map, Native prairie map  

� Community Involvement station 
o Watershed map handouts, newsletters, website information, CAC-TAC-

City-County-NRD-Consultant contact information, existing project map 



Page 2

 It is by LOGIC that we prove  
but by INTUITION that we discover         

NOTES:
Milan will bring notices to put on doors in the building directing them to open house 
room 

Kurt will confirm with the maintenance staff how we want this set up. The maintenance 
staff will have the room set with tables and chairs when we arrive. 

5:00  Open door 

5:25 Milan Wall – Announce that we will start in 5 minutes and to find a seat 

5:30 – 5:35 Milan Wall – Welcome and agenda review, introduce Ed Kouma 

5:35 – 5:45  Ed Kouma – Watershed master planning overview, introduce Mark Meyer 

5:45 – 6:00 Mark Meyer – Presentation on scope, back to Milan Wall 

6:00 – 6:05 Milan Wall – Final slide to discuss the information stations, Which one is where, 
Invite them to visit the stations and ask team members any questions they may have at 
the stations and to invite them to complete comment forms. 

6:05 – 7:00 Activity at stations 

7:00 Milan Wall – Announce that the meeting is ended. Thank people for attending, remind 
them of final open house, remind them to sign up for news letters 
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Little Salt Creek Watershed Master Plan 
Project Information
Goal
Develop long-term planning tools and improvement projects to address water quality, 
flood management, and stream stability and provide guidance for sustainable urban 
growth in the watershed. 

Study Objectives 
• Maintain a Proactive Stakeholder and Public Involvement process 
• Update Floodplain and Floodway Maps 
• Identify Flooding, Erosion, and/or Water Quality Problems 
• Consider Critical Habitat and Rare or Sensitive Environmental Resources 
• Develop Guidelines and Recommendations for Future Development  
• Identify Potential Funding Sources for Future Studies and/or Projects 

Additional Information 
www.lincoln.ne.gov
Keyword “watershed” 
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First Little Salt Creek Watershed Open House 
April 22, 2008 

Prepared by
Kurt Mantonya 

Heartland Center for Leadership Development 

1.  Promoting the Open House: 
 Almost 1000 newsletters were sent to property owners within the project area.
The City of Lincoln provided electronic digital billboards at two locations, one on north 
14th street and the other on north 27th street.  North Star High School was selected as host 
site because of its proximity to the watershed and because it offered a commons area 
large enough to accommodate the public, presentation space, and five information 
stations.

2.  The Agenda: 
 The open house was scheduled from 5:00 p.m. to 7:00 p.m. with a presentation at 
5:30 p.m.  The agenda was designed to be brief but informative on the project scope, 
goals of the project, and timeline.  Milan Wall from the Heartland Center opened the 
meeting, reviewed the agenda and discussed the information stations.  Milan introduced 
Ed Kouma from the City of Lincoln, and Ed discussed the partnership between the city 
and Lower Platte South Natural Resources District, the goals and objectives of the study 
and the components of the study.  Mark Meyer of Intuition and Logic discussed each 
component of the project that included public involvement and the Citizen Advisory 
Committee, mapping, stream stability, soil assessment, water quality, natural resources, 
the watershed inventory and the project timeline.  Participants were then invited to visit 
the information stations to ask questions of the project.  An additional information station 
was set up after the presentation where citizens could look at a property via a GIS system.   

3.  Attendance and Evaluation: 
Thirty-five participants signed in, including 13 public citizens, 11 project team members, 
6 NRD board members, 2 CAC members and 3 TAC members.  A comment card was 
provided at the sign-in table.  Participants were encouraged to write their comments and 
leave with staff after the open house or mail it to the Heartland Center.  No comment 
cards were received after the open house. 
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16253 Swingley Ridge Rd, Suite 100, St. Louis, MO 63017 
 636.777.3000 P 314.432.5812  F

PROJECT: Little Salt Creek Watershed Masterplan 
I&L PROJECT NO.: 724 
RE:  2-24-09 Public Meeting 

DATE: 2/24/09  
TIME: 5:00pm – 7:00 pm   

LOCATION: Lower Platte South Natural Resource District, 3125 Portia Street 

Time Topic 

4:00-4:30 ROOM SET-UP 

Front of room
� 1 table on left for Ed, Mark, Paul, Milan, etc 
� 1 small table for projector and Laptop 
� Use drop down screen from ceiling 
� The small table with projector and laptop will be used after the presentation as 

the interactive GIS station where residents can locate their house.  
o We are considering using this as the locator instead of the big map 

where people circle their house. It is more technical and we 
immediately have an image of where the attendees live.  

Center of room
� 30 Chairs theatre style facing screen 
� Chairs set with an isle down the middle 

Back of room
� 1 table for sign in sheets and comment sheets with 4 chairs and pencils 
� 1 table with cookies and refreshments 

Right side of room
� H&H station - 1 table  

o Floodplain Map Exhibit Boards (entire watershed and tiles), Aerial 
photos, floodway and floodplain boundary, 1-mile and 3-mile city 
boundaries. 

� CIP station - 1 table  
o One Exhibit Board with a Mastermap showing all the project locations. 
o Include multiple Exhibit Boards with 7 or 8 projects per board including 

descriptions, costs, pictures, etc. 

Left side of room
� Water Quality/Bio-assessment station 

o Water quality and bio assessment information 

� Community Involvement station 
o Watershed map handouts, newsletters, website information, CAC-TAC-

City-County-NRD-Consultant contact information, existing project map 

It is by LOGIC that we prove 
but by INTUITION that we discover
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It is by LOGIC that we prove 
but by INTUITION that we discover         

NOTES:
Milan will bring notices to put on doors in the building directing them to open house 
room. 

5:00 Open door 

5:25 Milan Wall – Announce that we will start in 5 minutes and to find a seat 

5:30 – 5:35 Milan Wall – Welcome and agenda review, introduce Ed Kouma 

5:35 – 5:45  Ed Kouma – Watershed master planning overview, introduce Mark Meyer 

5:45 – 6:00 Mark Meyer – Presentation on scope and update on project (floodplain, CIPs, 
guidelines, water quality), back to Milan Wall 

6:00 – 6:05 Milan Wall – Final slide to discuss the information stations, Which one is where, 
Invite them to visit the stations and ask team members any questions they may have at 
the stations and to invite them to complete comment forms. 

6:05 – 7:00 Activity at stations 

7:00 Milan Wall – Announce that the meeting is ended. Thank people for attending and 
remind them to sign up for newsletters. 



Little Salt Creek Watershed Master Plan 
Project Information

Goal
Develop long-term planning tools and improvement projects to address water quality, 
flood management, and stream stability and provide guidance for sustainable urban 
growth in the watershed. 

Study Objectives 
• Maintain a Proactive Stakeholder and Public Involvement process 
• Update Floodplain and Floodway Maps 
• Identify Flooding, Erosion, and/or Water Quality Problems 
• Consider Critical Habitat and Rare or Sensitive Environmental Resources 
• Develop Guidelines and Recommendations for Future Development  
• Identify Potential Funding Sources for Future Studies and/or Projects 

Additional Information 
www.lincoln.ne.gov
Keyword “watershed” 
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Second Little Salt Creek Watershed Open House 
February 24, 2009 

Prepared by
Kurt Mantonya 

Heartland Center for Leadership Development 

1.  Promoting the Open House: 
 Almost 1100 newsletters were sent to property owners within the project area.
The City of Lincoln provided electronic digital billboards within the vicinity of 14th street 
and Superior street.  The City of Lincoln sent approximately 250 letters to property 
owners within the watershed who may be impacted by changes in the floodplain 
mapping.  An article in the February 23, 2009 edition of the Lincoln Journal Star further 
promoted the open house.  The Lower Platte South NRD conference room was selected 
as host site as it was large enough to accommodate the public, presentation space, and 
five information stations. 

2.  The Agenda: 
 The open house was scheduled from 5:00 p.m. to 7:00 p.m. with a presentation at 
5:30 p.m.  The agenda was designed to be brief but informative on the purpose of the 
watershed Master Plan and the study goals and objectives.  Milan Wall from the 
Heartland Center opened the meeting, reviewed the agenda and discussed the information 
stations.  Milan introduced Paul Zillig from the Lower Platte South NRD.  Paul discussed 
the partnership between the City and Lower Platte South Natural Resources District, the 
goals and objectives of the study and the components of the study.  Mark Meyer of 
Intuition and Logic discussed each component of the project that included the following: 

� Public Involvement and the Citizen Advisory Committee  
� Watershed Inventory
� Floodplain Mapping
� Stream Stability 
� Natural Resources 
� Seep Elevation Survey 
� Water Quality 
�  Soil Assessment 
� Watershed Master Plan Recommendations and the Study Findings
Participants were then invited to visit the information stations to ask questions about 

the project.  One station included an interactive GIS system where property owners could 
see more detailed mapping of their specific parcel.   

3.  Attendance and Evaluation: 
Fifty-nine participants signed in, including 40 members of the public, 10 project 

team members, six NRD board members, two CAC members and one TAC member.  A 
comment card was provided at the sign-in table.  Participants were encouraged to write 
their comments and leave with staff after the open house or mail it to the Heartland 
Center.  One comment was received stating that they learned that more of their property 
will be in the new floodplain and that it was very informative. 
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Introduction
The City of Lincoln (City) and Lower Platte South Natural Resources District 
(LPSNRD) staff, as well as other planning and design engineers, are devel-
oping the Little Salt Creek Watershed Master Plan. The Little Salt Creek 
Watershed is located north of the City of Lincoln and flows into Salt Creek 
just southeast of I-80 at 27th Street. The objective of the study is to develop 
a master plan that will proactively forecast, evaluate, and manage stormwater 
quantity and quality, channel stability, maintenance and operations, and finan-
cial impacts as well as environmental impacts that are occurring today or are 
projected to result from future development or other changes in the basin. The 
master plan will consider potential impacts to unique and sensitive environ-
mental resources in the watershed, including rare saline wetlands, the state-
endangered saltwort plant (Salicornia rubra) and the Salt Creek Tiger Beetle 
(Cicindela nevadica lincolniana). This project will also include hydraulic and 
hydrologic modeling to determine flood prone areas. All information gathered 
will be provided in a Geographic Information System (GIS) format compat-
ible with the City of Lincoln’s GIS database.

We are beginning Phase I of this multi-phase project.  This phase in-
cludes:
•  A watershed inventory to collect, compile and evaluate existing data 

about the watershed.
•  A geomorphic analysis to determine potential erosion and other 

stream stability issues along Little Salt Creek and its tributaries.
•  Hydrologic and hydraulic models to determine flood prone areas.
•  Preliminary identification of Best Management Practices (BMPs) 

and/or Capital Improvement Projects (CIPs) to address problem 
areas.

•  Prioritization of problem areas based on degree of flooding or ero-
sion, potential impacts to environmental resources, importance of 
habitat/resource protection, and location relative to the future growth 
of Lincoln.  

Future Phases
Future phases of this project may include the following:
•  Revising the FEMA Digital Flood Insurance Rate Maps (DFIRMs) 

for the area downstream of the 14th Street bridge.
•  A limited stream bioassessment.
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•  Water quality testing to determine potential water qual-
ity issues.

•  Final identification of BMPs and CIPs to address flood-
ing, erosion and water quality problem areas.

•  Formulation of guidelines and recommendations for 
future development in the watershed.

•  Identification of potential funding sources for future 
studies and/or implementation of BMPs and CIPs, and 
the creation of the final master plan.

Field Work
Project team members have been gathering information 
along the creek and its major tributaries.  Field work will 
continue through the month of May. Field work for this 
phase includes a geomorphic inventory during which 
project team members from Intuition & Logic walk the 
streams and collect information to determine the creek’s condition and stability. Information gathered includes bed and bank 
material, bank height, bank erosion or failure, head-cuts in the channel bed, representative pool-riffle spacing, channel cross 
section, channel and riparian corridor vegetation, channel constrictions, debris jam potential, relative sediment movement, 
scour lines and debris lines. Information will be collected on hand-held computers and incorporated into the GIS database 
for the watershed.

Other field work for this phase includes field visits by project team members from PBS&J, who are developing the hydro-
logic and hydraulic models. PBS&J uses field visits to verify assumptions in their models. A&E Engineering is surveying 
bridges and culverts where roads cross the creek for information used to inform the hydraulic model. Terracon is conducting 
soil testing. The testing helps determine potential stream stability issues due to the presence of highly erodible soils.

Public Involvement
The Little Salt Creek Watershed Master Plan study process will feature a range of public participation opportunities de-
signed to provide information on the approach to the study, gather input from stakeholders, and share preliminary recom-
mendations for floodplain and floodway improvements.  

The public participation components will include 
open houses, a citizen advisory committee, a 
technical advisory committee, and this newslet-
ter.

•  The first open house will focus on the approach 
to the study.  A second open house will provide 
an update on the study’s findings and present 
final recommendations from the study team.  

•  A 20-member citizen advisory committee, 
appointed by Mayor Beutler, will meet three 
times to hear project updates and provide ad-
vice on possible capital improvement projects.  
A 12-member technical advisory committee 
will also meet four times over the course of the 
study.

•  Six issues of the Watershed News will provide 
updates to a broad range of interests in the 
watershed.

Throughout all phases, the project team encour-
ages public involvement and will work to foster 
resource agency coordination.

d

The Project Team

This is a joint project led by the City of Lincoln and the Lower Platte 
South Natural Resources District (NRD). 

The consulting team is comprised of Intuition & Logic in association 
with PBS&J, Terracon, the University of Nebraska-Lincoln, A&E 

and Heartland Center for Leadership Development. For more 
information, contact:

Ed Kouma
Lincoln Public Works/Utilities Department

Phone: (402) 441-7018  Fax: (402) 441-8609
E-mail: ekouma@lincoln.ne.gov

Paul Zillig
Lower Platte South Natural Resources District
Phone: (402) 476-2729  Fax: (402) 476-6454

pzillig@lpsnrd.org

Little Salt Creek  just north of Arbor Road

Little Salt Creek Watershed Master Plan (cont.)
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How did you get interested in the field of 
water resources engineering?
Many years ago in Engineering College, I 
decided water related issues would continue 
to be of highest importance as the years go 
on so I chose a career in water resources.  It 
has been fulfilling to be involved in such an 
important aspect of society over the years.
Why does working on the Little Salt Creek 
Project interest you? 
It is important for our community to under-
stand the watersheds of the area and having a 
master plan for each of the major watersheds 
is the best way to do that.  We have the op-
portunity to guide development in the Little 
Salt Creek Basin and to decrease potential 

flood hazards, protect stream channels, conserve natural resources and preserve 
water quality for future generations.
What are your day-to-day duties for the Little Salt Creek project? 
My duties include acting as the City’s project manager for the Little Salt Creek 
Watershed Master Plan effort.  I help to coordinate the efforts of the consultants 
with the City and the Lower Platte South Natural Resources District and monitor 
the progress of the master plan study.
What do you see as the most important part of your job?
I feel the most important part of my job is public education about water resources.  
Each of us has a role to play in protecting the quality of runoff water and manag-
ing it in a way that protects our streams and lakes.  As the awareness of personal 
responsibility grows we will see the results in the environment around us.
What do you enjoy most about working for the city? 
I like being part of an organization that is proactive and progressive but most of all 
I enjoy the people I work for and with.  They are good people!

Work has begun on the Little Salt 
Creek Master Plan.  During the months 
that follow, scientists, engineers, City 
staff, property owners and residents 
will come together to analyze critical 
features of the watershed and poten-
tial impacts of future urbanization.  A 
wealth of information related to the 
study process and recommendations 
will be made available on the proj-
ect website. The project website is 
available at lincoln.ne.gov, keyword: 
watershed.

Available on the        

Website

Eastern Saline Wetlands (saline wetlands)
Once estimated to be in excess of 20,000 acres, less than 4,000 acres 
remain and many of these are degraded. These wetlands form a regionally 
unique wetlands complex located in floodplain swales and depressions 
within the Salt Creek, Little Salt Creek, and Rock Creek drainages in 
Lancaster and southern Saunders counties, Nebraska.
The source of salinity for these wetlands is not fully understood, but it’s 
postulated it is from groundwater inflow that passes through a rock forma-
tion containing salts deposited by an ancient sea that once covered Ne-
braska (USDA 1996). The seepage of groundwater over thousands of years 
from deeply buried saline aquifers has accumulated salts in the floodplain 
soils, allowing this unique wetland type to form.
The abundant mud flats of the saline wetlands are rich in invertebrate life and frequented by a variety of migratory shore 
birds, other bird species, and wildlife. Salt tolerant plants that are found nowhere else in Nebraska can be found here.

Meet the Team 

Ed Kouma
City of Lincoln

The first meeting will be 
held at the 

Lower Platte South         
Natural Resources District 

3125 Portia Street
Lincoln, NE 68521 

4:30 p.m.
April 15, 2008

WHAT ARE SALINE WETLANDS?

Citizens Advisory 

Committee         

Meetings

Little Salt fork Marsh owned by The Nature 
Conservancy; salt flat area in foreground.
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The first Little Salt Creek Watershed 
Open House will offer residents and 
others interested in the watershed a 

chance to learn about the project and offer 
comments.

Please join the staff from the City of 
Lincoln, the NRD and the project team for 
a presentation and a chance to discuss the 

watershed plan.

For more information contact the Heartland Center for Leadership Development
402-474-7667 or info@heartlandcenter.info

LITTLE SALT CREEK WATERSHED 

Lincoln North Star
High School
5801 N. 33rd Street 

Tuesday, April 22, 2008

  5:00-7:00 p.m.

Presentation at 5:30 p.m.

OPEN HOUSE
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Geomorphology is the study of surface land forms and the pro-
cesses that develop those forms.  Geomorphic processes are the 
primary mechanisms that produce these land forms, including 
drainage patterns, streams, floodplains, and other watershed fea-
tures.  One of the basic functions of a stream is to carry water.  
Sediment is also conveyed with the water and may be deposited 
or eroded along the streambed depending on the severity of the 
rainstorm and the characteristics of the channel. 

The key physical characteristics that affect geomorphic processes are the stream soil types, geology and vegetation, along 
with the steepness of the channel bottom.  Streams with steep bottoms are susceptible to erosion because the water moves 
faster, while areas with flat bottoms are vulnerable to large deposits of sedi-
ment buildup. Large sediment buildup in streams can alter the ability of a 
stream to transport water and to maintain aquatic habitat.  By understanding 
the geomorphology process, an engineer can implement preventative mea-
sures to ensure long-term stream stability and habitat. 
For this project, river engineers performed field investigation of approximate-
ly 33 miles of stream, collecting and documenting the physical characteristics 
of the creek that will be used to assist the project team in master planning. A 
diverse set of geomorphic conditions were encountered during the field work.  
For example, some stream reaches contained scour on alternating sides of 
the creek, which illustrates how the forces of moving water form the familiar 
meandering pattern of natural streams. 

The objective of the Little Salt Creek Watershed Master Plan is to develop a watershed master plan that will allow the City 
and NRD staff, as well as other planning and design engineers, to proactively forecast, evaluate, and manage changes in 
the basin. This includes stormwater quantity and quality, channel stability, maintenance and operations, economic consider-
ations and environmental issues occurring today or that may result from future development. The master plan will consider 
potential impacts to unique and sensitive environmental resources in the watershed, including rare saline wetlands, the state 
endangered saltwort plant (Salicornia rubra) and the Salt Creek Tiger Beetle. This project will also include hydraulic and 
hydrologic modeling and flood plain mapping, public involvement and consideration of the 2030 City-County Comprehen-
sive Plan. It will provide information gathered for the master plan in a format compatible with the City of Lincoln’s Geo-
graphic Information System (GIS) database. 
The project study team is now in the data collection and analysis phase of the master plan. The team is compiling the large 
volume of existing data that is available for the watershed as well as generating new data from our hydrologic and hydrau-

lic, geomorphic and soils samples, as well as from public in-
volvement efforts.  The following is an update on our progress:
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Meandering stream with bank scour along 
Little Salt Creek 

Little Salt Creek Bridge at Mill Road

Geomorphology 
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The Little Salt Creek Citizen Advisory Committee represents 
interests from the Salt Creek watershed and the community as a 
whole and serves as a resource for the project team in development 
of a master plan for watershed management.  The committee serves 
on behalf of the citizens who live or work in the watershed or who 
may be impacted by the findings of this study.

The committee will 
provide input re-
garding recommen-
dations developed 
by the team.  They 
will be asked to re-
view project study 
findings, raise 
questions and make 
recommendations 
and share informa-
tion among them-
selves, the public 
they represent and 
the project team.  

Watershed Inventory
We have completed compiling the bulk of available 
GIS information from the City, County, NRD and 
other available sources for use as the base in our data 
gathering effort. 

Hydrology and Hydraulics
The watershed hydrology is complete. We evaluated 
stormwater runoff and stream flows throughout the 
watershed for the 2- 10-, 50-, 100-, and 500-year 
storm events. The model was calibrated using exist-
ing stream gauge data. 
The hydraulic model is prepared and awaiting hy-
draulic structure survey data from our team survey 
crew. Over 70 stream structures (bridges and cul-
verts) were surveyed for use in the model. Once this 
data is entered, we will begin running the hydraulic 
model and updating the floodplain maps. 

Water Quality
The water quality data collection is scheduled to 
begin in August/September 2008.

Geomorphology
The geomorphic field data collection, data reduction 
and diagnosis of how the streams are changing are 
complete. 

Soils Assessment
Soil field sample collection and lab testing is sched-
uled for completion in July 2008. 

Structures
Survey control is established for the watershed, 
and the hydraulic structure survey is scheduled for 
completion in July 2008.

Public Involvement and Participation
The first Technical Advisory Committee (TAC) and 
Citizen Advisory Committee (CAC) meetings are 
complete, as is the first open house. The second TAC 
meeting is scheduled for July 2008 and the second 
CAC meeting is scheduled for the end of summer/
early fall 2008. The first newsletter was mailed in 
April 2008 and this is the second.

Deliverables
The final report appendix section for the aerial photo 
analysis has been submitted and reviewed. Website 
data for to-date progress and TAC, CAC, and open 
house information and notes were submitted and are 
available on the city website at lincoln.ne.gov (key-
word: watershed).
The draft geomorphology section and draft hydrol-
ogy section are scheduled for July 2008.

Citizen Advisory Committee  (CAC)    
Progress Summary (cont.)

The mission of the Technical Advisory Committee is to provide 
technical advice and expertise to the project study team.  The TAC 
will review project elements, findings and recommendations as 
provided by the project team at four meetings during the course of 
the study.  TAC members will be expected to provide comments at 
the formal meetings and through informal communications between 
meetings.

Technical Advisory Committee  (TAC)    

Members of the Technical Advisory Comittee are:

John Bender Nebraska Dept. of Environmental Quality
Terry Genrich City of Lincoln, Parks and Recreation
Thomas Malmstrom City of Lincoln, Parks and Recreation
Bob Harms U.S. Fish and Wildlife Service
Tierney Brosius University of Nebraska-Lincoln
Edwin Harvey University of Nebraska-Lincoln
Leon Higley University of Nebraska-Lincoln
Steven Spomer University of Nebraska-Lincoln
Ted LaGrange Nebraska Game and Parks
John Moeschen U.S. Army Corps of Engineers
Doug Pillard Lancaster County Engineering
Dennis Schroeder Natural Resource Conservation Service
Dan Schulz Lower Platte South NRD
Ed Ubben Lower Platte South NRD

 

Citizen Advisory Committee           
Members are:

Doug Emery Don Linscott
David Grimes Jack Nagel
Gary Hellerich Gene Petersen
Don Helmuth David Potter
Chris Helzer Harold Roper
Larry Hudkins Dave Sands
Merle Jahde Vicky Wheeler
Susan Kuck Mark Whitehead
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What is your role in the project?
I am the consultant team project manager. 
My role is to coordinate all the activities 
of the consultants to ensure that we pro-
vide a complete and accurate final product 
that meets the project scope, goals and 
objectives. I am the conduit for informa-
tion between the City and NRD and the 
consultant team, and I frequently meet 
with the City, NRD and County to present, 
review and discuss project components 
and status. 
How did you get interested in the field of 
water resources engineering?
As a young engineer-in-training, I met 

Robert Prager, PE, while working on a stream project in Maryland Heights, 
Missouri. Robert was another consultant on the project and he introduced 
me to the science of fluvial geomorphology and how it influences civil 
engineering in urban streams. I was fascinated with the implications and 
possibilities! I knew within days of meeting Robert that this was the direc-
tion I wanted to take my career.  
Why does working on the Little Salt Creek Project interest you?
This is a very unique watershed with extraordinary characteristics, a proud 
heritage and residents that are passionate about protecting the resources 
they enjoy. I am excited to lead the team that has been charged with de-
veloping the plan to best meet the needs of residents, the City, County and 
NRD. 
What are your day-to-day duties for the Little Salt Creek project? 
I am responsible for daily coordination of data and resources to keep this 
project on scope and schedule. For example, today I completed this inter-
view for the newsletter, incorporated review comments received from the 
NRD into draft report sections and revised the floodplain modeling sched-
ule to reflect PBS&J’s (our floodplain modeling consultant) comments. 
There are 13 major components to this project and tens of thousands of in-
dividual tasks that need to be completed accurately and timely for success. 
What are your other daily activities?
I am the owner and president of Intuition & Logic’s St. Louis office. In 
this role I am in charge of finance, operations, administration, marketing, 
accounting and all things business related. I am also the principal civil 
engineer and lead designer on many Intuition & Logic projects. 
I am also the father of four children ages 8, 10, 12 and 13 and I try to spend 
every possible moment with them! My mornings, evenings, weekends and 
all other free time are packed with sports, homework, piano, and keeping 
our home running smoothly (…as much as possible with four kids). 
What do you see as the most important part of your job?
It’s difficult to pin it down to one thing. I believe that everything is impor-
tant, from the smallest project details to big picture strategic planning. I 
think we are all incredibly lucky to have these great careers and so many 
opportunities to effect positive change in our communities. It may sound 
corny, but I believe the most important part of my job is to strive continu-
ously to do my personal best and try to influence those around me to do the 
same. 

Meet the Team 

Mark Meyer
Intuition & Ligic

Other stream reaches showed incision which 
is the lowering of the stream bottom. This 
process can potentially cause problems with 
the stability of our roadway stream crossings 
(culverts and bridges) and the stability of our 
stream banks. As the channel gets deeper, the 
banks get higher until they reach a critical 
bank height and begin to slough or slide into 
the creek. 

Geomorphology (cont.)

Scour that has the potential to undermine the 
box culvert

The Project Team

This is a joint project led by the City of 
Lincoln and the Lower Platte South Natural 

Resources District (NRD). 

The consulting team is comprised of Intu-
ition and Logic in association with PBS&J, 
A&E, Terracon, the University of Nebraska-

Lincoln, A&E and Heartland Center for 
Leadership Development. For more infor-

mation, contact:

Ed Kouma
Lincoln Public Works Department

Phone: (402) 441-7018  Fax: (402) 441-8609
E-mail: ekouma@lincoln.ne.gov

Paul Zillig
Lower Platte South Natural Resources 

District
Phone: (402) 476-2729  Fax: (402) 476-6454

E-mail: pzillig@lpsnrd.org

Stable Reach of Little Salt Creek  

And lastly, several stream sections were in 
stable condition providing home to wildlife 
and serving as an attractive amenity for 
people as well.    
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LITTLE SALT CREEK WATERSHED MASTER PLAN OPEN HOUSE

The Little Salt Watershed Master Plan involves a wide range of public participation opportunities that are designed to 
gather input on this project.  Besides this newsletter and the formation of the Citizen Advisory Committee, two open houses 
provide an additional opportunity to bring citizens together in a 
public forum.  The first open house was held April 22, 2008 at 
Lincoln North Star High School.  Thirty-five watershed residents 
and other interested people, plus LPSNRD Board members and 
project staff attended.  This open house focused on the project 
scope, goals of the project and the project timeline.  Following 
a formal presentation, participants were encouraged to visit the 
five available information stations covering various plan ele-
ments.  In addition, participants were encouraged to fill out com-
ment cards regarding the project scope.  The second and final 
open house will provide an update on the study’s findings and 
present final recommendations from the study team.  This open 
house will be held in the spring of 2009.  
The open house presentation materials as well as other project 
information can be accessed on the City of Lincoln’s web site: 

lincoln.ne.gov (keyword “watershed”)
First  Open House for Little Salt Creek  



Watershed Master Planning
Little Salt Creek Progress Summary

For more information, 
contact:

Ed Kouma
City of Lincoln 
402-441-4955

ekouma@lincoln.ne.gov
- or -

Paul Zillig
Lower Platte South NRD 

402-476-2729
pzillig@lpsnrd.org

PROJECT PROGRESS
• Water quality and biology data collection has begun and results are expected in January 2009.
• Watershed rainfall analysis and streamflow calculation is complete for the 2-, 10-, 50-, 100- 

and 500-year storm events.
• The bridge and culvert surveying is finished and the streamflow model has been completed.
• Soil sampling and analysis are complete.

UPCOMING MEETINGS
• The next meetings of the Citizen Advisory Committee and the Technical Advisory Committee 

will be scheduled for early 2009.
• The next public Open House will be held in early 2009.

UPDATED MAPS
• The updated floodplain maps and draft report are planned to be completed in early 2009, when 

they will be presented to the committees and posted on the project website.
• Project website address: lincoln.ne.gov keyword: watershed
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Streams

Little Salt Creek Watershed

City Limits

We appreciate your interest in the Little Salt Creek Watershed Master Planning process.  Most of the field work is finished and the first draft 
of the plan is nearing completion.  Here is an update on the status and timeline for presenting this information to the public.  Please feel free 
to contact us if you have any questions.  
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(Continued on page 2)

HYDROLOGY AND HYDRAULICS
One of the components of the Little Salt Creek Watershed Master Plan is determining the location of the 100-year floodplain 
boundary and base flood elevations utilizing the most current information available. This information is necessary for future 
planning of the basin to protect future homes and businesses from flood hazards, and to provide guidance for sustainable urban 
growth in the watershed. 
The source of the current floodplain boundary is the Flood Insurance 
Rate Map (FIRM) provided by the Federal Emergency Management 
Agency (FEMA) through the National Flood Insurance Program.  The 
current floodplain information is from the late 1970s and is now out of 
date. Through the City’s Cooperating Technical Partnership program 
with FEMA, the process required to update the FIRM has been incor-
porated into this watershed study so that the technical information for 
this study will be developed in a format ready to submit to FEMA.
This component of the study reflects strategies in the City-County 
Comprehensive Plan to continue to develop a comprehensive, water-
shed approach to floodplain mapping and to continue to improve its 
accuracy. The study uses the latest technology and data available in 
order to keep the floodplain maps as accurate and reliable as possible. 
The FEMA floodplain maps show the 100-year floodplain, or a flood 
that has a 1% chance of being equaled or exceeded in any given year. 
Preliminary 100-year floodplain limits have been prepared and are in 
the process of being refined by the project team.
The city anticipates utilizing the detailed study for the purposes of 
regulating the floodprone areas at such time as the study information 
is completed. However, the official FEMA flood status of areas within 
the Little Salt Creek Watershed will not be modified until the maps 
have been reviewed, accepted, and published by FEMA. This process 
could take a year or two following final submittal to FEMA. The process will include a public comment period and a public 
meeting before the maps become official.
Preliminary floodplain map exhibits will be available for review at the next public open house scheduled for Tuesday, February 
24, 2009, at the Lower Platte South Natural Resources District office, 3125 Portia Street in Lincoln.

PRELIMINARY WATERSHED RECOMMENDATIONS
The project team has identified 18 stream stability Capital Improvement Projects (CIPs). The general locations of the proj-
ects are shown on the Capital Improvements Project Location Map. Projects 1 through 10 are grade controls along the main 
stem immediately downstream of bridge crossings. The main stem is incising, and continued incision will cause erosion that 
could compromise bridge footings and stability. Sediment released from incision and subsequent bank failures could threaten 
property and natural resources along the channel. These grade controls will hold the profile grade of the channel, reducing 
the erosion and sediment released. 
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Projects 11 through 18 are stilling basins at the outfall of 
existing culverts. Channel erosion and incision have caused 
eight existing culvert outfalls to be perched from one to 
three feet above the channel, thereby threatening the stabil-
ity of the culverts. The stilling basin at the downstream end 
of the culvert will dissipate energy and protect the outfall. 
The watershed Master Plan also recommends implement-
ing a riparian corridor program in the watershed to protect 
and help prevent erosion of the channel bed and bank. The 
riparian corridor restoration program could be implemented 
using one of the existing volunteer tree planting programs 
available to landowners through the NRD or USDA.
Six Structural Improvement Projects are also recommended 
as part of the Master Plan study. These projects include 
existing bridges or culverts at major paved roads with in-
adequate capacities that cause water to flow over the road 
during a 10-year storm event. The recommended improve-
ments include removing the existing bridge and replacing 
it with a new bridge capable of passing a 25-year storm 
event without topping the roadway. Typically these proj-
ects would come into effect when the bridge or culvert is 
replaced due to the structural condition or due to a new road 
project. Some Natural Resource Projects are also recom-
mended as part of the Master Plan study. 

Progress Summary (cont.)

WATER QUALITY
As part of the Little Salt Creek Watershed Master Plan, both 
water quality and bio-assessment testing were performed. The 
water quality and bio-assessment sampling locations are shown 
on the Water Quality and Bio-assessment Sampling Locations 
Map. The sample locations were chosen at specific locations in 
the watershed to distinguish how the tributaries influenced the 
results. Sample locations were also matched with a previous 
bio-assessment study performed in 2000 where applicable.
The water quality assessment included collecting water qual-
ity samples at up to ten locations. Dry weather samples were 
collected at each location and analyzed for Day 5 Biological 
Oxygen Demand (BOD5), Total Suspended Solids (TSS), and 
Total Dissolved Solids (TDS) or Electrical Conductivity (EC). 
The dry weather samples were collected in November 2008. 
The preliminary water quality testing results conclude that salt-
tolerant organisms (both macro-invertebrates and algae) are 
abundant in the watershed at the northern most sampling site 
(W. Rock Creek Road). Generally, the relative abundance of 
salt-tolerant organisms increased from upstream to downstream 
on the main stem. The concentration of total dissolved solids 
(TDS) increases from upstream to downstream along the main 
stem. The preliminary bio-assessment results indicate that the 
sediments are hypoxic (low oxygen), particularly at the Arbor 
Road site. This could be caused by the high nutrient loading or 
by warm water temperatures in the summer.
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The Little Salt Creek Citizens Advisory Commit-
tee represents interests from the Salt Creek water-
shed and the community as a whole and serves as 
a resource for the project team in development of 
a Master Plan for watershed management.  The 
committee serves on behalf of the citizens who 
live or work in the watershed or who may be im-
pacted by the findings of the study.
The committee provides input regarding recom-
mendations developed by the team. They are asked 
to review project study findings, raise questions 
and make recommendations and share information 
among themselves, the public they represent and 
the project team.  

Citizens Advisory 

Committee  (CAC)  

Citizens Advisory Committee 
Members

Doug Emery Don Linscott

David Grimes Jack Nagel

Gary Hellerich Gene Petersen

Don Helmuth David Potter

Chris Helzer Harold Roper

Larry Hudkins Dave Sands

Merle Jahde Vicky Wheeler

Susan Kuck Mark Whitehead

The mission of the Technical Advisory Committee is to provide techni-
cal advice and expertise to the project study team.  The TAC reviews 
project elements, findings and recommendations as provided by the 
project team during the course of the study.  TAC members are expect-
ed to provide comments at the formal meetings and through informal 
communications between meetings.

Technical Advisory 

Committee  (TAC)  

 Technical Advisory Committee Members

John Bender Nebraska Dept. of Environmental Quality

Terry Genrich City of Lincoln, Parks and Recreation

Thomas Malmstrom City of Lincoln, Parks and Recreation

Bob Harms U.S. Fish and Wildlife Service

Tierney Brosius University of Nebraska-Lincoln

Edwin Harvey University of Nebraska-Lincoln

Leon Higley University of Nebraska-Lincoln

Steven Spomer University of Nebraska-Lincoln

Ted LaGrange Nebraska Game and Parks Commission

John Moeschen U.S. Army Corps of Engineers

Doug Pillard Lancaster County Engineering

Dennis Schroeder Natural Resource Conservation Service

Dan Schulz Lower Platte South NRD

Ed Ubben Lower Platte South NRD

Q. What is your role in the project? 

The Lower Platte South NRD and City of Lincoln jointly fund a number of natural 
resource studies and projects.  My role is to be the NRD’s representative to make sure 
the study addresses the NRD’s concerns, provide input on all phases of the process 
and provide some historical perspective that will help us jointly develop a successful 
study for the public.

Q. What got you interested in conservation and resource management? 

Growing up, I enjoyed outdoor activities such as hiking with my family, hunting 
and fishing.  I also worked for area farmers walking beans, putting up hay and about 
everything else, so I learned the importance of conservation and resource manage-
ment.  That interest led me to other conservation related part-time jobs, on to college 
to study natural resources and then working for the NRD.

Q. What are your day-to-day duties with LPSNRD?
I spend a lot of time working on projects and programs that the NRD Board of 
Directors has established to assist with conservation efforts and resource manage-
ment.  These projects, programs and responsibilities bring me in touch with a lot 
of landowners, agencies and the general public.  The NRD has a wide variety of 
responsibilities so it seems like there’s always something new going on.

Meet the Team 

Paul Zillig
Assistant Manager

Lower Platte South 
Natural Resources District
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OPEN HOUSE 

LITTLE SALT CREEK 

WATERSHED MASTER PLAN

Tuesday, 

February 24, 2009

5:00 pm – 7:00 pm

Presentation at 5:30 pm

Lower Platte South NRD 

Conference Room

3125 Portia Street

Lincoln, NE  68501

The Project Team

This is a joint project led by the City of Lincoln and 
the Lower Platte South Natural Resources District 

(NRD). 
The consulting team is comprised of Intuition and 
Logic in association with PBS&J, Terracon, the 
University of Nebraska-Lincoln, and Heartland 
Center for Leadership Development. For more 

information, contact:

Ed Kouma
Lincoln Public Works Department

Phone: (402) 441-7018  Fax: (402) 441-8609
E-mail: ekouma@lincoln.ne.gov

Paul Zillig
Lower Platte South Natural Resources District
Phone: (402) 476-2729  Fax: (402) 476-6454

E-mail: pzillig@lpsnrd.org
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LITTLE SALT CREEK WATERSHED FAQ

Q: What is the purpose of this study?
A: The purpose of the study is to conduct a comprehensive drainage evaluation of the Little Salt Creek Watershed to develop 

a watershed master plan.  The master plan will be used as a planning tool to be referenced in conjunction with proposed 
development and as a guide in the preparation of future Capital Improvement Projects.  Another major component of the 
study is to update the floodplain map to more accurately depict the floodplain and floodway boundaries to reflect flood 
hazards in the watershed.

Q: How will this study impact my property?
A: One of the major components is the recommendation of Capital Improvement Projects, such as stream stability projects 

adjacent to some bridges and culverts.  When these are constructed, it may be necessary to obtain temporary or permanent 
easements for these structures.  

Stream Stability Capital Improvement Projects

The project team has identified 18 stream stability Capital 
Improvement Projects (CIP), and their general locations 
are shown in the Capital Improvement Project Location 
Map. The main cause of stream channel instability in the 
Little Salt Creek Watershed is incision. Incision is the 
downcutting of the channel bottom as the stream attempts 
to reduce its slope and decrease its energy. The main 
stem is incising and this process will cause erosion that 
could threaten bridge footings and streambank stability. 
Sediment released from incision and subsequent bank 
failures will degrade water quality and natural resources 
along the main stem channel, as well. Projects 1 through 
10 are grade controls along the main stem immediately 
downstream of the bridge crossings. These grade controls 
will hold the profile grade, keeping the channel from 
downcutting, in turn reducing the erosion and sediment 
released.
Along eight of the tributaries in the Little Salt Creek 
Watershed, incision and erosion have caused the existing 
culvert outfalls to be perched one to three feet above the 
channel bottom, thereby threatening the stability of the 
culverts. Projects 11 through 18, identified on the Capital 
Improvement Project Location Map, are stilling basins 
at the downstream end of these existing culverts. The 
stilling basins will dissipate energy and protect the culvert 
outfall.

A publication sponsored by the
 City of Lincoln and the Lower Platte South Natural Resources District (NRD)
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(Continued on page 2)
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Q: What are dispersive soils?
A: Dispersive soils are highly erodible clay soils; 

the individual grains of soil do not stick together 
when coming in contact with water.  Dispersive 
soils are common in the Salmo soils group 
found in the lower part of the watershed, along 
the main stem.

Q: How are the Capital Improvement 
Projects prioritized?

A: The prioritization methodology was developed 
by the City of Lincoln and the Lower Platte 
South NRD to prioritize projects in the Capital 
Improvement Program.  The prioritization takes 
into account such items as flooding impacts, 
water quality, stream stability, safety and 
other factors.  CIPs from all master plans are 

FAQ (cont.)

This is a joint project led by the City 
of Lincoln and the Lower Platte South 

Natural Resources District (NRD). 

The consulting team is comprised 
of Intuition and Logic in association 

with PBS&J, Terracon, the University 
of Nebraska-Lincoln and Heartland 
Center for Leadership Development. 

For more information, contact:

Ed Kouma
City of Lincoln Public Works 

Department
Phone: (402) 441-7018  
Fax: (402) 441-8194

E-mail: ekouma@lincoln.ne.gov

Paul Zillig
Lower Platte South Natural               

Resources District
Phone: (402) 476-2729  
Fax: (402) 476-6454

E-mail: pzillig@lpsnrd.org

The Project Team

prioritized together.

Q: How are the Capital Improvement Projects funded?
A: Capital Improvement Projects are funded by City of Lincoln stormwater general obligation bonds, the Lower Platte 

South NRD, and in some cases state or federal funding sources.  Lancaster County may assist with those CIP projects in 
conjunction with county improvements.

Q: What is the difference between recommended Capital Improvement Projects and other improvement  
recommendations?

A: The recommended Capital Improvement Projects are comprised of 18 stream stability projects including grade controls 
and culvert outfall protections to minimize erosion that could compromise bridge and culvert stability.  These projects will 
also reduce sedimentation that could threaten property and natural resources along the stream channel.  Other improvement 
recommendations include information for potential future projects that would be completed independent from the 
implementation of the master plan.  These include 1) bridge and culvert improvements 
that are more appropriately made in conjunction with street improvements, 2) natural 
resources recommendations that might be used by other agencies in the future and 
3) riparian corridor enhancement, which would be a voluntary program proposed to 
help protect the stream by planting trees and shrubs along the corridor.

Q: How did the Salt Creek Tiger Beetle and its habitat influence the master 
plan?

A: The primary focus of the master plan is on water resources.   However, the impact to 
the Salt Creek Tiger Beetle and its habitat was taken into consideration on each of 
the Capital Improvement Projects where applicable.  For example, stream stability 
improvement projects were not recommended for areas of existing known Salt Creek 
Tiger Beetle habitat in order to avoid adverse impacts.  

 Currently, the University of Nebraska-Lincoln and other agencies are working toward 
methods to restore and protect the saline wetlands and their ecosystems within 
the Little Salt Creek Watershed.  At the present time, no specific natural resource 
enhancement projects are included in the watershed master plan.   

Q: When will work start on the recommended projects?
A: All Little Salt Creek projects will be prioritized in relation to improvements 

identified in other watersheds using the method described above.  It is anticipated 
that the stream stability projects at bridges and culverts will be constructed as road 
improvements or bridge replacements are scheduled by the county.  Work on other 
projects may begin as early as 2010, depending on availability of funding and their 
overall priority in relation to projects in other watersheds.  

Lower part of the watershed, on the main channel west of the 
intersection of N. 27th Street and Bluff Road. 
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The Little Salt Creek Citizens Advisory Committee 
represents interests from the Salt Creek Watershed 
and the community as a whole and serves as a 
resource for the project team in development of 
a master plan for watershed management. The 
committee serves on behalf of the citizens who live 
or work in the watershed or who may be impacted 
by the findings of the study.
The committee provides input regarding 
recommendations developed by the team. They 
are asked to review project study findings, raise 
questions and make recommendations and share 
information among themselves, the public they 
represent and the project team. 

Citizens Advisory 

Committee  (CAC)  

Citizens Advisory Committee 
Members

Doug Emery Don Linscott

David Grimes Jack Nagel

Gary Hellerich Gene Petersen

Don Helmuth David Potter

Chris Helzer Harold Roper

Larry Hudkins Dave Sands

Merle Jahde Vicky Wheeler

Susan Kuck Mark Whitehead

The mission of the Technical Advisory Committee is to provide technical 
advice and expertise to the project study team. The TAC reviews project 
elements, findings and recommendations as provided by the project team 
during the course of the study. TAC members are expected to provide 
comments at the formal meetings and through informal communications 
between meetings.  TAC and CAC meetings are scheduled for mid-May.

Technical Advisory 

Committee  (TAC)  

 Technical Advisory Committee Members

John Bender Nebraska Dept. of Environmental Quality

Terry Genrich City of Lincoln, Parks and Recreation

Thomas Malmstrom City of Lincoln, Parks and Recreation

Bob Harms U.S. Fish and Wildlife Service

Tierney Brosius University of Nebraska-Lincoln

Edwin Harvey University of Nebraska-Lincoln

Leon Higley University of Nebraska-Lincoln

Steven Spomer University of Nebraska-Lincoln

Ted LaGrange Nebraska Game and Parks Commission

John Moeschen U.S. Army Corps of Engineers

Doug Pillard Lancaster County Engineering

Dennis Schroeder Natural Resource Conservation Service

Dan Schulz Lower Platte South NRD

Ed Ubben Lower Platte South NRD

Meet the Team 

Milan Wall

Heartland Center for 
Leadership Development

Q. What is your role in this project?
As co-director of the Heartland Center, I am responsible for all aspects of public 
participation in the project. We make sure that accurate and up-to-date information gets 
to the public and that feedback gets reported to the project team. And we help the project 
team determine how to interpret highly technical information in a way that the public 
can understand.

Q. How does public involvement work in a project like this one?
Public involvement in this project is multi-faceted. In addition to the Watershed News, 
we facilitate open houses to present information on the project and solicit input. We 
also facilitate meetings of two advisory committees, help present project information to 
elected officials, and advise the team on public involvement tactics and strategies. We 
also facilitate information meetings for landowners who may be affected directly when 
new floodplain maps are drawn.

Q. What do you like best about public facilitation?
Watching people experience a situation where they grasp that their views are really 
welcome and that they can make a difference is very satisfying. Citizens may come to 
public meetings with a sense that all the decisions have already been made and nothing 
they say will have an impact. When they discover that the opposite is true, everyone 
benefits.



April 2009 Watershed News

Non-Profit Org.
U.S. Postage

PAID
Lincoln, NE

Permit No. 825

Heartland Center for Leadership Development

650 “J” Street, Suite 305-C

Lincoln, NE  68508

City of Lincoln and Lower Platte South Natural Resources District

For more information visit the project website: lincoln.ne.gov (keyword: watershed)
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Public Meeting Recap

The second of two public meetings was held on February 24, 2009 at the Lower Platte South NRD conference room. The  
meeting was advertised in an issue of Watershed News sent to approximately 1100 property owners in the Little Salt Creek 
Watershed as well as in an article in the Lincoln Journal Star. The open house was scheduled from 5:00 p.m. to 7:00 p.m. with 
a presentation at 5:30 p.m. Approximately 60 people attended the meeting. Comment cards were provided to the attendees, 
and they were encouraged to write their comments and/or concerns and leave the card with one of the project team members 
or mail it to the Heartland Center.
Milan Wall from the Heartland Center opened the meeting by reviewing 
the agenda and discussing the information stations. Milan introduced 
Paul Zillig from the Lower Platte South NRD. Paul discussed the 
partnership between the City of Lincoln and the Lower Platte South 
NRD and reviewed the goals and objectives of the study. Paul 
introduced Mark Meyer from Intuition & Logic who completed the 
presentation with updates on each of the study components including 
public involvement, watershed inventory, floodplain mapping, stream 
stability, natural resources, seep elevation survey, water quality, soil 
assessment, and watershed master plan recommendations.
After the presentation, the attendees were invited to visit information 
stations that included water quality and bio-assessment, public involvement, floodplain mapping, capital improvement projects 
and interactive watershed mapping. One of the popular stations was the floodplain mapping station. Updated floodplain maps 
were displayed in digital format allowing the participants to see how the updated floodplain limits had changed on their property. 
Participants could see detailed mapping of their individual property, including photos, observed seeps, saline wetlands and 
updated floodplain limits with an aerial photo background.

TAC members provide advice to project team.
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LSC000500 0.32 1.50 0.150 72.4
LSC000505 0.29 1.50 0.165 28.8
LSC000510 0.22 1.50 0.239 20.3
LSC000600 0.10 1.50 0.150 83.6
LSC000700 0.13 1.50 0.196 49.6
LSC000705 0.13 1.50 0.258 37.7
LSC001000 0.04 2.00 0.170 33.5
LSC001005 0.13 2.00 0.140 56.5
LSC001010 0.27 2.00 0.207 59.9
LSC001015 0.35 2.00 0.247 45.1
LSC001020 0.10 2.00 0.284 39.5
LSC001025 0.29 2.00 0.282 39.7
LSC001030 0.10 2.00 0.293 26.5
LSC001035 0.23 2.00 0.292 28.8
LSC001040 0.22 2.00 0.272 31.2
LSC001045 0.17 2.00 0.250 26.7
LSC001050 0.18 2.00 0.282 27.6
LSC001500 0.11 1.50 0.203 54.0
LSC001505 0.20 1.50 0.245 49.1
LSC001510 0.29 1.50 0.250 33.4
LSC001515 0.30 2.00 0.214 55.9
LSC001520 0.26 2.00 0.234 42.6
LSC001525 0.21 2.00 0.219 33.1
LSC001530 0.10 2.00 0.263 33.4
LSC001535 0.15 2.00 0.220 29.7
LSC001540 0.21 2.00 0.235 26.8
LSC001545 0.13 2.00 0.269 23.5
LSC001550 0.16 2.00 0.243 40.1
LSC001555 0.24 2.00 0.242 25.9
LSC001560 0.18 2.00 0.246 27.3
LSC001565 0.19 2.00 0.246 21.7
LSC001570 0.20 2.00 0.286 21.3
LSC001575 0.12 2.00 0.268 20.9
LSC002000 0.14 1.50 0.278 54.2
LSC002005 0.28 1.50 0.254 48.3
LSC002010 0.08 2.00 0.258 30.4
LSC002015 0.35 2.00 0.260 56.1
LSC002020 0.19 2.00 0.260 25.7
LSC002025 0.18 2.00 0.229 26.6
LSC002030 0.03 2.00 0.265 23.4
LSC002035 0.15 2.00 0.266 28.4
LSC002040 0.22 2.00 0.300 28.4
LSC002500 0.08 1.50 0.208 32.9
LSC002505 0.25 1.50 0.213 32.9
LSC002510 0.16 1.50 0.244 19.6
LSC003000 0.20 1.50 0.181 37.4
LSC003005 0.24 2.00 0.201 24.7
LSC003010 0.25 2.00 0.244 32.6
LSC003015 0.22 2.00 0.145 21.5

Little Salt Creek Existing Conditions Hydrologic Model Input
Lag Time 

(min)
Subbasin Area (mi2)

Initial Loss 
(in)

Constant Rate 
(in/hr)



LSC003020 0.03 2.00 0.288 24.0
LSC003025 0.20 2.00 0.261 33.6
LSC003030 0.13 2.00 0.163 22.9
LSC003035 0.19 2.00 0.168 22.1
LSC003040 0.19 2.00 0.189 21.4
LSC003045 0.21 2.00 0.183 23.5
LSC003500 0.15 1.50 0.247 32.4
LSC003505 0.25 1.50 0.267 27.5
LSC004000 0.24 1.58 0.287 29.0
LSC004005 0.22 1.76 0.268 26.7
LSC004500 0.18 1.78 0.261 34.8
LSC004505 0.28 1.50 0.245 29.8
LSC004510 0.19 1.50 0.181 20.6
LSC004515 0.23 1.50 0.267 24.0
LSC004520 0.33 1.50 0.252 27.7
LSC004525 0.27 1.50 0.236 21.6
LSC004530 0.26 1.57 0.267 25.3
LSC005000 0.31 1.50 0.263 51.5
LSC005005 0.13 1.50 0.223 22.9
LSC005010 0.17 1.50 0.238 19.3
LSC005015 0.14 1.58 0.247 33.4
LSC005020 0.30 1.50 0.263 42.5
LSC005025 0.18 1.63 0.244 36.7
LSC005500 0.06 1.50 0.275 39.5
LSC005505 0.15 1.50 0.266 33.2
LSC005510 0.21 1.50 0.275 34.2
LSC006000 0.11 2.27 0.229 45.5
LSC006005 0.18 3.69 0.205 29.5
LSC006500 0.32 1.50 0.213 55.7
LSC006505 0.12 1.50 0.242 27.5
LSC006510 0.17 3.13 0.243 31.5
LSC006515 0.23 1.50 0.265 58.4
LSC006520 0.28 1.50 0.230 43.5
LSC006525 0.20 6.78 0.186 41.2
LSC006530 0.32 1.80 0.204 42.9
LSC006535 0.30 1.54 0.277 47.4
LSC006540 0.22 1.50 0.220 34.6
LSC006545 0.16 1.50 0.272 34.0
LSC006550 0.22 1.50 0.226 22.5
LSC006555 0.22 1.50 0.284 31.1
LSC007000 0.41 1.50 0.232 49.0
LSC007005 0.18 2.03 0.229 21.7
LSC007010 0.04 1.50 0.280 25.5
LSC007015 0.11 1.50 0.271 25.5
LSC007020 0.33 1.56 0.243 27.5
LSC007500 0.09 1.50 0.211 27.2
LSC007505 0.20 1.58 0.252 28.1
LSC007510 0.29 2.41 0.215 24.4
LSC008000 0.20 1.50 0.283 44.7

Little Salt Creek Existing Conditions Hydrologic Model Input

Subbasin Area (mi2)
Initial Loss 

(in)
Constant Rate 

(in/hr)
Lag Time 

(min)



LSC008005 0.29 2.39 0.286 33.9
LSC008500 0.18 2.66 0.222 36.9
LSC008505 0.12 2.24 0.255 44.5
LSC008510 0.18 3.75 0.172 23.9
LSC008515 0.18 3.72 0.131 44.5
LSC008520 0.14 2.24 0.249 48.7
LSC008525 0.15 2.24 0.202 44.9
LSC008530 0.23 2.24 0.261 37.1
LSC009000 0.24 1.50 0.256 31.2
LSC009005 0.20 1.95 0.249 33.3
LSC009010 0.17 1.95 0.227 23.5
LSC009400 0.06 1.50 0.260 34.8
LSC009405 0.16 1.50 0.251 29.9
LSC009410 0.16 1.50 0.200 22.2
LSC009600 0.26 1.50 0.259 38.9
LSC009800 0.26 1.50 0.227 39.3
LSC011000 0.25 1.50 0.192 59.2
LSC011005 0.22 1.50 0.258 44.2
LSC011010 0.17 1.50 0.274 59.3
LSC011500 0.10 1.50 0.226 29.7
LSC011505 0.12 1.50 0.274 29.2
LSC011510 0.16 1.50 0.236 29.4
LSC011515 0.33 1.50 0.243 41.4
LSC011520 0.10 1.50 0.170 16.3
LSC011525 0.11 1.50 0.191 16.4
LSC011530 0.14 1.50 0.195 21.7
LSC011535 0.14 1.50 0.235 18.9
LSC011540 0.11 1.50 0.246 18.3
LSC012000 0.06 1.50 0.221 32.6
LSC012005 0.27 1.50 0.283 39.5
LSC013000 0.14 2.00 0.221 29.6
LSC013005 0.18 1.50 0.188 20.1
LSC013010 0.20 1.50 0.205 21.0
LSC014500 0.26 1.50 0.255 31.5
LSC014505 0.15 1.50 0.260 22.8
LSC015000 0.30 1.50 0.299 38.9
LSC015500 0.03 1.50 0.200 25.4
LSC015505 0.11 5.76 0.238 18.4
LSC015510 0.18 2.93 0.278 21.8
LSC016500 0.06 1.50 0.237 58.4
LSC016505 0.22 1.67 0.238 40.8
LSC016510 0.23 2.34 0.231 48.8
LSC016515 0.29 2.64 0.213 23.8
LSC016520 0.22 3.18 0.198 30.6
LSC017500 0.27 1.74 0.237 34.6
LSC017505 0.22 2.15 0.266 24.2
LSC021000 0.04 2.00 0.175 25.6
LSC021005 0.29 2.00 0.238 23.0
LSC021500 0.17 2.00 0.258 40.6

Little Salt Creek Existing Conditions Hydrologic Model Input

Subbasin Area (mi2)
Initial Loss 

(in)
Constant Rate 

(in/hr)
Lag Time 

(min)



LSC021505 0.14 2.00 0.282 26.5
LSC022000 0.10 2.00 0.204 18.3
LSC022005 0.10 2.00 0.259 18.7
LSC023000 0.11 2.00 0.152 21.8
LSC023005 0.21 2.00 0.232 19.9
LSC025000 0.32 3.16 0.229 37.3
LSC026500 0.25 1.50 0.248 47.6
LSC026505 0.22 1.50 0.238 29.6
LSC026510 0.25 1.50 0.268 39.3
LSC026515 0.21 1.50 0.278 35.0
LSC026520 0.24 1.50 0.273 33.7
LSC027500 0.27 3.61 0.228 25.0
LSC031000 0.11 2.00 0.285 24.3
LSC031005 0.22 2.00 0.247 28.0
LSC031010 0.14 2.00 0.258 23.5
LSC031500 0.21 2.00 0.214 30.3
LSC031505 0.26 2.00 0.206 26.1
LSC032000 0.40 2.30 0.246 45.8
LSC032005 0.26 2.30 0.206 32.5
LSC032010 0.12 2.30 0.203 23.2
LSC032015 0.15 2.30 0.225 25.0
LSC032020 0.17 2.30 0.244 22.0
LSC041500 0.03 2.00 0.283 15.6
LSC041505 0.28 2.00 0.265 29.8
LSC041510 0.10 1.50 0.272 20.8
LSC041515 0.14 1.50 0.196 18.6
LSC041520 0.09 1.50 0.253 17.0
LSC042000 0.18 2.00 0.195 27.7
LSC042005 0.28 2.00 0.283 32.0
LSC052000 0.24 2.00 0.192 30.6
LSC052005 0.24 2.00 0.264 28.2
LSC052010 0.11 2.00 0.202 23.2
LSC052015 0.17 2.00 0.252 26.2
LSC0MC000 0.33 1.50 0.169 53.1
LSC0MC005 0.27 1.50 0.162 52.8
LSC0MC007 0.24 1.50 0.247 23.3
LSC0MC010 0.26 1.50 0.221 43.4
LSC0MC015 0.17 1.50 0.183 28.8
LSC0MC018 0.06 1.50 0.201 31.4
LSC0MC020 0.07 1.50 0.192 38.2
LSC0MC025 0.35 1.50 0.220 45.3
LSC0MC030 0.12 1.50 0.172 38.4
LSC0MC035 0.21 1.50 0.231 30.2
LSC0MC040 0.11 1.50 0.244 29.4
LSC0MC041 0.04 1.50 0.214 18.9
LSC0MC042 0.03 1.50 0.174 14.9
LSC0MC045 0.09 1.50 0.167 24.5
LSC0MC050 0.06 1.50 0.139 39.3
LSC0MC052 0.04 1.50 0.161 22.0

Constant Rate 
(in/hr)

Lag Time 
(min)

Little Salt Creek Existing Conditions Hydrologic Model Input

Subbasin Area (mi2)
Initial Loss 

(in)



LSC0MC053 0.04 1.50 0.154 18.8
LSC0MC054 0.02 1.50 0.188 39.3
LSC0MC055 0.27 1.50 0.184 41.9
LSC0MC060 0.09 1.50 0.217 15.6
LSC0MC061 0.09 1.50 0.220 24.3
LSC0MC065 0.26 1.50 0.244 31.8
LSC0MC070 0.19 1.77 0.217 29.5
LSC0MC071 0.02 1.50 0.260 19.0
LSC0MC075 0.25 1.50 0.216 49.6
LSC0MC080 0.16 2.36 0.199 23.8
LSC0MC085 0.14 2.14 0.295 24.0
LSC0MC090 0.11 1.50 0.225 41.8
LSC0MC095 0.12 1.50 0.243 34.8
LSC0MC100 0.28 1.56 0.236 40.5
LSC0MC105 0.32 1.50 0.203 53.7
LSC0MC110 0.23 2.39 0.267 43.3
LSC0MC115 0.18 1.52 0.256 29.1
LSC0MC120 0.07 1.50 0.263 35.1
LSC0MC122 0.12 1.50 0.271 35.1
LSC0MC125 0.24 2.78 0.263 38.7
LSC0MC130 0.16 3.12 0.246 34.5
LSC0MC135 0.20 1.61 0.221 34.8
LSC0MC140 0.06 1.50 0.292 37.4
LSC0MC145 0.08 1.50 0.278 37.4
LSC0MC150 0.36 1.50 0.260 51.7
LSC0MC155 0.13 1.50 0.261 52.1
LSC0MC160 0.14 5.55 0.123 19.3
LSC0MC165 0.25 1.50 0.255 36.9
LSC0MC170 0.38 1.50 0.259 30.7
LSC0MC175 0.21 1.50 0.271 40.4
LSC0MC180 0.02 1.50 0.250 31.0
LSC0MC185 0.16 1.50 0.241 31.0
LSC0MC190 0.29 1.50 0.299 40.9
LSC0MC195 0.23 1.50 0.266 42.8
LSC0MC200 0.25 1.50 0.255 36.7
LSC0MC205 0.24 1.50 0.263 44.0
LSC0MC210 0.35 1.50 0.248 43.0
LSC0MC215 0.14 1.50 0.249 35.2
LSC0MC220 0.27 1.50 0.271 37.1
LSC0MC225 0.18 1.50 0.281 31.9
LSC0MC230 0.12 1.50 0.300 30.3
LSC0MC235 0.26 1.50 0.300 42.0
LSC0MC240 0.27 1.50 0.300 41.9
LSC111500 0.09 1.50 0.291 23.3
LSC111505 0.10 1.50 0.300 22.0
LSC116500 0.16 1.50 0.252 45.9
LSC116505 0.33 3.47 0.190 37.2
LSC132000 0.23 2.30 0.201 24.0
LSC132005 0.16 2.30 0.200 17.7

Little Salt Creek Existing Conditions Hydrologic Model Input

Subbasin Area (mi2)
Initial Loss 

(in)
Constant Rate 

(in/hr)
Lag Time 

(min)



N1A 0.28 1.50 0.300 19.2
N1B 0.29 1.50 0.300 21.6
N1C 0.19 1.50 0.300 20.4
N1D 0.09 1.50 0.300 10.8
N1E 0.11 1.50 0.300 7.2
N1F 0.29 1.50 0.300 6.6
N1G 0.15 1.50 0.300 14.4
N1H 0.24 1.50 0.300 19.2
N1I 0.21 1.50 0.300 13.2
N1J 0.13 1.50 0.300 13.2
N1K 0.10 1.50 0.300 10.8
N1L 0.15 1.50 0.300 22.8
N1M 0.10 1.50 0.300 9.0
N1N 0.09 1.50 0.300 80.4
N1O 0.12 1.50 0.300 10.2
N1P 0.13 1.50 0.300 9.0
N1Q 0.12 1.50 0.300 33.0
N1R 0.24 1.50 0.300 31.8
N2S 0.19 1.50 0.300 18.6
N2U 0.26 1.50 0.300 14.4
N2V 0.35 1.50 0.300 20.4
N2W 0.20 1.50 0.300 12.6

Little Salt Creek Existing Conditions Hydrologic Model Input

Subbasin Area (mi2)
Initial Loss 

(in)
Constant Rate 

(in/hr)
Lag Time 

(min)



2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
LSC000500 0.32 77.2 160.3 226.4 285.4 330.6 377.9 475.2
LSC000500R 0.51 222.6 527.7 771.7 965.3 1100.3 1242.2 1546.8
LSC000505 0.29 148.3 312.2 435.5 536.2 607.5 682.7 844.0
LSC000505J 0.51 255.6 600.7 838.6 1027.3 1163.4 1308.9 1624.6
LSC000505R 0.22 142.0 308.4 423.3 513.0 577.7 647.5 801.0
LSC000510 0.22 148.6 316.9 434.1 525.6 591.5 663.2 820.0
LSC000600 0.10 21.6 44.9 63.4 80.1 93.0 106.7 134.7
LSC000600P 0.10 0.5 1.0 1.5 1.9 2.3 2.7 3.6
LSC000700 0.13 43.0 91.4 129.3 162.4 186.3 211.3 263.9
LSC000700R 0.13 3.1 6.9 9.3 10.3 11.1 12.0 14.0
LSC000705 0.13 51.8 112.8 159.5 198.9 226.7 256.2 319.2
LSC000705P 0.13 3.1 7.0 9.4 10.4 11.2 12.1 14.0
LSC001000 0.04 3.5 20.9 35.8 49.2 60.2 71.9 93.4
LSC001000R 3.48 150.5 914.9 1659.2 2062.7 2596.5 3217.7 4515.8
LSC001005 0.13 10.6 52.9 88.7 121.6 148.9 179.1 238.3
LSC001005J 3.48 164.9 983.4 1761.0 2095.1 2684.8 3359.7 4724.5
LSC001005J1 2.85 68.1 837.4 1502.4 1909.5 2435.9 3031.3 4222.7
LSC001005R 2.71 66.5 819.0 1465.3 1881.0 2395.9 2977.1 4135.1
LSC001010 0.27 13.8 95.4 163.4 225.9 277.6 334.9 446.4
LSC001010J 2.71 72.5 857.6 1511.8 2090.3 2590.8 3184.4 4386.2
LSC001010R 2.44 68.5 813.3 1421.6 1963.4 2430.1 2976.5 4086.8
LSC001015 0.35 17.7 152.3 264.5 367.0 451.0 543.1 715.3
LSC001015J 2.44 70.5 827.9 1441.8 1981.9 2451.4 3014.0 4127.5
LSC001015J1 2.11 69.9 805.8 1398.7 1926.2 2382.5 2905.6 3950.3
LSC001015J2 0.33 30.3 246.7 433.6 598.9 726.9 859.4 1097.5
LSC001015R 1.76 67.0 745.5 1286.4 1779.4 2200.9 2679.3 3619.3
LSC001020 0.10 4.4 45.8 80.5 111.9 137.5 165.4 216.5
LSC001020J 1.76 70.4 779.3 1351.5 1846.1 2293.0 2803.9 3813.9
LSC001020R 1.67 67.8 748.6 1292.5 1775.8 2207.6 2698.4 3662.0
LSC001025 0.29 13.5 138.5 243.0 337.9 415.3 499.5 653.9
LSC001025J 1.67 70.7 768.1 1333.6 1863.9 2320.2 2845.0 3838.2
LSC001025R 1.38 58.8 655.6 1120.0 1566.8 1964.8 2414.9 3254.0
LSC001030 0.10 6.1 67.4 118.7 164.5 200.8 238.7 306.2
LSC001030J 1.38 60.5 693.3 1187.3 1628.4 2000.5 2482.9 3367.0
LSC001030J1 0.91 40.7 459.4 749.1 1101.3 1387.7 1698.3 2258.0
LSC001030J2 0.47 32.5 313.0 541.0 748.3 913.8 1088.4 1403.4
LSC001030R 0.80 39.4 424.4 709.4 1036.4 1300.1 1582.4 2089.3
LSC001035 0.23 13.0 142.4 250.6 347.7 425.1 507.1 653.5
LSC001035J 0.80 40.3 437.6 736.1 1073.4 1339.6 1621.5 2128.9
LSC001035J1 0.58 30.8 307.3 557.3 801.0 995.5 1202.0 1572.9
LSC001035R 0.35 24.2 227.3 403.1 559.3 682.7 812.9 1045.7
LSC001040 0.22 13.3 130.6 228.9 317.4 388.6 464.6 600.8
LSC001045 0.17 13.0 115.4 201.5 278.6 339.7 403.5 518.1
LSC001045J 0.35 24.5 235.4 412.5 570.7 696.5 828.6 1064.1
LSC001050 0.18 11.6 120.0 211.0 292.4 357.1 425.0 546.5
LSC001500 0.11 32.3 68.9 97.7 122.9 141.3 160.5 200.9
LSC001500R 5.87 161.8 1173.6 2063.6 2758.1 3284.9 4011.9 5754.8
LSC001505 0.20 63.0 137.0 194.8 244.8 280.7 318.6 398.7
LSC001505J 5.87 177.4 1182.8 2088.3 2804.9 3414.6 4025.8 5929.5

Little Salt Creek Existing Conditions Hydrologic Model Results
Drainage 
Area (mi2)

Hydrologic 
Element

Peak Discharges (cfs)



2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
LSC001505J1 4.37 165.2 939.5 1678.1 2232.4 2861.2 3629.5 5246.5
LSC001505J2 1.50 49.4 566.0 1150.0 1647.6 2019.2 2278.0 3041.4
LSC001505R 4.17 121.0 924.5 1644.1 2183.8 2834.1 3588.9 5166.1
LSC001510 0.29 126.5 273.9 386.1 479.3 544.6 614.2 763.7
LSC001510J 4.17 131.7 945.2 1679.5 2204.1 2861.2 3635.0 5266.7
LSC001510J1 3.85 126.9 911.9 1607.2 2145.2 2825.3 3578.5 5143.4
LSC001510J2 0.32 11.0 170.2 305.6 427.4 524.7 628.5 816.1
LSC001510R 3.56 119.3 899.0 1573.2 2134.6 2805.8 3544.9 5065.8
LSC001515 0.30 15.6 112.0 192.3 266.0 326.8 394.2 524.0
LSC001515J 3.56 122.8 931.6 1612.8 2151.1 2829.0 3577.7 5131.2
LSC001515R 3.26 115.9 844.4 1443.1 2067.7 2717.0 3426.2 4860.3
LSC001520 0.26 15.1 121.1 209.7 290.4 356.5 428.8 563.3
LSC001520J 3.26 125.3 856.4 1477.7 2122.5 2830.1 3591.6 5136.5
LSC001520J1 2.78 92.6 719.7 1307.5 2012.9 2655.6 3320.5 4607.9
LSC001520J2 0.47 35.7 298.2 518.0 716.8 875.3 1043.4 1348.6
LSC001520R 2.52 82.3 647.6 1260.8 1930.4 2525.9 3132.2 4263.4
LSC001525 0.21 15.8 118.5 205.1 283.5 346.8 415.0 538.3
LSC001525J 2.52 88.9 683.3 1297.9 2013.6 2605.4 3207.8 4410.6
LSC001525R 2.32 74.5 628.9 1256.5 1934.2 2492.1 3047.3 4107.3
LSC001530 0.10 6.0 56.3 98.4 136.5 167.2 200.2 259.9
LSC001530J 2.32 76.0 631.8 1282.8 1957.1 2514.2 3071.1 4152.6
LSC001530J1 1.68 36.3 549.6 1108.9 1667.2 2133.2 2555.8 3154.4
LSC001530J2 0.64 71.2 392.7 664.3 901.3 1065.1 1232.2 1560.1
LSC001530R 1.58 35.9 540.1 1083.3 1621.4 2070.0 2471.6 3052.7
LSC001535 0.15 12.2 92.7 160.7 221.9 271.1 323.3 417.2
LSC001535J 1.58 40.0 548.3 1106.4 1649.8 2113.0 2513.6 3086.9
LSC001535R 1.43 33.2 522.4 1053.9 1565.2 1999.4 2357.0 2955.4
LSC001540 0.21 17.3 143.7 250.2 345.5 421.1 500.3 642.4
LSC001545 0.13 10.1 99.9 175.3 241.9 293.9 347.2 442.9
LSC001550 0.16 9.1 76.8 133.3 184.8 226.8 272.6 357.0
LSC001550J 1.43 34.3 529.2 1071.8 1599.9 2045.1 2402.0 3005.2
LSC001550J1 1.08 30.2 470.1 943.9 1390.7 1761.8 2006.4 2690.8
LSC001550R 0.93 27.3 426.1 841.3 1233.9 1561.3 1792.5 2434.6
LSC001555 0.24 19.6 168.4 293.7 405.5 494.0 586.3 751.4
LSC001555J 0.93 30.3 446.5 882.9 1299.6 1643.2 2006.9 2656.2
LSC001555R 0.68 24.3 371.8 714.1 1030.9 1289.3 1558.7 2040.4
LSC001560 0.18 13.6 118.3 206.6 285.6 348.4 414.4 532.1
LSC001560J 0.68 25.0 378.4 725.8 1048.1 1307.1 1578.1 2064.0
LSC001560R 0.51 18.3 309.5 575.7 819.7 1015.7 1218.9 1584.0
LSC001565 0.19 16.8 152.0 265.5 365.3 442.1 519.8 661.0
LSC001565J 0.51 18.8 318.1 591.2 840.8 1038.0 1244.6 1611.6
LSC001565R 0.32 17.5 237.9 425.6 590.8 718.4 850.2 1085.1
LSC001570 0.20 14.4 157.4 276.7 381.0 461.2 542.5 689.0
LSC001570J 0.32 18.3 245.9 438.6 607.9 737.9 871.0 1110.6
LSC001570R 0.12 10.0 101.2 177.4 244.0 295.0 346.8 440.0
LSC001575 0.12 10.1 102.0 178.7 245.8 297.0 349.0 442.8
LSC002000 0.14 37.3 82.4 117.8 148.5 170.7 194.1 243.8
LSC002000R2 4.41 87.8 898.9 1786.0 2608.3 3355.7 4265.9 6408.7
LSC002005 0.28 87.5 191.1 271.8 341.5 391.5 444.2 555.9

Little Salt Creek Existing Conditions Hydrologic Model Results
Hydrologic 

Element
Drainage 
Area (mi2)

Peak Discharges (cfs)



2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
LSC002005J 4.41 90.0 915.3 1869.4 2856.2 3636.3 4614.3 6690.0
LSC002005R 4.13 48.8 907.9 1845.9 2804.9 3563.0 4511.3 6512.8
LSC002010 0.08 5.3 48.4 84.6 117.2 143.4 171.2 221.2
LSC002010J 4.13 49.4 955.1 1919.0 2929.1 3813.9 4822.1 6896.4
LSC002010R2 4.05 49.4 954.9 1917.5 2923.9 3803.9 4806.4 6866.0
LSC002015 0.35 13.7 126.6 220.9 307.2 378.3 457.0 607.6
LSC002015J 4.05 51.0 987.9 2046.7 3112.8 4045.4 5105.1 7225.3
LSC002015J1 2.35 51.0 703.9 1397.5 2076.0 2661.5 3318.4 4575.1
LSC002015J2 1.49 0.0 303.2 831.5 1385.1 1868.6 2420.8 3555.7
LSC002015J3 0.21 16.3 169.0 301.7 417.6 506.8 597.2 760.2
LSC002015R 2.00 50.9 682.6 1322.7 1936.1 2460.3 3043.3 4144.3
LSC002020 0.19 14.4 134.9 236.2 326.6 397.8 471.8 604.6
LSC002020J 2.00 57.2 740.7 1430.6 2093.3 2662.7 3279.6 4410.3
LSC002020R 1.81 57.2 733.1 1402.1 2037.3 2581.9 3170.0 4238.3
LSC002025 0.18 15.7 126.4 219.9 303.6 370.0 439.4 564.0
LSC002025J 1.81 63.1 760.4 1478.5 2160.9 2734.5 3330.8 4404.7
LSC002025R 1.62 62.8 734.5 1412.8 2047.6 2581.2 3131.7 4118.5
LSC002030 0.03 2.0 19.7 34.5 47.6 57.8 68.3 87.1
LSC002030J 1.62 65.2 746.0 1436.0 2083.1 2612.1 3169.7 4161.4
LSC002030J1 1.16 49.0 566.1 1079.1 1553.3 1945.6 2353.1 3076.9
LSC002030J2 0.46 18.0 222.5 406.3 578.9 720.5 874.0 1154.1
LSC002030R 1.13 49.0 563.3 1070.7 1538.5 1925.5 2326.6 3039.0
LSC002035 0.15 9.8 93.4 163.6 226.6 276.8 329.8 424.5
LSC002035J 1.13 50.5 587.3 1101.1 1575.9 1957.1 2356.1 3068.8
LSC002035J1 0.37 12.4 173.4 323.3 464.9 582.0 709.0 939.3
LSC002035J2 0.77 48.6 450.5 803.2 1146.1 1391.8 1654.6 2131.0
LSC002035R 0.22 12.2 138.9 245.2 340.4 416.1 496.3 639.5
LSC002040 0.22 12.3 140.4 247.7 343.7 420.2 501.0 644.9
LSC002040J 0.22 12.3 140.4 247.7 343.7 420.2 501.0 644.9
LSC002500 0.08 36.7 78.3 110.0 136.3 154.9 174.6 216.6
LSC002500R 0.40 84.4 185.6 254.6 308.6 349.4 392.8 488.2
LSC002505 0.25 111.2 237.8 334.0 414.1 470.6 530.4 658.1
LSC002505P 0.40 84.7 186.4 255.3 309.4 350.2 393.7 489.2
LSC002505R 0.16 6.5 12.1 15.6 17.3 18.6 24.2 94.6
LSC002510 0.16 106.6 227.4 310.7 375.3 422.2 473.3 585.2
LSC002510P 0.16 6.5 12.1 15.6 17.3 18.6 24.2 95.2
LSC003000 0.20 82.4 174.2 244.9 305.0 347.6 392.2 486.8
LSC003000R 2.49 80.4 697.3 1393.3 2101.2 2695.2 3364.3 4704.6
LSC003005 0.24 24.7 178.7 309.5 426.2 517.9 612.6 783.5
LSC003005J 2.49 82.5 729.4 1449.7 2201.2 2825.2 3520.1 4896.4
LSC003005R 2.25 82.4 722.8 1424.3 2151.8 2752.0 3417.8 4727.9
LSC003010 0.25 16.7 142.2 247.6 342.6 419.5 501.9 650.7
LSC003010J 2.25 89.7 776.7 1523.2 2290.3 2922.0 3616.5 4968.7
LSC003010R 2.00 88.8 750.9 1450.5 2164.7 2747.0 3382.8 4607.0
LSC003015 0.22 30.7 189.4 325.8 446.0 538.5 632.1 802.4
LSC003020 0.03 2.0 21.5 37.8 52.3 63.6 75.2 96.1
LSC003020J 2.00 91.9 784.8 1487.7 2252.8 2859.4 3509.6 4761.8
LSC003020J2 1.78 87.7 732.3 1403.9 2118.2 2679.1 3278.6 4423.6
LSC003020R 1.75 87.7 727.0 1393.8 2100.4 2654.8 3245.9 4375.2
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LSC003025 0.20 11.8 109.1 190.7 264.3 323.9 388.0 503.8
LSC003025J 1.75 88.7 731.4 1412.6 2131.2 2691.8 3286.6 4424.9
LSC003025R 1.03 75.8 606.0 1106.3 1573.4 1953.8 2358.0 3117.8
LSC003030 0.13 16.8 107.5 185.2 254.1 307.6 362.5 461.5
LSC003030J 1.03 78.4 616.4 1135.7 1622.7 2016.8 2436.6 3240.7
LSC003030R 0.58 49.2 396.3 712.7 997.4 1222.2 1458.6 1889.4
LSC003035 0.19 23.1 152.6 263.1 360.6 436.2 513.3 651.9
LSC003035J 0.58 50.3 405.9 727.1 1015.4 1241.3 1478.9 1904.8
LSC003035R 0.40 36.8 286.0 505.6 701.9 856.0 1017.1 1305.5
LSC003040 0.19 22.1 158.6 274.5 376.3 454.7 534.0 677.8
LSC003040J 0.40 36.9 287.4 508.0 704.8 859.2 1020.9 1310.3
LSC003040R 0.21 23.4 159.9 276.2 379.5 460.4 543.3 692.9
LSC003045 0.21 23.5 160.5 277.5 381.4 462.5 545.7 695.8
LSC003500 0.15 66.6 144.0 202.7 251.3 285.3 321.6 399.6
LSC003500J 0.40 161.0 381.3 547.3 682.0 776.6 878.2 1095.7
LSC003500R 0.25 119.3 263.8 370.1 456.0 516.4 581.5 722.1
LSC003505 0.25 123.8 268.4 375.8 462.3 523.2 588.8 730.9
LSC003505J 0.25 123.8 268.4 375.8 462.3 523.2 588.8 730.9
LSC004000 0.24 97.2 233.5 337.0 424.4 485.7 548.9 683.1
LSC004000J 0.46 133.5 366.8 575.5 753.8 889.6 1022.4 1288.0
LSC004000R 0.22 57.4 197.9 306.0 399.1 470.3 539.0 673.7
LSC004005 0.22 61.4 200.9 310.4 404.8 476.9 546.3 682.3
LSC004005J 0.22 61.4 200.9 310.4 404.8 476.9 546.3 682.3
LSC004500 0.18 37.5 126.9 198.1 261.3 311.7 360.9 454.6
LSC004500J 2.16 398.7 1133.8 1838.8 2541.9 3102.0 3655.5 4887.6
LSC004500R 1.57 354.7 956.0 1520.7 2031.8 2410.5 2823.3 3729.9
LSC004505 0.28 132.1 285.1 400.2 494.1 560.2 630.8 783.0
LSC004505J 1.57 369.9 978.3 1554.7 2069.6 2448.8 2865.3 3787.2
LSC004505R 1.29 339.2 909.9 1410.0 1846.6 2163.3 2512.1 3275.8
LSC004510 0.19 131.5 277.1 379.3 459.0 516.5 578.5 713.7
LSC004510J 1.29 354.5 939.4 1449.1 1884.4 2198.4 2554.5 3330.2
LSC004510R 1.10 339.5 883.2 1342.5 1728.9 2007.5 2324.1 3005.6
LSC004515 0.23 133.6 288.3 400.9 489.2 552.4 620.7 769.5
LSC004515J 1.10 344.5 891.1 1352.9 1739.2 2016.8 2336.7 3024.3
LSC004515R 0.86 320.5 798.3 1180.1 1495.8 1723.0 1983.6 2528.5
LSC004520 0.33 164.9 356.1 498.5 613.2 694.2 781.0 968.9
LSC004520J 0.86 333.1 825.6 1200.5 1516.8 1745.4 2015.5 2567.0
LSC004520R 0.54 251.3 578.0 823.3 1028.9 1179.6 1346.1 1690.7
LSC004525 0.27 173.4 370.6 510.3 619.6 698.0 783.1 968.5
LSC004525J 0.54 259.2 592.0 841.7 1050.4 1201.1 1372.2 1715.3
LSC004525R 0.26 122.5 287.5 411.1 512.6 586.7 663.9 824.2
LSC004530 0.26 124.8 293.5 419.3 522.6 594.9 670.2 831.6
LSC004530J 0.26 124.8 293.5 419.3 522.6 594.9 670.2 831.6
LSC005000 0.31 90.6 198.9 283.5 356.9 409.7 465.4 583.6
LSC005000R 1.55 283.1 698.5 1066.1 1477.7 1805.0 2152.1 2920.6
LSC005005 0.13 76.9 164.1 227.1 276.3 311.7 349.7 432.5
LSC005005J 1.55 297.9 748.3 1131.6 1575.0 1924.5 2288.7 3077.5
LSC005005J1 1.24 231.9 562.2 853.8 1209.0 1485.2 1776.9 2408.9
LSC005005R 1.12 223.8 529.8 802.7 1132.9 1387.5 1658.1 2235.2
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LSC005010 0.17 115.5 245.5 334.7 404.3 454.6 509.6 629.8
LSC005010J 1.12 225.6 532.6 806.5 1139.0 1393.9 1665.4 2241.3
LSC005010J1 0.79 225.6 532.6 772.6 991.6 1147.4 1307.0 1641.7
LSC005010R 0.62 207.6 481.9 694.4 879.8 1012.4 1148.3 1434.1
LSC005015 0.14 53.3 126.3 182.5 231.1 265.5 300.6 374.2
LSC005015J 0.62 209.6 486.0 700.3 885.1 1018.0 1154.7 1441.7
LSC005020 0.30 104.4 228.0 323.6 405.3 463.1 524.4 655.0
LSC005025 0.18 55.0 139.0 204.6 262.4 305.2 347.4 434.0
LSC005500 0.06 21.2 46.4 65.8 82.2 93.7 106.0 132.4
LSC005500J 0.74 162.7 382.6 596.9 838.2 1019.7 1214.4 1620.3
LSC005500R 0.68 145.2 339.5 534.7 758.5 927.4 1109.1 1488.0
LSC005505 0.15 62.9 136.8 193.0 239.5 272.1 307.0 382.0
LSC005505J 0.68 147.4 351.0 549.0 780.3 954.7 1141.4 1528.4
LSC005505R 0.53 101.1 225.1 372.8 553.2 691.1 839.9 1147.6
LSC005510 0.21 88.2 192.5 271.9 337.9 384.2 433.6 540.0
LSC005510R 0.29 0.0 0.9 63.0 161.2 245.9 340.2 536.3
LSC006000 0.11 0.0 32.0 67.9 101.4 129.3 160.0 223.7
LSC006000R 0.18 0.0 0.0 1.5 34.4 83.7 155.7 318.9
LSC006005 0.18 0.0 0.0 1.5 35.4 85.9 158.5 323.8
LSC006005J 0.18 0.0 0.0 1.5 35.4 85.9 158.5 323.8
LSC006500 0.32 90.9 195.2 277.2 349.0 401.6 456.6 572.2
LSC006500R 5.12 416.6 1140.2 1806.7 2455.3 2963.7 3517.8 4814.0
LSC006505 0.12 61.9 133.4 186.5 229.3 259.5 291.9 361.9
LSC006505J 5.12 463.4 1291.0 1990.3 2666.3 3165.6 3706.2 4969.2
LSC006505R 4.83 463.4 1291.0 1989.8 2663.9 3160.4 3695.7 4940.8
LSC006510 0.17 0.0 0.0 27.5 89.1 146.6 212.0 353.7
LSC006515 0.23 58.9 130.0 185.9 234.6 270.1 307.6 386.9
LSC006515J 4.83 507.7 1375.5 2107.3 2798.1 3346.8 3898.6 5135.4
LSC006515J1 3.32 504.1 1325.8 1986.0 2539.2 2993.5 3438.9 4431.9
LSC006515J2 1.51 123.7 342.6 555.2 968.5 1227.6 1613.8 2663.2
LSC006515R 3.09 501.5 1312.4 1957.7 2495.2 2936.2 3366.9 4321.9
LSC006520 0.28 95.7 206.5 292.4 366.1 418.7 474.1 591.4
LSC006520J 3.09 601.3 1497.2 2237.4 2755.4 3225.5 3661.4 4724.1
LSC006520R 2.81 588.5 1464.5 2175.4 2676.7 3129.3 3547.1 4561.4
LSC006525 0.20 0.0 0.0 0.0 0.0 0.0 0.0 7.7
LSC006525J 2.81 654.6 1611.3 2375.7 2916.7 3420.3 3857.3 5022.1
LSC006525J1 2.61 654.6 1611.3 2375.7 2916.7 3420.3 3857.3 5022.1
LSC006530 0.32 58.1 192.1 300.1 397.3 476.3 556.9 707.3
LSC006530R 2.29 623.1 1524.1 2221.0 2706.1 3180.7 3580.5 4637.8
LSC006535 0.30 86.8 199.6 287.8 365.3 420.6 478.3 599.8
LSC006535J 2.29 680.4 1579.8 2291.3 2767.3 3283.9 3705.0 4850.2
LSC006535J1 1.12 370.3 828.7 1231.5 1586.7 1833.7 2089.1 2633.2
LSC006535J2 1.17 310.4 772.8 1071.9 1379.4 1653.5 1888.8 2437.7
LSC006535R 0.82 289.9 635.0 959.7 1232.9 1422.4 1618.7 2038.9
LSC006540 0.22 95.4 204.6 287.9 357.8 406.9 459.0 570.1
LSC006545 0.16 67.0 146.0 206.0 256.0 291.1 328.5 409.0
LSC006545J 0.82 295.4 643.4 972.3 1247.0 1437.4 1635.3 2059.9
LSC006545J1 0.60 200.5 468.3 705.1 904.2 1042.7 1187.3 1498.8
LSC006545R 0.44 143.7 353.6 523.3 668.3 769.4 875.6 1104.6
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LSC006550 0.22 136.9 292.3 403.6 491.0 553.6 621.1 768.1
LSC006550J 0.44 149.9 359.6 529.5 674.9 776.5 883.6 1113.9
LSC006550R 0.22 96.0 209.8 295.4 365.8 415.0 468.1 582.3
LSC006555 0.22 96.9 211.7 298.2 369.0 418.8 472.2 587.5
LSC006555J 0.22 96.9 211.7 298.2 369.0 418.8 472.2 587.5
LSC007000 0.41 129.1 279.3 396.5 498.1 571.2 648.1 810.6
LSC007000R 0.66 184.9 539.7 835.1 1093.2 1286.7 1482.8 1871.6
LSC007005 0.18 14.7 143.0 254.2 352.6 428.7 505.9 646.3
LSC007005J 0.66 235.9 628.6 935.9 1196.6 1383.0 1575.8 1976.3
LSC007005J1 0.47 221.8 506.8 719.5 896.2 1019.7 1149.2 1427.7
LSC007010 0.04 19.7 42.7 59.6 73.1 82.6 92.9 115.2
LSC007015 0.11 56.6 122.7 171.1 209.7 237.0 266.5 330.6
LSC007015R 0.44 207.1 470.6 667.7 830.4 945.0 1064.8 1320.8
LSC007020 0.33 152.5 351.5 501.7 626.5 713.8 804.6 998.2
LSC007020J 0.44 208.3 473.1 670.9 834.4 949.3 1069.6 1327.1
LSC007500 0.09 45.7 97.6 136.2 167.3 189.3 212.7 263.4
LSC007500J 9.62 472.7 1524.2 2580.1 3695.7 4725.9 5921.8 8720.1
LSC007500J1 8.28 472.7 1518.5 2534.8 3592.7 4552.5 5649.8 8091.6
LSC007500J2 1.34 172.5 493.8 903.7 1347.9 1811.5 2354.0 3415.4
LSC007500R 1.25 142.6 459.2 861.3 1287.6 1733.2 2247.8 3248.5
LSC007505 0.20 84.5 200.6 288.7 362.7 414.7 468.2 581.6
LSC007505R 0.56 0.0 94.3 249.5 422.2 659.1 922.6 1468.9
LSC007510 0.29 0.0 95.8 255.5 405.5 528.9 662.4 924.0
LSC008000 0.20 64.3 141.7 201.7 253.0 289.4 328.1 410.6
LSC008000R 0.29 0.0 70.8 188.1 297.8 389.0 488.9 694.1
LSC008005 0.29 0.0 72.7 191.5 302.8 395.2 496.5 705.1
LSC008005J 0.29 0.0 72.7 191.5 302.8 395.2 496.5 705.1
LSC008500 0.18 0.0 17.9 79.6 142.7 196.0 255.7 381.8
LSC008500R 1.00 0.4 129.1 272.2 473.9 645.5 849.1 1306.7
LSC008505 0.12 0.0 35.4 74.1 110.0 139.8 172.6 239.8
LSC008505J 1.00 0.4 130.2 283.4 486.2 660.5 868.2 1332.9
LSC008505R 0.70 0.4 127.6 271.3 445.6 595.7 773.0 1162.7
LSC008510 0.18 0.0 0.0 2.2 37.0 92.2 179.7 382.3
LSC008515 0.18 0.0 0.0 5.2 32.2 67.9 117.8 232.7
LSC008520 0.14 0.0 38.4 79.9 118.4 150.4 185.8 258.8
LSC008520J 0.70 0.4 137.5 291.0 475.7 644.0 838.7 1250.1
LSC008520J1 0.52 0.4 137.5 291.0 443.5 581.9 735.8 1045.8
LSC008520R 0.38 0.4 122.2 252.9 375.8 482.1 598.4 832.7
LSC008525 0.15 0.4 48.5 98.5 145.1 183.8 226.5 314.3
LSC008525J 0.38 0.4 127.1 258.8 383.6 493.7 610.7 846.8
LSC008525R 0.23 0.0 78.8 165.4 246.1 313.7 387.1 534.2
LSC008530 0.23 0.0 79.2 167.0 248.4 315.5 388.9 536.5
LSC008530J 0.23 0.0 79.2 167.0 248.4 315.5 388.9 536.5
LSC009000 0.24 110.3 239.0 336.2 416.0 472.1 532.0 661.1
LSC009000R 0.36 38.7 239.2 404.5 551.7 668.7 792.6 1014.8
LSC009005 0.20 18.7 118.2 200.1 273.7 333.1 396.3 509.1
LSC009005J 0.36 39.3 242.7 410.4 559.4 677.4 802.5 1027.7
LSC009010 0.17 22.0 136.9 231.2 314.0 378.3 443.7 561.6
LSC009400 0.06 25.8 56.0 79.1 98.4 111.9 126.3 157.2
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LSC009400R 0.32 167.3 358.0 502.5 619.1 702.4 789.2 978.1
LSC009405 0.16 77.2 166.9 234.3 289.3 328.1 369.5 458.7
LSC009405J 0.32 172.7 369.5 513.5 630.7 713.5 802.1 993.5
LSC009410 0.16 101.5 215.5 296.8 360.7 406.4 455.7 562.9
LSC009600 0.26 97.8 212.9 301.5 376.4 429.2 485.3 605.1
LSC009800 0.26 98.7 212.3 299.9 374.4 427.0 482.6 600.9
LSC011000 0.25 68.8 146.4 207.5 261.3 301.2 342.9 429.8
LSC011000R 0.38 68.1 177.8 271.9 354.9 416.7 482.2 618.7
LSC011005 0.22 72.2 157.6 223.8 280.5 320.8 363.4 454.1
LSC011005J 0.38 72.5 187.7 284.2 368.7 431.3 497.9 637.1
LSC011005R 0.17 42.3 93.7 134.3 169.6 195.4 222.6 280.2
LSC011010 0.17 42.5 94.1 134.7 170.1 195.9 223.2 280.9
LSC011010J 0.17 42.5 94.1 134.7 170.1 195.9 223.2 280.9
LSC011500 0.10 49.3 105.8 148.4 183.1 207.6 233.6 289.7
LSC011500R 1.40 11.6 555.3 1119.7 1595.5 1947.4 2212.2 2947.8
LSC011505 0.12 58.2 126.6 177.7 219.3 248.6 280.0 347.9
LSC011505P 1.40 11.6 565.9 1142.9 1626.0 1980.5 2348.6 3083.1
LSC011510 0.16 79.6 171.3 240.2 296.3 335.7 377.8 468.7
LSC011510J 1.28 438.7 1026.6 1469.6 1853.3 2130.0 2420.4 3042.0
LSC011510R 1.11 415.2 954.3 1347.8 1680.8 1920.1 2170.3 2707.3
LSC011515 0.33 118.7 257.2 364.3 455.7 520.3 588.7 734.3
LSC011515J 1.11 487.1 1089.2 1542.6 1904.9 2163.5 2443.0 3038.7
LSC011515R 0.78 370.3 834.8 1192.2 1472.1 1671.0 1888.1 2357.4
LSC011520 0.10 82.1 170.1 227.8 272.6 305.5 341.6 420.8
LSC011520J 0.78 375.4 858.1 1214.0 1494.3 1692.8 1913.6 2386.9
LSC011520J1 0.60 335.7 758.1 1070.5 1316.4 1489.4 1679.2 2093.6
LSC011520R 0.50 301.2 667.4 931.3 1135.5 1281.3 1442.2 1789.4
LSC011525 0.11 89.5 186.2 249.6 298.8 335.0 374.7 461.9
LSC011530 0.14 87.5 185.3 254.9 309.2 348.4 390.5 482.2
LSC011530J 0.50 311.7 685.2 950.6 1157.8 1305.8 1468.2 1822.1
LSC011530J1 0.39 256.0 550.5 755.2 914.3 1030.4 1156.3 1431.3
LSC011530R 0.25 177.1 375.7 511.4 616.7 693.3 777.3 960.2
LSC011535 0.14 101.9 216.3 294.5 354.9 398.9 447.0 552.3
LSC011535J 0.25 178.8 379.8 516.3 622.0 699.1 783.4 968.2
LSC011540 0.11 77.1 163.5 221.9 267.4 300.4 336.7 416.1
LSC012000 0.06 27.8 59.5 83.7 103.7 117.8 132.7 164.7
LSC012000R 0.27 95.1 209.9 298.3 372.8 425.4 481.5 601.7
LSC012005 0.27 97.4 213.8 303.5 379.3 432.5 489.3 611.0
LSC013000 0.14 11.3 86.6 150.2 207.4 253.3 302.1 389.9
LSC013000R 0.38 9.5 63.4 171.4 270.0 346.1 429.6 606.3
LSC013005 0.18 122.8 258.7 353.6 427.2 480.4 538.0 663.8
LSC013005P 0.38 9.5 63.5 172.1 271.0 347.3 431.1 608.5
LSC013010 0.20 132.9 281.6 386.7 468.2 526.9 590.6 729.5
LSC014500 0.26 115.5 250.1 351.9 435.7 494.4 557.2 692.5
LSC014500R 0.15 88.4 190.1 254.2 310.1 351.2 396.8 497.6
LSC014505 0.15 90.9 195.7 271.0 329.9 372.1 417.8 517.6
LSC015000 0.30 110.3 243.4 345.6 431.9 492.4 557.1 696.1
LSC015500 0.03 18.7 39.9 55.4 67.8 76.6 86.0 106.3
LSC015500J 0.53 104.9 227.7 376.6 558.9 698.2 849.0 1160.2
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LSC015500J1 0.32 18.7 39.9 104.7 221.9 317.6 423.1 641.5
LSC015505 0.11 0.0 0.0 0.0 0.0 0.0 0.0 34.6
LSC015510 0.18 0.0 0.9 63.3 162.4 247.8 342.9 540.3
LSC015510J 0.29 0.0 0.9 63.3 162.4 247.8 342.9 540.3
LSC016500 0.06 15.4 33.5 47.7 60.1 69.3 78.9 99.0
LSC016500J 1.45 110.6 314.4 561.3 956.4 1260.4 1587.0 2696.8
LSC016500J1 0.73 57.4 153.3 320.6 581.5 796.7 1021.1 1500.0
LSC016500J2 0.50 53.5 116.6 165.7 207.9 306.5 481.7 808.8
LSC016500R 1.45 108.5 309.5 512.3 909.6 1161.5 1543.9 2567.3
LSC016505 0.22 57.4 153.3 229.1 296.5 348.9 399.4 501.2
LSC016505J 0.51 0.0 42.7 187.4 358.2 525.8 686.7 1095.4
LSC016505R 0.51 0.0 40.0 179.9 350.9 506.4 667.6 1062.9
LSC016510 0.23 0.0 52.5 120.7 184.5 237.6 296.6 421.0
LSC016515 0.29 0.0 42.7 187.3 338.7 465.5 605.2 887.0
LSC016515R 0.22 0.0 0.0 37.2 116.5 194.2 285.1 480.3
LSC016520 0.22 0.0 0.0 37.4 117.5 196.6 287.3 484.0
LSC016520J 0.22 0.0 0.0 37.4 117.5 196.6 287.3 484.0
LSC017500 0.27 66.7 202.1 309.6 404.5 479.4 551.7 692.4
LSC017500J 1.25 145.8 472.5 920.4 1377.4 1849.5 2351.1 3344.4
LSC017500J1 0.76 84.5 200.9 433.3 665.4 971.9 1306.9 1989.8
LSC017500J2 0.49 66.7 274.2 500.4 714.3 879.9 1050.1 1367.9
LSC017500R 0.22 2.3 121.6 240.6 348.6 434.8 525.3 692.6
LSC017505 0.22 2.4 125.9 247.5 357.9 445.7 538.1 708.1
LSC017505J 0.22 2.4 125.9 247.5 357.9 445.7 538.1 708.1
LSC021000 0.04 4.7 30.5 52.5 72.3 87.9 104.1 133.2
LSC021000R 0.29 25.7 220.3 385.6 531.3 644.8 761.4 970.8
LSC021005 0.29 26.0 224.3 391.3 539.0 653.6 771.4 982.7
LSC021500 0.17 9.0 82.1 143.1 198.6 243.9 293.4 384.4
LSC021500R 0.14 9.0 95.5 168.0 232.5 283.7 337.2 433.3
LSC021505 0.14 9.3 96.9 170.5 236.1 288.0 342.3 439.2
LSC022000 0.10 12.2 97.6 169.2 230.6 276.5 322.5 406.8
LSC022000R 0.10 9.2 91.6 159.9 218.8 262.9 307.6 388.8
LSC022005 0.10 9.3 92.9 162.3 222.0 266.7 311.3 393.2
LSC023000 0.11 14.8 92.9 159.8 219.0 264.6 311.0 395.0
LSC023000R 0.21 20.7 179.9 313.5 430.0 518.1 607.2 769.3
LSC023005 0.21 20.8 181.4 315.9 433.2 521.8 611.4 773.6
LSC025000 0.32 0.0 0.0 46.4 149.8 247.1 358.4 600.5
LSC026500 0.25 78.4 170.7 242.6 304.6 349.0 395.9 495.2
LSC026500R 0.92 240.0 627.9 903.5 1172.2 1377.4 1577.2 2013.2
LSC026505 0.22 107.4 231.2 324.3 400.3 453.7 510.7 633.7
LSC026505J 0.92 247.1 639.3 950.9 1222.4 1414.5 1616.7 2049.9
LSC026505R 0.69 216.2 534.4 779.7 986.3 1132.2 1287.2 1619.8
LSC026510 0.25 90.4 197.5 280.0 349.8 398.9 451.1 562.8
LSC026510J 0.69 216.8 535.2 780.6 987.3 1133.3 1288.7 1621.6
LSC026510R 0.45 162.7 376.3 541.0 678.6 775.5 878.7 1100.9
LSC026515 0.21 86.8 189.6 268.0 333.5 379.4 428.4 533.8
LSC026515J 0.45 164.8 379.5 545.2 683.6 781.1 884.9 1108.4
LSC026515R 0.24 99.0 216.1 305.3 379.2 431.1 486.4 605.7
LSC026520 0.24 99.7 217.4 306.9 381.2 433.3 488.9 608.7
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LSC026520J 0.24 99.7 217.4 306.9 381.2 433.3 488.9 608.7
LSC027500 0.27 0.0 0.0 4.1 65.5 162.8 293.3 584.2
LSC027500J 0.56 0.0 95.8 255.5 430.6 670.0 937.9 1492.7
LSC031000 0.11 7.7 82.5 145.0 200.5 244.0 288.8 368.9
LSC031000R 0.36 26.9 242.7 423.0 584.0 711.4 845.4 1086.1
LSC031005 0.22 16.1 140.6 245.4 339.3 414.3 493.3 634.6
LSC031005J 0.36 27.1 244.6 427.7 590.9 719.5 854.8 1097.6
LSC031010 0.14 11.4 107.3 187.8 259.1 314.7 371.7 474.2
LSC031500 0.21 17.8 131.3 227.2 313.8 383.3 457.4 590.6
LSC031500R 0.26 25.0 183.1 316.6 436.0 530.1 629.0 806.6
LSC031505 0.26 25.4 185.4 321.3 442.8 539.1 639.5 819.4
LSC032000 0.40 0.0 103.5 229.6 347.3 445.1 553.2 778.7
LSC032000R 1.09 0.0 289.8 746.9 1210.1 1604.0 2040.8 2928.3
LSC032005 0.26 0.0 93.0 205.0 309.4 395.6 489.8 679.4
LSC032010 0.12 0.0 53.4 120.8 183.0 233.5 287.2 389.0
LSC032010J 1.09 0.0 305.2 807.4 1315.4 1739.2 2199.3 3107.7
LSC032010J1 0.26 0.0 93.0 205.0 309.4 395.6 489.8 679.4
LSC032010J2 0.83 0.0 263.3 674.4 1077.9 1412.7 1775.0 2486.3
LSC032010R 0.71 0.0 251.9 635.5 1007.4 1313.8 1641.1 2274.1
LSC032015 0.15 0.0 61.9 140.6 213.5 272.9 336.5 458.8
LSC032015J 0.71 0.0 270.3 676.0 1062.3 1376.1 1708.9 2347.5
LSC032015J1 0.32 0.0 118.9 291.4 455.6 590.0 733.0 1008.7
LSC032015J2 0.40 0.0 182.2 429.0 656.4 839.1 1031.4 1388.9
LSC032015R 0.17 0.0 79.9 184.8 281.0 358.7 440.8 595.6
LSC032020 0.17 0.0 80.4 186.0 282.8 361.2 443.9 599.0
LSC041500 0.03 3.0 35.4 61.7 83.6 99.4 115.2 144.6
LSC041500R 0.61 70.1 383.3 645.1 872.8 1029.4 1189.5 1504.2
LSC041505 0.28 18.1 171.7 300.6 416.3 509.1 607.7 784.4
LSC041505J 0.61 72.9 396.5 665.6 892.8 1043.7 1203.9 1515.0
LSC041505J1 0.33 65.4 225.0 365.3 480.8 539.9 596.9 733.2
LSC041505J2 0.28 18.1 171.7 300.6 416.3 509.1 607.7 784.4
LSC041510 0.10 65.1 140.0 192.5 233.2 262.6 294.7 365.0
LSC041510R 0.23 39.4 147.5 233.4 303.1 349.7 399.1 501.8
LSC041515 0.14 101.9 214.4 290.9 350.2 393.5 440.5 543.5
LSC041515J 0.23 39.8 149.4 236.6 307.6 357.4 408.9 513.8
LSC041515P 0.14 38.5 147.1 233.5 302.6 350.1 398.7 497.1
LSC041520 0.09 66.6 140.7 189.9 228.0 255.9 286.7 354.3
LSC041520P 0.09 1.4 3.1 7.5 12.1 15.6 19.5 39.4
LSC042000 0.18 17.4 119.9 207.1 285.4 347.8 413.5 531.7
LSC042000R 0.28 15.6 162.1 285.0 395.7 484.8 580.3 752.0
LSC042005 0.28 15.8 163.1 286.6 397.8 487.4 583.3 755.5
LSC052000 0.24 22.9 153.2 264.0 364.0 444.5 530.3 685.3
LSC052000R 0.52 39.8 347.7 606.7 842.6 1025.5 1217.5 1562.1
LSC052005 0.24 16.6 157.5 275.8 381.8 466.4 555.7 714.9
LSC052005J 0.52 40.6 353.8 617.9 853.4 1039.7 1235.5 1585.4
LSC052005J1 0.28 24.1 198.5 345.6 476.6 579.4 686.7 878.9
LSC052005J2 0.24 16.6 157.5 275.8 381.8 466.4 555.7 714.9
LSC052010 0.11 11.1 82.2 142.5 195.9 237.6 280.3 357.0
LSC052015 0.17 13.0 117.3 205.1 283.4 345.4 410.1 525.7
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LSC0MC000 0.33 103.1 216.5 305.6 384.0 441.5 501.3 626.0
LSC0MC000J 46.00 1091.6 4393.3 7567.9 10232.8 12046.1 14373.5 19951.4
LSC0MC000R 45.66 1073.7 4370.4 7530.4 10188.5 12000.8 14322.9 19910.2
LSC0MC005 0.27 83.3 174.3 245.9 308.9 355.1 403.2 503.3
LSC0MC005J 45.66 1078.6 4384.2 7550.0 10235.1 12048.3 14374.7 20329.8
LSC0MC005J1 0.83 292.7 687.9 993.8 1239.2 1415.1 1599.3 1988.5
LSC0MC005J2 44.84 942.3 4234.0 7370.3 10034.2 11867.4 14194.8 20139.4
LSC0MC005R 44.20 938.4 4210.1 7329.3 9975.9 11802.7 14123.3 20055.8
LSC0MC007 0.24 138.9 298.3 413.2 503.6 568.1 637.8 789.8
LSC0MC010 0.26 91.7 197.0 278.6 348.9 399.0 451.7 563.2
LSC0MC010J 44.20 943.9 4239.8 7368.0 10169.0 12125.9 14443.9 20388.8
LSC0MC010J1 43.96 943.9 4239.8 7367.8 10168.4 12125.0 14442.1 20382.2
LSC0MC010R 43.70 943.5 4231.7 7355.5 10151.2 12106.4 14420.1 20355.2
LSC0MC015 0.17 86.6 183.3 256.0 315.3 357.2 401.5 496.7
LSC0MC015J 43.70 956.7 4294.1 7428.6 10476.6 12668.4 15042.7 20909.4
LSC0MC015R 43.53 955.3 4292.4 7424.5 10471.5 12661.1 15031.4 20895.2
LSC0MC018 0.06 29.1 61.9 86.8 107.3 121.8 137.1 169.9
LSC0MC018J 43.53 972.5 4334.5 7482.1 10794.3 13033.7 15465.9 21237.2
LSC0MC018J1 40.01 871.4 3535.3 6282.1 8896.1 10621.4 12563.8 18484.7
LSC0MC018J2 3.52 151.1 915.9 1662.5 2065.1 2600.0 3222.9 4524.8
LSC0MC018R 39.95 871.4 3535.3 6281.8 8895.3 10619.6 12560.7 18480.9
LSC0MC020 0.07 26.7 56.6 79.6 99.3 113.1 127.7 158.7
LSC0MC020J 39.95 872.7 3537.8 6287.5 8903.2 10627.8 12568.3 18717.5
LSC0MC020J1 33.97 746.9 2718.5 4697.6 6554.0 7737.6 9687.2 15624.4
LSC0MC020J2 5.98 180.9 1186.1 2089.7 2797.7 3403.2 4042.8 5800.5
LSC0MC020R 33.91 746.9 2718.4 4696.7 6552.0 7735.8 9686.1 15620.9
LSC0MC025 0.35 117.6 252.7 357.8 448.4 513.4 581.6 725.7
LSC0MC025J 33.91 747.5 2757.0 4767.2 6630.3 7867.1 9963.9 15945.3
LSC0MC025R 33.56 746.8 2753.6 4757.5 6612.7 7852.0 9950.1 15919.1
LSC0MC030 0.12 50.8 106.9 150.3 187.3 213.6 241.1 299.3
LSC0MC030J 33.56 747.1 2765.0 4777.2 6632.3 7866.0 10051.9 15972.5
LSC0MC030J1 33.35 747.1 2765.0 4776.8 6630.9 7864.6 10049.4 15964.4
LSC0MC030R 33.23 747.0 2764.1 4773.3 6623.8 7858.0 10041.6 15952.5
LSC0MC035 0.21 99.6 214.1 300.2 370.8 420.5 473.5 587.4
LSC0MC040 0.11 53.7 115.9 162.6 200.6 227.3 255.8 317.5
LSC0MC041 0.04 28.6 60.5 82.3 99.2 111.4 124.8 154.1
LSC0MC041J 33.23 750.4 2832.7 4884.0 6793.8 8309.3 10426.1 16161.1
LSC0MC041J1 33.12 748.0 2832.6 4883.7 6792.9 8307.8 10423.3 16156.1
LSC0MC041R 33.08 748.0 2832.6 4883.7 6792.8 8307.5 10422.3 16154.1
LSC0MC042 0.03 23.2 47.6 63.2 75.4 84.4 94.3 116.1
LSC0MC042J 33.08 783.9 2883.4 4957.6 6928.7 8697.7 10785.5 16253.0
LSC0MC042J1 0.03 23.2 47.6 63.2 75.4 84.4 94.3 116.1
LSC0MC042J2 0.33 101.5 230.7 331.0 416.8 477.9 542.9 682.7
LSC0MC042J3 4.55 122.2 903.0 1795.7 2624.5 3378.3 4298.4 6476.2
LSC0MC042J4 4.87 219.1 920.0 1830.5 2678.2 3449.1 4395.3 6656.3
LSC0MC042R 28.17 732.6 2010.5 3516.3 5265.6 6863.3 8832.7 13575.5
LSC0MC045 0.09 52.6 110.9 153.5 187.5 211.6 237.3 293.0
LSC0MC045J 28.17 736.0 2046.3 3556.8 5316.0 6919.3 8912.7 13715.9
LSC0MC045J1 27.69 729.1 2037.1 3543.9 5299.9 6901.2 8890.1 13658.9
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LSC0MC045J2 0.49 104.8 231.4 324.7 394.7 447.7 504.3 626.5
LSC0MC045R 27.60 729.1 2037.1 3543.9 5299.9 6901.0 8889.1 13653.7
LSC0MC050 0.06 24.8 51.5 72.3 90.1 102.8 116.1 143.9
LSC0MC050J 27.60 783.5 2341.3 3735.0 5563.8 7304.9 9498.5 14709.4
LSC0MC050R 27.54 782.9 2338.1 3728.1 5563.6 7304.0 9496.0 14703.3
LSC0MC052 0.04 24.7 51.9 71.4 86.6 97.6 109.3 134.8
LSC0MC052J 27.54 788.4 2369.6 3940.2 5605.2 7333.6 9534.7 14762.3
LSC0MC052J1 24.85 734.6 2149.6 3740.9 5534.5 7183.9 9148.2 13997.5
LSC0MC052J2 2.69 82.4 704.1 1418.0 2147.2 2760.9 3454.5 4853.4
LSC0MC052R 24.81 734.6 2149.6 3740.9 5534.5 7183.7 9147.6 13994.9
LSC0MC053 0.04 27.1 56.5 76.6 92.2 103.5 115.8 142.6
LSC0MC053J 24.81 735.4 2150.5 3742.7 5545.6 7191.9 9154.5 14005.4
LSC0MC053J1 24.40 734.0 2150.5 3742.7 5545.6 7191.9 9154.0 13992.4
LSC0MC053J2 0.41 168.1 395.3 568.2 708.5 807.0 913.0 1139.0
LSC0MC053R 24.36 734.0 2150.5 3742.7 5545.6 7191.7 9153.2 13989.8
LSC0MC054 0.02 7.5 16.0 22.5 28.1 32.0 36.2 45.0
LSC0MC054R 0.40 160.5 380.0 546.1 680.6 775.2 877.0 1094.1
LSC0MC055 0.27 100.1 211.7 298.4 373.0 426.2 482.0 599.5
LSC0MC055J 24.36 741.4 2159.7 3797.8 5596.3 7243.5 9198.8 14071.1
LSC0MC055R 24.10 737.9 2159.7 3797.8 5596.2 7242.3 9192.6 14045.3
LSC0MC060 0.09 71.9 149.8 200.0 238.8 267.6 299.4 369.4
LSC0MC060J 24.10 756.0 2179.7 3844.2 5647.0 7281.7 9227.8 14086.7
LSC0MC060J1 23.55 752.4 2179.7 3844.2 5647.0 7281.7 9226.1 14053.2
LSC0MC060J2 0.55 138.2 383.5 615.5 816.6 970.5 1121.3 1423.2
LSC0MC060RA 0.46 128.5 355.8 564.9 743.5 878.9 1011.3 1273.9
LSC0MC060RB 23.46 752.4 2179.7 3844.2 5647.0 7281.7 9226.0 14050.0
LSC0MC061 0.09 49.6 106.1 147.1 179.6 202.8 227.6 281.6
LSC0MC065 0.26 115.3 249.0 350.2 433.7 492.4 554.9 689.3
LSC0MC065J 23.46 756.4 2181.7 3847.7 5651.3 7286.2 9230.7 14056.4
LSC0MC065R 23.21 755.4 2181.7 3847.7 5651.3 7286.1 9230.2 14045.8
LSC0MC070 0.19 50.0 160.1 247.2 323.6 383.1 440.7 551.4
LSC0MC070J 23.21 881.4 2352.0 4082.5 5874.9 7467.2 9415.3 14465.8
LSC0MC070J1 21.03 770.8 2352.0 4082.5 5868.6 7436.8 9343.6 14037.4
LSC0MC070J2 2.17 395.3 1125.2 1825.0 2519.6 3096.1 3651.4 4885.3
LSC0MC070R 20.84 770.8 2352.0 4082.5 5868.6 7436.7 9341.9 14025.6
LSC0MC071 0.02 11.1 23.6 32.1 38.8 43.6 48.9 60.5
LSC0MC071R 2.16 395.3 1123.7 1821.3 2516.0 3091.7 3645.2 4875.5
LSC0MC075 0.25 77.2 165.8 235.0 295.2 338.6 384.3 480.4
LSC0MC075J 20.84 780.7 2365.2 4102.8 5886.2 7453.3 9356.9 14043.4
LSC0MC075J1 20.69 780.7 2365.2 4102.8 5886.2 7453.1 9355.0 14033.0
LSC0MC075R 20.44 780.7 2365.2 4102.6 5884.7 7448.7 9342.6 13991.5
LSC0MC080 0.16 0.0 60.6 148.2 229.8 296.7 368.5 506.7
LSC0MC085 0.14 1.2 78.4 153.9 222.1 276.4 333.4 437.4
LSC0MC090 0.11 38.5 82.9 117.3 146.7 167.6 189.6 236.3
LSC0MC090J 20.44 794.8 2467.4 4204.5 5991.4 7545.9 9424.8 14090.2
LSC0MC090J1 18.45 794.5 2457.3 4069.8 5780.5 7248.9 8989.5 13233.4
LSC0MC090J2 1.86 294.4 757.9 1181.5 1654.3 2036.9 2445.3 3369.6
LSC0MC090RA 18.34 794.5 2457.3 4069.7 5780.3 7247.9 8985.8 13219.8
LSC0MC090RB 0.74 161.6 378.7 592.0 831.0 1010.8 1204.6 1607.4
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LSC0MC095 0.12 50.4 108.9 153.6 190.9 217.2 245.0 304.8
LSC0MC095J 18.34 815.1 2495.3 4111.5 5824.6 7291.4 9024.3 13262.8
LSC0MC095J1 17.60 815.1 2495.3 4111.4 5822.0 7283.5 9003.4 13129.7
LSC0MC095R 17.48 815.1 2495.3 4111.4 5821.9 7283.0 9001.8 13118.7
LSC0MC100 0.28 91.3 210.4 302.9 384.0 442.1 501.8 626.3
LSC0MC100J 17.48 832.6 2536.5 4164.3 5886.0 7344.0 9050.7 13173.5
LSC0MC100R 17.20 832.6 2536.5 4164.0 5884.3 7339.0 9037.5 13129.9
LSC0MC105 0.32 93.4 199.6 282.9 355.8 409.1 464.8 581.6
LSC0MC105J 17.20 867.2 2621.0 4260.3 5996.0 7442.9 9135.7 13227.6
LSC0MC105J1 1.07 211.4 692.4 1122.0 1510.6 1796.5 2085.0 2653.8
LSC0MC105J2 10.40 457.4 1494.6 2541.6 3671.2 4702.5 5929.2 8809.2
LSC0MC105J3 5.44 416.6 1141.9 1812.5 2468.1 2984.5 3550.4 4881.0
LSC0MC105J4 0.29 0.0 32.0 67.9 101.4 129.3 243.8 500.9
LSC0MC105R 9.86 457.4 1492.5 2530.3 3641.1 4648.4 5836.8 8606.1
LSC0MC110 0.23 0.0 48.6 124.4 195.5 254.9 320.4 458.3
LSC0MC115 0.18 82.0 181.4 256.0 317.5 360.6 406.2 504.5
LSC0MC120 0.07 27.3 59.4 83.9 104.4 118.7 134.0 166.9
LSC0MC120J 9.86 471.6 1522.6 2579.2 3699.1 4734.9 5941.8 8773.4
LSC0MC120J1 9.69 471.6 1522.6 2578.7 3696.2 4727.3 5925.6 8733.9
LSC0MC120R 9.62 471.6 1522.5 2577.8 3693.7 4722.3 5916.4 8712.9
LSC0MC122 0.12 49.1 107.1 151.4 188.3 214.2 241.9 301.3
LSC0MC122R 8.16 472.7 1518.3 2532.9 3588.3 4543.6 5633.9 8057.2
LSC0MC125 0.24 0.0 9.7 82.3 164.4 234.1 312.5 479.5
LSC0MC125J 8.16 538.7 1700.7 2819.8 3919.2 4929.3 6128.9 8748.6
LSC0MC125R 7.92 538.7 1700.2 2813.3 3900.7 4900.7 6081.3 8651.0
LSC0MC130 0.16 0.0 0.0 26.3 83.9 136.9 197.4 328.4
LSC0MC130J 7.92 558.5 1735.9 2876.8 3968.1 4932.1 6133.3 8732.5
LSC0MC130J1 7.27 557.7 1718.4 2791.0 3810.0 4753.3 5882.3 8299.4
LSC0MC130J2 0.49 64.3 160.1 326.1 499.3 633.9 779.1 1077.9
LSC0MC135 0.20 70.6 171.6 250.1 318.8 368.8 418.6 521.5
LSC0MC135R 7.07 557.6 1715.4 2779.6 3784.1 4723.0 5836.9 8218.1
LSC0MC140 0.06 22.9 50.3 71.3 89.0 101.3 114.5 143.0
LSC0MC140J 7.07 565.4 1734.3 2812.4 3821.4 4754.6 5889.4 8300.9
LSC0MC140J1 5.89 565.4 1635.7 2645.0 3598.0 4346.3 5168.3 6981.4
LSC0MC140J2 1.17 0.4 129.8 273.9 484.2 666.9 885.1 1381.8
LSC0MC140R 5.83 565.2 1634.1 2640.5 3589.1 4332.9 5149.7 6950.0
LSC0MC145 0.08 29.2 63.9 90.6 112.9 128.6 145.4 181.3
LSC0MC145J 5.83 644.9 1811.0 2892.5 3903.3 4688.1 5544.9 7418.0
LSC0MC145J1 5.23 643.9 1794.1 2838.0 3803.3 4546.9 5353.2 7113.0
LSC0MC145J2 0.61 110.6 443.4 704.9 932.7 1110.2 1297.7 1647.1
LSC0MC145R 5.15 643.6 1791.8 2831.7 3791.3 4529.2 5329.0 7073.3
LSC0MC150 0.36 105.0 230.3 328.3 413.2 474.3 538.9 675.8
LSC0MC150J 5.15 649.5 1811.5 2859.9 3826.4 4567.3 5370.5 7123.2
LSC0MC150R 4.79 641.2 1765.3 2763.4 3676.7 4372.8 5125.0 6762.0
LSC0MC155 0.13 38.4 84.2 120.0 151.1 173.5 197.1 247.2
LSC0MC155J 4.79 655.0 1805.5 2822.3 3748.7 4453.4 5213.2 6867.6
LSC0MC155R 4.65 649.8 1781.4 2776.1 3680.6 4366.8 5105.8 6714.3
LSC0MC160 0.14 0.0 0.0 0.0 0.0 0.0 7.7 67.7
LSC0MC160J 4.65 665.4 1815.3 2829.0 3747.0 4440.5 5188.0 6811.6
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2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
LSC0MC160J1 4.51 665.4 1815.3 2829.0 3747.0 4440.5 5188.0 6768.6
LSC0MC165 0.25 99.6 216.3 305.7 380.9 433.9 490.2 610.5
LSC0MC165R 4.26 660.4 1789.5 2775.9 3664.4 4333.5 5052.9 6572.6
LSC0MC170 0.38 175.1 379.5 533.8 660.1 748.8 843.6 1048.2
LSC0MC170J 4.26 669.8 1820.1 2832.9 3745.3 4430.0 5164.4 6722.4
LSC0MC170J1 4.05 660.4 1780.8 2760.7 3639.9 4297.4 5001.4 6493.3
LSC0MC170R 3.67 654.1 1748.5 2691.7 3531.2 4156.4 4822.8 6232.2
LSC0MC175 0.21 75.6 165.3 234.6 293.3 334.7 378.7 472.8
LSC0MC180 0.02 10.4 22.6 31.8 39.3 44.6 50.2 62.4
LSC0MC180J 3.67 689.8 1809.1 2831.6 3736.1 4399.0 5104.1 6579.2
LSC0MC180J1 3.51 678.8 1768.4 2768.0 3644.7 4285.8 4966.8 6392.5
LSC0MC185 0.16 72.9 157.2 220.9 273.2 310.0 349.3 433.7
LSC0MC185R 3.49 677.2 1763.4 2758.9 3632.1 4270.1 4947.5 6366.3
LSC0MC190 0.29 100.2 221.4 314.9 394.2 449.9 509.4 637.0
LSC0MC195 0.23 78.1 170.8 242.5 303.7 347.1 393.1 491.1
LSC0MC195J 3.49 687.5 1765.1 2775.2 3656.8 4299.5 4981.3 6408.0
LSC0MC195J1 3.20 648.0 1667.3 2597.9 3406.5 3994.6 4615.6 5923.0
LSC0MC195R 2.98 613.2 1585.4 2451.5 3202.0 3747.2 4322.1 5535.8
LSC0MC200 0.25 97.4 211.5 298.9 372.5 424.2 479.1 596.7
LSC0MC205 0.24 80.6 176.3 250.5 314.0 359.0 406.7 508.4
LSC0MC205J 2.98 630.4 1602.0 2480.8 3236.5 3785.5 4362.8 5591.9
LSC0MC205J1 2.34 499.4 1367.9 2075.9 2687.5 3131.2 3600.3 4590.2
LSC0MC205J2 0.39 192.6 414.0 581.6 717.2 813.9 914.9 1134.6
LSC0MC205RB 2.10 471.0 1264.5 1900.9 2452.8 2853.4 3275.6 4168.3
LSC0MC210 0.35 119.7 260.2 369.0 462.1 528.1 598.0 746.6
LSC0MC210J 2.10 474.9 1273.2 1909.7 2464.5 2866.3 3290.6 4187.3
LSC0MC210R 1.76 412.0 1078.9 1612.4 2077.8 2413.8 2768.3 3518.6
LSC0MC215 0.14 58.4 126.6 178.7 222.2 252.8 285.3 355.0
LSC0MC215J 1.76 413.0 1081.9 1616.8 2083.6 2420.2 2775.8 3527.5
LSC0MC215J1 1.50 367.2 941.3 1397.2 1793.0 2078.7 2380.5 3019.3
LSC0MC215R 1.35 348.4 880.4 1299.1 1659.9 1919.2 2193.5 2774.6
LSC0MC220 0.27 105.7 230.7 326.5 407.1 463.6 524.0 653.2
LSC0MC220J 1.35 350.2 885.1 1306.2 1668.0 1928.3 2203.1 2787.1
LSC0MC220J1 1.10 285.7 710.3 1047.8 1338.1 1546.2 1766.5 2235.3
LSC0MC220R 0.82 236.8 559.2 813.3 1031.1 1186.3 1351.1 1702.2
LSC0MC225 0.18 77.6 169.4 238.9 296.1 336.2 379.1 471.8
LSC0MC230 0.12 54.7 120.0 169.0 209.0 237.0 267.2 332.6
LSC0MC230J 0.82 241.1 569.5 827.2 1048.1 1205.8 1372.4 1729.6
LSC0MC230J1 0.65 194.5 447.2 646.2 816.9 937.8 1066.1 1341.4
LSC0MC230R 0.53 171.5 384.9 550.3 690.8 789.8 895.6 1122.3
LSC0MC235 0.26 87.0 192.4 274.0 343.2 391.9 443.9 555.4
LSC0MC235J 0.53 172.0 385.9 551.8 692.6 791.8 897.8 1125.2
LSC0MC235R 0.27 90.8 201.0 286.3 358.5 409.5 463.8 580.4
LSC0MC240 0.27 91.2 201.8 287.2 359.8 410.8 465.3 582.2
LSC0MC240J 0.27 91.2 201.8 287.2 359.8 410.8 465.3 582.2
LSC111500 0.09 49.3 106.9 148.4 181.0 204.3 229.6 284.8
LSC111500R 0.10 7.3 13.2 16.6 18.8 28.1 62.6 146.9
LSC111505 0.10 60.3 130.6 180.7 219.6 247.6 278.2 345.1
LSC111505P 0.10 7.3 13.2 16.6 18.8 28.2 62.8 147.9
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LSC116500 0.16 53.5 116.6 165.7 207.9 237.9 269.7 337.2
LSC116500R 0.33 0.0 0.0 18.7 92.5 184.5 297.0 541.5
LSC116505 0.33 0.0 0.0 18.9 94.0 187.4 300.4 551.4
LSC116505J 0.33 0.0 0.0 18.9 94.0 187.4 300.4 551.4
LSC132000 0.23 0.0 104.8 236.2 357.7 456.7 562.3 763.4
LSC132000R 0.16 0.0 89.2 205.8 310.9 394.4 479.4 635.5
LSC132005 0.16 0.0 89.9 207.6 313.8 397.9 483.2 640.1
N1A 0.28 189.8 407.5 557.4 673.3 757.5 850.1 1053.3
N1A-N1 0.85 356.4 934.2 1391.6 1759.0 2010.4 2277.9 2864.8
N1A-R1 0.85 334.4 890.2 1324.5 1677.8 1924.1 2184.3 2749.2
N1B 0.29 177.5 384.3 530.5 644.6 726.7 816.3 1012.3
N1B-N1 0.57 243.8 633.7 937.7 1178.4 1341.7 1519.3 1905.0
N1B-R1 0.57 235.9 630.9 933.3 1173.3 1337.1 1513.5 1898.2
N1C 0.19 122.3 263.7 362.2 439.0 494.4 555.1 688.1
N1C-R1 0.19 121.3 261.8 359.8 436.4 491.3 551.4 684.0
N1D 0.09 97.3 194.4 251.5 296.7 331.9 371.5 458.9
N1D-R1 0.28 144.6 325.5 464.8 577.7 655.5 740.6 926.8
N1E 0.11 155.4 285.8 360.3 420.4 469.5 525.2 647.9
N1E-N1 0.96 345.2 909.6 1358.4 1726.9 1982.3 2254.9 2845.4
N1E-R1 0.96 337.4 888.1 1323.7 1684.1 1935.1 2200.5 2780.3
N1F 0.29 430.3 778.6 972.4 1133.6 1265.8 1415.7 1746.2
N1F-R1 0.29 412.7 762.4 955.4 1116.8 1246.8 1394.7 1719.7
N1G 0.15 129.6 270.6 359.8 428.6 480.4 538.3 665.7
N1G-R1 0.15 128.2 268.3 357.3 425.8 477.8 535.5 662.0
N1H 0.24 162.7 349.3 477.7 577.1 649.3 728.7 902.8
N1H-N1 50.03 1106.5 4388.5 7565.1 10220.1 12024.4 14338.1 19934.8
N1I 0.21 194.7 401.5 529.5 628.5 704.1 788.6 974.9
N1I-R1 0.21 76.8 189.4 289.8 381.2 448.9 518.2 661.9
N1J 0.13 120.5 248.5 327.8 389.1 435.9 488.2 603.5
N1J-N1 0.42 531.9 1010.9 1283.0 1505.8 1682.7 1882.9 2317.8
N1K 0.10 108.1 216.0 279.4 329.7 368.8 412.8 509.9
N1K-N1 0.25 177.5 407.2 562.6 679.2 765.2 861.5 1074.2
N1K-R1 0.25 167.1 387.8 538.5 653.7 739.0 832.3 1034.6
N1L 0.15 87.6 190.1 263.7 321.1 362.3 407.2 505.3
N1L-N1 0.36 159.3 379.5 552.2 697.9 803.8 914.3 1148.5
N1L-R1 0.36 86.1 211.8 320.8 423.2 505.9 594.9 773.2
N1M 0.10 123.1 237.0 302.8 354.9 396.7 443.8 547.8
N1M-R1 0.10 30.4 74.3 114.0 153.3 186.2 220.2 287.8
N1N 0.09 16.4 37.0 53.5 68.1 78.9 90.4 114.9
N1O 0.12 135.6 266.9 344.9 405.7 453.7 507.7 627.0
N1O-N1 49.05 1109.9 4396.1 7575.4 10235.8 12043.1 14362.6 19951.2
N1Onul 49.05 1108.2 4392.2 7570.3 10227.9 12033.5 14349.9 19942.8
N1P 0.13 160.0 308.1 393.7 461.4 515.7 577.0 712.2
N1P-N1 0.38 194.0 485.5 727.1 916.6 1045.2 1185.7 1493.7
N1P-R1 0.38 187.6 476.7 708.0 891.5 1014.7 1151.6 1450.2
N1Q 0.12 50.6 111.1 157.0 194.9 221.5 250.0 311.5
N1Q-N1 49.17 1108.2 4392.2 7570.3 10228.0 12033.6 14350.1 19942.9
N1Qnul 49.17 1106.5 4388.5 7565.1 10220.0 12024.3 14337.9 19934.6
N1R 0.24 104.6 229.4 323.9 401.4 455.7 514.1 640.3
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N2Rnul 46.00 1090.2 4389.2 7562.4 10225.1 12035.6 14355.2 19942.9
N2S 0.19 132.3 283.8 386.6 466.1 524.3 588.3 728.7
N2S-N1 46.80 1092.3 4389.2 7562.5 10225.2 12035.9 14357.4 19943.1
N2Snul 46.80 1090.7 4385.1 7557.1 10217.5 12025.9 14342.8 19934.8
N2U 0.26 224.6 469.1 623.7 742.9 832.7 933.0 1153.8
N2U-N1 0.61 276.8 682.1 998.4 1255.9 1433.2 1621.1 2031.7
N2U-R1 0.61 255.8 608.2 888.2 1123.9 1289.6 1463.4 1839.8
N2V 0.35 225.2 485.7 667.2 808.7 910.7 1022.6 1267.5
N2V-R1 0.35 185.4 409.7 575.7 709.9 803.5 905.0 1128.6
N2W 0.20 192.4 394.4 517.6 613.8 687.3 769.7 951.2
N2W-N1 47.96 1101.2 4387.3 7560.7 10221.0 12029.3 14348.6 19937.9
N2Wnul 47.96 1099.6 4383.4 7555.5 10213.2 12019.3 14335.2 19929.6
NID-N1 0.28 145.7 327.0 467.0 580.5 659.0 744.1 930.9
NIJ-R1 0.42 345.1 775.7 1061.6 1277.0 1430.7 1604.6 1994.9
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LSC000500 0.32 11.1 23.6 34.2 44.1 52.2 61.7 82.7
LSC000500R 0.51 15.8 34.8 50.7 65.6 77.8 91.6 122.9
LSC000505 0.29 9.6 20.6 29.8 38.5 45.7 53.8 72.3
LSC000505J 0.51 16.1 35.3 51.4 66.3 78.5 92.2 123.6
LSC000505R 0.22 6.5 14.7 21.5 27.7 32.8 38.4 51.2
LSC000510 0.22 6.6 14.7 21.5 27.7 32.8 38.4 51.3
LSC000600 0.10 3.5 7.5 10.9 14.0 16.6 19.6 26.3
LSC000600P 0.10 1.2 2.5 3.7 4.7 5.6 6.6 8.9
LSC000700 0.13 4.2 9.3 13.5 17.4 20.7 24.3 32.5
LSC000700R 0.13 3.5 7.9 11.5 14.7 17.3 20.1 26.1
LSC000705 0.13 3.9 8.7 12.7 16.4 19.3 22.7 30.2
LSC000705P 0.13 3.6 8.1 11.8 15.1 17.8 20.6 26.8
LSC001000 0.04 0.3 1.6 2.8 3.9 4.8 5.9 8.3
LSC001000R 3.48 31.1 152.4 256.9 350.4 436.1 534.8 746.6
LSC001005 0.13 1.4 6.6 11.2 15.5 19.2 23.5 32.9
LSC001005J 3.48 31.5 154.1 259.3 353.3 439.6 538.6 750.8
LSC001005J1 2.85 12.7 112.2 198.2 274.4 346.2 428.8 604.3
LSC001005R 2.71 11.3 105.6 187.0 258.9 327.0 405.3 571.5
LSC001010 0.27 1.6 11.5 20.1 28.2 35.1 43.1 60.4
LSC001010J 2.71 11.5 106.5 188.1 265.7 332.6 409.0 573.9
LSC001010R 2.44 9.9 94.9 168.0 237.5 297.5 366.0 513.5
LSC001015 0.35 1.6 14.0 24.7 34.9 43.5 53.5 74.7
LSC001015J 2.44 9.9 94.5 168.3 237.4 296.9 365.3 513.0
LSC001015J1 2.11 8.2 80.8 144.2 203.5 254.6 313.5 440.5
LSC001015J2 0.33 1.7 13.7 24.1 33.9 42.3 51.9 72.6
LSC001015R 1.76 6.6 66.8 119.5 168.6 211.1 260.0 365.8
LSC001020 0.10 0.3 3.7 6.5 9.3 11.6 14.3 19.9
LSC001020J 1.76 6.7 67.4 120.7 170.3 213.0 262.3 368.3
LSC001020R 1.67 6.4 63.7 114.1 161.1 201.4 248.1 348.4
LSC001025 0.29 1.1 11.1 19.9 28.2 35.3 43.4 60.5
LSC001025J 1.67 6.4 64.0 114.6 162.5 203.2 249.8 349.0
LSC001025R 1.38 5.4 52.9 94.7 134.4 167.9 206.5 288.6
LSC001030 0.10 0.3 3.8 6.8 9.7 12.1 14.9 20.8
LSC001030J 1.38 5.4 53.1 95.0 134.7 168.3 206.9 289.1
LSC001030J1 0.91 3.4 34.5 62.0 88.0 110.0 135.2 188.9
LSC001030J2 0.47 2.0 18.6 33.0 46.7 58.4 71.7 100.2
LSC001030R 0.80 3.1 30.7 55.2 78.4 97.8 120.3 168.1
LSC001035 0.23 0.8 8.6 15.5 21.9 27.5 33.8 47.1
LSC001035J 0.80 3.1 30.8 55.3 78.5 98.0 120.5 168.3
LSC001035J1 0.58 2.2 22.2 40.0 56.9 70.9 87.2 121.8
LSC001035R 0.35 1.4 13.6 24.6 34.9 43.4 53.3 74.7
LSC001040 0.22 0.9 8.6 15.3 21.7 27.1 33.3 46.5
LSC001045 0.17 0.8 6.8 12.0 17.0 21.2 26.1 36.4
LSC001045J 0.35 1.4 13.9 24.6 34.9 43.6 53.6 74.9
LSC001050 0.18 0.7 7.1 12.6 17.9 22.4 27.6 38.4
LSC001500 0.11 3.4 7.5 10.9 14.1 16.7 19.6 26.3
LSC001500R 5.87 69.2 272.7 448.1 614.7 755.5 914.0 1264.2
LSC001505 0.20 6.0 13.4 19.6 25.3 29.9 35.0 46.7
LSC001505J 5.87 69.6 273.3 448.8 615.7 756.6 915.2 1269.8
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LSC001505J1 4.37 39.8 193.8 325.7 451.8 559.2 680.6 948.2
LSC001505J2 1.50 29.8 79.4 123.1 163.9 197.4 234.6 321.6
LSC001505R 4.17 33.8 180.4 306.1 426.5 529.4 645.6 901.5
LSC001510 0.29 8.5 19.1 27.9 36.1 42.6 50.0 66.5
LSC001510J 4.17 34.3 181.1 307.1 427.7 530.6 646.9 903.1
LSC001510J1 3.85 33.0 168.7 285.1 396.6 491.8 599.2 836.4
LSC001510J2 0.32 1.3 12.3 21.9 31.1 38.9 47.8 66.7
LSC001510R 3.56 24.5 149.6 257.2 360.5 449.2 549.2 769.9
LSC001515 0.30 1.7 12.7 22.1 31.1 38.7 47.6 66.6
LSC001515J 3.56 24.5 150.1 257.3 360.2 448.1 547.7 768.1
LSC001515R 3.26 22.8 137.4 235.1 329.1 409.4 500.1 701.4
LSC001520 0.26 1.3 10.7 18.8 26.5 33.0 40.6 56.8
LSC001520J 3.26 22.9 138.1 236.2 330.8 412.1 503.6 703.7
LSC001520J1 2.78 20.2 117.9 201.1 281.6 350.8 428.3 598.3
LSC001520J2 0.47 2.8 20.2 35.1 49.2 61.3 75.3 105.4
LSC001520R 2.52 18.9 107.2 182.3 255.1 317.7 387.7 541.5
LSC001525 0.21 1.1 8.6 15.0 21.1 26.3 32.4 45.3
LSC001525J 2.52 19.0 107.6 183.6 256.7 318.5 387.9 541.0
LSC001525R 2.32 17.9 99.1 168.6 235.6 292.2 355.6 495.7
LSC001530 0.10 0.4 3.9 7.0 9.9 12.4 15.3 21.3
LSC001530J 2.32 17.9 99.1 169.0 235.7 292.0 355.2 495.1
LSC001530J1 1.68 7.4 66.3 117.1 165.7 207.0 253.2 355.3
LSC001530J2 0.64 10.5 32.8 51.9 69.9 84.9 102.0 139.7
LSC001530R 1.58 7.0 62.3 110.1 155.8 194.6 237.9 334.0
LSC001535 0.15 0.8 6.1 10.7 15.1 18.8 23.1 32.4
LSC001535J 1.58 7.0 62.5 110.5 156.1 195.1 238.6 334.8
LSC001535R 1.43 6.2 56.4 99.8 141.0 176.3 215.4 302.4
LSC001540 0.21 1.0 8.6 15.1 21.3 26.6 32.7 45.7
LSC001545 0.13 0.5 5.2 9.3 13.1 16.4 20.2 28.1
LSC001550 0.16 0.7 6.4 11.3 15.9 19.9 24.4 34.1
LSC001550J 1.43 6.2 56.6 100.1 141.4 176.8 216.0 302.8
LSC001550J1 1.08 4.7 42.8 75.7 107.0 133.8 163.1 229.0
LSC001550R 0.93 3.9 36.4 64.4 91.1 113.9 138.7 194.9
LSC001555 0.24 1.1 9.7 17.2 24.3 30.3 37.2 52.0
LSC001555J 0.93 4.0 36.5 64.8 91.6 114.5 140.7 196.6
LSC001555R 0.68 2.8 26.8 47.6 67.3 84.2 103.5 144.6
LSC001560 0.18 0.8 7.1 12.6 17.8 22.2 27.2 38.0
LSC001560J 0.68 2.8 26.8 47.6 67.4 84.3 103.6 144.8
LSC001560R 0.51 2.0 19.7 35.1 49.6 62.1 76.4 106.7
LSC001565 0.19 0.9 7.6 13.4 18.9 23.6 29.0 40.5
LSC001565J 0.51 2.0 19.8 35.2 49.8 62.3 76.6 106.9
LSC001565R 0.32 1.2 12.2 21.8 30.9 38.7 47.6 66.4
LSC001570 0.20 0.7 7.4 13.3 18.9 23.6 29.1 40.5
LSC001570J 0.32 1.2 12.2 21.9 31.0 38.8 47.7 66.6
LSC001570R 0.12 0.5 4.8 8.6 12.1 15.2 18.7 26.1
LSC001575 0.12 0.5 4.8 8.6 12.2 15.2 18.7 26.1
LSC002000 0.14 3.8 8.7 12.7 16.4 19.3 22.7 30.1
LSC002000R2 4.41 20.1 161.0 294.7 420.9 529.9 657.6 941.5
LSC002005 0.28 8.2 18.3 26.8 34.6 40.8 47.9 63.7
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LSC002005J 4.41 20.2 161.4 296.4 425.2 532.9 658.6 933.6
LSC002005R 4.13 12.0 143.1 269.6 390.6 492.1 610.7 869.8
LSC002010 0.08 0.3 3.2 5.6 7.9 9.9 12.2 17.0
LSC002010J 4.13 12.1 143.8 269.9 390.7 494.4 612.3 869.3
LSC002010R2 4.05 11.7 140.7 264.3 382.8 484.5 600.2 852.3
LSC002015 0.35 1.5 13.9 24.7 35.0 43.7 53.7 75.0
LSC002015J 4.05 11.8 141.2 265.6 384.2 485.7 601.4 854.6
LSC002015J1 2.35 10.7 93.6 165.4 233.7 292.1 358.6 501.4
LSC002015J2 1.49 0.0 39.1 85.3 129.5 167.4 210.7 308.3
LSC002015J3 0.21 1.1 8.5 14.9 20.9 26.2 32.1 44.9
LSC002015R 2.00 9.3 79.7 140.7 198.7 248.4 304.8 426.3
LSC002020 0.19 0.8 7.6 13.5 19.1 23.9 29.4 41.0
LSC002020J 2.00 9.3 80.0 141.2 199.4 249.4 306.4 428.4
LSC002020R 1.81 8.5 72.4 127.7 180.3 225.5 277.0 387.4
LSC002025 0.18 0.9 7.6 13.3 18.8 23.4 28.8 40.2
LSC002025J 1.81 8.6 72.8 128.3 181.2 226.5 278.2 388.8
LSC002025R 1.62 7.6 65.2 115.0 162.4 203.1 249.5 348.5
LSC002030 0.03 0.1 1.0 1.8 2.6 3.2 4.0 5.5
LSC002030J 1.62 7.6 65.2 115.1 162.6 203.2 249.6 348.8
LSC002030J1 1.16 5.4 46.6 82.3 116.3 145.3 178.5 249.5
LSC002030J2 0.46 2.2 18.6 32.8 46.3 57.9 71.1 99.3
LSC002030R 1.13 5.3 45.6 80.5 113.7 142.1 174.6 243.9
LSC002035 0.15 0.6 5.7 10.2 14.4 18.0 22.1 30.8
LSC002035J 1.13 5.3 45.6 80.6 113.8 142.3 174.7 244.2
LSC002035J1 0.37 1.3 14.0 25.1 35.7 44.7 55.0 76.6
LSC002035J2 0.77 4.0 31.6 55.4 78.2 97.6 119.8 167.5
LSC002035R 0.22 0.7 8.3 15.0 21.3 26.7 32.9 45.8
LSC002040 0.22 0.7 8.3 15.0 21.3 26.7 32.9 45.8
LSC002040J 0.22 0.7 8.3 15.0 21.3 26.7 32.9 45.8
LSC002500 0.08 2.5 5.5 8.1 10.4 12.3 14.5 19.4
LSC002500R 0.40 12.1 26.9 39.2 50.6 59.7 70.1 93.7
LSC002505 0.25 7.6 16.8 24.5 31.6 37.3 43.9 58.7
LSC002505P 0.40 12.1 26.9 39.2 50.6 59.7 70.1 93.8
LSC002505R 0.16 4.5 10.1 14.8 19.0 22.4 26.2 35.1
LSC002510 0.16 4.6 10.2 14.9 19.3 22.8 26.7 35.6
LSC002510P 0.16 4.5 10.1 14.8 19.1 22.5 26.3 35.1
LSC003000 0.20 6.5 14.1 20.4 26.4 31.2 36.8 49.3
LSC003000R 2.49 24.6 116.0 193.8 269.4 333.2 406.3 564.8
LSC003005 0.24 1.5 10.5 18.1 25.4 31.7 38.8 54.4
LSC003005J 2.49 24.7 116.5 194.4 270.2 334.1 407.2 565.7
LSC003005R 2.25 23.2 106.0 176.2 244.8 302.4 368.4 511.3
LSC003010 0.25 1.1 9.9 17.5 24.7 30.9 37.9 53.0
LSC003010J 2.25 23.3 106.0 176.6 244.8 302.3 368.3 511.8
LSC003010R 2.00 22.2 96.1 159.1 220.0 271.5 330.4 458.8
LSC003015 0.22 2.2 10.9 18.3 25.5 31.6 38.7 54.0
LSC003020 0.03 0.1 1.1 2.0 2.8 3.6 4.4 6.1
LSC003020J 2.00 22.2 96.0 159.6 219.8 271.0 329.9 458.6
LSC003020J2 1.78 20.1 85.1 141.2 194.3 239.5 291.2 404.5
LSC003020R 1.75 20.0 84.0 139.2 191.5 235.9 286.8 398.4
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LSC003025 0.20 0.8 7.7 13.7 19.3 24.2 29.7 41.5
LSC003025J 1.75 20.0 84.1 139.3 191.7 236.2 287.1 398.8
LSC003025R 1.03 7.4 46.2 79.3 110.9 138.0 169.2 237.2
LSC003030 0.13 1.1 6.3 10.7 14.8 18.5 22.6 31.7
LSC003030J 1.03 7.5 46.3 79.6 111.3 138.5 169.8 238.0
LSC003030R 0.58 4.3 26.2 44.9 62.7 78.1 95.7 134.3
LSC003035 0.19 1.5 8.6 14.6 20.4 25.4 31.0 43.5
LSC003035J 0.58 4.3 26.2 44.9 62.8 78.2 95.8 134.3
LSC003035R 0.40 2.8 17.6 30.3 42.4 52.8 64.8 90.7
LSC003040 0.19 1.3 8.4 14.4 20.2 25.2 30.9 43.2
LSC003040J 0.40 2.8 17.6 30.3 42.4 52.8 64.8 90.8
LSC003040R 0.21 1.5 9.3 15.9 22.2 27.7 33.9 47.5
LSC003045 0.21 1.5 9.3 15.9 22.2 27.7 33.9 47.5
LSC003500 0.15 4.4 9.8 14.3 18.5 21.8 25.6 34.1
LSC003500J 0.40 11.2 25.5 37.2 48.1 56.8 66.6 88.6
LSC003500R 0.25 6.8 15.8 22.9 29.6 35.0 41.0 54.5
LSC003505 0.25 7.0 15.7 23.0 29.7 35.0 41.0 54.5
LSC003505J 0.25 7.0 15.7 23.0 29.7 35.0 41.0 54.5
LSC004000 0.24 5.7 14.1 21.1 27.7 33.0 38.8 51.7
LSC004000J 0.46 9.1 25.5 39.3 52.3 63.0 74.6 100.4
LSC004000R 0.22 3.4 11.4 18.2 24.6 30.0 35.8 48.7
LSC004005 0.22 3.5 11.4 18.2 24.6 30.0 35.9 48.7
LSC004005J 0.22 3.5 11.4 18.2 24.6 30.0 35.9 48.7
LSC004500 0.18 2.6 9.1 14.6 19.8 24.2 29.0 39.4
LSC004500J 2.16 59.2 137.3 202.4 262.7 311.2 366.0 489.1
LSC004500R 1.57 44.8 101.9 149.5 193.4 228.5 268.4 358.0
LSC004505 0.28 8.1 18.1 26.5 34.2 40.3 47.3 63.0
LSC004505J 1.57 45.0 101.9 149.5 193.5 228.6 268.6 358.2
LSC004505R 1.29 36.9 83.8 123.0 159.3 188.3 221.2 295.2
LSC004510 0.19 6.3 13.7 19.9 25.7 30.4 35.8 48.1
LSC004510J 1.29 36.9 83.7 122.9 159.2 188.2 221.2 295.2
LSC004510R 1.10 30.6 70.0 103.0 133.5 157.8 185.4 247.1
LSC004515 0.23 6.7 15.0 22.0 28.4 33.5 39.3 52.2
LSC004515J 1.10 30.6 70.0 103.0 133.5 157.8 185.4 247.2
LSC004515R 0.86 24.0 55.0 81.0 105.1 124.3 146.1 195.0
LSC004520 0.33 9.4 21.1 30.9 39.9 47.1 55.2 73.5
LSC004520J 0.86 24.0 55.1 80.9 105.0 124.3 146.1 195.0
LSC004520R 0.54 14.6 33.9 50.0 65.1 77.2 90.9 121.4
LSC004525 0.27 8.1 18.1 26.4 34.2 40.3 47.4 63.2
LSC004525J 0.54 14.6 34.0 50.2 65.3 77.3 91.0 121.5
LSC004525R 0.26 6.5 15.9 23.7 31.1 37.0 43.6 58.3
LSC004530 0.26 6.6 15.9 23.8 31.2 37.0 43.6 58.3
LSC004530J 0.26 6.6 15.9 23.8 31.2 37.0 43.6 58.3
LSC005000 0.31 8.9 20.1 29.4 38.0 44.8 52.6 69.9
LSC005000R 1.55 33.3 77.3 117.7 160.3 195.1 234.5 324.5
LSC005005 0.13 3.8 8.5 12.4 16.0 18.9 22.3 29.7
LSC005005J 1.55 33.3 77.1 118.0 161.3 196.7 236.8 326.9
LSC005005J1 1.24 25.0 58.2 90.3 125.6 154.6 187.5 261.6
LSC005005R 1.12 21.1 49.7 77.9 109.5 135.6 165.2 231.9
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LSC005010 0.17 4.9 11.0 16.0 20.7 24.4 28.6 38.2
LSC005010J 1.12 21.2 49.7 77.9 109.5 135.7 165.3 231.9
LSC005010J1 0.79 21.2 49.7 73.5 95.8 113.6 133.6 178.5
LSC005010R 0.62 16.3 38.8 57.5 75.1 89.2 105.0 140.3
LSC005015 0.14 3.6 8.8 13.2 17.3 20.6 24.2 32.5
LSC005015J 0.62 16.3 38.8 57.6 75.1 89.2 105.0 140.3
LSC005020 0.30 8.6 19.4 28.5 36.8 43.4 50.9 67.6
LSC005025 0.18 4.0 10.5 16.0 21.1 25.3 29.9 40.2
LSC005500 0.06 1.6 3.7 5.4 7.0 8.2 9.6 12.8
LSC005500J 0.74 12.8 29.0 46.1 63.5 77.6 93.6 133.1
LSC005500R 0.68 11.2 25.3 40.7 56.5 69.4 84.0 120.3
LSC005505 0.15 4.2 9.4 13.8 17.8 21.0 24.6 32.7
LSC005505J 0.68 11.1 25.3 40.7 56.5 69.4 84.1 120.6
LSC005505R 0.53 7.0 15.8 26.9 38.7 48.4 59.5 87.9
LSC005510 0.21 6.0 13.5 19.7 25.5 30.1 35.2 46.8
LSC005510R 0.29 0.0 0.0 3.8 8.8 13.2 18.3 33.1
LSC006000 0.11 0.0 3.1 6.6 9.9 12.7 16.0 23.3
LSC006000R 0.18 0.0 0.0 0.1 3.3 7.8 13.3 25.6
LSC006005 0.18 0.0 0.0 0.1 3.4 7.8 13.1 25.3
LSC006005J 0.18 0.0 0.0 0.1 3.4 7.8 13.1 25.3
LSC006500 0.32 9.8 21.7 31.6 40.8 48.3 56.8 76.0
LSC006500R 5.12 98.8 239.8 370.6 504.5 615.5 744.6 1041.1
LSC006505 0.12 3.5 7.9 11.6 14.9 17.6 20.7 27.6
LSC006505J 5.12 99.6 239.3 371.1 505.1 616.4 745.9 1041.4
LSC006505R 4.83 96.0 231.3 357.3 483.1 587.5 709.2 986.9
LSC006510 0.17 0.0 0.0 2.3 7.0 11.2 16.0 26.9
LSC006515 0.23 6.5 14.7 21.5 27.8 32.8 38.5 51.1
LSC006515J 4.83 96.2 231.4 358.0 484.0 590.2 712.2 990.3
LSC006515J1 3.32 85.1 195.9 288.0 371.3 440.3 518.6 697.3
LSC006515J2 1.51 11.1 35.5 70.0 112.7 149.9 193.6 292.9
LSC006515R 3.09 78.6 181.2 266.5 343.4 407.5 480.1 646.2
LSC006520 0.28 8.2 18.3 26.7 34.5 40.7 47.9 63.9
LSC006520J 3.09 77.8 181.4 267.5 345.2 409.6 482.5 649.0
LSC006520R 2.81 69.6 163.1 240.8 310.7 368.9 434.6 585.1
LSC006525 0.20 0.0 0.0 0.0 0.0 0.0 0.0 1.1
LSC006525J 2.81 70.3 164.1 242.1 314.8 373.6 439.7 589.2
LSC006525J1 2.61 70.3 164.1 242.1 314.8 373.6 439.7 588.1
LSC006530 0.32 5.2 17.3 27.5 37.2 45.5 54.7 75.0
LSC006530R 2.29 65.1 146.8 214.6 277.5 328.0 385.0 513.1
LSC006535 0.30 7.9 18.6 27.6 35.9 42.5 49.9 66.5
LSC006535J 2.29 65.3 147.4 215.2 278.2 328.8 385.7 513.9
LSC006535J1 1.12 32.0 72.3 105.9 137.1 161.9 190.0 253.1
LSC006535J2 1.17 33.4 75.0 109.3 141.1 166.9 195.7 260.9
LSC006535R 0.82 24.1 53.7 78.4 101.2 119.4 140.1 186.6
LSC006540 0.22 6.8 15.0 21.9 28.2 33.3 39.2 52.4
LSC006545 0.16 4.5 10.2 14.9 19.3 22.7 26.6 35.4
LSC006545J 0.82 24.0 53.7 78.4 101.2 119.5 140.2 186.8
LSC006545J1 0.60 17.3 38.7 56.6 73.0 86.1 101.0 134.4
LSC006545R 0.44 12.7 28.5 41.6 53.7 63.4 74.4 99.0
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LSC006550 0.22 6.7 14.9 21.7 28.0 33.1 39.0 52.0
LSC006550J 0.44 12.7 28.5 41.7 53.8 63.5 74.5 99.1
LSC006550R 0.22 6.0 13.6 20.0 25.8 30.3 35.5 47.1
LSC006555 0.22 6.0 13.6 19.9 25.7 30.3 35.5 47.1
LSC006555J 0.22 6.0 13.6 19.9 25.7 30.3 35.5 47.1
LSC007000 0.41 12.3 27.4 40.1 51.7 61.1 71.8 95.8
LSC007000R 0.66 13.7 36.8 56.3 75.1 90.3 107.6 146.1
LSC007005 0.18 0.7 7.3 13.0 18.4 23.1 28.4 40.0
LSC007005J 0.66 13.5 37.2 57.2 76.0 91.2 108.5 146.9
LSC007005J1 0.47 12.8 29.9 44.1 57.5 68.1 80.1 107.0
LSC007010 0.04 1.0 2.3 3.4 4.4 5.2 6.1 8.1
LSC007015 0.11 3.0 6.7 9.8 12.7 15.0 17.5 23.3
LSC007015R 0.44 11.7 27.5 40.7 53.1 62.9 74.0 98.9
LSC007020 0.33 8.7 20.8 30.9 40.4 48.0 56.5 75.6
LSC007020J 0.44 11.7 27.5 40.7 53.1 63.0 74.0 98.9
LSC007500 0.09 2.7 5.9 8.6 11.0 13.0 15.4 20.5
LSC007500J 9.62 175.4 457.4 716.4 972.5 1187.3 1433.6 1988.9
LSC007500J1 8.28 163.0 411.9 638.1 857.8 1039.4 1247.7 1718.6
LSC007500J2 1.34 12.4 45.5 78.3 114.7 147.9 185.9 270.2
LSC007500R 1.25 9.8 39.7 69.7 103.6 134.8 170.5 249.7
LSC007505 0.20 4.9 12.1 18.0 23.6 28.1 33.1 44.4
LSC007505R 0.56 0.0 6.2 15.5 29.4 43.7 60.4 98.3
LSC007510 0.29 0.0 6.2 15.3 24.1 31.6 40.3 59.8
LSC008000 0.20 5.5 12.5 18.3 23.7 27.9 32.7 43.3
LSC008000R 0.29 0.0 5.3 13.9 22.2 29.3 37.4 55.5
LSC008005 0.29 0.0 5.3 13.9 22.2 29.3 37.4 55.6
LSC008005J 0.29 0.0 5.3 13.9 22.2 29.3 37.4 55.6
LSC008500 0.18 0.0 1.5 6.8 12.1 16.6 21.8 33.5
LSC008500R 1.00 0.0 17.7 38.4 65.4 90.7 120.6 187.6
LSC008505 0.12 0.0 3.2 6.8 10.3 13.3 16.7 24.1
LSC008505J 1.00 0.0 17.8 38.5 65.2 90.8 120.6 187.4
LSC008505R 0.70 0.0 14.5 31.5 51.3 69.3 90.1 136.6
LSC008510 0.18 0.0 0.0 0.1 3.7 8.2 13.9 26.7
LSC008515 0.18 0.0 0.0 0.7 5.0 9.9 15.6 28.7
LSC008520 0.14 0.0 3.8 8.0 12.1 15.5 19.4 28.2
LSC008520J 0.70 0.0 14.7 31.5 51.2 69.3 90.2 136.7
LSC008520J1 0.52 0.0 14.7 30.8 46.2 59.5 74.6 108.0
LSC008520R 0.38 0.0 10.9 22.8 34.2 44.0 55.1 79.9
LSC008525 0.15 0.0 4.8 9.6 14.3 18.3 22.9 33.2
LSC008525J 0.38 0.0 11.0 22.8 34.1 43.9 55.0 79.7
LSC008525R 0.23 0.0 6.2 13.2 19.8 25.6 32.1 46.6
LSC008530 0.23 0.0 6.2 13.2 19.8 25.6 32.1 46.5
LSC008530J 0.23 0.0 6.2 13.2 19.8 25.6 32.1 46.5
LSC009000 0.24 7.0 15.7 22.9 29.6 34.9 40.9 54.5
LSC009000R 0.36 2.6 15.7 26.9 37.6 46.7 57.1 79.4
LSC009005 0.20 1.3 8.3 14.4 20.1 24.9 30.5 42.3
LSC009005J 0.36 2.6 15.7 27.0 37.7 46.8 57.2 79.4
LSC009010 0.17 1.3 7.4 12.6 17.6 21.9 26.7 37.1
LSC009400 0.06 1.8 4.0 5.9 7.6 9.0 10.5 14.0
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LSC009400R 0.32 9.7 21.5 31.5 40.7 48.2 56.6 75.6
LSC009405 0.16 4.7 10.6 15.4 20.0 23.6 27.6 36.8
LSC009405J 0.32 9.8 21.7 31.6 40.8 48.2 56.6 75.6
LSC009410 0.16 5.1 11.1 16.1 20.8 24.7 29.0 38.8
LSC009600 0.26 7.5 16.8 24.6 31.8 37.6 44.0 58.6
LSC009800 0.26 7.8 17.2 25.1 32.5 38.4 45.1 60.2
LSC011000 0.25 8.0 17.4 25.3 32.7 38.7 45.6 61.0
LSC011000R 0.38 10.8 24.4 35.8 46.3 54.7 64.2 85.5
LSC011005 0.22 6.2 13.9 20.4 26.3 31.1 36.4 48.4
LSC011005J 0.38 11.0 24.7 36.1 46.7 55.1 64.6 85.8
LSC011005R 0.17 4.8 10.8 15.8 20.4 24.0 28.1 37.4
LSC011010 0.17 4.8 10.8 15.8 20.4 24.0 28.1 37.4
LSC011010J 0.17 4.8 10.8 15.8 20.4 24.0 28.1 37.4
LSC011500 0.10 3.0 6.8 9.9 12.8 15.1 17.7 23.7
LSC011500R 1.40 26.8 72.7 113.2 151.1 182.3 216.9 297.9
LSC011505 0.12 3.4 7.8 11.4 14.7 17.3 20.3 26.9
LSC011505P 1.40 27.0 72.9 113.6 151.6 182.9 218.9 299.2
LSC011510 0.16 4.8 10.8 15.8 20.4 24.0 28.2 37.7
LSC011510J 1.28 36.8 82.3 120.6 156.3 185.6 218.8 292.5
LSC011510R 1.11 31.9 71.5 104.8 136.0 161.6 190.6 254.9
LSC011515 0.33 9.7 21.7 31.6 40.9 48.3 56.6 75.4
LSC011515J 1.11 33.2 73.7 107.7 139.1 164.4 193.0 257.5
LSC011515R 0.78 23.5 52.1 76.0 98.2 116.1 136.5 182.0
LSC011520 0.10 3.3 7.1 10.3 13.3 15.8 18.6 25.0
LSC011520J 0.78 23.5 52.2 76.0 98.2 116.1 136.4 182.0
LSC011520J1 0.60 18.4 40.6 59.0 76.2 90.2 106.1 142.0
LSC011520R 0.50 15.1 33.4 48.7 62.9 74.4 87.5 117.0
LSC011525 0.11 3.5 7.6 11.1 14.3 17.0 20.0 26.8
LSC011530 0.14 4.3 9.4 13.7 17.6 20.9 24.6 32.9
LSC011530J 0.50 15.2 33.5 48.8 63.0 74.5 87.6 117.1
LSC011530J1 0.39 11.7 25.9 37.7 48.7 57.6 67.6 90.3
LSC011530R 0.25 7.4 16.5 24.0 31.0 36.7 43.0 57.4
LSC011535 0.14 4.3 9.5 13.9 17.9 21.2 24.9 33.2
LSC011535J 0.25 7.4 16.5 24.0 31.1 36.7 43.0 57.4
LSC011540 0.11 3.1 7.0 10.2 13.1 15.5 18.2 24.2
LSC012000 0.06 1.9 4.1 6.0 7.8 9.2 10.8 14.5
LSC012000R 0.27 7.4 16.9 24.7 32.0 37.7 44.1 58.5
LSC012005 0.27 7.5 16.9 24.8 32.0 37.7 44.2 58.6
LSC013000 0.14 0.7 5.7 10.0 14.1 17.6 21.6 30.2
LSC013000R 0.38 11.0 24.5 36.3 47.3 56.3 66.6 89.8
LSC013005 0.18 5.7 12.4 18.1 23.3 27.6 32.5 43.5
LSC013005P 0.38 11.1 24.6 36.4 47.4 56.4 66.7 89.9
LSC013010 0.20 6.3 13.8 20.1 25.9 30.7 36.1 48.3
LSC014500 0.26 7.4 16.5 24.1 31.2 36.8 43.2 57.5
LSC014500R 0.15 4.3 9.8 14.2 18.4 21.7 25.5 34.1
LSC014505 0.15 4.4 9.8 14.4 18.6 21.9 25.7 34.2
LSC015000 0.30 8.3 18.9 27.7 35.8 42.1 49.3 65.2
LSC015500 0.03 1.0 2.3 3.3 4.3 5.1 6.0 8.0
LSC015500J 0.53 7.0 15.8 26.8 38.6 48.4 59.5 87.9
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LSC015500J1 0.32 1.0 2.3 7.1 13.1 18.3 24.3 41.1
LSC015505 0.11 0.0 0.0 0.0 0.0 0.0 0.0 3.4
LSC015510 0.18 0.0 0.0 3.8 8.8 13.2 18.3 29.7
LSC015510J 0.29 0.0 0.0 3.8 8.8 13.2 18.3 33.1
LSC016500 0.06 1.7 3.8 5.6 7.2 8.5 10.0 13.4
LSC016500J 1.45 9.4 31.7 64.6 105.7 142.2 184.1 278.8
LSC016500J1 0.73 4.7 15.7 34.7 56.2 74.7 95.8 143.3
LSC016500J2 0.50 4.8 10.7 17.5 30.3 42.6 56.9 89.1
LSC016500R 1.45 9.4 31.6 64.4 105.5 141.3 183.6 279.6
LSC016505 0.22 4.7 12.8 19.6 26.1 31.5 37.3 50.4
LSC016505J 0.51 0.0 2.9 15.1 30.2 43.5 58.8 93.3
LSC016505R 0.51 0.0 2.9 15.1 30.1 43.3 58.5 92.9
LSC016510 0.23 0.0 5.4 12.4 19.1 24.9 31.5 46.3
LSC016515 0.29 0.0 2.9 11.7 20.3 27.7 36.2 55.5
LSC016515R 0.22 0.0 0.0 3.4 9.9 15.8 22.5 37.8
LSC016520 0.22 0.0 0.0 3.4 9.9 15.8 22.5 37.8
LSC016520J 0.22 0.0 0.0 3.4 9.9 15.8 22.5 37.8
LSC017500 0.27 4.8 14.7 23.1 31.0 37.8 45.0 61.3
LSC017500J 1.25 9.8 39.8 70.1 103.9 134.9 170.1 249.0
LSC017500J1 0.76 4.9 18.2 33.5 53.0 71.8 93.6 142.7
LSC017500J2 0.49 4.9 21.5 36.6 50.9 63.0 76.5 106.3
LSC017500R 0.22 0.1 6.8 13.5 19.8 25.3 31.5 45.0
LSC017505 0.22 0.1 6.9 13.5 19.9 25.3 31.5 45.1
LSC017505J 0.22 0.1 6.9 13.5 19.9 25.3 31.5 45.1
LSC021000 0.04 0.3 1.9 3.3 4.6 5.7 6.9 9.7
LSC021000R 0.29 1.4 11.8 20.8 29.3 36.6 44.9 62.9
LSC021005 0.29 1.4 11.8 20.8 29.3 36.6 44.9 62.9
LSC021500 0.17 0.7 6.8 12.1 17.1 21.4 26.3 36.7
LSC021500R 0.14 0.5 5.5 9.8 14.0 17.5 21.5 30.0
LSC021505 0.14 0.5 5.5 9.9 14.0 17.5 21.6 30.1
LSC022000 0.10 0.6 4.5 7.7 10.8 13.5 16.6 23.2
LSC022000R 0.10 0.4 4.0 7.1 10.1 12.6 15.5 21.7
LSC022005 0.10 0.4 4.0 7.2 10.1 12.6 15.5 21.7
LSC023000 0.11 1.0 5.3 9.0 12.5 15.6 19.0 26.6
LSC023000R 0.21 1.0 8.6 15.0 21.2 26.4 32.5 45.4
LSC023005 0.21 1.0 8.6 15.0 21.2 26.5 32.5 45.5
LSC025000 0.32 0.0 0.0 4.3 13.7 22.0 31.6 53.4
LSC026500 0.25 7.2 16.2 23.7 30.6 36.1 42.3 56.4
LSC026500R 0.92 26.1 58.8 85.6 110.5 130.8 153.3 204.5
LSC026505 0.22 6.6 14.7 21.4 27.6 32.6 38.3 51.1
LSC026505J 0.92 26.2 58.9 86.2 111.3 131.3 153.9 204.6
LSC026505R 0.69 19.6 44.2 64.8 83.7 98.7 115.6 153.6
LSC026510 0.25 7.0 15.7 22.9 29.6 35.0 41.0 54.5
LSC026510J 0.69 19.6 44.2 64.8 83.7 98.7 115.6 153.6
LSC026510R 0.45 12.7 28.6 41.8 54.0 63.7 74.6 99.1
LSC026515 0.21 6.0 13.5 19.8 25.6 30.2 35.4 46.9
LSC026515J 0.45 12.7 28.6 41.9 54.1 63.8 74.7 99.2
LSC026515R 0.24 6.7 15.0 22.0 28.5 33.6 39.3 52.2
LSC026520 0.24 6.7 15.1 22.0 28.5 33.6 39.3 52.2

Little Salt Creek Existing Conditions Hydrologic Model Results
Hydrologic 

Element
Drainage 
Area (mi2)

Cumulative Volume (ac-ft)



2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
LSC026520J 0.24 6.7 15.1 22.0 28.5 33.6 39.3 52.2
LSC027500 0.27 0.0 0.0 0.2 5.4 12.2 20.3 38.6
LSC027500J 0.56 0.0 6.2 15.6 29.5 43.8 60.5 98.4
LSC031000 0.11 0.4 4.3 7.8 11.0 13.8 17.0 23.7
LSC031000R 0.36 1.6 14.3 25.2 35.6 44.5 54.7 76.5
LSC031005 0.22 1.0 8.6 15.3 21.6 26.9 33.1 46.2
LSC031005J 0.36 1.6 14.3 25.3 35.7 44.6 54.8 76.5
LSC031010 0.14 0.6 5.6 10.0 14.1 17.7 21.7 30.3
LSC031500 0.21 1.2 8.9 15.6 21.9 27.2 33.4 46.8
LSC031500R 0.26 1.6 11.2 19.5 27.4 34.1 41.9 58.6
LSC031505 0.26 1.6 11.2 19.5 27.4 34.2 41.9 58.7
LSC032000 0.40 0.0 9.9 22.0 33.7 43.6 55.0 80.5
LSC032000R 1.09 0.0 29.3 63.3 95.9 123.8 155.8 227.8
LSC032005 0.26 0.0 7.2 15.4 23.2 30.0 37.7 55.1
LSC032010 0.12 0.0 3.2 6.9 10.4 13.5 16.9 24.8
LSC032010J 1.09 0.0 29.5 63.7 96.5 124.7 156.8 229.3
LSC032010J1 0.26 0.0 7.2 15.4 23.2 30.0 37.7 55.1
LSC032010J2 0.83 0.0 22.4 48.4 73.3 94.7 119.1 174.2
LSC032010R 0.71 0.0 19.1 41.5 62.8 81.2 102.2 149.4
LSC032015 0.15 0.0 3.8 8.3 12.7 16.4 20.7 30.3
LSC032015J 0.71 0.0 19.2 41.6 63.1 81.6 102.6 150.0
LSC032015J1 0.32 0.0 8.2 18.1 27.6 35.7 45.0 65.8
LSC032015J2 0.40 0.0 11.0 23.6 35.5 45.9 57.6 84.2
LSC032015R 0.17 0.0 4.4 9.7 14.9 19.3 24.3 35.6
LSC032020 0.17 0.0 4.4 9.7 14.9 19.3 24.3 35.6
LSC041500 0.03 0.1 1.3 2.3 3.3 4.1 5.1 7.1
LSC041500R 0.61 10.4 31.5 49.6 66.7 80.8 97.0 132.7
LSC041505 0.28 1.1 10.9 19.4 27.5 34.4 42.3 59.0
LSC041505J 0.61 10.4 31.6 49.7 66.8 81.0 97.2 132.8
LSC041505J1 0.33 9.3 20.7 30.3 39.3 46.6 55.0 73.8
LSC041505J2 0.28 1.1 10.9 19.4 27.5 34.4 42.3 59.0
LSC041510 0.10 2.9 6.5 9.5 12.2 14.4 16.9 22.4
LSC041510R 0.23 6.4 14.2 20.8 27.1 32.2 38.1 51.3
LSC041515 0.14 4.4 9.6 14.0 18.1 21.4 25.2 33.7
LSC041515J 0.23 6.4 14.2 20.9 27.2 32.3 38.2 51.4
LSC041515P 0.14 4.4 9.6 14.0 18.0 21.4 25.2 33.7
LSC041520 0.09 2.5 5.6 8.2 10.7 12.6 14.8 19.6
LSC041520P 0.09 2.1 4.6 6.9 9.1 10.9 13.0 17.8
LSC042000 0.18 1.2 7.7 13.4 18.7 23.4 28.6 40.1
LSC042000R 0.28 1.0 10.9 19.4 27.6 34.5 42.5 59.2
LSC042005 0.28 1.0 10.9 19.5 27.6 34.5 42.5 59.3
LSC052000 0.24 1.6 10.8 18.6 26.0 32.4 39.8 55.7
LSC052000R 0.52 2.4 20.8 36.8 52.1 65.1 80.0 111.8
LSC052005 0.24 1.0 9.6 17.0 24.1 30.1 37.0 51.7
LSC052005J 0.52 2.4 20.9 36.9 52.2 65.2 80.0 111.9
LSC052005J1 0.28 1.4 11.3 19.9 28.1 35.0 43.0 60.1
LSC052005J2 0.24 1.0 9.6 17.0 24.1 30.1 37.0 51.7
LSC052010 0.11 0.7 4.6 7.9 11.1 13.8 16.9 23.7
LSC052015 0.17 0.7 6.8 12.0 17.0 21.2 26.1 36.4
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LSC0MC000 0.33 11.1 23.9 34.6 44.6 52.9 62.4 83.8
LSC0MC000J 46.00 788.5 2270.5 3620.2 4868.4 5925.0 7165.6 9949.7
LSC0MC000R 45.66 777.4 2246.6 3585.6 4823.8 5872.1 7103.2 9865.9
LSC0MC005 0.27 9.0 19.3 27.9 36.0 42.7 50.3 67.6
LSC0MC005J 45.66 778.2 2248.2 3587.7 4826.4 5874.9 7106.2 9883.4
LSC0MC005J1 0.83 26.9 58.5 84.9 109.7 130.1 153.3 205.6
LSC0MC005J2 44.84 751.3 2189.7 3502.8 4716.8 5744.9 6952.9 9677.8
LSC0MC005R 44.20 733.4 2150.7 3446.2 4643.9 5658.6 6851.6 9542.8
LSC0MC007 0.24 6.9 15.4 22.4 29.0 34.2 40.1 53.5
LSC0MC010 0.26 7.9 17.5 25.6 33.0 39.0 45.9 61.3
LSC0MC010J 44.20 734.9 2154.0 3451.0 4651.4 5671.4 6863.5 9558.7
LSC0MC010J1 43.96 728.0 2138.6 3428.5 4622.4 5637.2 6823.3 9505.2
LSC0MC010R 43.70 720.1 2121.1 3403.0 4589.4 5598.2 6777.5 9443.9
LSC0MC015 0.17 5.5 11.9 17.2 22.2 26.3 31.0 41.6
LSC0MC015J 43.70 721.5 2124.7 3408.3 4605.9 5634.0 6809.0 9473.9
LSC0MC015R 43.53 716.0 2112.8 3391.1 4583.6 5607.7 6778.0 9432.3
LSC0MC018 0.06 1.9 4.2 6.2 8.0 9.4 11.1 14.8
LSC0MC018J 43.53 717.0 2115.5 3395.0 4609.5 5632.1 6785.9 9437.3
LSC0MC018J1 40.01 685.7 1961.4 3135.3 4255.3 5191.1 6245.2 8682.4
LSC0MC018J2 3.52 31.3 154.0 259.7 354.3 441.0 540.7 754.9
LSC0MC018R 39.95 683.8 1957.2 3129.1 4247.3 5181.7 6234.1 8667.6
LSC0MC020 0.07 2.1 4.6 6.7 8.6 10.2 12.0 16.1
LSC0MC020J 39.95 683.9 1957.6 3129.7 4248.0 5182.5 6235.0 8672.4
LSC0MC020J1 33.97 611.3 1677.3 2670.7 3619.2 4410.3 5301.4 7382.0
LSC0MC020J2 5.98 72.7 280.3 459.0 628.8 772.2 933.6 1290.4
LSC0MC020R 33.91 609.2 1672.7 2664.0 3610.6 4400.1 5289.3 7365.9
LSC0MC025 0.35 10.5 23.4 34.0 44.0 51.9 61.1 81.7
LSC0MC025J 33.91 610.4 1675.5 2667.9 3615.3 4409.5 5303.4 7358.8
LSC0MC025R 33.56 599.8 1652.1 2633.8 3571.3 4357.5 5242.3 7277.2
LSC0MC030 0.12 4.1 8.9 12.9 16.7 19.8 23.3 31.3
LSC0MC030J 33.56 600.1 1652.7 2634.7 3572.4 4358.7 5246.2 7269.8
LSC0MC030J1 33.35 593.9 1638.9 2614.5 3546.3 4327.9 5210.0 7221.4
LSC0MC030R 33.23 589.8 1630.0 2601.6 3529.6 4308.1 5186.7 7190.1
LSC0MC035 0.21 6.2 13.9 20.2 26.1 30.8 36.2 48.4
LSC0MC040 0.11 3.2 7.3 10.6 13.7 16.2 19.0 25.3
LSC0MC041 0.04 1.2 2.7 3.9 5.1 6.0 7.1 9.5
LSC0MC041J 33.23 591.4 1633.8 2606.9 3537.4 4319.5 5194.9 7183.3
LSC0MC041J1 33.12 588.2 1626.5 2596.3 3523.7 4303.3 5175.9 7158.0
LSC0MC041R 33.08 586.9 1623.8 2592.3 3518.6 4297.2 5168.8 7148.5
LSC0MC042 0.03 0.9 1.9 2.7 3.5 4.1 4.9 6.5
LSC0MC042J 33.08 588.0 1626.4 2595.8 3524.1 4296.6 5169.6 7141.1
LSC0MC042J1 0.03 0.9 1.9 2.7 3.5 4.1 4.9 6.5
LSC0MC042J2 0.33 9.3 21.0 30.8 39.8 46.9 55.0 73.0
LSC0MC042J3 4.55 23.9 169.7 307.4 437.3 549.3 680.3 971.6
LSC0MC042J4 4.87 33.2 190.7 338.2 477.1 596.1 735.2 1044.6
LSC0MC042R 28.17 553.9 1433.8 2254.9 3043.6 3696.3 4429.5 6090.0
LSC0MC045 0.09 3.0 6.4 9.3 11.9 14.2 16.7 22.4
LSC0MC045J 28.17 554.8 1438.0 2255.2 3041.5 3692.7 4424.6 6085.1
LSC0MC045J1 27.69 540.1 1405.6 2207.9 2980.5 3620.7 4340.0 5972.0
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LSC0MC045J2 0.49 14.6 32.4 47.3 61.0 72.0 84.6 113.1
LSC0MC045R 27.60 537.2 1399.2 2198.7 2968.5 3606.6 4323.3 5949.5
LSC0MC050 0.06 2.2 4.5 6.6 8.5 10.0 11.9 15.9
LSC0MC050J 27.60 542.8 1408.0 2191.8 2950.2 3587.6 4308.4 5927.7
LSC0MC050R 27.54 540.6 1403.4 2185.2 2941.7 3577.6 4296.5 5911.8
LSC0MC052 0.04 1.3 2.8 4.0 5.2 6.1 7.2 9.7
LSC0MC052J 27.54 541.2 1404.3 2183.5 2941.6 3576.0 4293.6 5906.1
LSC0MC052J1 24.85 510.1 1274.2 1969.3 2645.8 3211.5 3850.5 5291.9
LSC0MC052J2 2.69 31.0 130.1 214.3 295.8 364.4 443.1 614.2
LSC0MC052R 24.81 508.8 1271.4 1965.3 2640.6 3205.4 3843.3 5282.2
LSC0MC053 0.04 1.3 2.7 3.9 5.0 5.9 7.0 9.4
LSC0MC053J 24.81 508.9 1271.5 1965.4 2641.1 3205.3 3843.3 5281.3
LSC0MC053J1 24.40 497.0 1244.7 1926.3 2590.5 3145.5 3773.2 5188.0
LSC0MC053J2 0.41 11.8 26.9 39.1 50.6 59.8 70.1 93.3
LSC0MC053R 24.36 495.8 1242.0 1922.4 2585.5 3139.6 3766.2 5178.6
LSC0MC054 0.02 0.6 1.3 1.9 2.5 3.0 3.5 4.7
LSC0MC054R 0.40 11.2 25.5 37.2 48.1 56.8 66.6 88.6
LSC0MC055 0.27 8.6 18.8 27.3 35.2 41.7 49.2 65.9
LSC0MC055J 24.36 496.3 1242.8 1923.2 2585.4 3138.2 3763.5 5174.4
LSC0MC055R 24.10 487.6 1224.0 1895.9 2550.2 3096.4 3714.3 5108.4
LSC0MC060 0.09 2.6 5.8 8.4 10.9 12.9 15.1 20.2
LSC0MC060J 24.10 488.1 1225.1 1897.1 2551.0 3095.6 3712.0 5103.1
LSC0MC060J1 23.55 476.4 1193.7 1849.4 2487.8 3019.8 3622.4 4982.7
LSC0MC060J2 0.55 11.7 31.3 47.7 63.2 75.8 89.7 120.5
LSC0MC060RA 0.46 9.1 25.6 39.3 52.3 62.9 74.6 100.3
LSC0MC060RB 23.46 473.8 1187.9 1841.0 2476.9 3006.9 3607.2 4962.4
LSC0MC061 0.09 2.6 5.8 8.4 10.9 12.8 15.1 20.2
LSC0MC065 0.26 7.5 16.7 24.4 31.5 37.2 43.7 58.2
LSC0MC065J 23.46 473.8 1187.9 1840.6 2476.5 3006.4 3606.6 4961.7
LSC0MC065R 23.21 466.4 1171.2 1816.2 2445.0 2969.2 3562.9 4903.5
LSC0MC070 0.19 3.2 10.3 16.4 22.0 26.9 32.2 44.0
LSC0MC070J 23.21 466.5 1165.0 1810.1 2438.4 2956.8 3548.8 4885.6
LSC0MC070J1 21.03 407.0 1026.7 1606.2 2173.8 2643.4 3180.1 4393.0
LSC0MC070J2 2.17 59.6 138.3 203.8 264.6 313.4 368.7 492.6
LSC0MC070R 20.84 403.7 1016.4 1589.9 2151.7 2616.5 3147.9 4349.0
LSC0MC071 0.02 0.5 1.0 1.5 1.9 2.3 2.7 3.6
LSC0MC071R 2.16 59.1 137.3 202.4 262.7 311.1 366.0 489.1
LSC0MC075 0.25 7.5 16.6 24.2 31.3 37.0 43.5 58.2
LSC0MC075J 20.84 404.0 1015.9 1589.0 2150.5 2615.1 3146.2 4346.9
LSC0MC075J1 20.69 404.0 1012.0 1580.2 2137.0 2597.5 3123.9 4314.1
LSC0MC075R 20.44 396.5 995.4 1555.9 2105.7 2560.5 3080.4 4256.0
LSC0MC080 0.16 0.0 3.9 8.8 13.5 17.6 22.3 32.8
LSC0MC085 0.14 0.1 4.1 8.2 12.0 15.3 19.1 27.2
LSC0MC090 0.11 3.2 7.1 10.4 13.4 15.8 18.6 24.9
LSC0MC090J 20.44 397.4 994.8 1546.6 2094.5 2549.0 3069.7 4248.2
LSC0MC090J1 18.45 355.1 893.2 1391.3 1884.2 2293.7 2763.5 3826.6
LSC0MC090J2 1.86 42.2 97.4 147.1 198.3 240.0 287.1 394.4
LSC0MC090RA 18.34 351.9 886.1 1380.9 1870.8 2277.9 2744.9 3801.8
LSC0MC090RB 0.74 12.8 29.1 46.2 63.5 77.6 93.6 133.0

Little Salt Creek Existing Conditions Hydrologic Model Results
Hydrologic 

Element
Drainage 
Area (mi2)

Cumulative Volume (ac-ft)



2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
LSC0MC095 0.12 3.5 7.9 11.5 14.9 17.6 20.6 27.5
LSC0MC095J 18.34 352.4 885.9 1379.6 1868.3 2275.1 2741.8 3799.0
LSC0MC095J1 17.60 339.6 856.8 1333.4 1804.8 2197.4 2648.2 3666.0
LSC0MC095R 17.48 336.1 848.9 1321.9 1789.9 2179.9 2627.6 3638.5
LSC0MC100 0.28 7.3 17.5 25.9 33.9 40.2 47.4 63.5
LSC0MC100J 17.48 336.0 848.9 1320.4 1788.0 2177.8 2625.5 3636.8
LSC0MC100R 17.20 328.6 831.4 1294.5 1754.1 2137.6 2578.1 3573.3
LSC0MC105 0.32 9.8 21.6 31.5 40.6 48.1 56.6 75.7
LSC0MC105J 17.20 326.5 828.6 1289.0 1748.1 2131.8 2572.7 3570.0
LSC0MC105J1 1.07 26.0 64.3 96.3 126.8 151.4 179.3 241.9
LSC0MC105J2 10.40 191.8 499.7 783.9 1062.7 1296.1 1562.6 2162.0
LSC0MC105J3 5.44 108.7 261.6 402.2 545.3 663.8 801.4 1117.1
LSC0MC105J4 0.29 0.0 3.1 6.7 13.2 20.5 29.3 48.9
LSC0MC105R 9.86 182.0 473.7 741.1 1004.3 1224.4 1476.1 2041.8
LSC0MC110 0.23 0.0 4.4 11.2 17.8 23.5 30.0 44.5
LSC0MC115 0.18 4.9 11.2 16.4 21.3 25.2 29.6 39.5
LSC0MC120 0.07 1.9 4.3 6.3 8.1 9.6 11.2 14.9
LSC0MC120J 9.86 182.1 473.1 739.4 1002.3 1222.4 1474.8 2043.6
LSC0MC120J1 9.69 177.2 461.9 722.9 980.9 1197.2 1445.2 2004.1
LSC0MC120R 9.62 175.3 457.6 716.7 972.8 1187.6 1434.0 1989.2
LSC0MC122 0.12 3.4 7.7 11.3 14.6 17.2 20.1 26.7
LSC0MC122R 8.16 159.5 404.2 626.9 843.3 1022.3 1227.6 1691.9
LSC0MC125 0.24 0.0 0.8 7.1 14.0 20.0 26.9 42.4
LSC0MC125J 8.16 158.9 399.8 622.0 839.8 1020.7 1228.9 1700.2
LSC0MC125R 7.92 158.9 399.1 614.9 825.8 1000.7 1201.9 1657.8
LSC0MC130 0.16 0.0 0.0 2.3 7.0 11.2 16.0 26.9
LSC0MC130J 7.92 159.3 398.6 614.0 824.4 998.6 1199.3 1654.7
LSC0MC130J1 7.27 153.8 380.8 579.5 771.5 930.2 1113.3 1529.0
LSC0MC130J2 0.49 5.5 17.8 32.2 45.8 57.2 70.0 98.9
LSC0MC135 0.20 5.1 12.6 19.0 24.9 29.8 35.3 47.6
LSC0MC135R 7.07 148.7 368.2 560.5 746.6 900.4 1078.0 1481.4
LSC0MC140 0.06 1.7 3.8 5.5 7.2 8.4 9.9 13.1
LSC0MC140J 7.07 149.0 368.2 560.9 747.1 900.7 1078.2 1481.7
LSC0MC140J1 5.89 148.9 348.9 515.6 669.6 793.4 935.8 1260.5
LSC0MC140J2 1.17 0.0 19.3 45.2 77.5 107.3 142.4 221.1
LSC0MC140R 5.83 147.3 345.2 510.1 662.5 785.0 925.9 1247.5
LSC0MC145 0.08 2.1 4.8 7.1 9.1 10.8 12.6 16.8
LSC0MC145J 5.83 152.1 352.0 518.5 673.2 797.3 939.8 1264.4
LSC0MC145J1 5.23 142.5 320.7 468.7 606.0 715.7 841.7 1130.5
LSC0MC145J2 0.61 9.5 31.3 49.8 67.2 81.6 98.1 133.8
LSC0MC145R 5.15 140.4 315.9 461.6 596.9 704.9 829.1 1113.8
LSC0MC150 0.36 10.4 23.4 34.3 44.3 52.2 61.2 81.4
LSC0MC150J 5.15 140.6 316.2 462.1 597.5 705.6 829.9 1114.7
LSC0MC150R 4.79 130.2 292.8 427.9 553.3 653.4 768.7 1033.3
LSC0MC155 0.13 3.8 8.6 12.6 16.3 19.2 22.5 29.9
LSC0MC155J 4.79 130.7 293.8 429.4 555.1 655.3 770.6 1035.3
LSC0MC155R 4.65 126.8 285.2 416.8 538.8 636.1 748.1 1005.4
LSC0MC160 0.14 0.0 0.0 0.0 0.0 0.0 1.1 9.6
LSC0MC160J 4.65 127.4 286.0 418.1 540.3 637.6 749.6 1007.1

Little Salt Creek Existing Conditions Hydrologic Model Results
Hydrologic 

Element
Drainage 
Area (mi2)

Cumulative Volume (ac-ft)



2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
LSC0MC160J1 4.51 127.4 286.0 418.1 540.3 637.6 748.5 997.6
LSC0MC165 0.25 7.3 16.3 23.9 30.9 36.4 42.7 56.9
LSC0MC165R 4.26 120.1 269.7 394.2 509.4 601.2 705.8 940.7
LSC0MC170 0.38 10.9 24.5 35.8 46.2 54.5 64.0 85.1
LSC0MC170J 4.26 120.4 270.4 395.5 511.0 603.2 708.0 943.6
LSC0MC170J1 4.05 114.4 257.0 375.8 485.6 573.2 673.0 896.9
LSC0MC170R 3.67 103.5 232.6 340.1 439.4 518.7 609.0 811.9
LSC0MC175 0.21 6.0 13.4 19.7 25.4 30.0 35.1 46.6
LSC0MC180 0.02 0.7 1.5 2.2 2.8 3.3 3.9 5.1
LSC0MC180J 3.67 104.6 235.5 344.5 445.0 524.9 615.4 818.0
LSC0MC180J1 3.51 100.0 225.2 329.4 425.5 501.9 588.4 782.0
LSC0MC185 0.16 4.6 10.3 15.1 19.5 23.0 27.0 36.0
LSC0MC185R 3.49 99.3 223.7 327.3 422.8 498.6 584.6 776.9
LSC0MC190 0.29 7.9 18.0 26.4 34.0 40.1 46.9 62.0
LSC0MC195 0.23 6.5 14.6 21.4 27.6 32.6 38.2 50.8
LSC0MC195J 3.49 99.4 223.8 327.5 423.1 499.1 585.1 777.5
LSC0MC195J1 3.20 91.5 205.8 301.2 389.1 459.0 538.2 715.5
LSC0MC195R 2.98 85.0 191.2 279.8 361.4 426.4 500.0 664.7
LSC0MC200 0.25 7.1 15.9 23.3 30.1 35.5 41.6 55.4
LSC0MC205 0.24 6.9 15.5 22.7 29.3 34.5 40.5 53.9
LSC0MC205J 2.98 85.2 191.4 280.0 361.8 426.8 500.4 665.4
LSC0MC205J1 2.34 66.6 149.9 219.4 283.4 334.1 391.6 520.4
LSC0MC205J2 0.39 11.5 25.6 37.4 48.3 57.2 67.1 89.6
LSC0MC205RB 2.10 59.7 134.4 196.7 254.1 299.6 351.1 466.6
LSC0MC210 0.35 10.1 22.6 33.0 42.7 50.3 59.0 78.6
LSC0MC210J 2.10 59.8 134.5 196.8 254.2 299.7 351.3 466.7
LSC0MC210R 1.76 49.7 111.9 163.8 211.5 249.4 292.2 388.1
LSC0MC215 0.14 4.1 9.2 13.5 17.4 20.6 24.1 32.1
LSC0MC215J 1.76 49.7 111.9 163.8 211.6 249.4 292.3 388.2
LSC0MC215J1 1.50 42.2 95.1 139.2 179.7 211.9 248.2 329.6
LSC0MC215R 1.35 38.1 85.9 125.7 162.3 191.3 224.1 297.5
LSC0MC220 0.27 7.7 17.4 25.5 32.9 38.8 45.4 60.4
LSC0MC220J 1.35 38.1 85.9 125.7 162.4 191.4 224.2 297.6
LSC0MC220J1 1.10 30.3 68.6 100.6 129.9 153.0 179.1 237.4
LSC0MC220R 0.82 22.6 51.3 75.1 97.0 114.3 133.7 177.0
LSC0MC225 0.18 4.9 11.2 16.4 21.1 24.9 29.2 38.7
LSC0MC230 0.12 3.3 7.5 11.0 14.2 16.7 19.5 25.9
LSC0MC230J 0.82 22.6 51.3 75.3 97.2 114.5 134.0 177.4
LSC0MC230J1 0.65 17.7 40.2 58.9 76.1 89.6 104.8 138.7
LSC0MC230R 0.53 14.4 32.7 47.9 61.9 72.9 85.3 112.8
LSC0MC235 0.26 7.0 16.0 23.4 30.3 35.6 41.7 55.1
LSC0MC235J 0.53 14.4 32.7 48.0 61.9 72.9 85.3 112.9
LSC0MC235R 0.27 7.4 16.7 24.5 31.7 37.3 43.6 57.7
LSC0MC240 0.27 7.4 16.7 24.5 31.7 37.3 43.6 57.7
LSC0MC240J 0.27 7.4 16.7 24.5 31.7 37.3 43.6 57.7
LSC111500 0.09 2.4 5.4 7.9 10.2 12.0 14.0 18.6
LSC111500R 0.10 2.7 6.2 9.1 11.8 13.9 16.2 21.5
LSC111505 0.10 2.7 6.2 9.1 11.8 13.9 16.2 21.5
LSC111505P 0.10 2.7 6.2 9.1 11.8 13.9 16.2 21.5
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Hydrologic 
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2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
LSC116500 0.16 4.8 10.7 15.6 20.2 23.8 28.0 37.2
LSC116500R 0.33 0.0 0.0 1.8 10.1 18.8 28.9 51.9
LSC116505 0.33 0.0 0.0 1.8 10.2 18.9 29.0 51.9
LSC116505J 0.33 0.0 0.0 1.8 10.2 18.9 29.0 51.9
LSC132000 0.23 0.0 6.5 13.9 21.0 27.2 34.1 49.8
LSC132000R 0.16 0.0 4.5 9.6 14.5 18.7 23.5 34.3
LSC132005 0.16 0.0 4.5 9.6 14.5 18.7 23.5 34.4
N1A 0.28 7.7 17.4 25.6 33.0 38.8 45.5 60.1
N1A-N1 0.85 23.3 52.9 77.6 100.2 117.9 137.9 182.5
N1A-R1 0.85 23.2 52.6 77.2 99.8 117.6 137.6 182.1
N1B 0.29 7.9 18.0 26.5 34.2 40.2 47.1 62.3
N1B-N1 0.57 15.6 35.5 52.0 67.2 79.1 92.5 122.4
N1B-R1 0.57 15.6 35.5 52.0 67.2 79.0 92.5 122.4
N1C 0.19 5.2 11.8 17.3 22.4 26.4 30.8 40.8
N1C-R1 0.19 5.2 11.8 17.3 22.4 26.3 30.8 40.8
N1D 0.09 2.5 5.6 8.2 10.6 12.5 14.6 19.3
N1D-R1 0.28 7.7 17.4 25.6 33.0 38.8 45.4 60.1
N1E 0.11 3.0 6.8 10.0 13.0 15.3 17.9 23.6
N1E-N1 0.96 26.2 59.5 87.3 112.8 132.8 155.5 205.8
N1E-R1 0.96 26.1 59.3 87.1 112.5 132.6 155.2 205.5
N1F 0.29 7.9 18.0 26.5 34.2 40.2 47.1 62.3
N1F-R1 0.29 7.9 18.0 26.5 34.2 40.2 47.0 62.2
N1G 0.15 4.1 9.3 13.7 17.7 20.8 24.3 32.2
N1G-R1 0.15 4.1 9.3 13.7 17.7 20.8 24.3 32.2
N1H 0.24 6.6 14.9 21.9 28.3 33.3 39.0 51.5
N1H-N1 50.03 891.4 2508.2 3971.9 5325.9 6466.5 7802.2 10796.2
N1I 0.21 5.8 13.1 19.2 24.8 29.1 34.1 45.1
N1I-R1 0.21 4.7 11.3 17.1 22.6 27.2 32.2 43.2
N1J 0.13 3.6 8.1 11.9 15.3 18.0 21.1 27.9
N1J-N1 0.42 11.5 26.1 38.3 49.5 58.2 68.1 90.1
N1K 0.10 2.7 6.2 9.1 11.8 13.9 16.2 21.5
N1K-N1 0.25 6.9 15.6 22.8 29.5 34.7 40.6 53.7
N1K-R1 0.25 6.8 15.5 22.7 29.3 34.6 40.5 53.5
N1L 0.15 4.1 9.3 13.7 17.7 20.8 24.3 32.2
N1L-N1 0.36 8.8 20.6 30.7 40.3 48.0 56.6 75.4
N1L-R1 0.36 7.6 18.3 27.7 36.9 44.6 53.4 72.4
N1M 0.10 2.7 6.2 9.1 11.8 13.9 16.2 21.5
N1M-R1 0.10 2.0 4.9 7.5 10.1 12.3 14.8 20.0
N1N 0.09 2.5 5.6 8.2 10.6 12.5 14.6 19.3
N1O 0.12 3.3 7.5 11.0 14.1 16.6 19.5 25.8
N1O-N1 49.05 865.9 2449.3 3885.2 5213.6 6334.0 7646.7 10589.8
N1Onul 49.05 865.2 2448.4 3884.0 5212.2 6332.5 7645.1 10588.0
N1P 0.13 3.6 8.1 11.9 15.3 18.0 21.1 27.9
N1P-N1 0.38 10.4 23.5 34.6 44.7 52.6 61.6 81.5
N1P-R1 0.38 10.3 23.4 34.4 44.5 52.5 61.4 81.3
N1Q 0.12 3.3 7.5 11.0 14.1 16.6 19.5 25.8
N1Q-N1 49.17 868.5 2455.8 3895.0 5226.3 6349.1 7664.6 10613.8
N1Qnul 49.17 868.0 2454.9 3893.7 5224.8 6347.4 7662.8 10611.8
N1R 0.24 6.6 14.9 21.9 28.3 33.3 39.0 51.5

Little Salt Creek Existing Conditions Hydrologic Model Results
Hydrologic 

Element
Drainage 
Area (mi2)

Cumulative Volume (ac-ft)



2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
N2Rnul 46.00 788.1 2269.8 3619.1 4867.1 5923.6 7164.0 9947.9
N2S 0.19 5.2 11.8 17.3 22.4 26.4 30.8 40.8
N2S-N1 46.80 809.1 2317.9 3690.3 4959.6 6032.9 7292.3 10118.0
N2Snul 46.80 808.6 2317.1 3689.2 4958.4 6031.6 7290.9 10116.4
N2U 0.26 7.1 16.2 23.7 30.6 36.1 42.2 55.8
N2U-N1 0.61 16.3 37.2 54.8 71.1 83.9 98.3 130.2
N2U-R1 0.61 15.8 36.4 53.9 70.1 83.0 97.4 129.3
N2V 0.35 9.6 21.8 31.9 41.3 48.6 56.8 75.2
N2V-R1 0.35 9.2 21.0 31.1 40.4 47.8 56.1 74.4
N2W 0.20 5.5 12.4 18.3 23.6 27.7 32.5 42.9
N2W-N1 47.96 840.1 2388.8 3794.6 5094.5 6191.9 7478.6 10364.8
N2Wnul 47.96 839.6 2388.0 3793.5 5093.3 6190.5 7477.1 10363.2
NID-N1 0.28 7.7 17.4 25.5 33.0 38.8 45.4 60.1
NIJ-R1 0.42 10.9 25.1 37.3 48.5 57.4 67.3 89.2
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1-D Volume Analysis (2).txt
 ************************************      *************************************
 *              FFA                 *      *                                   *
 *     FLOOD FREQUENCY ANALYSIS     *      *   U.S. ARMY CORPS OF ENGINEERS    *
 *     PROGRAM DATE:  FEB 1995      *      * THE HYDROLOGIC ENGINEERING CENTER *
 *          VERSION:  3.1           *      *         609 SECOND STREET         *
 *     RUN  DATE   AND   TIME:      *      *      DAVIS, CALIFORNIA 95616      *
 *        02 APR 08    11:14:50     *      *          (916) 756-1104           *
 *                                  *      *                                   *
 ************************************      *************************************

  INPUT FILE NAME: LSC1DV3
 OUTPUT FILE NAME: LSC1DV3O

 **TITLE RECORD(S)**
 TT   TEST NO. 1 FLOOD FLOW FREQUENCY ANALYSIS PROGRAM
 TT   WRC APPENDIX 12, EXAMPLE 1 - FITTING THE LOG-PEARSON TYPE III DIST
 TT   LITTLE SALT CREEK AT ARBOR RD AND 27TH - NORTH OF LINCOLN, NE

 **STATION IDENTIFICATION**
 ID   2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=43.6 SQ MI             1969-2005

 **DSS WRITE PATHNAME**
 ZW    /TEST NO. 1/LITTLE SALT CREEK/FREQ-FLOW//1969-2005/USGS MEAN DAILY 1-DAY /

 **GENERALIZED SKEW**
      ISTN   GGMSE    SKEW
 GS   2667    .000     .00

 **SPECIAL STATION INFORMATION**
     IYRA    IYRL  HITHRS  LOTHRS    LOGT    NDEC    NSIG
 SI  1507    2007      0.      0.       0       0       0

 **HISTORIC EVENTS**
 QH   7  24  1993     9957.

 **SYSTEMATIC EVENTS**
      38 EVENTS TO BE ANALYZED

 **END OF INPUT DATA**
 ED +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄPRELIMINARY RESULTS ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -PLOTTING POSITIONS- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º      EVENTS ANALYZED     ³           ORDERED EVENTS          º
 º                   FLOW   ³        WATER      FLOW   WEIBULL  º
 º MON DAY  YEAR    AC-FT   ³   RANK  YEAR     AC-FT   PLOT POS º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º   3  17  1969      613.  ³     1   1984      5593.     2.56  º
 º   9  15  1970      165.  ³     2   1987      4919.     5.13  º
 º   2  19  1971      496.  ³     3   1985      4800.     7.69  º
 º   5   1  1972      603.  ³     4   1982      3868.    10.26  º
 º   3  31  1973      811.  ³     5   2007      3650.    12.82  º
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 º  10  11  1973     1775.  ³     6   1990      2380.    15.38  º
 º   3  19  1975      135.  ³     7   1989      2261.    17.95  º
 º   7  21  1976      115.  ³     8   1998      2162.    20.51  º
 º   9   3  1977     1406.  ³     9   1974      1775.    23.08  º
 º   3  13  1978     1047.  ³    10   1979      1773.    25.64  º
 º   3   3  1979     1773.  ³    11   1996      1474.    28.21  º
 º   7   2  1980     1305.  ³    12   1977      1406.    30.77  º
 º   8   5  1981      333.  ³    13   1992      1388.    33.33  º
 º   6  15  1982     3868.  ³    14   1999      1383.    35.90  º
 º   5  18  1983      762.  ³    15   1980      1305.    38.46  º
 º   6  13  1984     5593.  ³    16   1994      1142.    41.03  º
 º   7  19  1985     4800.  ³    17   2002      1085.    43.59  º
 º   7  10  1986      696.  ³    18   1978      1047.    46.15  º
 º   8  25  1987     4919.  ³    19   1973       811.    48.72  º
 º   5  21  1988      609.  ³    20   1983       762.    51.28  º
 º   9   9  1989     2261.  ³    21   1991       700.    53.85  º
 º   7  26  1990     2380.  ³    22   1986       696.    56.41  º
 º   7   9  1991      700.  ³    23   1995       651.    58.97  º
 º   7  13  1992     1388.  ³    24   1969       613.    61.54  º
 º   6  23  1994     1142.  ³    25   1988       609.    64.10  º
 º   5   8  1995      651.  ³    26   1972       603.    66.67  º
 º   5  27  1996     1474.  ³    27   2001       571.    69.23  º
 º   6  25  1997      331.  ³    28   1971       496.    71.79  º
 º   6  14  1998     2162.  ³    29   1981       333.    74.36  º
 º   6  30  1999     1383.  ³    30   1997       331.    76.92  º
 º   6  26  2000      198.  ³    31   2004       266.    79.49  º
 º   5   5  2001      571.  ³    32   2004       250.    82.05  º
 º   8  22  2002     1085.  ³    33   2006       248.    84.62  º
 º  10   4  2003      266.  ³    34   2005       206.    87.18  º
 º   6  21  2004      250.  ³    35   2000       198.    89.74  º
 º   2  13  2005      206.  ³    36   1970       165.    92.31  º
 º   8  18  2006      248.  ³    37   1975       135.    94.87  º
 º   5   6  2007     3650.  ³    38   1976       115.    97.44  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 -SKEW WEIGHTING -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 BASED ON  38 EVENTS, MEAN-SQUARE ERROR OF STATION SKEW =   .136
 DEFAULT OR INPUT MEAN-SQUARE ERROR OF GENERALIZED SKEW =   .302
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

  PRELIMINARY RESULTS

 -FREQUENCY CURVE- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º  COMPUTED   EXPECTED   ³   PERCENT   ³    CONFIDENCE LIMITS  º
 º   CURVE   PROBABILITY  ³    CHANCE   ³      .05        .95   º
 º    VOLUME IN AC-FT     ³  EXCEEDANCE ³     VOLUME IN AC-FT   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º    17100.     21800.   ³       .2    ³    37200.      9880.  º
 º    12500.     15000.   ³       .5    ³    25300.      7520.  º
 º     9590.     11100.   ³      1.0    ³    18400.      6000.  º
 º     7200.      8020.   ³      2.0    ³    13100.      4680.  º
 º     4690.      5020.   ³      5.0    ³     7820.      3210.  º
 º     3200.      3340.   ³     10.0    ³     4980.      2280.  º
 º     2020.      2070.   ³     20.0    ³     2920.      1490.  º
 º      836.       836.   ³     50.0    ³     1110.       628.  º
 º      346.       338.   ³     80.0    ³      467.       239.  º
 º      218.       209.   ³     90.0    ³      306.       140.  º
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 º      149.       139.   ³     95.0    ³      218.        89.  º
 º       73.        63.   ³     99.0    ³      116.        38.  º
 ÌÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¹
 º                      SYSTEMATIC STATISTICS                   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º LOG TRANSFORM: FLOW, CFS       ³       NUMBER OF EVENTS      º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º  MEAN                  2.9221  ³  HISTORIC EVENTS         0  º
 º  STANDARD DEV           .4555  ³  HIGH OUTLIERS       0      º
 º  COMPUTED SKEW         -.0408  ³  LOW OUTLIERS        0      º
 º  REGIONAL SKEW          .0000  ³  ZERO OR MISSING     0      º
 º  ADOPTED SKEW           .0000  ³  SYSTEMATIC EVENTS      38  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ   FINAL RESULTS    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -PLOTTING POSITIONS- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º      EVENTS ANALYZED     ³           ORDERED EVENTS          º
 º                   FLOW   ³        WATER      FLOW   WEIBULL  º
 º MON DAY  YEAR    AC-FT   ³   RANK  YEAR     AC-FT   PLOT POS º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º   3  17  1969      613.  ³     1   1993      9957.      .20  º
 º   9  15  1970      165.  ³     2   1984      5593.     1.61  º
 º   2  19  1971      496.  ³     3   1987      4919.     4.23  º
 º   5   1  1972      603.  ³     4   1985      4800.     6.85  º
 º   3  31  1973      811.  ³     5   1982      3868.     9.47  º
 º  10  11  1973     1775.  ³     6   2007      3650.    12.09  º
 º   3  19  1975      135.  ³     7   1990      2380.    14.71  º
 º   7  21  1976      115.  ³     8   1989      2261.    17.34  º
 º   9   3  1977     1406.  ³     9   1998      2162.    19.96  º
 º   3  13  1978     1047.  ³    10   1974      1775.    22.58  º
 º   3   3  1979     1773.  ³    11   1979      1773.    25.20  º
 º   7   2  1980     1305.  ³    12   1996      1474.    27.82  º
 º   8   5  1981      333.  ³    13   1977      1406.    30.44  º
 º   6  15  1982     3868.  ³    14   1992      1388.    33.06  º
 º   5  18  1983      762.  ³    15   1999      1383.    35.68  º
 º   6  13  1984     5593.  ³    16   1980      1305.    38.30  º
 º   7  19  1985     4800.  ³    17   1994      1142.    40.93  º
 º   7  10  1986      696.  ³    18   2002      1085.    43.55  º
 º   8  25  1987     4919.  ³    19   1978      1047.    46.17  º
 º   5  21  1988      609.  ³    20   1973       811.    48.79  º
 º   9   9  1989     2261.  ³    21   1983       762.    51.41  º
 º   7  26  1990     2380.  ³    22   1991       700.    54.03  º
 º   7   9  1991      700.  ³    23   1986       696.    56.65  º
 º   7  13  1992     1388.  ³    24   1995       651.    59.27  º
 º   6  23  1994     1142.  ³    25   1969       613.    61.89  º
 º   5   8  1995      651.  ³    26   1988       609.    64.52  º
 º   5  27  1996     1474.  ³    27   1972       603.    67.14  º
 º   6  25  1997      331.  ³    28   2001       571.    69.76  º
 º   6  14  1998     2162.  ³    29   1971       496.    72.38  º
 º   6  30  1999     1383.  ³    30   1981       333.    75.00  º
 º   6  26  2000      198.  ³    31   1997       331.    77.62  º
 º   5   5  2001      571.  ³    32   2004       266.    80.24  º
 º   8  22  2002     1085.  ³    33   2004       250.    82.86  º
 º  10   4  2003      266.  ³    34   2006       248.    85.48  º
 º   6  21  2004      250.  ³    35   2005       206.    88.11  º
 º   2  13  2005      206.  ³    36   2000       198.    90.73  º
 º   8  18  2006      248.  ³    37   1970       165.    93.35  º
 º   5   6  2007     3650.  ³    38   1975       135.    95.97  º
 º   7  24  1993     9957.  ³    39   1976       115.    98.59  º
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 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º NOTE- PLOTTING POSITIONS BASED ON-HISTORIC PERIOD (H) = 501  º
 º       NUMBER OF HISTORIC EVENTS PLUS HIGH OUTLIERS(Z) =   1  º
 º       WEIGHTING FACTOR FOR SYSTEMATIC EVENTS  (W) = 13.1579  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 -OUTLIER TESTS  -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 LOW OUTLIER TEST
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 BASED ON  38 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.661

        0 LOW OUTLIER(S) IDENTIFIED BELOW TEST VALUE OF     51.3

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 HIGH OUTLIER TEST
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 BASED ON  38 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.661

       0 HIGH OUTLIER(S) IDENTIFIED ABOVE TEST VALUE OF   13619.

 STATISTICS AND FREQUENCY CURVE ADJUSTED FOR  0 HIGH OUTLIER(S)
                                         AND  1 HISTORIC EVENT(S)
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -SKEW WEIGHTING -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 BASED ON 501 EVENTS, MEAN-SQUARE ERROR OF STATION SKEW =   .012
 DEFAULT OR INPUT MEAN-SQUARE ERROR OF GENERALIZED SKEW =   .302
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 FINAL RESULTS

 -FREQUENCY CURVE- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º  COMPUTED   EXPECTED   ³   PERCENT   ³    CONFIDENCE LIMITS  º
 º   CURVE   PROBABILITY  ³    CHANCE   ³      .05        .95   º
 º     VOLUME IN AC-FT    ³  EXCEEDANCE ³      VOLUME IN AC-FT  º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º    16800.     21400.   ³       .2    ³    36400.      9740.  º
 º    12300.     14700.   ³       .5    ³    24800.      7430.  º
 º     9460.     10900.   ³      1.0    ³    18100.      5940.  º
 º     7120.      7930.   ³      2.0    ³    12900.      4640.  º
 º     4650.      4970.   ³      5.0    ³     7730.      3190.  º
 º     3190.      3320.   ³     10.0    ³     4940.      2280.  º
 º     2020.      2060.   ³     20.0    ³     2910.      1500.  º
 º      840.       840.   ³     50.0    ³     1110.       633.  º
 º      350.       342.   ³     80.0    ³      472.       243.  º
 º      221.       212.   ³     90.0    ³      310.       143.  º
 º      152.       142.   ³     95.0    ³      221.        91.  º
 º       75.        65.   ³     99.0    ³      119.        39.  º
 ÌÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¹
 º                        ADJUSTED STATISTICS                   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
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1-D Volume Analysis (2).txt
 º LOG TRANSFORM: FLOW, CFS       ³       NUMBER OF EVENTS      º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º  MEAN                  2.9242  ³  HISTORIC EVENTS         1  º
 º  STANDARD DEV           .4520  ³  HIGH OUTLIERS       0      º
 º  COMPUTED SKEW         -.0259  ³  LOW OUTLIERS        0      º
 º  REGIONAL SKEW          .0000  ³  ZERO OR MISSING     0      º
 º  ADOPTED SKEW           .0000  ³  SYSTEMATIC EVENTS      38  º
 º                                ³  HISTORIC PERIOD       501  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼
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2-D Volume Analysis (2).txt
 ************************************      *************************************
 *              FFA                 *      *                                   *
 *     FLOOD FREQUENCY ANALYSIS     *      *   U.S. ARMY CORPS OF ENGINEERS    *
 *     PROGRAM DATE:  FEB 1995      *      * THE HYDROLOGIC ENGINEERING CENTER *
 *          VERSION:  3.1           *      *         609 SECOND STREET         *
 *     RUN  DATE   AND   TIME:      *      *      DAVIS, CALIFORNIA 95616      *
 *        02 APR 08    11:13:58     *      *          (916) 756-1104           *
 *                                  *      *                                   *
 ************************************      *************************************

  INPUT FILE NAME: LSC2DV3
 OUTPUT FILE NAME: LSC2DV3O

 **TITLE RECORD(S)**
 TT   TEST NO. 1 FLOOD FLOW FREQUENCY ANALYSIS PROGRAM
 TT   WRC APPENDIX 12, EXAMPLE 1 - FITTING THE LOG-PEARSON TYPE III DIST
 TT   LITTLE SALT CREEK AT ARBOR RD AND 27TH - NORTH OF LINCOLN, NE

 **STATION IDENTIFICATION**
 ID   2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=43.6 SQ MI             1969-2005

 **DSS WRITE PATHNAME**
 ZW    /TEST NO. 1/LITTLE SALT CREEK/FREQ-FLOW//1969-2005/USGS ANNUAL MEAN 2-DAY / 

 **GENERALIZED SKEW**
      ISTN   GGMSE    SKEW
 GS   2667    .000     .00

 **SPECIAL STATION INFORMATION**
     IYRA    IYRL  HITHRS  LOTHRS    LOGT    NDEC    NSIG
 SI  1507    2007      0.      0.       0       0       0

 **HISTORIC EVENTS**
 QH   7  24  1993    16582.

 **SYSTEMATIC EVENTS**
      38 EVENTS TO BE ANALYZED

 **END OF INPUT DATA**
 ED +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄPRELIMINARY RESULTS ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -PLOTTING POSITIONS- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º      EVENTS ANALYZED     ³           ORDERED EVENTS          º
 º                   FLOW   ³        WATER      FLOW   WEIBULL  º
 º MON DAY  YEAR    AC-FT   ³   RANK  YEAR      AC-FT  PLOT POS º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º   3  17  1969     1045.  ³     1   1984      7993.     2.56  º
 º   9  15  1970      218.  ³     2   1987      5611.     5.13  º
 º   2  19  1971      962.  ³     3   2007      5474.     7.69  º
 º   5   1  1972      682.  ³     4   1985      4921.    10.26  º
 º   3  31  1973      885.  ³     5   1989      4483.    12.82  º
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2-D Volume Analysis (2).txt
 º  10  11  1973     2414.  ³     6   1982      4044.    15.38  º
 º   3  19  1975      250.  ³     7   1979      3231.    17.95  º
 º   7  21  1976      139.  ³     8   1990      3065.    20.51  º
 º   9   3  1977     2009.  ³     9   1998      2436.    23.08  º
 º   3  13  1978     1603.  ³    10   1974      2414.    25.64  º
 º   3   3  1979     3231.  ³    11   1980      2126.    28.21  º
 º   7   2  1980     2126.  ³    12   1977      2009.    30.77  º
 º   8   5  1981      344.  ³    13   1996      1712.    33.33  º
 º   6  15  1982     4044.  ³    14   1992      1686.    35.90  º
 º   5  18  1983     1037.  ³    15   1978      1603.    38.46  º
 º   6  13  1984     7993.  ³    16   1999      1434.    41.03  º
 º   7  19  1985     4921.  ³    17   2002      1262.    43.59  º
 º   4  28  1986     1061.  ³    18   1994      1232.    46.15  º
 º   8  25  1987     5611.  ³    19   1995      1107.    48.72  º
 º   5  21  1988      811.  ³    20   1986      1061.    51.28  º
 º   9   9  1989     4483.  ³    21   1969      1045.    53.85  º
 º   7  26  1990     3065.  ³    22   1983      1037.    56.41  º
 º   7   9  1991      742.  ³    23   1971       962.    58.97  º
 º   7  13  1992     1686.  ³    24   1973       885.    61.54  º
 º   6  23  1994     1232.  ³    25   1988       811.    64.10  º
 º   5   8  1995     1107.  ³    26   1991       742.    66.67  º
 º   5  27  1996     1712.  ³    27   2001       690.    69.23  º
 º   6  25  1997      377.  ³    28   1972       682.    71.79  º
 º   6  14  1998     2436.  ³    29   1997       377.    74.36  º
 º   6  30  1999     1434.  ³    30   2000       361.    76.92  º
 º   6  26  2000      361.  ³    31   1981       344.    79.49  º
 º   5   5  2001      690.  ³    32   2006       317.    82.05  º
 º   8  22  2002     1262.  ³    33   2004       304.    84.62  º
 º  10   4  2003      298.  ³    34   2004       298.    87.18  º
 º   6  21  2004      304.  ³    35   2005       280.    89.74  º
 º   2  13  2005      280.  ³    36   1975       250.    92.31  º
 º   8  18  2006      317.  ³    37   1970       218.    94.87  º
 º   5   6  2007     5474.  ³    38   1976       139.    97.44  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 -SKEW WEIGHTING -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 BASED ON  38 EVENTS, MEAN-SQUARE ERROR OF STATION SKEW =   .137
 DEFAULT OR INPUT MEAN-SQUARE ERROR OF GENERALIZED SKEW =   .302
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

  PRELIMINARY RESULTS

 -FREQUENCY CURVE- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º  COMPUTED   EXPECTED   ³   PERCENT   ³    CONFIDENCE LIMITS  º
 º   CURVE   PROBABILITY  ³    CHANCE   ³      .05        .95   º
 º    VOLUME IN AC-FT     ³  EXCEEDANCE ³     VOLUME IN AC-FT   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º    22400.     28500.   ³       .2    ³    48500.     13000.  º
 º    16300.     19600.   ³       .5    ³    33100.      9870.  º
 º    12600.     14500.   ³      1.0    ³    24100.      7880.  º
 º     9460.     10500.   ³      2.0    ³    17100.      6150.  º
 º     6170.      6600.   ³      5.0    ³    10300.      4230.  º
 º     4220.      4400.   ³     10.0    ³     6550.      3010.  º
 º     2670.      2730.   ³     20.0    ³     3850.      1980.  º
 º     1110.      1110.   ³     50.0    ³     1470.       834.  º
 º      460.       450.   ³     80.0    ³      621.       319.  º
 º      291.       279.   ³     90.0    ³      408.       187.  º
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2-D Volume Analysis (2).txt
 º      199.       186.   ³     95.0    ³      290.       120.  º
 º       98.        85.   ³     99.0    ³      156.        51.  º
 ÌÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¹
 º                      SYSTEMATIC STATISTICS                   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º LOG TRANSFORM: FLOW, CFS       ³       NUMBER OF EVENTS      º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º  MEAN                  3.0445  ³  HISTORIC EVENTS         0  º
 º  STANDARD DEV           .4534  ³  HIGH OUTLIERS       0      º
 º  COMPUTED SKEW         -.0474  ³  LOW OUTLIERS        0      º
 º  REGIONAL SKEW          .0000  ³  ZERO OR MISSING     0      º
 º  ADOPTED SKEW           .0000  ³  SYSTEMATIC EVENTS      38  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ   FINAL RESULTS    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -PLOTTING POSITIONS- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º      EVENTS ANALYZED     ³           ORDERED EVENTS          º
 º                   FLOW   ³        WATER      FLOW   WEIBULL  º
 º MON DAY  YEAR     AC-FT  ³   RANK  YEAR      AC-FT  PLOT POS º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º   3  17  1969     1045.  ³     1   1993     16582.      .20  º
 º   9  15  1970      218.  ³     2   1984      7993.     1.61  º
 º   2  19  1971      962.  ³     3   1987      5611.     4.23  º
 º   5   1  1972      682.  ³     4   2007      5474.     6.85  º
 º   3  31  1973      885.  ³     5   1985      4921.     9.47  º
 º  10  11  1973     2414.  ³     6   1989      4483.    12.09  º
 º   3  19  1975      250.  ³     7   1982      4044.    14.71  º
 º   7  21  1976      139.  ³     8   1979      3231.    17.34  º
 º   9   3  1977     2009.  ³     9   1990      3065.    19.96  º
 º   3  13  1978     1603.  ³    10   1998      2436.    22.58  º
 º   3   3  1979     3231.  ³    11   1974      2414.    25.20  º
 º   7   2  1980     2126.  ³    12   1980      2126.    27.82  º
 º   8   5  1981      344.  ³    13   1977      2009.    30.44  º
 º   6  15  1982     4044.  ³    14   1996      1712.    33.06  º
 º   5  18  1983     1037.  ³    15   1992      1686.    35.68  º
 º   6  13  1984     7993.  ³    16   1978      1603.    38.30  º
 º   7  19  1985     4921.  ³    17   1999      1434.    40.93  º
 º   4  28  1986     1061.  ³    18   2002      1262.    43.55  º
 º   8  25  1987     5611.  ³    19   1994      1232.    46.17  º
 º   5  21  1988      811.  ³    20   1995      1107.    48.79  º
 º   9   9  1989     4483.  ³    21   1986      1061.    51.41  º
 º   7  26  1990     3065.  ³    22   1969      1045.    54.03  º
 º   7   9  1991      742.  ³    23   1983      1037.    56.65  º
 º   7  13  1992     1686.  ³    24   1971       962.    59.27  º
 º   6  23  1994     1232.  ³    25   1973       885.    61.89  º
 º   5   8  1995     1107.  ³    26   1988       811.    64.52  º
 º   5  27  1996     1712.  ³    27   1991       742.    67.14  º
 º   6  25  1997      377.  ³    28   2001       690.    69.76  º
 º   6  14  1998     2436.  ³    29   1972       682.    72.38  º
 º   6  30  1999     1434.  ³    30   1997       377.    75.00  º
 º   6  26  2000      361.  ³    31   2000       361.    77.62  º
 º   5   5  2001      690.  ³    32   1981       344.    80.24  º
 º   8  22  2002     1262.  ³    33   2006       317.    82.86  º
 º  10   4  2003      298.  ³    34   2004       304.    85.48  º
 º   6  21  2004      304.  ³    35   2004       298.    88.11  º
 º   2  13  2005      280.  ³    36   2005       280.    90.73  º
 º   8  18  2006      317.  ³    37   1975       250.    93.35  º
 º   5   6  2007     5474.  ³    38   1970       218.    95.97  º
 º   7  24  1993    16582.  ³    39   1976       139.    98.59  º
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2-D Volume Analysis (2).txt
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º NOTE- PLOTTING POSITIONS BASED ON-HISTORIC PERIOD (H) = 501  º
 º       NUMBER OF HISTORIC EVENTS PLUS HIGH OUTLIERS(Z) =   1  º
 º       WEIGHTING FACTOR FOR SYSTEMATIC EVENTS  (W) = 13.1579  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 -OUTLIER TESTS  -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 LOW OUTLIER TEST
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 BASED ON  38 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.661

        0 LOW OUTLIER(S) IDENTIFIED BELOW TEST VALUE OF     68.9

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 HIGH OUTLIER TEST
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 BASED ON  38 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.661

       0 HIGH OUTLIER(S) IDENTIFIED ABOVE TEST VALUE OF   17829.

 STATISTICS AND FREQUENCY CURVE ADJUSTED FOR  0 HIGH OUTLIER(S)
                                         AND  1 HISTORIC EVENT(S)
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -SKEW WEIGHTING -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 BASED ON 501 EVENTS, MEAN-SQUARE ERROR OF STATION SKEW =   .012
 DEFAULT OR INPUT MEAN-SQUARE ERROR OF GENERALIZED SKEW =   .302
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 FINAL RESULTS

 -FREQUENCY CURVE- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º  COMPUTED   EXPECTED   ³   PERCENT   ³    CONFIDENCE LIMITS  º
 º   CURVE   PROBABILITY  ³    CHANCE   ³      .05        .95   º
 º    VOLUME IN AC-FT     ³  EXCEEDANCE ³     VOLUME IN AC-FT   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º    22100.     28000.   ³       .2    ³    47600.     12800.  º
 º    16100.     19300.   ³       .5    ³    32500.      9780.  º
 º    12400.     14300.   ³      1.0    ³    23800.      7820.  º
 º     9380.     10400.   ³      2.0    ³    16900.      6120.  º
 º     6140.      6560.   ³      5.0    ³    10200.      4210.  º
 º     4210.      4390.   ³     10.0    ³     6510.      3010.  º
 º     2670.      2730.   ³     20.0    ³     3840.      1980.  º
 º     1110.      1110.   ³     50.0    ³     1480.       840.  º
 º      465.       455.   ³     80.0    ³      627.       323.  º
 º      295.       283.   ³     90.0    ³      412.       191.  º
 º      202.       189.   ³     95.0    ³      295.       122.  º
 º      100.        87.   ³     99.0    ³      159.        52.  º
 ÌÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¹
 º                        ADJUSTED STATISTICS                   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
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2-D Volume Analysis (2).txt
 º LOG TRANSFORM: FLOW, CFS       ³       NUMBER OF EVENTS      º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º  MEAN                  3.0469  ³  HISTORIC EVENTS         1  º
 º  STANDARD DEV           .4505  ³  HIGH OUTLIERS       0      º
 º  COMPUTED SKEW         -.0248  ³  LOW OUTLIERS        0      º
 º  REGIONAL SKEW          .0000  ³  ZERO OR MISSING     0      º
 º  ADOPTED SKEW           .0000  ³  SYSTEMATIC EVENTS      38  º
 º                                ³  HISTORIC PERIOD       501  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼
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PeakFlowAnalysis (2).txt
 ************************************      *************************************
 *              FFA                 *      *                                   *
 *     FLOOD FREQUENCY ANALYSIS     *      *   U.S. ARMY CORPS OF ENGINEERS    *
 *     PROGRAM DATE:  FEB 1995      *      * THE HYDROLOGIC ENGINEERING CENTER *
 *          VERSION:  3.1           *      *         609 SECOND STREET         *
 *     RUN  DATE   AND   TIME:      *      *      DAVIS, CALIFORNIA 95616      *
 *        02 APR 08    11:15:16     *      *          (916) 756-1104           *
 *                                  *      *                                   *
 ************************************      *************************************

  INPUT FILE NAME: LSC1DP3
 OUTPUT FILE NAME: LSC1DP3O

 **TITLE RECORD(S)**
 TT   TEST NO. 1 FLOOD FLOW FREQUENCY ANALYSIS PROGRAM
 TT   WRC APPENDIX 12, EXAMPLE 1 - FITTING THE LOG-PEARSON TYPE III DIST
 TT   LITTLE SALT CREEK AT ARBOR RD AND 27TH - NORTH OF LINCOLN, NE

 **STATION IDENTIFICATION**
 ID   2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=43.6 SQ MI             1969-2005

 **DSS WRITE PATHNAME**
 ZW    /TEST NO. 1/LITTLE SALT CREEK/FREQ-FLOW//1969-2005/USGS ANNUAL PEAK 
DISCHARGES

 **GENERALIZED SKEW**
      ISTN   GGMSE    SKEW
 GS   2667    .000    -.20

 **SPECIAL STATION INFORMATION**
     IYRA    IYRL  HITHRS  LOTHRS    LOGT    NDEC    NSIG
 SI  1507    2007      0.      0.       0       0       0

 **HISTORIC EVENTS**
 QH   7  24  1993     8480.

 **SYSTEMATIC EVENTS**
      36 EVENTS TO BE ANALYZED

 **END OF INPUT DATA**
 ED +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

 ************************************************************
 ERROR IN SUBROUTINE DSSPNP

 **** ILLEGAL PATHNAME FOUND BY ZUFPN; ISTAT =  -1
     /TEST NO. 1/LITTLE SALT CREEK/FREQ-FLOW//1969-2005/USGS ANNUAL MEAN DAILY 1-

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄPRELIMINARY RESULTS ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -PLOTTING POSITIONS- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º      EVENTS ANALYZED     ³           ORDERED EVENTS          º
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PeakFlowAnalysis (2).txt
 º                   FLOW   ³        WATER      FLOW   WEIBULL  º
 º MON DAY  YEAR     CFS    ³   RANK  YEAR      CFS    PLOT POS º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º   4  16  1969      570.  ³     1   1985      8000.     2.70  º
 º   5  24  1970      560.  ³     2   1987      7640.     5.41  º
 º   2  18  1971      578.  ³     3   1984      7500.     8.11  º
 º   5   1  1972      712.  ³     4   1982      6520.    10.81  º
 º   5   7  1973      720.  ³     5   1989      4940.    13.51  º
 º   4  28  1974     2080.  ³     6   1990      4470.    16.22  º
 º   6   2  1975      402.  ³     7   1979      3320.    18.92  º
 º   7  21  1976      319.  ³     8   1999      3300.    21.62  º
 º   9   3  1977     2350.  ³     9   1980      3190.    24.32  º
 º   3  13  1978     1130.  ³    10   1977      2350.    27.03  º
 º   5   2  1979     3320.  ³    11   1983      2340.    29.73  º
 º   7   2  1980     3190.  ³    12   1974      2080.    32.43  º
 º   8   5  1981      474.  ³    13   2002      1970.    35.14  º
 º   6  15  1982     6520.  ³    14   1998      1770.    37.84  º
 º   5  18  1983     2340.  ³    15   1996      1390.    40.54  º
 º   6  12  1984     7500.  ³    16   1994      1230.    43.24  º
 º   7  19  1985     8000.  ³    17   1986      1140.    45.95  º
 º   8  20  1986     1140.  ³    18   1978      1130.    48.65  º
 º   8  25  1987     7640.  ³    19   1992      1090.    51.35  º
 º   5  21  1988      907.  ³    20   1988       907.    54.05  º
 º   9   8  1989     4940.  ³    21   1991       886.    56.76  º
 º   7  26  1990     4470.  ³    22   1995       816.    59.46  º
 º   7   9  1991      886.  ³    23   1997       758.    62.16  º
 º   7  13  1992     1090.  ³    24   1973       720.    64.86  º
 º   6  23  1994     1230.  ³    25   1972       712.    67.57  º
 º   5   7  1995      816.  ³    26   1971       578.    70.27  º
 º   5  27  1996     1390.  ³    27   1969       570.    72.97  º
 º   6  25  1997      758.  ³    28   1970       560.    75.68  º
 º   6  14  1998     1770.  ³    29   1981       474.    78.38  º
 º   6  30  1999     3300.  ³    30   2000       460.    81.08  º
 º   6  25  2000      460.  ³    31   1975       402.    83.78  º
 º   5   5  2001      394.  ³    32   2001       394.    86.49  º
 º   8  22  2002     1970.  ³    33   2003       358.    89.19  º
 º  10   4  2002      358.  ³    34   2005       345.    91.89  º
 º   6  21  2004      339.  ³    35   2004       339.    94.59  º
 º   8  22  2005      345.  ³    36   1976       319.    97.30  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 -SKEW WEIGHTING -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 BASED ON  36 EVENTS, MEAN-SQUARE ERROR OF STATION SKEW =   .174
 DEFAULT OR INPUT MEAN-SQUARE ERROR OF GENERALIZED SKEW =   .302
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

  PRELIMINARY RESULTS

 -FREQUENCY CURVE- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º  COMPUTED   EXPECTED   ³   PERCENT   ³    CONFIDENCE LIMITS  º
 º   CURVE   PROBABILITY  ³    CHANCE   ³      .05        .95   º
 º      FLOW IN CFS       ³  EXCEEDANCE ³      FLOW IN CFS      º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º    28500.     38300.   ³       .2    ³    64800.     16100.  º
 º    19900.     24800.   ³       .5    ³    41800.     11900.  º
 º    14900.     17700.   ³      1.0    ³    29300.      9250.  º
 º    10900.     12400.   ³      2.0    ³    20100.      7070.  º
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PeakFlowAnalysis (2).txt
 º     6900.      7440.   ³      5.0    ³    11500.      4730.  º
 º     4640.      4860.   ³     10.0    ³     7180.      3320.  º
 º     2900.      2970.   ³     20.0    ³     4150.      2160.  º
 º     1220.      1220.   ³     50.0    ³     1620.       925.  º
 º      542.       531.   ³     80.0    ³      727.       377.  º
 º      361.       347.   ³     90.0    ³      501.       235.  º
 º      260.       245.   ³     95.0    ³      374.       159.  º
 º      144.       127.   ³     99.0    ³      223.        78.  º
 ÌÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¹
 º                      SYSTEMATIC STATISTICS                   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º LOG TRANSFORM: FLOW, CFS       ³       NUMBER OF EVENTS      º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º  MEAN                  3.1022  ³  HISTORIC EVENTS         0  º
 º  STANDARD DEV           .4334  ³  HIGH OUTLIERS       0      º
 º  COMPUTED SKEW          .4127  ³  LOW OUTLIERS        0      º
 º  REGIONAL SKEW         -.2000  ³  ZERO OR MISSING     0      º
 º  ADOPTED SKEW           .2000  ³  SYSTEMATIC EVENTS      36  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 ***** CAUTION, SUBROUTINE OUTLY
 OUTSIDE TABLE RANGE OF 3 TO 147
 SAMPLE SIZE FOR OUTLIER TEST =   501
 NO TEST POSSIBLE
 CRITICAL VALUE BASED ON APPROXIMATE RELATIONS

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ   FINAL RESULTS    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -PLOTTING POSITIONS- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º      EVENTS ANALYZED     ³           ORDERED EVENTS          º
 º                   FLOW   ³        WATER      FLOW   WEIBULL  º
 º MON DAY  YEAR     CFS    ³   RANK  YEAR      CFS    PLOT POS º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º   4  16  1969      570.  ³     1   1993      8480.      .20  º
 º   5  24  1970      560.  ³     2   1985      8000.     1.68  º
 º   2  18  1971      578.  ³     3   1987      7640.     4.45  º
 º   5   1  1972      712.  ³     4   1984      7500.     7.22  º
 º   5   7  1973      720.  ³     5   1982      6520.     9.98  º
 º   4  28  1974     2080.  ³     6   1989      4940.    12.75  º
 º   6   2  1975      402.  ³     7   1990      4470.    15.52  º
 º   7  21  1976      319.  ³     8   1979      3320.    18.28  º
 º   9   3  1977     2350.  ³     9   1999      3300.    21.05  º
 º   3  13  1978     1130.  ³    10   1980      3190.    23.82  º
 º   5   2  1979     3320.  ³    11   1977      2350.    26.58  º
 º   7   2  1980     3190.  ³    12   1983      2340.    29.35  º
 º   8   5  1981      474.  ³    13   1974      2080.    32.12  º
 º   6  15  1982     6520.  ³    14   2002      1970.    34.88  º
 º   5  18  1983     2340.  ³    15   1998      1770.    37.65  º
 º   6  12  1984     7500.  ³    16   1996      1390.    40.42  º
 º   7  19  1985     8000.  ³    17   1994      1230.    43.18  º
 º   8  20  1986     1140.  ³    18   1986      1140.    45.95  º
 º   8  25  1987     7640.  ³    19   1978      1130.    48.72  º
 º   5  21  1988      907.  ³    20   1992      1090.    51.48  º
 º   9   8  1989     4940.  ³    21   1988       907.    54.25  º
 º   7  26  1990     4470.  ³    22   1991       886.    57.02  º
 º   7   9  1991      886.  ³    23   1995       816.    59.78  º
 º   7  13  1992     1090.  ³    24   1997       758.    62.55  º
 º   6  23  1994     1230.  ³    25   1973       720.    65.32  º
 º   5   7  1995      816.  ³    26   1972       712.    68.08  º
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PeakFlowAnalysis (2).txt
 º   5  27  1996     1390.  ³    27   1971       578.    70.85  º
 º   6  25  1997      758.  ³    28   1969       570.    73.62  º
 º   6  14  1998     1770.  ³    29   1970       560.    76.38  º
 º   6  30  1999     3300.  ³    30   1981       474.    79.15  º
 º   6  25  2000      460.  ³    31   2000       460.    81.92  º
 º   5   5  2001      394.  ³    32   1975       402.    84.68  º
 º   8  22  2002     1970.  ³    33   2001       394.    87.45  º
 º  10   4  2002      358.  ³    34   2003       358.    90.22  º
 º   6  21  2004      339.  ³    35   2005       345.    92.98  º
 º   8  22  2005      345.  ³    36   2004       339.    95.75  º
 º   7  24  1993     8480.  ³    37   1976       319.    98.52  º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º NOTE- PLOTTING POSITIONS BASED ON-HISTORIC PERIOD (H) = 501  º
 º       NUMBER OF HISTORIC EVENTS PLUS HIGH OUTLIERS(Z) =   1  º
 º       WEIGHTING FACTOR FOR SYSTEMATIC EVENTS  (W) = 13.8889  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼

 -OUTLIER TESTS  -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 HIGH OUTLIER TEST
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 BASED ON  36 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.639

       0 HIGH OUTLIER(S) IDENTIFIED ABOVE TEST VALUE OF   17614.

 STATISTICS AND FREQUENCY CURVE ADJUSTED FOR  0 HIGH OUTLIER(S)
                                         AND  1 HISTORIC EVENT(S)

 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 LOW OUTLIER TEST
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 BASED ON 501 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 3.505

        0 LOW OUTLIER(S) IDENTIFIED BELOW TEST VALUE OF     39.9
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 -SKEW WEIGHTING -
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
 BASED ON 501 EVENTS, MEAN-SQUARE ERROR OF STATION SKEW =   .019
 DEFAULT OR INPUT MEAN-SQUARE ERROR OF GENERALIZED SKEW =   .302
 ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

 FINAL RESULTS

 -FREQUENCY CURVE- 2667  LITTLE SALT CREEK AT LINCOLN, NE  DA=4
 ÉÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÑÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ»
 º  COMPUTED   EXPECTED   ³   PERCENT   ³    CONFIDENCE LIMITS  º
 º   CURVE   PROBABILITY  ³    CHANCE   ³      .05        .95   º
 º      FLOW IN CFS       ³  EXCEEDANCE ³      FLOW IN CFS      º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º    35300.     49800.   ³       .2    ³    84000.     19400.  º
 º    23400.     30100.   ³       .5    ³    50700.     13600.  º
 º    16800.     20400.   ³      1.0    ³    33800.     10300.  º
 º    11900.     13600.   ³      2.0    ³    22100.      7600.  º
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PeakFlowAnalysis (2).txt
 º     7160.      7770.   ³      5.0    ³    12000.      4900.  º
 º     4660.      4900.   ³     10.0    ³     7210.      3350.  º
 º     2840.      2920.   ³     20.0    ³     4050.      2130.  º
 º     1190.      1190.   ³     50.0    ³     1560.       900.  º
 º      546.       536.   ³     80.0    ³      731.       381.  º
 º      377.       364.   ³     90.0    ³      520.       247.  º
 º      282.       268.   ³     95.0    ³      402.       176.  º
 º      171.       155.   ³     99.0    ³      259.        96.  º
 ÌÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¹
 º                        ADJUSTED STATISTICS                   º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º LOG TRANSFORM: FLOW, CFS       ³       NUMBER OF EVENTS      º
 ÇÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¶
 º  MEAN                  3.1039  ³  HISTORIC EVENTS         1  º
 º  STANDARD DEV           .4289  ³  HIGH OUTLIERS       0      º
 º  COMPUTED SKEW          .3952  ³  LOW OUTLIERS        0      º
 º  REGIONAL SKEW         -.2000  ³  ZERO OR MISSING     0      º
 º  ADOPTED SKEW           .4000  ³  SYSTEMATIC EVENTS      36  º
 º                                ³  HISTORIC PERIOD       501  º
 ÈÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÏÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ¼
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River Reach Station HEC-HMS ID 10-year
(cfs)

50-year
(cfs)

100-year
(cfs)

500-year
(cfs)

Little Salt Creek 1 2025.665 LSC0MC005J 7549.99 12048.31 14374.74 20329.79
Little Salt Creek 1 6815.26 LSC0MC015J 7367.77 12125.02 14442.13 20382.23
Little Salt Creek 1 8822.234 LSC0MC018J 7428.58 12668.39 15042.73 20909.38
Little Salt Creek 1 9671.209 LSC0MC010J1 7482.07 13033.69 15465.93 21237.18
Little Salt Creek 1 11321.97 LSC0MC020J 6287.54 10627.83 12568.30 18717.48
Little Salt Creek 1 14123.56 LSC0MC025J 4767.23 7867.13 9963.90 15945.26
Little Salt Creek 1 15584.49 LSC0MC030J 4777.25 7865.95 10051.92 15972.52
Little Salt Creek 1 19028.28 LSC0MC041J 4883.95 8309.27 10426.06 16161.13
Little Salt Creek 1 20027.42 LSC0MC042J 4957.64 8697.72 10785.47 16252.97
Little Salt Creek 1 21656 LSC0MC045J 3556.82 6919.27 8912.72 13715.91
Little Salt Creek 1 23839.58 LSC0MC050J 3734.99 7304.93 9498.47 14709.42
Little Salt Creek 1 24685.98 LSC0MC052J 3940.16 7333.58 9534.68 14762.26
Little Salt Creek 1 25881.58 LSC0MC053J 3742.69 7191.91 9154.48 14005.36
Little Salt Creek 1 27386.45 LSC0MC055J 3797.82 7191.91 9154.48 14005.36
Little Salt Creek 1 30677.6 LSC0MC060J 3844.20 7281.74 9227.79 14086.74
Little Salt Creek 1 31544.92 LSC0MC065J 3847.72 7286.16 9230.69 14056.43
Little Salt Creek 1 33359.69 LSC0MC070J 4082.53 7467.18 9415.29 14465.77
Little Salt Creek 1 34793.97 LSC0MC075J 4102.79 7453.32 9356.90 14043.36
Little Salt Creek 1 37971.54 LSC0MC090J 4204.54 7545.88 9424.78 14090.23
Little Salt Creek 1 40426.42 LSC0MC095J 4111.54 7291.36 9024.25 13262.78
Little Salt Creek 1 43438.75 LSC0MC100J 4164.27 7344.02 9050.70 13173.48
Little Salt Creek 1 44218.5 LSC0MC105J 4260.26 7442.90 9135.74 13227.59
Little Salt Creek 1 46204.26 LSC0MC105J2 2541.57 4702.46 5929.19 8809.20
Little Salt Creek 1 51143.68 LSC0MC120J 2579.18 4734.92 5941.80 8773.45
Little Salt Creek 1 52037.99 LSC007500J 2580.13 4725.94 5921.81 8720.13
Little Salt Creek 1 54387.21 LSC0MC125J 2819.75 4929.28 6128.94 8748.58
Little Salt Creek 1 55996.51 LSC0MC130J 2876.76 4932.10 6133.30 8732.46
Little Salt Creek 1 58293.76 LSC0MC140J 2812.41 4754.56 5889.36 8300.88
Little Salt Creek 1 60240.53 LSC0MC145J 2892.48 4688.07 5544.93 7417.98
Little Salt Creek 1 64476.32 LSC0MC150J 2859.95 4567.29 5370.46 7123.16
Little Salt Creek 1 68734.25 LSC0MC155J 2822.32 4453.36 5213.21 6867.56
Little Salt Creek 1 72110.32 LSC0MC160J 2828.98 4440.52 5188.05 6811.59
Little Salt Creek 1 75526.37 LSC0MC170J 2832.87 4430.04 5164.37 6722.40
Little Salt Creek 1 80839.28 LSC0MC180J 2831.58 4399.02 5104.13 6579.18
Little Salt Creek 1 81715.32 LSC0MC195J 2775.20 4299.54 4981.34 6407.98
Little Salt Creek 1 84657.73 LSC0MC205J 2480.77 3785.52 4362.83 5591.86
Little Salt Creek 1 85648.9 LSC0MC205J1 2075.90 3131.21 3600.26 4590.20
Little Salt Creek 1 88747.99 LSC0MC210J 1909.68 2866.29 3290.59 4187.31
Little Salt Creek 1 91029.96 LSC0MC215J 1616.78 2420.18 2775.79 3527.54
Little Salt Creek 1 93776.11 LSC0MC220J 1306.23 1928.32 2203.05 2787.09
Little Salt Creek 1 96846.01 LSC0MC230J 827.23 1205.84 1372.37 1729.57
Little Salt Creek 1 98497.16 LSC0MC235J 551.85 791.78 897.84 1125.16
Little Salt Creek 1 101488 LSC0MC240J 287.20 410.80 465.30 582.22
Tributary 05 1 5696.448 LSC000505J 838.57 1163.40 1308.93 1624.62
Tributary 05 1 8248.153 LSC000510 434.10 591.45 663.20 819.99
Tributary 10 1 2079.684 LSC001005J 1761.02 2684.76 3359.74 4724.53
Tributary 10 1 5350.325 LSC001010J 1511.77 2590.84 3184.37 4386.17
Tributary 10 1 7303.306 LSC001015J 1441.80 2451.42 3013.96 4127.46
Tributary 10 1 11779.11 LSC001020J 1351.49 2292.95 2803.85 3813.94
Tributary 10 1 13134.38 LSC001025J 1333.60 2320.22 2845.05 3838.21
Tributary 10 1 14603.96 LSC001030J 1187.34 2000.46 2482.93 3367.02
Tributary 10 1 16792.79 LSC001035J 736.06 1339.63 1621.50 2128.94
Tributary 10 1 18294.85 LSC001045J 412.48 696.53 828.55 1064.06
Tributary 110 1 2658.33 LSC021005 391.30 653.64 771.38 982.65
Tributary 115 1 2437.201 LSC011505 177.74 248.57 279.99 347.94

Little Salt Creek Flow Link



River Reach Station HEC-HMS ID 10-year
(cfs)

50-year
(cfs)

100-year
(cfs)

500-year
(cfs)

Little Salt Creek Flow Link

Tributary 115 1 3729.548 LSC011510J 1469.57 2129.96 2420.41 3042.02
Tributary 115 1 4711.999 LSC011515J 1542.64 2163.49 2443.01 3038.74
Tributary 115 1 9236.905 LSC011520J 1214.02 1692.82 1913.55 2386.94
Tributary 115 1 10526.4 LSC011530J 950.58 1305.80 1468.15 1822.09
Tributary 115 1 12617.29 LSC011535J 516.31 699.08 783.44 968.15
Tributary 120 1 3574.869 LSC012005 303.47 432.53 489.30 611.02
Tributary 1260 1 8661.336 LSC116505J 18.92 187.36 300.45 551.36
Tributary 130 1 2860.724 LSC013005P 172.07 347.33 431.09 608.52
Tributary 1415 1 1077.61 LSC041505J2 300.56 509.08 607.72 784.42
Tributary 145 1 4911.454 LSC014505 270.98 372.10 417.85 517.57
Tributary 15 1 2214.883 LSC001505J 2088.35 3414.65 4025.80 5929.55
Tributary 15 1 11243.59 LSC001510J 1679.48 2861.15 3634.98 5266.70
Tributary 15 1 15337.45 LSC001520J 1477.75 2830.13 3591.61 5136.53
Tributary 15 1 16026.73 LSC001520J1 1307.54 2830.13 3591.61 5136.53
Tributary 15 1 18318.78 LSC001525J 1297.92 2605.37 3207.81 4410.63
Tributary 15 1 19033.55 LSC001530J 1282.85 2514.23 3071.11 4152.64
Tributary 15 1 20149.78 LSC001530J1 1106.38 2153.00 2655.81 3504.42
Tributary 15 1 22626.21 LSC001535J 1106.38 2113.03 2513.57 3086.90
Tributary 15 1 24319.04 LSC001550J 1071.80 2045.06 2402.04 3005.17
Tributary 15 1 28219.78 LSC001555J 882.90 1643.24 2006.95 2656.24
Tributary 15 1 29685.72 LSC001560J 725.75 1307.14 1578.07 2063.98
Tributary 15 1 31010.82 LSC001565J 591.16 1037.96 1244.56 1611.64
Tributary 15 1 34053.9 LSC001570J 438.58 737.93 870.98 1110.58
Tributary 15 1 35406.57 LSC001575 178.67 297.04 348.99 442.76
Tributary 150 1 3119.607 LSC015000 345.63 492.38 557.05 696.06
Tributary 160 1 5454.448 LSC006005J 1.55 85.89 158.54 323.81
Tributary 170 1 4641.088 LSC017505J 247.54 445.68 538.09 708.06
Tributary 20 1 388.7119 LSC0MC042J4 1830.53 3449.12 4395.29 6656.31
Tributary 20 1 2408.322 LSC002005J 1869.38 3636.28 4614.32 6690.03
Tributary 20 1 4010.025 LSC002010J 1918.97 3813.94 4822.10 6896.35
Tributary 20 1 6768.954 LSC002015J 2046.75 4045.40 5105.11 7225.31
Tributary 20 1 14589.72 LSC002020J 1430.57 2662.70 3279.60 4410.30
Tributary 20 1 18186.45 LSC002025J 1478.53 2734.46 3330.80 4404.68
Tributary 20 1 19159.09 LSC002030J 1435.97 2612.15 3169.69 4161.35
Tributary 20 1 20231.58 LSC002035J 1101.14 1957.06 2356.12 3068.77
Tributary 20 1 24327.01 LSC052005J 617.90 1039.69 1235.45 1585.44
Tributary 20 1 25140.01 LSC052005J1 345.62 579.35 686.70 878.88
Tributary 210 1 1045.171 LSC031005J 427.66 719.46 854.80 1097.58
Tributary 215 1 3208.32 LSC021505 170.45 288.00 342.27 439.22
Tributary 220 1 1422.971 LSC032010J 831.54 1868.59 2420.77 3555.66
Tributary 220 1 5809.095 LSC032010J 807.42 1739.19 2199.32 3107.68
Tributary 220 2A 6100.252 LSC002015J2 584.00 1343.50 1483.30 1959.70
Tributary 220 2A 6603.838 LSC032010J2 452.50 1017.00 1059.00 1338.30
Tributary 220 2B 603 Split 223.40 395.70 716.00 1148.00
Tributary 220 3 8105.361 LSC032015J 675.97 1376.06 1708.86 2347.55
Tributary 220 3 10644.3 LSC132005 207.61 397.86 483.22 640.13
Tributary 2220 1 2418.277 LSC032020 186.03 361.17 443.88 599.01
Tributary 230 1 1747.884 LSC023005 315.89 521.76 611.43 773.58
Tributary 25 1 1862.498 LSC002505P 255.26 350.18 393.69 489.21
Tributary 25 1 5465.449 LSC002510P 15.57 18.64 24.22 95.16
Tributary 250 1 2798.019 LSC025000 46.40 247.10 358.42 600.54
Tributary 260 1 1942.566 LSC016500J 561.29 1260.39 1587.00 2696.79
Tributary 260 1 2671.905 LSC016500J1 320.59 796.71 1021.14 1499.96
Tributary 260 1 8132.079 LSC016505J 187.39 525.78 686.72 1095.42
Tributary 260 1 10839.75 LSC016520J 37.36 196.56 287.27 484.02



River Reach Station HEC-HMS ID 10-year
(cfs)

50-year
(cfs)

100-year
(cfs)

500-year
(cfs)

Little Salt Creek Flow Link

Tributary 270 1 1303.784 LSC027500 4.14 162.84 293.29 584.20
Tributary 30 1 5666.016 LSC003005J 1449.74 2825.16 3520.09 4896.37
Tributary 30 1 8041.315 LSC003010J 1523.20 2921.97 3616.46 4968.74
Tributary 30 1 10159.3 LSC003020J 1487.73 2859.42 3509.61 4761.78
Tributary 30 1 10807.48 LSC003020J2 1403.88 2679.09 3278.58 4423.60
Tributary 30 1 11398.47 LSC003025J 1412.56 2691.83 3286.61 4424.93
Tributary 30 1 13883.45 LSC003030J 1135.75 2016.76 2436.61 3240.69
Tributary 30 1 16859.21 LSC003035J 727.09 1241.35 1478.92 1904.83
Tributary 30 1 17755 LSC003040J 508.00 859.17 1020.93 1310.25
Tributary 30 1 19311.28 LSC003045 277.51 462.55 545.70 695.76
Tributary 315 1 2369.603 LSC031505 321.35 539.08 639.52 819.41
Tributary 320 1 4424.879 LSC042005 286.57 487.36 583.31 755.50
Tributary 35 1 4925.088 LSC003505J 375.83 523.24 588.80 730.92
Tributary 360 1 4462.571 LSC026505J 950.85 1414.54 1616.75 2049.94
Tributary 360 1 4922.731 LSC026510J 780.62 1133.32 1288.69 1621.63
Tributary 360 1 7250.87 LSC026515J 545.21 781.08 884.90 1108.39
Tributary 360 1 10219.69 LSC026520J 306.95 433.28 488.91 608.68
Tributary 40 1 1492.379 LSC004000J 575.49 889.56 1022.43 1287.96
Tributary 40 1 4899.222 LSC004005J 310.39 476.93 546.27 682.30
Tributary 415 1 760.49 LSC001530J2 665.56 1003.70 1132.23 1210.15
Tributary 415 1 1160.089 LSC041505J 665.56 1043.71 1203.89 1514.96
Tributary 415 1 2464.133 LSC041515J 236.57 357.35 408.88 513.79
Tributary 420 1 3100.226 LSC002040J 247.66 420.23 501.02 644.90
Tributary 45 1 513.0888 Split 1838.82 3101.99 3655.52 4887.56
Tributary 45 2A 1023.217 LSC004500J 1838.82 3042.00 3595.50 4627.40
Tributary 45 2A 1849.892 Split 1554.66 2388.80 2805.30 3527.00
Tributary 45 2B 849 Split 0.00 60.00 60.00 260.20
Tributary 45 3 4310.163 LSC004505J 1554.66 2448.76 2865.27 3787.20
Tributary 45 3 6529.082 LSC004510J 1449.08 2198.37 2554.50 3330.23
Tributary 45 3 8068.538 LSC004515J 1352.94 2016.76 2336.66 3024.30
Tributary 45 3 9311.125 LSC004520J 1200.50 1745.39 2015.53 2567.04
Tributary 45 3 12682.29 LSC004525J 841.65 1201.11 1372.22 1715.34
Tributary 45 3 15460.63 LSC004530J 419.30 594.89 670.19 831.64
Tributary 50 1 7036.335 LSC005005J 1131.63 1924.54 2288.73 3077.47
Tributary 50 1 9478.145 LSC005010J 806.51 1393.87 1665.38 2241.31
Tributary 50 1 12064.8 LSC005015J 700.27 1017.99 1154.73 1441.68
Tributary 50 1 14783.72 LSC005020 323.60 463.09 524.36 655.00
Tributary 520 1 290.8383 LSC052005J2 275.84 466.44 555.66 714.90
Tributary 55 1 1438.081 LSC005500J 596.94 1019.70 1214.42 1620.34
Tributary 55 1 1988.833 LSC005505J 549.05 954.74 1141.36 1528.38
Tributary 55 1 2915.074 LSC015500J 376.56 698.24 848.97 1160.17
Tributary 55 1 3499.956 LSC015500J1 104.71 317.60 423.09 641.51
Tributary 55 1 3864.31 LSC015510J 63.29 247.77 342.94 540.32
Tributary 60 1 6167.984 LSC006505J 1990.30 3165.63 3706.17 4969.24
Tributary 60 1 9282.677 LSC006515J 2107.32 3346.81 3898.58 5135.40
Tributary 60 1 16128.46 LSC006520J 2237.37 3225.51 3661.41 4724.05
Tributary 60 1 21168.3 LSC006525J 2375.73 3420.26 3857.29 5022.10
Tributary 60 1 25271.01 LSC006535J 2291.30 3283.89 3705.03 4850.15
Tributary 60 1 26477.55 LSC006535J1 1231.47 1833.68 2089.05 2633.18
Tributary 60 1 31002.21 LSC006545J 972.32 1437.35 1635.26 2059.95
Tributary 60 1 34049.6 LSC006550J 529.50 776.49 883.61 1113.87
Tributary 60 1 35708.51 LSC006555J 298.18 418.81 472.18 587.53
Tributary 65 1 3172.655 LSC007005J 935.87 1383.03 1575.76 1976.31
Tributary 65 2A 5304.423 Split 935.87 1091.40 1244.80 1541.30
Tributary 65 2B 530 Split 0.00 291.60 331.00 435.00



River Reach Station HEC-HMS ID 10-year
(cfs)

50-year
(cfs)

100-year
(cfs)

500-year
(cfs)

Little Salt Creek Flow Link

Tributary 65 3 6207.007 LSC007005J 935.87 1383.03 1575.76 1976.31
Tributary 65 3 7823.787 LSC007020J 670.94 949.30 1069.60 1327.12
Tributary 65 3 10422.16 LSC007020 501.69 713.78 804.55 998.23
Tributary 70 1 2020.453 LSC017500J 920.39 1849.55 2351.13 3344.44
Tributary 70 1 5182.687 LSC027500J 255.51 669.96 937.89 1492.66
Tributary 70 1 7885.107 LSC007510 255.51 528.88 662.44 923.99
Tributary 75 1 5427.751 LSC008005J 191.51 395.24 496.52 705.12
Tributary 80 1 4268.003 LSC008505J 283.39 660.47 868.15 1332.91
Tributary 80 1 7548.32 LSC008520J 291.00 644.04 838.69 1250.07
Tributary 80 1 12249.24 LSC008525J 258.77 493.70 610.70 846.76
Tributary 80 1 16556.27 LSC008530J 167.02 315.46 388.89 536.55
Tributary 85 1 557.2925 LSC0MC145J2 704.88 1110.24 1297.67 1647.12
Tributary 85 1 4710.921 LSC009005J 410.37 677.41 802.54 1027.73
Tributary 90 1 1808.088 LSC0MC190 314.92 449.88 509.36 637.03
Tributary 92 1 1887.232 LSC0MC200 298.95 424.16 479.09 596.68
Tributary 94 1 2155.907 LSC009405J 513.51 713.52 802.08 993.46
Tributary 96 1 619.215 LSC009600 301.45 429.19 485.29 605.13
Tributary 98 1 1101.527 LSC009800 299.94 427.04 482.64 600.90



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek 1 828.1832 1134.73 1136.50 1137.75 1139.03
Little Salt Creek 1 2025.665 1134.82 1136.60 1137.84 1139.15
Little Salt Creek 1 2729.071 1134.85 1136.58 1137.80 1139.08
Little Salt Creek 1 3341.513 1135.00 1137.00 1138.23 1139.60
Little Salt Creek 1 3703.164 1135.06 1137.01 1138.24 1139.62
Little Salt Creek 1 4681.609 1135.18 1136.99 1138.21 1139.58
Little Salt Creek 1 5498.501 1135.38 1137.14 1138.21 1139.45
Little Salt Creek 1 6303.108 1135.95 1138.04 1139.06 1140.48
Little Salt Creek 1 6440.52 1135.97 1138.09 1139.14 1140.64
Little Salt Creek 1 6539.142 1136.09 1138.34 1139.44 1141.17
Little Salt Creek 1 6643.554 1136.11 1138.32 1139.40 1141.08
Little Salt Creek 1 6815.26 1136.36 1138.86 1140.07 1142.16
Little Salt Creek 1 7426.275 1136.42 1138.91 1140.09 1142.26
Little Salt Creek 1 8112.121 1136.52 1139.04 1140.20 1142.23
Little Salt Creek 1 8714.68 1136.80 1139.22 1140.30 1143.18
Little Salt Creek 1 8822.234 1137.24 1140.12 1141.38 1143.79
Little Salt Creek 1 9671.209 1137.56 1140.60 1141.94 1145.26
Little Salt Creek 1 10901.34 1138.55 1142.40 1143.85 1146.14
Little Salt Creek 1 11321.97 1138.97 1142.75 1143.89 1146.14
Little Salt Creek 1 12192.12 1139.46 1143.36 1144.41 1146.60
Little Salt Creek 1 12479.57 1139.54 1143.52 1144.52 1146.67
Little Salt Creek 1 13053.03 1139.91 1143.90 1144.61 1146.73
Little Salt Creek 1 13375.77 1140.22 1144.30 1144.74 1146.81
Little Salt Creek 1 14123 56 1140 63 1144 65 1145 09 1147 15

Little Salt Creek Existing WSEL

Little Salt Creek 1 14123.56 1140.63 1144.65 1145.09 1147.15
Little Salt Creek 1 15014.32 1141.57 1145.50 1145.99 1147.87
Little Salt Creek 1 15584.49 1142.35 1145.83 1146.40 1148.27
Little Salt Creek 1 17821.78 1144.85 1147.21 1147.83 1149.43
Little Salt Creek 1 18498.95 1145.88 1147.83 1148.44 1149.95
Little Salt Creek 1 19028.28 1146.22 1148.28 1148.89 1150.37
Little Salt Creek 1 19601.17 1147.89 1148.99 1149.60 1151.01
Little Salt Creek 1 20027.42 1148.49 1149.50 1150.13 1151.53
Little Salt Creek 1 21244.98 1149.03 1150.26 1150.95 1152.43
Little Salt Creek 1 21656 1149.33 1150.72 1151.24 1152.67
Little Salt Creek 1 22461.26 1150.14 1151.44 1152.01 1153.34
Little Salt Creek 1 23839.58 1151.08 1152.47 1153.08 1154.34
Little Salt Creek 1 24685.98 1151.95 1153.34 1153.99 1155.26
Little Salt Creek 1 25881.58 1153.41 1154.88 1155.48 1156.69
Little Salt Creek 1 26144.37 1153.49 1154.97 1155.57 1156.84
Little Salt Creek 1 27256.44 1154.37 1155.77 1156.35 1157.48
Little Salt Creek 1 27386.45 1154.52 1156.04 1156.86 1159.26
Little Salt Creek 1 27856.57 1154.71 1156.93 1158.06 1160.29
Little Salt Creek 1 28366.45 1157.17 1158.37 1159.05 1160.88
Little Salt Creek 1 29005.18 1158.15 1159.54 1160.17 1161.72
Little Salt Creek 1 29670.09 1159.22 1160.66 1161.29 1162.71
Little Salt Creek 1 30677.6 1160.02 1161.45 1162.09 1163.49
Little Salt Creek 1 31403.59 1161.22 1162.22 1163.17 1164.48
Little Salt Creek 1 31544.92 1162.72 1167.14 1167.88 1168.58
Little Salt Creek 1 32229.35 1163.76 1167.82 1168.77 1170.12
Little Salt Creek 1 32750.69 1164.06 1167.91 1168.87 1170.25
Little Salt Creek 1 33359.69 1164.47 1168.00 1168.96 1170.38
Little Salt Creek 1 34130.8 1165.13 1168.18 1169.13 1170.57
Little Salt Creek 1 34678.93 1165.79 1168.46 1169.39 1170.88
Little Salt Creek 1 34793.97 1165.83 1168.53 1169.45 1170.93
Little Salt Creek 1 35353.76 1166.50 1168.72 1169.61 1171.09
Little Salt Creek 1 35889.21 1167.28 1169.09 1169.94 1171.41



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Little Salt Creek 1 36816.21 1168.32 1169.85 1170.61 1172.06
Little Salt Creek 1 37345.77 1168.60 1170.13 1170.88 1172.34
Little Salt Creek 1 37971.54 1168.84 1170.36 1171.10 1172.57
Little Salt Creek 1 39184.8 1170.29 1171.64 1172.28 1173.62
Little Salt Creek 1 39666.06 1170.86 1172.25 1172.88 1174.21
Little Salt Creek 1 40426.42 1171.49 1172.94 1173.55 1174.83
Little Salt Creek 1 41721.96 1173.48 1174.92 1175.43 1176.55
Little Salt Creek 1 41797.25 1174.36 1175.50 1175.75 1176.60
Little Salt Creek 1 42232.08 1175.27 1176.44 1176.87 1177.81
Little Salt Creek 1 42748.94 1175.54 1176.75 1177.22 1178.21
Little Salt Creek 1 43332.2 1175.72 1176.95 1177.43 1178.46
Little Salt Creek 1 43438.75 1175.56 1177.04 1177.52 1178.55
Little Salt Creek 1 44218.5 1177.13 1178.16 1178.61 1179.55
Little Salt Creek 1 46204.26 1180.29 1180.97 1181.37 1182.20
Little Salt Creek 1 47270.87 1181.28 1181.97 1182.37 1183.19
Little Salt Creek 1 47993.41 1181.68 1182.49 1182.90 1183.73
Little Salt Creek 1 48621.9 1182.08 1182.95 1183.37 1184.22
Little Salt Creek 1 49175.34 1182.36 1183.24 1183.66 1184.53
Little Salt Creek 1 49656.16 1183.01 1183.61 1184.01 1184.86
Little Salt Creek 1 50205.11 1183.40 1184.08 1184.45 1185.25
Little Salt Creek 1 51003.54 1185.15 1185.83 1186.15 1186.78
Little Salt Creek 1 51143.68 1185.78 1186.34 1186.60 1187.11
Little Salt Creek 1 51495.21 1187.45 1188.15 1188.40 1188.90
Little Salt Creek 1 52037 99 1189 16 1189 82 1190 13 1190 75Little Salt Creek 1 52037.99 1189.16 1189.82 1190.13 1190.75
Little Salt Creek 1 52860.84 1191.76 1192.47 1192.80 1193.43
Little Salt Creek 1 53285.91 1192.94 1193.69 1194.05 1194.70
Little Salt Creek 1 53759.3 1194.03 1194.89 1195.27 1195.98
Little Salt Creek 1 54276.44 1195.23 1196.32 1196.77 1197.54
Little Salt Creek 1 54387.21 1196.33 1197.27 1197.67 1198.36
Little Salt Creek 1 55010.16 1197.94 1198.91 1199.35 1200.14
Little Salt Creek 1 55417.41 1198.76 1199.72 1200.17 1200.99
Little Salt Creek 1 55903.32 1200.09 1201.07 1201.52 1202.30
Little Salt Creek 1 55996.51 1201.10 1202.27 1202.73 1203.55
Little Salt Creek 1 56995.08 1203.59 1204.80 1205.34 1206.40
Little Salt Creek 1 57501.32 1204.97 1206.10 1206.63 1207.75
Little Salt Creek 1 58293.76 1207.37 1208.74 1209.40 1210.57
Little Salt Creek 1 59344.01 1210.28 1211.88 1212.54 1213.61
Little Salt Creek 1 60240.53 1212.26 1213.85 1214.51 1215.61
Little Salt Creek 1 61930.35 1214.33 1216.35 1217.09 1218.36
Little Salt Creek 1 62586.55 1215.29 1217.44 1218.11 1219.46
Little Salt Creek 1 63043.53 1218.30 1220.04 1220.66 1221.33
Little Salt Creek 1 63938.49 1221.87 1223.42 1223.99 1225.04
Little Salt Creek 1 64385.4 1223.34 1225.06 1225.71 1226.92
Little Salt Creek 1 64476.32 1224.02 1225.50 1226.01 1227.10
Little Salt Creek 1 64958.31 1224.59 1226.22 1226.77 1227.89
Little Salt Creek 1 65636.82 1226.64 1227.98 1228.49 1229.50
Little Salt Creek 1 66161.06 1227.97 1228.81 1229.20 1230.05
Little Salt Creek 1 66611.32 1230.49 1231.72 1232.20 1232.92
Little Salt Creek 1 67509.09 1233.49 1235.00 1235.53 1236.49
Little Salt Creek 1 68047.97 1235.16 1236.56 1237.06 1238.00
Little Salt Creek 1 68734.25 1236.73 1238.44 1239.01 1239.97
Little Salt Creek 1 69490.38 1238.79 1240.38 1240.91 1241.87
Little Salt Creek 1 69850.55 1239.36 1240.88 1241.40 1242.35
Little Salt Creek 1 70553.02 1240.64 1242.05 1242.58 1243.55
Little Salt Creek 1 71072.5 1241.44 1242.85 1243.37 1244.36



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Little Salt Creek 1 71649.56 1243.64 1244.76 1245.13 1245.82
Little Salt Creek 1 72110.32 1245.81 1247.53 1248.22 1249.56
Little Salt Creek 1 73202.54 1248.38 1250.37 1251.07 1252.45
Little Salt Creek 1 74078.64 1250.49 1252.40 1253.00 1254.28
Little Salt Creek 1 74436.3 1251.04 1253.02 1253.67 1255.00
Little Salt Creek 1 74833.03 1251.11 1253.11 1253.76 1255.11
Little Salt Creek 1 75413.45 1251.21 1253.22 1253.88 1255.23
Little Salt Creek 1 75526.37 1251.56 1253.73 1254.49 1256.03
Little Salt Creek 1 75812.91 1252.13 1254.24 1255.01 1256.57
Little Salt Creek 1 76694.11 1253.17 1255.22 1255.98 1257.50
Little Salt Creek 1 77318.44 1253.81 1255.84 1256.61 1258.12
Little Salt Creek 1 77798.89 1254.39 1256.43 1257.21 1258.72
Little Salt Creek 1 78825.44 1255.36 1257.51 1258.32 1259.89
Little Salt Creek 1 79596.53 1255.99 1258.19 1259.02 1260.61
Little Salt Creek 1 80205.47 1257.29 1259.38 1260.20 1261.74
Little Salt Creek 1 80839.28 1260.38 1262.24 1262.97 1264.34
Little Salt Creek 1 81715.32 1263.89 1265.68 1266.36 1267.63
Little Salt Creek 1 82595.28 1268.80 1270.37 1270.97 1272.11
Little Salt Creek 1 83190.47 1271.18 1272.96 1273.64 1274.92
Little Salt Creek 1 83567.68 1271.94 1273.73 1274.40 1275.67
Little Salt Creek 1 84240.22 1274.10 1275.94 1276.64 1277.95
Little Salt Creek 1 84368.87 1274.83 1276.88 1277.67 1279.19
Little Salt Creek 1 84657.73 1275.51 1277.49 1278.26 1279.75
Little Salt Creek 1 85332 14 1280 05 1281 31 1281 81 1282 81Little Salt Creek 1 85332.14 1280.05 1281.31 1281.81 1282.81
Little Salt Creek 1 85648.9 1281.68 1283.06 1283.58 1284.59
Little Salt Creek 1 85952.17 1282.91 1284.32 1284.86 1285.90
Little Salt Creek 1 86467.72 1284.20 1285.68 1286.25 1287.34
Little Salt Creek 1 87340.37 1288.44 1289.52 1289.96 1290.83
Little Salt Creek 1 88091.85 1291.79 1293.02 1293.49 1294.39
Little Salt Creek 1 88747.99 1297.24 1298.29 1298.68 1299.42
Little Salt Creek 1 89349.03 1300.67 1301.82 1302.27 1303.12
Little Salt Creek 1 89912.05 1305.69 1306.57 1306.89 1307.51
Little Salt Creek 1 90439.74 1310.11 1311.03 1311.39 1312.07
Little Salt Creek 1 91029.96 1316.42 1317.34 1317.68 1318.32
Little Salt Creek 1 91708.08 1321.12 1321.84 1322.13 1322.69
Little Salt Creek 1 91770.4 1328.23 1328.66 1328.81 1329.11
Little Salt Creek 1 92297.84 1328.44 1328.97 1329.16 1329.55
Little Salt Creek 1 92947.53 1328.76 1329.44 1329.69 1330.19
Little Salt Creek 1 93404.97 1331.36 1332.27 1332.61 1333.18
Little Salt Creek 1 93776.11 1333.22 1334.08 1334.40 1334.97
Little Salt Creek 1 94652.85 1342.83 1343.27 1343.42 1343.69
Little Salt Creek 1 95194.06 1348.99 1349.51 1349.72 1350.14
Little Salt Creek 1 95704.14 1352.95 1353.47 1353.67 1354.03
Little Salt Creek 1 96178.02 1358.29 1358.67 1358.82 1359.13
Little Salt Creek 1 96846.01 1363.11 1363.71 1363.93 1364.34
Little Salt Creek 1 97632.03 1367.34 1368.03 1368.29 1368.79
Little Salt Creek 1 97730.7 1372.47 1372.91 1373.06 1373.36
Little Salt Creek 1 98001.85 1374.58 1374.80 1374.88 1375.06
Little Salt Creek 1 98497.16 1379.53 1379.90 1380.04 1380.31
Little Salt Creek 1 99082.82 1381.06 1381.43 1381.58 1381.86
Little Salt Creek 1 99628.03 1386.69 1386.90 1386.98 1387.14
Little Salt Creek 1 100064 1390.69 1390.98 1391.09 1391.30
Little Salt Creek 1 100883.5 1397.15 1397.46 1397.59 1397.81
Little Salt Creek 1 101488 1399.42 1399.81 1399.97 1400.27
Tributary 05 1 3064.651 1135.37 1137.06 1138.18 1139.48



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 05 1 3903.257 1136.07 1137.18 1138.23 1139.50
Tributary 05 1 4719.266 1138.97 1139.28 1139.43 1140.02
Tributary 05 1 5233.712 1143.84 1144.29 1144.42 1144.72
Tributary 05 1 5696.448 1150.01 1152.30 1154.12 1158.78
Tributary 05 1 5982.267 1150.20 1152.41 1154.19 1158.82
Tributary 05 1 6442.658 1150.31 1152.43 1154.19 1158.82
Tributary 05 1 6719.462 1151.87 1155.08 1157.44 1158.84
Tributary 05 1 7466.227 1158.13 1158.41 1158.55 1159.21
Tributary 05 1 8248.153 1164.91 1165.19 1165.30 1165.53
Tributary 10 1 151.3627 1133.71 1144.09 1144.65 1145.98
Tributary 10 1 262.1188 1143.93 1144.51 1144.78 1146.06
Tributary 10 1 2079.684 1144.17 1144.85 1145.22 1146.42
Tributary 10 1 3853.165 1145.66 1146.52 1146.92 1147.46
Tributary 10 1 5350.325 1151.02 1151.61 1151.86 1152.28
Tributary 10 1 5896.786 1152.24 1152.86 1153.13 1153.59
Tributary 10 1 6588.885 1153.92 1154.41 1154.63 1155.05
Tributary 10 1 7303.306 1156.89 1157.41 1157.62 1158.02
Tributary 10 1 8429.26 1162.37 1162.98 1163.16 1163.63
Tributary 10 1 8998.549 1164.29 1164.89 1165.16 1165.65
Tributary 10 1 9404.574 1166.05 1166.57 1166.81 1167.25
Tributary 10 1 10237.91 1169.64 1170.26 1170.54 1171.02
Tributary 10 1 11105.52 1173.53 1174.14 1174.41 1174.87
Tributary 10 1 11663.74 1176.34 1176.97 1177.24 1177.67
Tributary 10 1 11779 11 1178 28 1178 61 1180 09 1180 44Tributary 10 1 11779.11 1178.28 1178.61 1180.09 1180.44
Tributary 10 1 12432.34 1181.11 1181.80 1182.07 1182.50
Tributary 10 1 13035.59 1182.49 1183.18 1183.48 1183.96
Tributary 10 1 13134.38 1186.12 1186.50 1186.66 1186.81
Tributary 10 1 13535.79 1187.48 1188.11 1188.38 1188.87
Tributary 10 1 14127.29 1189.86 1190.38 1190.65 1191.05
Tributary 10 1 14603.96 1192.13 1192.75 1193.03 1193.46
Tributary 10 1 15884.96 1199.76 1200.37 1200.67 1201.02
Tributary 10 1 16400.04 1203.24 1203.95 1204.16 1204.57
Tributary 10 1 16792.79 1206.04 1206.79 1207.08 1207.50
Tributary 10 1 17688.85 1212.35 1212.82 1213.00 1213.28
Tributary 10 1 18294.85 1216.48 1217.07 1217.27 1217.58
Tributary 110 1 731.3665 1161.95 1162.22 1162.38 1162.64
Tributary 110 1 1466.735 1169.02 1169.53 1169.71 1169.74
Tributary 110 1 1608.873 1173.54 1173.87 1173.98 1174.13
Tributary 110 1 2115.833 1175.08 1175.52 1175.71 1176.01
Tributary 110 1 2658.33 1180.65 1180.96 1181.05 1181.19
Tributary 115 1 704.6882 1142.77 1144.99 1145.48 1147.13
Tributary 115 1 1204.239 1142.86 1145.03 1145.51 1147.14
Tributary 115 1 1865.311 1144.24 1145.35 1145.76 1147.25
Tributary 115 1 2343.067 1145.20 1146.04 1146.39 1147.59
Tributary 115 1 2437.201 1157.23 1157.40 1157.47 1157.60
Tributary 115 1 3729.548 1161.59 1162.20 1162.42 1162.85
Tributary 115 1 3807.261 1161.86 1162.37 1162.57 1162.97
Tributary 115 1 4632.264 1166.55 1167.18 1167.22 1167.61
Tributary 115 1 4711.999 1168.71 1169.39 1169.56 1169.94
Tributary 115 1 5866.625 1171.07 1171.73 1172.01 1172.52
Tributary 115 1 7024.738 1175.17 1175.89 1176.18 1176.74
Tributary 115 1 7541.983 1176.51 1177.01 1177.26 1177.77
Tributary 115 1 8047.053 1179.17 1179.49 1179.62 1179.89
Tributary 115 1 9236.905 1189.21 1189.66 1189.84 1190.19
Tributary 115 1 9940.503 1194.88 1195.33 1195.51 1195.89



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 115 1 10526.4 1199.98 1200.57 1200.81 1201.28
Tributary 115 1 11316.42 1205.49 1205.73 1205.83 1206.04
Tributary 115 1 12179.13 1216.02 1216.16 1216.27 1216.50
Tributary 115 1 12617.29 1219.26 1219.57 1219.69 1219.95
Tributary 120 1 1074.026 1151.21 1151.31 1151.61 1152.78
Tributary 120 1 1598.55 1155.14 1155.46 1155.54 1155.68
Tributary 120 1 2143.557 1158.23 1158.67 1158.78 1158.98
Tributary 120 1 2654.664 1162.20 1162.51 1162.60 1162.78
Tributary 120 1 3119.621 1164.65 1165.10 1165.20 1165.40
Tributary 120 1 3574.869 1167.19 1167.56 1167.66 1167.85
Tributary 1260 1 300 1206.73 1207.99 1208.50 1209.70
Tributary 1260 1 694.9317 1209.88 1211.50 1212.08 1213.00
Tributary 1260 1 1597.663 1218.06 1219.70 1220.30 1221.15
Tributary 1260 1 1888.633 1221.20 1222.32 1222.82 1223.59
Tributary 1260 1 2337.946 1224.48 1225.68 1226.07 1226.72
Tributary 1260 1 2660.238 1227.35 1228.62 1228.98 1229.57
Tributary 1260 1 3472.987 1233.09 1234.95 1235.45 1236.23
Tributary 1260 1 3984.238 1237.50 1239.71 1240.45 1241.46
Tributary 1260 1 4056.003 1238.66 1243.16 1245.26 1246.19
Tributary 1260 1 4179.158 1240.35 1243.25 1245.32 1246.31
Tributary 1260 1 4643.91 1243.85 1245.78 1246.33 1247.23
Tributary 1260 1 5212.289 1249.97 1251.00 1251.36 1251.93
Tributary 1260 1 5686.941 1254.52 1255.43 1255.75 1256.26
Tributary 1260 1 6148 324 1258 04 1258 96 1259 28 1259 80Tributary 1260 1 6148.324 1258.04 1258.96 1259.28 1259.80
Tributary 1260 1 6229.06 1270.16 1270.53 1270.64 1270.83
Tributary 1260 1 6686.823 1270.24 1270.71 1270.91 1271.28
Tributary 1260 1 7190.71 1270.24 1270.71 1270.91 1271.33
Tributary 1260 1 7659.174 1275.25 1276.09 1276.44 1276.98
Tributary 1260 1 8164.638 1281.54 1282.47 1282.70 1283.16
Tributary 1260 1 8661.336 1286.67 1287.76 1288.29 1289.04
Tributary 130 1 187.1292 1194.91 1196.12 1196.49 1197.13
Tributary 130 1 772.5311 1198.27 1198.75 1198.91 1199.23
Tributary 130 1 1322.279 1201.84 1202.43 1202.67 1203.08
Tributary 130 1 1796.54 1204.89 1205.50 1205.73 1206.15
Tributary 130 1 2190.716 1207.20 1208.59 1208.89 1209.42
Tributary 130 1 2301.193 1218.10 1220.58 1220.66 1221.05
Tributary 130 1 2491.839 1218.13 1220.63 1220.73 1221.18
Tributary 130 1 2599.067 1221.10 1221.57 1221.68 1221.91
Tributary 130 1 2860.724 1221.13 1221.63 1221.76 1222.03
Tributary 1415 1 406.185 1218.34 1218.62 1218.72 1218.91
Tributary 1415 1 1077.61 1227.20 1227.61 1227.75 1228.02
Tributary 145 1 386.8404 1168.14 1168.70 1169.46 1170.75
Tributary 145 1 1134.017 1173.99 1174.18 1174.25 1174.40
Tributary 145 1 1835.708 1178.66 1178.91 1179.00 1179.18
Tributary 145 1 2375.909 1182.98 1183.20 1183.29 1183.47
Tributary 145 1 2808.65 1188.52 1188.71 1188.79 1188.95
Tributary 145 1 3382.449 1195.53 1195.74 1195.82 1195.98
Tributary 145 1 3776.169 1199.22 1199.44 1199.53 1199.71
Tributary 145 1 4256.954 1203.98 1204.18 1204.26 1204.41
Tributary 145 1 4911.454 1213.38 1213.59 1213.68 1213.86
Tributary 15 1 1386.555 1139.79 1143.85 1144.63 1146.72
Tributary 15 1 1714.883 1140.23 1143.98 1144.73 1146.78
Tributary 15 1 2214.883 1141.23 1144.22 1144.91 1146.88
Tributary 15 1 3518.738 1144.65 1146.77 1147.40 1148.60
Tributary 15 1 4761.666 1147.29 1149.77 1150.79 1152.30



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 15 1 5379.159 1152.45 1153.96 1154.41 1155.07
Tributary 15 1 7100.923 1156.46 1157.06 1157.38 1157.97
Tributary 15 1 8363.742 1158.25 1159.05 1159.45 1160.07
Tributary 15 1 10382.18 1164.31 1164.98 1165.30 1165.85
Tributary 15 1 11155.85 1168.34 1169.33 1169.74 1170.43
Tributary 15 1 11243.59 1172.37 1172.71 1172.89 1173.20
Tributary 15 1 11533.76 1172.59 1173.10 1173.38 1173.87
Tributary 15 1 12521.91 1173.37 1174.45 1174.86 1175.56
Tributary 15 1 14031.16 1179.01 1179.62 1179.91 1180.45
Tributary 15 1 15337.45 1182.34 1183.09 1183.42 1183.97
Tributary 15 1 15881.14 1183.60 1184.34 1184.68 1185.24
Tributary 15 1 16026.73 1185.50 1185.82 1186.13 1186.50
Tributary 15 1 16426.74 1186.64 1187.39 1187.64 1188.13
Tributary 15 1 16946.82 1189.14 1189.53 1189.74 1190.10
Tributary 15 1 18318.78 1196.68 1197.56 1197.83 1198.32
Tributary 15 1 19033.55 1199.59 1200.78 1201.26 1201.89
Tributary 15 1 20083.78 1203.22 1204.48 1204.87 1205.60
Tributary 15 1 20149.78 1203.62 1206.03 1206.76 1207.20
Tributary 15 1 21424.67 1209.66 1210.99 1211.35 1211.78
Tributary 15 1 22505.41 1214.29 1215.38 1215.71 1216.10
Tributary 15 1 22626.21 1215.57 1216.42 1216.67 1216.94
Tributary 15 1 23631.99 1218.67 1219.63 1219.97 1220.47
Tributary 15 1 24319.04 1220.54 1221.65 1222.01 1222.63
Tributary 15 1 24625 1221 18 1222 29 1222 67 1223 27Tributary 15 1 24625 1221.18 1222.29 1222.67 1223.27
Tributary 15 1 25575.85 1224.88 1225.76 1226.10 1226.63
Tributary 15 1 26594.86 1228.93 1230.29 1230.74 1231.37
Tributary 15 1 27796.05 1233.81 1235.17 1235.65 1236.37
Tributary 15 1 28219.78 1235.47 1236.67 1237.16 1237.94
Tributary 15 1 28934.63 1239.85 1240.79 1241.12 1241.61
Tributary 15 1 29685.72 1244.56 1245.50 1245.88 1246.47
Tributary 15 1 30156.62 1248.97 1249.56 1249.80 1250.21
Tributary 15 1 30824.34 1253.00 1253.81 1254.11 1254.61
Tributary 15 1 31010.82 1256.83 1257.35 1257.52 1257.82
Tributary 15 1 31743.58 1257.98 1258.73 1259.00 1259.44
Tributary 15 1 32194.54 1260.41 1261.07 1261.32 1261.73
Tributary 15 1 32713.73 1264.10 1264.69 1264.91 1265.26
Tributary 15 1 33417.05 1269.40 1270.03 1270.27 1270.64
Tributary 15 1 34053.9 1275.09 1275.88 1276.18 1276.64
Tributary 15 1 34471.23 1278.14 1278.69 1278.91 1279.29
Tributary 15 1 34928.06 1282.09 1282.45 1282.64 1282.95
Tributary 15 1 35406.57 1288.64 1289.32 1289.55 1289.91
Tributary 150 1 739.7581 1202.35 1203.46 1203.86 1204.63
Tributary 150 1 1282.288 1205.23 1205.27 1205.34 1205.48
Tributary 150 1 2007.657 1212.90 1213.13 1213.20 1213.35
Tributary 150 1 2661.548 1219.74 1220.00 1220.10 1220.29
Tributary 150 1 2827.759 1222.02 1222.17 1222.24 1222.36
Tributary 150 1 3119.607 1223.28 1223.63 1223.89 1224.35
Tributary 160 1 1481.552 1181.96 1182.52 1182.78 1183.41
Tributary 160 1 1876.407 1185.57 1186.53 1186.98 1187.72
Tributary 160 1 1979.36 1186.26 1190.52 1191.59 1191.94
Tributary 160 1 2468.222 1190.26 1191.62 1191.98 1192.54
Tributary 160 1 2908.154 1194.84 1196.04 1196.43 1196.98
Tributary 160 1 3013.702 1197.58 1199.73 1202.80 1203.42
Tributary 160 1 3253.799 1198.60 1199.87 1202.82 1203.46
Tributary 160 1 3304.055 1208.20 1208.63 1208.80 1209.06



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 160 1 3696.569 1208.24 1208.80 1209.01 1209.32
Tributary 160 1 4160.11 1209.46 1210.05 1210.32 1210.36
Tributary 160 1 4401.054 1216.39 1220.28 1220.63 1221.05
Tributary 160 1 4903.059 1216.39 1220.28 1220.63 1221.07
Tributary 160 1 5454.448 1222.33 1223.73 1224.41 1225.29
Tributary 170 1 506.8962 1205.72 1206.52 1206.86 1207.41
Tributary 170 1 831.0988 1206.73 1207.21 1207.44 1207.87
Tributary 170 1 1136.594 1209.38 1210.06 1210.32 1210.73
Tributary 170 1 1197.827 1214.65 1215.14 1215.25 1215.44
Tributary 170 1 1362.145 1215.15 1215.65 1215.82 1216.09
Tributary 170 1 1663.128 1215.40 1215.60 1215.85 1216.18
Tributary 170 1 2023.411 1218.31 1218.72 1218.82 1219.01
Tributary 170 1 2508.858 1223.27 1223.54 1223.66 1223.83
Tributary 170 1 2995.373 1227.87 1228.23 1228.36 1228.59
Tributary 170 1 3036.4 1233.10 1233.34 1233.41 1233.53
Tributary 170 1 3438.374 1233.91 1234.46 1234.67 1235.00
Tributary 170 1 4226.102 1242.10 1242.48 1242.63 1242.86
Tributary 170 1 4641.088 1243.84 1244.41 1244.62 1244.97
Tributary 20 1 164.3824 1148.90 1150.14 1150.80 1152.28
Tributary 20 1 388.7119 1148.95 1150.20 1150.87 1152.34
Tributary 20 1 1905.274 1150.98 1152.45 1152.94 1153.93
Tributary 20 1 2076.605 1151.69 1152.93 1153.30 1154.01
Tributary 20 1 2408.322 1152.56 1153.95 1154.41 1155.18
Tributary 20 1 3406 595 1156 07 1157 52 1158 07 1158 80Tributary 20 1 3406.595 1156.07 1157.52 1158.07 1158.80
Tributary 20 1 4010.025 1158.14 1159.83 1160.42 1161.15
Tributary 20 1 4703.897 1160.06 1161.89 1162.52 1163.43
Tributary 20 1 5898.066 1163.23 1164.67 1165.31 1166.27
Tributary 20 1 6768.954 1165.57 1166.97 1167.61 1168.52
Tributary 20 1 7777.52 1167.64 1169.44 1170.15 1171.14
Tributary 20 1 7880.574 1169.40 1175.60 1175.98 1176.66
Tributary 20 1 9377.353 1173.56 1176.63 1177.22 1178.20
Tributary 20 1 9889.101 1175.37 1177.58 1178.26 1179.35
Tributary 20 1 10939.64 1178.28 1180.13 1180.85 1182.03
Tributary 20 1 12299.8 1182.54 1183.80 1184.33 1185.18
Tributary 20 1 13530.83 1187.19 1188.45 1188.92 1189.66
Tributary 20 1 14589.72 1190.58 1191.74 1192.20 1192.92
Tributary 20 1 15828.38 1194.60 1195.64 1196.05 1196.73
Tributary 20 1 16574.38 1196.56 1197.57 1197.98 1198.66
Tributary 20 1 18009.23 1201.92 1202.68 1203.02 1203.54
Tributary 20 1 18186.45 1204.31 1204.91 1205.12 1205.16
Tributary 20 1 19159.09 1208.18 1208.93 1209.25 1209.80
Tributary 20 1 20012.65 1212.50 1213.11 1213.35 1213.73
Tributary 20 1 20231.58 1214.16 1214.80 1215.04 1215.44
Tributary 20 1 21735 1227.67 1228.76 1229.16 1229.76
Tributary 20 1 22191.67 1230.16 1230.93 1231.24 1231.76
Tributary 20 1 22752.61 1233.64 1234.18 1234.31 1234.61
Tributary 20 1 22996.54 1235.67 1236.24 1236.43 1236.76
Tributary 20 1 23648.63 1240.94 1241.53 1241.76 1242.12
Tributary 20 1 24327.01 1246.10 1246.68 1246.90 1247.25
Tributary 20 1 24836.93 1249.87 1250.23 1250.37 1250.62
Tributary 20 1 25140.01 1255.36 1255.89 1256.09 1256.42
Tributary 210 1 785.7063 1198.81 1199.28 1199.51 1199.85
Tributary 210 1 1045.171 1201.78 1202.09 1202.18 1202.33
Tributary 215 1 1378.525 1177.72 1177.91 1178.00 1178.13
Tributary 215 1 2348.222 1184.32 1184.72 1184.85 1185.05



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 215 1 3208.32 1193.62 1193.89 1194.00 1194.18
Tributary 220 1 554.1768 1169.47 1171.32 1172.02 1173.18
Tributary 220 1 1310.071 1171.82 1173.46 1174.08 1175.20
Tributary 220 1 1422.971 1174.48 1176.56 1177.12 1177.80
Tributary 220 1 2115.06 1175.56 1177.69 1178.37 1179.38
Tributary 220 1 2759.595 1178.82 1180.19 1180.78 1181.78
Tributary 220 1 3242.25 1181.58 1183.06 1183.64 1184.70
Tributary 220 1 3647.502 1184.17 1185.40 1185.95 1187.04
Tributary 220 1 4391.588 1187.96 1189.31 1189.90 1190.83
Tributary 220 1 5128.298 1190.34 1192.01 1192.62 1193.59
Tributary 220 1 5809.095 1195.57 1197.08 1197.62 1198.33
Tributary 220 2A 6030.52 1197.35 1198.83 1199.27 1199.74
Tributary 220 2A 6100.252 1198.98 1200.15 1200.35 1200.79
Tributary 220 2A 6519.611 1200.85 1201.84 1201.97 1202.36
Tributary 220 2A 6603.838 1202.44 1202.78 1203.07 1203.40
Tributary 220 2B 562 1202.01 1202.15 1202.35 1202.56
Tributary 220 2B 603 1202.47 1202.73 1203.06 1203.36
Tributary 220 3 6613 1202.43 1203.20 1203.30 1203.67
Tributary 220 3 7202.762 1207.09 1207.69 1207.89 1208.31
Tributary 220 3 8105.361 1212.18 1213.01 1213.28 1213.75
Tributary 220 3 9376.495 1220.35 1221.39 1221.73 1222.23
Tributary 220 3 10119.66 1227.89 1228.70 1228.95 1229.31
Tributary 220 3 10644.3 1235.93 1236.55 1236.68 1237.22
Tributary 2220 1 414 4124 1219 30 1220 60 1220 94 1221 42Tributary 2220 1 414.4124 1219.30 1220.60 1220.94 1221.42
Tributary 2220 1 807.62 1223.05 1224.27 1224.61 1225.00
Tributary 2220 1 911.3504 1226.48 1229.27 1229.53 1229.76
Tributary 2220 1 1280.492 1229.50 1229.98 1230.17 1230.40
Tributary 2220 1 1845.474 1239.39 1240.21 1240.46 1240.79
Tributary 2220 1 2418.277 1247.28 1247.60 1247.71 1247.89
Tributary 230 1 483.7262 1215.85 1216.78 1217.22 1217.78
Tributary 230 1 917.6571 1221.55 1221.65 1221.65 1221.68
Tributary 230 1 1300.497 1226.63 1227.10 1227.27 1227.53
Tributary 230 1 1747.884 1230.80 1231.10 1231.21 1231.38
Tributary 25 1 682.0158 1150.28 1151.48 1152.01 1153.35
Tributary 25 1 1827.507 1154.65 1154.82 1154.90 1155.05
Tributary 25 1 1862.498 1156.77 1156.91 1156.98 1157.09
Tributary 25 1 2578.058 1160.45 1160.48 1160.51 1160.82
Tributary 25 1 3601.649 1168.50 1168.54 1168.62 1169.14
Tributary 25 1 4229.263 1172.32 1172.36 1172.42 1172.96
Tributary 25 1 4654.008 1174.97 1175.02 1175.09 1175.59
Tributary 25 1 5268.314 1181.56 1181.62 1181.71 1182.24
Tributary 25 1 5465.449 1183.86 1183.90 1183.96 1185.05
Tributary 250 1 384.329 1212.63 1213.26 1213.65 1214.28
Tributary 250 1 527.46 1225.08 1226.09 1226.42 1227.01
Tributary 250 1 1050.842 1225.45 1226.87 1227.33 1228.05
Tributary 250 1 1373.255 1228.67 1229.31 1229.54 1229.93
Tributary 250 1 1843.664 1235.24 1236.09 1236.36 1236.80
Tributary 250 1 2335.001 1239.65 1240.48 1240.76 1241.26
Tributary 250 1 2798.019 1245.92 1246.90 1247.18 1247.64
Tributary 260 1 381.2107 1198.42 1199.44 1200.01 1200.81
Tributary 260 1 929.035 1198.82 1200.20 1200.82 1201.96
Tributary 260 1 1462.314 1199.88 1201.65 1202.22 1203.66
Tributary 260 1 1942.566 1203.78 1205.62 1206.22 1207.62
Tributary 260 1 2671.905 1210.22 1211.78 1212.12 1212.48
Tributary 260 1 3253.732 1214.35 1215.14 1215.41 1215.98



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 260 1 3697.366 1217.20 1218.20 1218.50 1219.10
Tributary 260 1 4316.793 1223.63 1224.36 1224.63 1225.24
Tributary 260 1 4839.956 1227.63 1228.58 1228.94 1229.59
Tributary 260 1 5203.991 1229.33 1230.29 1230.65 1231.39
Tributary 260 1 5834.451 1232.72 1233.48 1233.76 1234.36
Tributary 260 1 6578.903 1236.46 1237.65 1237.97 1238.59
Tributary 260 1 7223.758 1240.03 1241.25 1241.59 1242.23
Tributary 260 1 7514.147 1251.73 1252.16 1252.30 1252.56
Tributary 260 1 8132.079 1252.24 1253.16 1253.46 1254.09
Tributary 260 1 8732.124 1254.87 1255.71 1255.90 1256.43
Tributary 260 1 9260.418 1258.09 1260.15 1260.86 1261.65
Tributary 260 1 9351.544 1259.99 1264.00 1265.35 1266.04
Tributary 260 1 9827.783 1264.91 1265.98 1266.38 1267.29
Tributary 260 1 10348.59 1273.57 1274.65 1274.98 1275.44
Tributary 260 1 10839.75 1279.20 1280.42 1280.76 1281.35
Tributary 270 1 292.0512 1228.92 1229.66 1230.06 1230.75
Tributary 270 1 861.7673 1231.42 1232.67 1233.08 1233.79
Tributary 270 1 926.6179 1237.23 1238.13 1238.47 1239.02
Tributary 270 1 1303.784 1238.01 1239.54 1240.14 1241.08
Tributary 30 1 1283.054 1154.93 1157.00 1157.64 1158.71
Tributary 30 1 3407.387 1160.11 1161.17 1161.57 1162.30
Tributary 30 1 4977.922 1165.00 1165.95 1166.33 1167.00
Tributary 30 1 5578.214 1169.06 1169.64 1169.97 1170.49
Tributary 30 1 5666 016 1171 57 1172 33 1172 61 1173 10Tributary 30 1 5666.016 1171.57 1172.33 1172.61 1173.10
Tributary 30 1 6726.499 1173.34 1174.59 1175.04 1175.78
Tributary 30 1 7164.082 1174.02 1175.33 1175.82 1176.65
Tributary 30 1 8041.315 1178.00 1179.02 1179.44 1180.18
Tributary 30 1 8433.74 1179.61 1180.71 1181.14 1181.88
Tributary 30 1 8891.659 1181.48 1182.55 1182.98 1183.73
Tributary 30 1 9605.975 1185.85 1187.14 1187.57 1188.32
Tributary 30 1 10085.53 1187.58 1189.09 1189.55 1190.31
Tributary 30 1 10159.3 1188.14 1189.11 1189.58 1190.40
Tributary 30 1 10716.19 1190.09 1191.23 1191.64 1192.36
Tributary 30 1 10807.48 1193.33 1194.17 1194.47 1194.87
Tributary 30 1 11398.47 1194.12 1195.25 1195.62 1196.21
Tributary 30 1 11892.98 1195.83 1197.04 1197.39 1197.98
Tributary 30 1 12557.13 1200.04 1201.15 1201.56 1202.24
Tributary 30 1 13180.56 1203.07 1204.06 1204.46 1205.13
Tributary 30 1 13803.08 1207.19 1208.21 1208.61 1209.25
Tributary 30 1 13883.45 1213.01 1213.29 1213.50 1213.80
Tributary 30 1 14373.48 1213.64 1214.40 1214.70 1215.19
Tributary 30 1 14699.74 1214.09 1214.55 1214.90 1215.41
Tributary 30 1 15134.04 1219.32 1219.63 1219.68 1219.79
Tributary 30 1 15534.95 1223.51 1223.89 1224.04 1224.43
Tributary 30 1 15839.76 1226.78 1227.39 1227.60 1227.87
Tributary 30 1 16332.5 1229.31 1229.85 1230.06 1230.42
Tributary 30 1 16859.21 1233.12 1233.68 1233.90 1234.23
Tributary 30 1 17543.86 1239.52 1239.88 1240.03 1240.26
Tributary 30 1 17686.93 1240.37 1240.98 1241.22 1241.57
Tributary 30 1 17755 1251.91 1252.32 1252.43 1252.61
Tributary 30 1 18370.79 1253.22 1253.79 1254.01 1254.36
Tributary 30 1 18990.18 1257.00 1257.33 1257.40 1257.54
Tributary 30 1 19311.28 1259.81 1260.08 1260.23 1260.44
Tributary 315 1 623.04 1187.30 1188.63 1188.93 1189.53
Tributary 315 1 1123.04 1193.15 1193.21 1193.31 1193.45



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 315 1 1795.158 1198.67 1198.94 1199.05 1199.22
Tributary 315 1 2369.603 1204.75 1205.09 1205.23 1205.44
Tributary 320 1 893.3074 1213.57 1213.80 1213.91 1214.02
Tributary 320 1 1536.699 1219.98 1220.43 1220.54 1220.71
Tributary 320 1 2246.531 1228.47 1228.86 1229.03 1229.26
Tributary 320 1 2793.931 1233.50 1233.91 1234.05 1234.29
Tributary 320 1 3383.216 1238.55 1238.96 1239.12 1239.38
Tributary 320 1 3476.068 1243.56 1244.05 1244.25 1244.57
Tributary 320 1 3771.884 1244.22 1244.91 1245.19 1245.62
Tributary 320 1 3998.686 1244.23 1244.93 1245.21 1245.65
Tributary 320 1 4424.879 1249.91 1250.62 1250.90 1251.36
Tributary 35 1 1469.895 1161.17 1161.35 1161.42 1161.55
Tributary 35 1 2172.949 1166.27 1166.65 1166.79 1167.05
Tributary 35 1 2918.786 1173.69 1173.98 1174.08 1174.29
Tributary 35 1 3530.76 1178.82 1179.05 1179.14 1179.32
Tributary 35 1 4188.182 1186.87 1187.19 1187.32 1187.57
Tributary 35 1 4532.468 1189.56 1189.88 1190.00 1190.25
Tributary 35 1 4925.088 1194.01 1194.31 1194.43 1194.66
Tributary 360 1 254.3604 1253.99 1255.23 1255.59 1256.39
Tributary 360 1 368.1621 1255.41 1256.03 1256.23 1256.60
Tributary 360 1 788.0278 1255.99 1256.86 1257.17 1257.74
Tributary 360 1 1317.935 1261.39 1262.30 1262.63 1263.29
Tributary 360 1 2227.87 1263.45 1264.19 1264.45 1264.98
Tributary 360 1 2649 356 1265 97 1266 89 1267 37 1268 03Tributary 360 1 2649.356 1265.97 1266.89 1267.37 1268.03
Tributary 360 1 2749.878 1274.58 1275.23 1275.44 1275.88
Tributary 360 1 3292.764 1274.72 1275.45 1275.68 1276.18
Tributary 360 1 3947.301 1278.96 1279.18 1279.30 1279.53
Tributary 360 1 4462.571 1282.40 1283.09 1283.30 1283.71
Tributary 360 1 4922.731 1288.73 1288.89 1289.01 1289.29
Tributary 360 1 5403.425 1292.75 1293.36 1293.54 1293.86
Tributary 360 1 6000.85 1298.23 1298.59 1298.73 1298.99
Tributary 360 1 6754.709 1302.30 1302.75 1302.92 1303.21
Tributary 360 1 6842.428 1305.20 1305.50 1305.62 1305.84
Tributary 360 1 7250.87 1309.22 1309.48 1309.59 1309.78
Tributary 360 1 7843.362 1312.36 1312.81 1312.98 1313.32
Tributary 360 1 8166.109 1319.76 1319.93 1319.99 1320.12
Tributary 360 1 8686.798 1322.39 1322.78 1322.92 1323.21
Tributary 360 1 8800.144 1325.55 1325.88 1326.00 1326.23
Tributary 360 1 9000.517 1325.48 1325.77 1325.86 1326.08
Tributary 360 1 9077.224 1333.28 1336.19 1337.86 1338.91
Tributary 360 1 9692.623 1333.43 1336.24 1337.90 1338.94
Tributary 360 1 10219.69 1338.06 1338.24 1338.29 1338.97
Tributary 40 1 1492.379 1164.60 1164.83 1164.89 1165.05
Tributary 40 1 2089.476 1168.50 1168.97 1169.13 1169.42
Tributary 40 1 2643.743 1173.95 1174.35 1174.50 1174.75
Tributary 40 1 3449.814 1183.46 1184.23 1184.51 1184.99
Tributary 40 1 4229.989 1192.09 1192.37 1192.48 1192.68
Tributary 40 1 4899.222 1197.38 1197.86 1197.98 1198.21
Tributary 415 1 654 1205.63 1206.32 1206.44 1207.15
Tributary 415 1 760.49 1208.76 1210.55 1211.31 1211.85
Tributary 415 1 979.4927 1212.45 1213.27 1213.37 1213.63
Tributary 415 1 1160.089 1214.55 1214.89 1215.07 1215.36
Tributary 415 1 1491.304 1217.11 1217.55 1217.67 1217.94
Tributary 415 1 1824.765 1221.51 1221.59 1221.65 1221.70
Tributary 415 1 2464.133 1227.76 1227.96 1228.05 1228.17



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 420 1 1074.534 1224.61 1224.97 1225.14 1225.44
Tributary 420 1 1427.09 1228.09 1228.31 1228.42 1228.52
Tributary 420 1 1771.109 1232.47 1232.91 1233.05 1233.32
Tributary 420 1 2259.225 1237.16 1237.60 1237.79 1238.03
Tributary 420 1 3100.226 1245.93 1246.38 1246.56 1246.83
Tributary 45 1 488 1164.88 1168.12 1169.08 1170.52
Tributary 45 1 513.0888 1164.90 1168.12 1169.09 1170.52
Tributary 45 2A 935.2407 1165.46 1168.24 1169.18 1170.59
Tributary 45 2A 1023.217 1166.44 1168.23 1169.22 1170.61
Tributary 45 2A 1732.342 1169.29 1170.00 1170.37 1171.26
Tributary 45 2A 1849.892 1172.37 1172.70 1172.90 1173.29
Tributary 45 2B 732 n/a 1168.16 1169.12 1170.56
Tributary 45 2B 794 n/a 1172.50 1172.50 1172.70
Tributary 45 2B 849 n/a 1172.81 1172.81 1173.24
Tributary 45 3 1900 n/a 1173.00 1173.22 1173.59
Tributary 45 3 2735.208 1174.54 1175.09 1175.39 1175.94
Tributary 45 3 3229.34 1179.46 1179.96 1180.11 1180.43
Tributary 45 3 3296.424 1181.46 1181.90 1182.11 1182.46
Tributary 45 3 3637.686 1185.20 1187.17 1187.59 1188.08
Tributary 45 3 4310.163 1189.34 1190.15 1190.47 1191.14
Tributary 45 3 4816.568 1190.39 1191.20 1191.51 1192.14
Tributary 45 3 5356.853 1194.09 1194.57 1194.77 1195.16
Tributary 45 3 6009.654 1198.44 1199.01 1199.24 1199.69
Tributary 45 3 6529 082 1201 78 1202 44 1202 70 1203 19Tributary 45 3 6529.082 1201.78 1202.44 1202.70 1203.19
Tributary 45 3 7376.125 1206.98 1207.42 1207.66 1208.12
Tributary 45 3 7909.773 1210.35 1210.76 1211.01 1211.49
Tributary 45 3 8068.538 1215.55 1217.21 1217.61 1218.10
Tributary 45 3 8403.656 1215.84 1217.70 1218.09 1218.65
Tributary 45 3 8938.793 1216.51 1218.02 1218.41 1219.00
Tributary 45 3 9311.125 1219.70 1219.71 1219.86 1220.24
Tributary 45 3 9924.68 1224.26 1224.53 1224.65 1224.89
Tributary 45 3 10441.01 1228.06 1228.51 1228.68 1228.95
Tributary 45 3 10936.86 1232.09 1232.47 1232.63 1232.91
Tributary 45 3 11613.49 1236.77 1237.15 1237.30 1237.60
Tributary 45 3 12177.18 1242.69 1242.86 1242.99 1243.21
Tributary 45 3 12682.29 1247.31 1247.59 1247.71 1247.93
Tributary 45 3 13227.87 1251.32 1251.66 1251.79 1252.04
Tributary 45 3 13704.12 1255.12 1255.50 1255.63 1255.91
Tributary 45 3 13778.25 1260.34 1260.61 1260.70 1260.94
Tributary 45 3 14006.45 1260.44 1260.76 1260.87 1261.14
Tributary 45 3 14507.79 1261.64 1261.89 1261.99 1262.17
Tributary 45 3 14997.39 1266.79 1267.13 1267.25 1267.51
Tributary 45 3 15460.63 1271.89 1272.16 1272.27 1272.47
Tributary 50 1 925.6407 1169.38 1170.83 1171.54 1173.00
Tributary 50 1 1639.57 1169.94 1171.08 1171.72 1173.10
Tributary 50 1 2605.753 1173.95 1174.68 1175.02 1175.49
Tributary 50 1 3239.054 1177.18 1177.92 1178.18 1178.71
Tributary 50 1 3834.61 1179.31 1180.20 1180.52 1181.11
Tributary 50 1 4477.511 1183.09 1184.09 1184.45 1185.12
Tributary 50 1 5537.512 1185.62 1186.61 1186.99 1187.70
Tributary 50 1 5646.724 1188.27 1191.81 1192.24 1192.84
Tributary 50 1 6380.296 1189.85 1192.30 1192.67 1193.36
Tributary 50 1 7036.335 1192.98 1193.85 1194.24 1194.88
Tributary 50 1 7989.05 1199.44 1199.97 1200.21 1200.58
Tributary 50 1 8402.011 1201.88 1202.68 1202.97 1203.52



River Reach Station 10-year       
(ft)

50-year       
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500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 50 1 8930.416 1206.28 1206.88 1207.13 1207.61
Tributary 50 1 9478.145 1210.14 1210.78 1211.02 1211.49
Tributary 50 1 10345.57 1215.84 1216.26 1216.41 1216.71
Tributary 50 1 10797.81 1218.72 1219.26 1219.47 1219.85
Tributary 50 1 11274.28 1224.13 1224.62 1224.79 1225.14
Tributary 50 1 11950.34 1230.05 1230.73 1230.97 1231.43
Tributary 50 1 12064.8 1236.21 1236.58 1236.67 1236.92
Tributary 50 1 12387.4 1236.59 1237.12 1237.29 1237.67
Tributary 50 1 12784.12 1238.94 1239.48 1239.67 1240.06
Tributary 50 1 13253.95 1248.07 1248.30 1248.39 1248.57
Tributary 50 1 13620.61 1252.20 1252.40 1252.47 1252.63
Tributary 50 1 14143.53 1260.19 1260.49 1260.60 1260.80
Tributary 50 1 14783.72 1268.38 1268.64 1268.74 1268.94
Tributary 520 1 192.429 1250.81 1251.04 1251.14 1251.39
Tributary 520 1 290.8383 1252.53 1253.16 1253.37 1253.63
Tributary 55 1 1324.086 1172.87 1174.83 1175.05 1176.12
Tributary 55 1 1438.081 1173.45 1174.85 1175.09 1176.15
Tributary 55 1 1766.243 1173.55 1174.93 1175.18 1176.22
Tributary 55 1 1988.833 1173.61 1174.98 1175.24 1176.27
Tributary 55 1 2915.074 1178.28 1178.69 1178.86 1179.17
Tributary 55 1 3397.695 1181.48 1181.82 1182.00 1182.30
Tributary 55 1 3499.956 1184.78 1185.34 1185.52 1185.79
Tributary 55 1 3864.31 1186.02 1186.34 1186.47 1186.80
Tributary 60 1 1217 065 1179 54 1180 34 1180 70 1181 49Tributary 60 1 1217.065 1179.54 1180.34 1180.70 1181.49
Tributary 60 1 1733.553 1179.97 1180.69 1181.01 1181.74
Tributary 60 1 2260.318 1180.70 1181.32 1181.60 1182.23
Tributary 60 1 2708.127 1181.10 1181.75 1182.03 1182.65
Tributary 60 1 3154.03 1181.77 1182.42 1182.69 1183.26
Tributary 60 1 3804.274 1183.49 1184.11 1184.35 1184.87
Tributary 60 1 4764.562 1186.70 1187.32 1187.54 1188.02
Tributary 60 1 5550.589 1187.91 1188.79 1189.11 1189.76
Tributary 60 1 6029.755 1188.69 1189.59 1189.96 1190.65
Tributary 60 1 6167.984 1189.53 1190.33 1190.58 1191.10
Tributary 60 1 6616.216 1191.27 1192.07 1192.37 1193.01
Tributary 60 1 7835.579 1194.43 1195.49 1195.84 1196.66
Tributary 60 1 9282.677 1197.14 1197.67 1197.92 1198.47
Tributary 60 1 10350.01 1200.09 1200.85 1201.11 1201.65
Tributary 60 1 11296.95 1202.58 1203.41 1203.73 1204.40
Tributary 60 1 12594.79 1206.37 1207.30 1207.69 1208.53
Tributary 60 1 13236.02 1208.11 1209.05 1209.45 1210.30
Tributary 60 1 13843.33 1209.51 1210.58 1211.00 1211.92
Tributary 60 1 14619.57 1211.67 1212.70 1213.09 1213.90
Tributary 60 1 15322.46 1214.24 1215.24 1215.59 1216.37
Tributary 60 1 16128.46 1216.63 1217.90 1218.31 1219.14
Tributary 60 1 17932.46 1221.23 1222.20 1222.56 1223.62
Tributary 60 1 18824.34 1224.95 1225.68 1226.04 1226.97
Tributary 60 1 20470.78 1228.07 1229.03 1229.32 1229.66
Tributary 60 1 20600.4 1229.47 1229.56 1229.58 1229.73
Tributary 60 1 21168.3 1232.87 1233.68 1233.90 1234.41
Tributary 60 1 22032.1 1236.38 1237.37 1237.69 1238.42
Tributary 60 1 22688.42 1238.97 1239.93 1240.26 1241.03
Tributary 60 1 23910.62 1244.05 1244.96 1245.26 1245.96
Tributary 60 1 25271.01 1250.20 1251.26 1251.63 1252.44
Tributary 60 1 26374.34 1254.52 1255.43 1255.74 1256.30
Tributary 60 1 26477.55 1256.80 1257.28 1257.39 1257.63



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 60 1 27023.72 1257.91 1258.58 1258.82 1259.35
Tributary 60 1 27558.49 1262.26 1262.66 1262.81 1263.03
Tributary 60 1 28084.65 1264.06 1264.67 1264.88 1265.31
Tributary 60 1 28635.65 1270.02 1270.71 1270.94 1271.39
Tributary 60 1 28723.61 1277.26 1277.70 1277.86 1278.01
Tributary 60 1 29136.33 1277.41 1277.93 1278.13 1278.39
Tributary 60 1 29756.01 1281.54 1281.97 1282.13 1282.48
Tributary 60 1 30350.39 1283.74 1284.34 1284.57 1285.00
Tributary 60 1 31002.21 1288.77 1289.19 1289.35 1289.65
Tributary 60 1 31644.74 1291.49 1292.01 1292.20 1292.57
Tributary 60 1 32238.82 1298.90 1299.26 1299.39 1299.64
Tributary 60 1 32901.78 1301.95 1302.47 1302.67 1303.04
Tributary 60 1 33516.64 1309.17 1309.50 1309.62 1309.85
Tributary 60 1 34049.6 1311.97 1312.47 1312.66 1313.02
Tributary 60 1 34768.61 1321.67 1321.93 1322.03 1322.23
Tributary 60 1 35231.1 1326.03 1326.33 1326.45 1326.67
Tributary 60 1 35708.51 1330.91 1331.20 1331.31 1331.53
Tributary 65 1 1152.333 1181.11 1181.73 1182.03 1182.70
Tributary 65 1 1703.339 1183.29 1183.70 1183.82 1184.07
Tributary 65 1 2010.76 1184.86 1185.25 1185.41 1185.71
Tributary 65 1 2416.274 1186.89 1187.32 1187.49 1187.80
Tributary 65 1 3119.15 1192.01 1192.11 1192.29 1192.53
Tributary 65 1 3172.655 1192.66 1192.72 1192.88 1193.14
Tributary 65 2A 3822 455 1196 20 1196 93 1197 11 1197 41Tributary 65 2A 3822.455 1196.20 1196.93 1197.11 1197.41
Tributary 65 2A 3885.417 1197.96 1198.19 1198.26 1198.45
Tributary 65 2A 4288.215 1199.56 1199.84 1200.09 1200.53
Tributary 65 2A 4361.772 1200.59 1200.81 1200.93 1201.22
Tributary 65 2A 4860.69 1201.59 1201.88 1202.13 1202.57
Tributary 65 2A 4923.156 1203.45 1203.77 1204.01 1204.37
Tributary 65 2A 5195.418 1204.31 1204.62 1204.88 1205.32
Tributary 65 2A 5304.423 1207.03 1208.18 1208.35 1208.56
Tributary 65 2B 100 n/a 1197.37 1197.59 1197.81
Tributary 65 2B 110 n/a 1200.46 1200.48 1200.53
Tributary 65 2B 360 n/a 1201.23 1201.46 1201.72
Tributary 65 2B 450 n/a 1204.00 1204.15 1204.49
Tributary 65 2B 530 n/a 1208.15 1208.33 1208.58
Tributary 65 3 5622.475 1208.27 1209.13 1209.38 1209.81
Tributary 65 3 6207.007 1211.06 1211.88 1212.19 1212.77
Tributary 65 3 6974.26 1215.51 1216.03 1216.23 1216.63
Tributary 65 3 7236.932 1219.84 1220.54 1220.81 1221.31
Tributary 65 3 7278.744 1220.63 1221.41 1221.70 1222.35
Tributary 65 3 7823.787 1224.36 1224.86 1225.06 1225.60
Tributary 65 3 8279.54 1227.94 1228.26 1228.38 1228.62
Tributary 65 3 8603.954 1230.71 1231.19 1231.34 1231.62
Tributary 65 3 9113.301 1235.37 1235.74 1235.89 1236.20
Tributary 65 3 9565.658 1239.28 1239.75 1239.92 1240.23
Tributary 65 3 9872.713 1241.35 1241.87 1242.07 1242.44
Tributary 65 3 10422.16 1244.70 1245.27 1245.47 1245.86
Tributary 70 1 1506.458 1195.11 1196.06 1196.41 1197.03
Tributary 70 1 2020.453 1199.32 1199.84 1200.06 1200.44
Tributary 70 1 2511.33 1204.71 1205.92 1206.38 1207.10
Tributary 70 1 3210.261 1207.17 1208.35 1208.88 1209.75
Tributary 70 1 3808.361 1213.33 1214.10 1214.46 1215.08
Tributary 70 1 4528.602 1217.40 1218.37 1218.82 1219.52
Tributary 70 1 4609.452 1228.55 1228.86 1228.98 1229.20



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 70 1 5182.687 1228.91 1229.64 1230.02 1230.66
Tributary 70 1 5741.023 1228.95 1229.73 1230.13 1230.80
Tributary 70 1 6028.809 1229.16 1230.07 1230.37 1230.93
Tributary 70 1 6128.529 1235.71 1240.64 1240.95 1241.31
Tributary 70 1 6515.201 1235.85 1240.67 1240.99 1241.38
Tributary 70 1 6588.356 1247.93 1248.68 1248.92 1249.35
Tributary 70 1 6876.081 1248.49 1249.36 1249.64 1250.04
Tributary 70 1 7406.171 1248.59 1249.08 1249.40 1249.79
Tributary 70 1 7885.107 1255.16 1255.94 1256.15 1256.62
Tributary 75 1 1054.587 1203.85 1205.21 1205.83 1206.90
Tributary 75 1 1596.72 1208.54 1209.08 1209.29 1209.68
Tributary 75 1 2374.303 1212.50 1213.01 1213.23 1213.63
Tributary 75 1 3566.502 1220.67 1221.26 1221.50 1221.92
Tributary 75 1 4202.401 1226.21 1226.85 1227.10 1227.54
Tributary 75 1 4764.457 1234.14 1234.47 1234.61 1234.86
Tributary 75 1 4854.397 1248.70 1249.17 1249.35 1249.65
Tributary 75 1 5264.457 1249.08 1249.69 1249.92 1250.30
Tributary 75 1 5427.751 1249.08 1249.69 1249.91 1250.30
Tributary 80 1 1018.274 1209.27 1210.48 1211.07 1212.20
Tributary 80 1 1340.729 1209.95 1211.75 1212.38 1213.30
Tributary 80 1 2112.518 1217.58 1218.72 1219.23 1220.01
Tributary 80 1 2641.399 1220.92 1222.04 1222.52 1223.28
Tributary 80 1 3149.721 1223.67 1224.63 1225.08 1225.87
Tributary 80 1 3599 109 1226 31 1227 27 1227 63 1228 33Tributary 80 1 3599.109 1226.31 1227.27 1227.63 1228.33
Tributary 80 1 3708.273 1232.97 1233.64 1233.89 1234.30
Tributary 80 1 4158.708 1233.02 1233.84 1234.17 1234.75
Tributary 80 1 4268.003 1246.46 1247.23 1247.57 1248.51
Tributary 80 1 4726.481 1247.01 1248.09 1248.54 1249.24
Tributary 80 1 5536.911 1247.01 1248.09 1248.55 1249.25
Tributary 80 1 6412.378 1247.02 1248.10 1248.57 1249.28
Tributary 80 1 7149.758 1247.08 1248.22 1248.71 1249.48
Tributary 80 1 7548.32 1247.41 1248.61 1249.11 1249.94
Tributary 80 1 8154.87 1250.47 1251.14 1251.39 1251.88
Tributary 80 1 8686.63 1253.41 1254.10 1254.40 1254.90
Tributary 80 1 8973.538 1255.41 1255.97 1256.16 1256.52
Tributary 80 1 9275.741 1257.92 1258.40 1258.57 1258.86
Tributary 80 1 9651.493 1262.02 1262.48 1262.70 1263.07
Tributary 80 1 10156.38 1265.72 1266.42 1266.69 1267.18
Tributary 80 1 10961.36 1271.79 1272.59 1272.90 1273.45
Tributary 80 1 11184.56 1272.30 1273.25 1273.62 1274.26
Tributary 80 1 11843.99 1277.31 1277.98 1278.20 1278.60
Tributary 80 1 12158 1278.95 1279.77 1280.10 1280.67
Tributary 80 1 12249.24 1284.38 1288.71 1290.13 1290.62
Tributary 80 1 12722.29 1284.41 1288.73 1290.15 1290.66
Tributary 80 1 13199.4 1288.76 1289.21 1290.04 1290.56
Tributary 80 1 13645.46 1290.43 1291.14 1291.38 1291.86
Tributary 80 1 14092.78 1298.80 1299.12 1299.21 1299.36
Tributary 80 1 14888.87 1308.67 1309.14 1309.34 1309.68
Tributary 80 1 15410.87 1320.34 1320.68 1320.82 1321.05
Tributary 80 1 15936.09 1330.74 1331.17 1331.34 1331.62
Tributary 80 1 16556.27 1339.02 1339.44 1339.61 1339.92
Tributary 85 1 504.379 1213.97 1215.76 1216.40 1217.59
Tributary 85 1 557.2925 1222.62 1222.95 1223.08 1223.33
Tributary 85 1 1486.519 1223.99 1224.66 1224.95 1225.38
Tributary 85 1 1876.395 1223.89 1224.59 1224.80 1225.18



River Reach Station 10-year       
(ft)

50-year       
(ft)

100-year      
(ft)

500-year      
(ft)

Little Salt Creek Existing WSEL

Tributary 85 1 1939.08 1232.58 1232.97 1233.12 1233.35
Tributary 85 1 2192.384 1232.63 1233.04 1233.20 1233.45
Tributary 85 1 2959.397 1232.69 1233.16 1233.35 1233.66
Tributary 85 1 3522.833 1234.26 1235.09 1235.41 1235.94
Tributary 85 1 4044.385 1238.58 1239.04 1239.20 1239.46
Tributary 85 1 4368.319 1242.12 1242.79 1243.05 1243.43
Tributary 85 1 4710.921 1244.73 1245.64 1245.90 1246.36
Tributary 90 1 317.2951 1268.76 1269.07 1269.19 1269.43
Tributary 90 1 735.7813 1271.28 1271.84 1272.05 1272.48
Tributary 90 1 1322.651 1280.09 1280.44 1280.57 1280.82
Tributary 90 1 1808.088 1289.26 1289.50 1289.59 1289.77
Tributary 92 1 882.1674 1290.35 1290.63 1290.75 1290.98
Tributary 92 1 1273.992 1295.11 1295.54 1295.70 1296.02
Tributary 92 1 1887.232 1299.95 1300.27 1300.39 1300.64
Tributary 94 1 473.7022 1289.72 1290.03 1290.15 1290.38
Tributary 94 1 760.8322 1291.78 1292.26 1292.43 1292.77
Tributary 94 1 1206.15 1298.20 1298.48 1298.60 1298.82
Tributary 94 1 1767.627 1301.75 1302.27 1302.48 1302.87
Tributary 94 1 2155.907 1309.98 1310.30 1310.42 1310.67
Tributary 96 1 345.867 1320.69 1321.36 1321.62 1322.11
Tributary 96 1 619.215 1331.07 1331.27 1331.35 1331.50
Tributary 98 1 603.738 1347.46 1347.67 1347.75 1347.90
Tributary 98 1 1101.527 1351.32 1351.71 1351.86 1352.16



River Reach Station Top Width 
(ft)

Flow Area 
(ft2)

Velocity    
(ft/s)

WSEL       
(ft)

 Base WSEL 
(ft)

� WSEL     
(ft)

Little Salt Creek 1 828.1832 2,324 16,175 0.9 1138.75 1137.75 1.00
Little Salt Creek 1 2025.665 2,234 15,301 0.9 1138.81 1137.84 0.97
Little Salt Creek 1 2729.071 935 5,705 2.5 1138.76 1137.80 0.96
Little Salt Creek 1 3341.513 1,645 11,278 1.3 1139.15 1138.23 0.92
Little Salt Creek 1 3703.164 1,575 10,208 1.4 1139.16 1138.24 0.92
Little Salt Creek 1 4681.609 941 5,226 2.8 1139.16 1138.21 0.95
Little Salt Creek 1 5498.501 450 2,914 5.0 1139.21 1138.21 1.00
Little Salt Creek 1 6303.108 235 3,054 4.7 1139.89 1139.06 0.83
Little Salt Creek 1 6440.52 200 2,381 6.1 1139.96 1139.14 0.82
Little Salt Creek 1 6539.142 228 2,640 5.5 1140.23 1139.44 0.79
Little Salt Creek 1 6643.554 165 2,252 6.4 1140.18 1139.40 0.78
Little Salt Creek 1 6815.26 385 4,281 3.4 1140.78 1140.07 0.71
Little Salt Creek 1 7426.275 271 3,399 4.4 1140.77 1140.09 0.68
Little Salt Creek 1 8112.121 263 2,501 6.0 1140.92 1140.20 0.72
Little Salt Creek 1 8714.68 136 1,527 9.8 1140.98 1140.30 0.68
Little Salt Creek 1 8822.234 215 2,008 7.5 1141.93 1141.38 0.55
Little Salt Creek 1 9671.209 387 2,066 7.5 1142.41 1141.94 0.47
Little Salt Creek 1 10901.34 427 2,356 5.3 1143.95 1143.85 0.10
Little Salt Creek 1 11321.97 422 2,963 4.2 1144.37 1143.89 0.48
Little Salt Creek 1 12192.12 989 4,631 2.2 1145.08 1144.41 0.67
Little Salt Creek 1 12479.57 1,006 4,738 2.1 1145.18 1144.52 0.66
Little Salt Creek 1 13053.03 675 2,812 3.5 1145.32 1144.61 0.71
Little Salt Creek 1 13375.77 657 3,516 2.8 1145.65 1144.74 0.91
Little Salt Creek 1 14123 56 392 2 274 4 4 1145 88 1145 09 0 79

Little Salt Creek Floodway Analysis

Little Salt Creek 1 14123.56 392 2,274 4.4 1145.88 1145.09 0.79
Little Salt Creek 1 15014.32 570 3,096 3.2 1146.82 1145.99 0.83
Little Salt Creek 1 15584.49 889 4,483 2.2 1147.27 1146.40 0.87
Little Salt Creek 1 17821.78 729 3,439 3.0 1148.67 1147.83 0.84
Little Salt Creek 1 18498.95 762 3,585 2.9 1149.30 1148.44 0.86
Little Salt Creek 1 19028.28 612 2,840 3.7 1149.75 1148.89 0.86
Little Salt Creek 1 19601.17 623 3,180 3.4 1150.51 1149.60 0.91
Little Salt Creek 1 20027.42 567 3,331 3.2 1150.98 1150.13 0.85
Little Salt Creek 1 21244.98 872 3,743 2.4 1151.85 1150.95 0.90
Little Salt Creek 1 21656 784 3,313 2.7 1152.13 1151.24 0.89
Little Salt Creek 1 22461.26 661 3,246 2.9 1152.86 1152.01 0.85
Little Salt Creek 1 23839.58 663 3,356 2.8 1153.96 1153.08 0.88
Little Salt Creek 1 24685.98 483 2,498 3.8 1154.85 1153.99 0.86
Little Salt Creek 1 25881.58 886 4,055 2.3 1156.25 1155.48 0.77
Little Salt Creek 1 26144.37 764 3,328 2.8 1156.42 1155.57 0.85
Little Salt Creek 1 27256.44 646 3,814 2.4 1157.05 1156.35 0.70
Little Salt Creek 1 27386.45 610 1,781 5.1 1157.23 1156.86 0.37
Little Salt Creek 1 27856.57 396 1,942 4.8 1158.43 1158.06 0.37
Little Salt Creek 1 28366.45 397 2,314 4.0 1159.71 1159.05 0.66
Little Salt Creek 1 29005.18 346 1,990 4.6 1160.90 1160.17 0.73
Little Salt Creek 1 29670.09 525 3,213 2.9 1162.17 1161.29 0.88
Little Salt Creek 1 30677.6 618 3,669 2.5 1163.01 1162.09 0.92
Little Salt Creek 1 31403.59 344 1,783 5.2 1164.01 1163.17 0.84
Little Salt Creek 1 31544.92 344 1,729 5.3 1168.21 1167.88 0.33
Little Salt Creek 1 32229.35 569 5,402 1.7 1169.14 1168.77 0.37
Little Salt Creek 1 32750.69 649 5,807 1.6 1169.26 1168.87 0.39
Little Salt Creek 1 33359.69 866 6,748 1.4 1169.38 1168.96 0.42
Little Salt Creek 1 34130.8 527 3,841 2.4 1169.57 1169.13 0.44
Little Salt Creek 1 34678.93 796 5,201 1.8 1169.90 1169.39 0.51
Little Salt Creek 1 34793.97 796 4,436 2.1 1169.98 1169.45 0.53
Little Salt Creek 1 35353.76 696 4,259 2.2 1170.20 1169.61 0.59
Little Salt Creek 1 35889.21 574 3,265 2.9 1170.58 1169.94 0.64



River Reach Station Top Width 
(ft)

Flow Area 
(ft2)

Velocity    
(ft/s)

WSEL       
(ft)

 Base WSEL 
(ft)

� WSEL     
(ft)

Little Salt Creek Floodway Analysis

Little Salt Creek 1 36816.21 601 4,214 2.2 1171.35 1170.61 0.74
Little Salt Creek 1 37345.77 668 4,186 2.3 1171.65 1170.88 0.77
Little Salt Creek 1 37971.54 660 4,501 2.1 1171.89 1171.10 0.79
Little Salt Creek 1 39184.8 441 2,526 3.6 1172.95 1172.28 0.67
Little Salt Creek 1 39666.06 442 2,592 3.5 1173.69 1172.88 0.81
Little Salt Creek 1 40426.42 519 3,027 3.0 1174.44 1173.55 0.89
Little Salt Creek 1 41721.96 541 2,564 3.5 1175.99 1175.43 0.56
Little Salt Creek 1 41797.25 514 1,885 4.8 1176.04 1175.75 0.29
Little Salt Creek 1 42232.08 492 2,901 3.1 1177.48 1176.87 0.61
Little Salt Creek 1 42748.94 687 4,027 2.2 1177.94 1177.22 0.72
Little Salt Creek 1 43332.2 776 4,668 1.9 1178.18 1177.43 0.75
Little Salt Creek 1 43438.75 776 3,632 2.5 1178.26 1177.52 0.74
Little Salt Creek 1 44218.5 630 2,814 3.2 1179.37 1178.61 0.76
Little Salt Creek 1 46204.26 625 2,593 2.3 1182.23 1181.37 0.86
Little Salt Creek 1 47270.87 641 2,606 2.3 1183.18 1182.37 0.81
Little Salt Creek 1 47993.41 686 2,835 2.1 1183.73 1182.90 0.83
Little Salt Creek 1 48621.9 845 3,576 1.7 1184.22 1183.37 0.85
Little Salt Creek 1 49175.34 911 3,653 1.6 1184.53 1183.66 0.87
Little Salt Creek 1 49656.16 828 3,125 1.9 1184.88 1184.01 0.87
Little Salt Creek 1 50205.11 774 2,487 2.4 1185.36 1184.45 0.91
Little Salt Creek 1 51003.54 825 2,271 2.6 1186.96 1186.15 0.81
Little Salt Creek 1 51143.68 839 1,447 4.1 1186.81 1186.60 0.21
Little Salt Creek 1 51495.21 573 1,914 3.1 1189.20 1188.40 0.80
Little Salt Creek 1 52037 99 481 1 741 3 4 1190 89 1190 13 0 76Little Salt Creek 1 52037.99 481 1,741 3.4 1190.89 1190.13 0.76
Little Salt Creek 1 52860.84 479 1,812 3.4 1193.66 1192.80 0.86
Little Salt Creek 1 53285.91 400 1,748 3.5 1194.96 1194.05 0.91
Little Salt Creek 1 53759.3 314 1,562 3.9 1196.25 1195.27 0.98
Little Salt Creek 1 54276.44 283 1,478 4.1 1197.72 1196.77 0.95
Little Salt Creek 1 54387.21 281 1,331 4.6 1198.32 1197.67 0.65
Little Salt Creek 1 55010.16 360 1,821 3.4 1200.20 1199.35 0.85
Little Salt Creek 1 55417.41 347 1,741 3.5 1201.07 1200.17 0.90
Little Salt Creek 1 55903.32 257 1,332 4.6 1202.39 1201.52 0.87
Little Salt Creek 1 55996.51 264 1,469 4.2 1203.57 1202.73 0.84
Little Salt Creek 1 56995.08 269 1,552 3.8 1205.96 1205.34 0.62
Little Salt Creek 1 57501.32 264 1,328 4.4 1207.29 1206.63 0.66
Little Salt Creek 1 58293.76 299 1,776 3.3 1209.73 1209.40 0.33
Little Salt Creek 1 59344.01 177 1,172 4.7 1212.70 1212.54 0.16
Little Salt Creek 1 60240.53 126 1,039 5.3 1215.14 1214.51 0.63
Little Salt Creek 1 61930.35 147 1,756 3.1 1217.66 1217.09 0.57
Little Salt Creek 1 62586.55 108 714 7.5 1218.61 1218.11 0.50
Little Salt Creek 1 63043.53 108 1,008 5.3 1221.26 1220.66 0.60
Little Salt Creek 1 63938.49 111 805 6.7 1224.83 1223.99 0.84
Little Salt Creek 1 64385.4 184 1,627 3.3 1226.56 1225.71 0.85
Little Salt Creek 1 64476.32 184 1,564 3.4 1226.89 1226.01 0.88
Little Salt Creek 1 64958.31 162 1,074 4.9 1227.53 1226.77 0.76
Little Salt Creek 1 65636.82 493 2,307 2.3 1229.24 1228.49 0.75
Little Salt Creek 1 66161.06 150 690 7.6 1229.69 1229.20 0.49
Little Salt Creek 1 66611.32 148 1,036 5.0 1233.09 1232.20 0.89
Little Salt Creek 1 67509.09 155 1,085 4.8 1236.40 1235.53 0.87
Little Salt Creek 1 68047.97 147 1,160 4.5 1237.93 1237.06 0.87
Little Salt Creek 1 68734.25 183 1,272 4.1 1239.56 1239.01 0.55
Little Salt Creek 1 69490.38 266 1,717 3.0 1241.53 1240.91 0.62
Little Salt Creek 1 69850.55 185 1,199 4.3 1241.97 1241.40 0.57
Little Salt Creek 1 70553.02 200 1,533 3.4 1243.38 1242.58 0.80
Little Salt Creek 1 71072.5 223 1,285 4.0 1244.18 1243.37 0.81
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(ft)
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Little Salt Creek Floodway Analysis

Little Salt Creek 1 71649.56 110 740 7.0 1246.08 1245.13 0.95
Little Salt Creek 1 72110.32 80 766 6.8 1248.57 1248.22 0.35
Little Salt Creek 1 73202.54 165 1,380 3.7 1251.71 1251.07 0.64
Little Salt Creek 1 74078.64 95 862 6.0 1253.89 1253.00 0.89
Little Salt Creek 1 74436.3 256 2,956 1.7 1254.64 1253.67 0.97
Little Salt Creek 1 74833.03 275 3,383 1.5 1254.71 1253.76 0.95
Little Salt Creek 1 75413.45 120 1,663 3.1 1254.80 1253.88 0.92
Little Salt Creek 1 75526.37 164 1,444 3.6 1255.30 1254.49 0.81
Little Salt Creek 1 75812.91 234 1,677 3.0 1255.69 1255.01 0.68
Little Salt Creek 1 76694.11 219 1,915 2.7 1256.47 1255.98 0.49
Little Salt Creek 1 77318.44 182 1,533 3.3 1257.00 1256.61 0.39
Little Salt Creek 1 77798.89 164 1,428 3.6 1257.53 1257.21 0.32
Little Salt Creek 1 78825.44 188 1,767 2.9 1258.55 1258.32 0.23
Little Salt Creek 1 79596.53 159 1,452 3.5 1259.20 1259.02 0.18
Little Salt Creek 1 80205.47 134 929 5.5 1260.31 1260.20 0.11
Little Salt Creek 1 80839.28 140 880 5.8 1263.00 1262.97 0.03
Little Salt Creek 1 81715.32 158 1,061 4.7 1266.37 1266.36 0.01
Little Salt Creek 1 82595.28 98 608 7.2 1270.97 1270.97 0.00
Little Salt Creek 1 83190.47 162 1,140 3.8 1273.64 1273.64 0.00
Little Salt Creek 1 83567.68 117 846 5.2 1274.40 1274.40 0.00
Little Salt Creek 1 84240.22 115 829 5.3 1276.64 1276.64 0.00
Little Salt Creek 1 84368.87 140 1,135 3.8 1277.67 1277.67 0.00
Little Salt Creek 1 84657.73 144 855 5.1 1278.26 1278.26 0.00
Little Salt Creek 1 85332 14 116 574 6 3 1281 81 1281 81 0 00Little Salt Creek 1 85332.14 116 574 6.3 1281.81 1281.81 0.00
Little Salt Creek 1 85648.9 133 807 4.5 1283.58 1283.58 0.00
Little Salt Creek 1 85952.17 119 662 5.0 1284.86 1284.86 0.00
Little Salt Creek 1 86467.72 154 1,023 3.2 1286.25 1286.25 0.00
Little Salt Creek 1 87340.37 120 568 5.8 1289.96 1289.96 0.00
Little Salt Creek 1 88091.85 155 807 4.1 1293.49 1293.49 0.00
Little Salt Creek 1 88747.99 103 459 7.2 1298.68 1298.68 0.00
Little Salt Creek 1 89349.03 150 658 4.2 1302.27 1302.27 0.00
Little Salt Creek 1 89912.05 130 507 5.5 1306.89 1306.89 0.00
Little Salt Creek 1 90439.74 141 505 5.5 1311.39 1311.39 0.00
Little Salt Creek 1 91029.96 131 468 5.9 1317.68 1317.68 0.00
Little Salt Creek 1 91708.08 210 564 3.9 1322.13 1322.13 0.00
Little Salt Creek 1 91770.4 378 824 2.7 1328.81 1328.81 0.00
Little Salt Creek 1 92297.84 259 1,896 1.2 1329.17 1329.16 0.01
Little Salt Creek 1 92947.53 151 495 4.4 1329.70 1329.69 0.01
Little Salt Creek 1 93404.97 187 562 3.9 1332.61 1332.61 0.00
Little Salt Creek 1 93776.11 169 606 3.6 1334.40 1334.40 0.00
Little Salt Creek 1 94652.85 164 369 3.7 1343.42 1343.42 0.00
Little Salt Creek 1 95194.06 157 269 5.1 1349.72 1349.72 0.00
Little Salt Creek 1 95704.14 160 459 3.0 1353.67 1353.67 0.00
Little Salt Creek 1 96178.02 120 190 7.2 1358.82 1358.82 0.00
Little Salt Creek 1 96846.01 181 429 3.2 1363.93 1363.93 0.00
Little Salt Creek 1 97632.03 43 164 5.5 1368.29 1368.29 0.00
Little Salt Creek 1 97730.7 200 603 1.5 1373.06 1373.06 0.00
Little Salt Creek 1 98001.85 156 156 5.7 1374.88 1374.88 0.00
Little Salt Creek 1 98497.16 234 407 2.2 1380.04 1380.04 0.00
Little Salt Creek 1 99082.82 131 227 2.1 1381.58 1381.58 0.00
Little Salt Creek 1 99628.03 95 85 5.4 1386.98 1386.98 0.00
Little Salt Creek 1 100064 183 262 1.8 1391.09 1391.09 0.00
Little Salt Creek 1 100883.5 127 194 2.4 1397.59 1397.59 0.00
Little Salt Creek 1 101488 107 205 2.3 1399.97 1399.97 0.00
Tributary 05 1 3064.651 476 2,577 0.5 1139.18 1138.18 1.00
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Tributary 05 1 3903.257 326 1,631 0.8 1139.23 1138.23 1.00
Tributary 05 1 4719.266 172 436 3.0 1140.01 1139.43 0.58
Tributary 05 1 5233.712 105 238 5.5 1144.58 1144.42 0.16
Tributary 05 1 5696.448 105 908 1.4 1154.12 1154.12 0.00
Tributary 05 1 5982.267 118 836 0.8 1154.22 1154.19 0.03
Tributary 05 1 6442.658 22 220 3.0 1154.28 1154.19 0.09
Tributary 05 1 6719.462 46 414 1.6 1157.63 1157.44 0.19
Tributary 05 1 7466.227 137 199 3.3 1158.58 1158.55 0.03
Tributary 05 1 8248.153 70 154 4.3 1165.37 1165.30 0.07
Tributary 10 1 151.3627 1,141 4,590 0.7 1145.65 1144.65 1.00
Tributary 10 1 262.1188 1,151 5,443 0.6 1145.71 1144.78 0.93
Tributary 10 1 2079.684 296 1,984 1.7 1145.96 1145.22 0.74
Tributary 10 1 3853.165 292 1,093 2.9 1147.27 1146.92 0.35
Tributary 10 1 5350.325 413 793 4.0 1152.00 1151.86 0.14
Tributary 10 1 5896.786 529 1,597 1.9 1153.40 1153.13 0.27
Tributary 10 1 6588.885 376 1,114 2.7 1155.56 1154.63 0.93
Tributary 10 1 7303.306 496 1,371 2.2 1158.32 1157.62 0.70
Tributary 10 1 8429.26 310 957 2.9 1163.68 1163.16 0.52
Tributary 10 1 8998.549 404 1,225 2.3 1166.10 1165.16 0.94
Tributary 10 1 9404.574 341 928 3.0 1167.64 1166.81 0.83
Tributary 10 1 10237.91 192 762 3.7 1171.47 1170.54 0.93
Tributary 10 1 11105.52 170 676 4.1 1175.30 1174.41 0.89
Tributary 10 1 11663.74 177 703 4.0 1178.21 1177.24 0.97
Tributary 10 1 11779 11 177 679 4 1 1180 14 1180 09 0 05Tributary 10 1 11779.11 177 679 4.1 1180.14 1180.09 0.05
Tributary 10 1 12432.34 382 1,236 2.3 1183.02 1182.07 0.95
Tributary 10 1 13035.59 401 1,377 2.1 1184.36 1183.48 0.88
Tributary 10 1 13134.38 401 954 3.0 1187.34 1186.66 0.68
Tributary 10 1 13535.79 262 908 2.7 1189.04 1188.38 0.66
Tributary 10 1 14127.29 163 669 3.7 1191.63 1190.65 0.98
Tributary 10 1 14603.96 124 545 4.6 1193.96 1193.03 0.93
Tributary 10 1 15884.96 121 391 4.1 1201.33 1200.67 0.66
Tributary 10 1 16400.04 80 320 5.1 1204.89 1204.16 0.73
Tributary 10 1 16792.79 97 355 4.6 1207.75 1207.08 0.67
Tributary 10 1 17688.85 54 153 5.4 1213.52 1213.00 0.52
Tributary 10 1 18294.85 50 190 4.4 1218.07 1217.27 0.80
Tributary 110 1 731.3665 131 209 3.7 1163.38 1162.38 1.00
Tributary 110 1 1466.735 83 173 4.5 1169.72 1169.71 0.01
Tributary 110 1 1608.873 118 439 1.8 1174.96 1173.98 0.98
Tributary 110 1 2115.833 109 177 4.4 1176.41 1175.71 0.70
Tributary 110 1 2658.33 85 235 3.3 1181.76 1181.05 0.71
Tributary 115 1 704.6882 174 702 0.4 1146.48 1145.48 1.00
Tributary 115 1 1204.239 110 545 0.5 1146.50 1145.51 0.99
Tributary 115 1 1865.311 54 181 1.5 1146.62 1145.76 0.86
Tributary 115 1 2343.067 40 174 1.6 1146.97 1146.39 0.58
Tributary 115 1 2437.201 66 54 5.2 1157.47 1157.47 0.00
Tributary 115 1 3729.548 627 2,218 1.1 1162.42 1162.42 0.00
Tributary 115 1 3807.261 509 808 3.0 1162.57 1162.57 0.00
Tributary 115 1 4632.264 232 928 2.6 1167.47 1167.22 0.25
Tributary 115 1 4711.999 198 822 3.0 1169.75 1169.56 0.19
Tributary 115 1 5866.625 120 544 3.5 1172.45 1172.01 0.44
Tributary 115 1 7024.738 139 555 3.5 1176.43 1176.18 0.25
Tributary 115 1 7541.983 158 640 3.0 1177.91 1177.26 0.65
Tributary 115 1 8047.053 125 319 6.0 1180.16 1179.62 0.54
Tributary 115 1 9236.905 131 415 4.6 1189.93 1189.84 0.09
Tributary 115 1 9940.503 80 262 5.6 1195.57 1195.51 0.06
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Tributary 115 1 10526.4 66 278 5.3 1201.03 1200.81 0.22
Tributary 115 1 11316.42 98 185 4.2 1206.09 1205.83 0.26
Tributary 115 1 12179.13 82 174 4.5 1216.52 1216.27 0.25
Tributary 115 1 12617.29 92 234 3.3 1220.20 1219.69 0.51
Tributary 120 1 1074.026 451 938 0.5 1152.61 1151.61 1.00
Tributary 120 1 1598.55 200 239 2.0 1155.63 1155.54 0.09
Tributary 120 1 2143.557 112 224 2.2 1159.11 1158.78 0.33
Tributary 120 1 2654.664 72 146 3.3 1163.25 1162.60 0.65
Tributary 120 1 3119.621 72 222 2.2 1166.15 1165.20 0.95
Tributary 120 1 3574.869 74 161 3.0 1168.57 1167.66 0.91
Tributary 1260 1 300 59 177 1.7 1209.50 1208.50 1.00
Tributary 1260 1 694.9317 43 78 3.9 1212.09 1212.08 0.01
Tributary 1260 1 1597.663 45 86 3.5 1220.30 1220.30 0.00
Tributary 1260 1 1888.633 56 94 3.2 1222.82 1222.82 0.00
Tributary 1260 1 2337.946 94 128 2.3 1226.07 1226.07 0.00
Tributary 1260 1 2660.238 72 84 3.6 1228.99 1228.98 0.01
Tributary 1260 1 3472.987 35 71 4.2 1235.52 1235.45 0.07
Tributary 1260 1 3984.238 23 69 4.3 1240.54 1240.45 0.09
Tributary 1260 1 4056.003 36 221 1.4 1245.29 1245.26 0.03
Tributary 1260 1 4179.158 67 243 1.2 1245.35 1245.32 0.03
Tributary 1260 1 4643.91 74 113 2.6 1246.35 1246.33 0.02
Tributary 1260 1 5212.289 83 112 2.7 1251.36 1251.36 0.00
Tributary 1260 1 5686.941 101 110 2.7 1255.76 1255.75 0.01
Tributary 1260 1 6148 324 125 146 2 1 1259 28 1259 28 0 00Tributary 1260 1 6148.324 125 146 2.1 1259.28 1259.28 0.00
Tributary 1260 1 6229.06 251 90 3.3 1270.64 1270.64 0.00
Tributary 1260 1 6686.823 161 690 0.4 1270.91 1270.91 0.00
Tributary 1260 1 7190.71 87 109 2.8 1270.91 1270.91 0.00
Tributary 1260 1 7659.174 115 104 2.9 1276.44 1276.44 0.00
Tributary 1260 1 8164.638 84 105 2.9 1282.70 1282.70 0.00
Tributary 1260 1 8661.336 64 87 3.5 1288.29 1288.29 0.00
Tributary 130 1 187.1292 43 177 2.4 1197.49 1196.49 1.00
Tributary 130 1 772.5311 60 159 2.7 1199.89 1198.91 0.98
Tributary 130 1 1322.279 36 95 4.6 1203.21 1202.67 0.54
Tributary 130 1 1796.54 49 142 3.0 1206.37 1205.73 0.64
Tributary 130 1 2190.716 33 72 6.0 1209.11 1208.89 0.22
Tributary 130 1 2301.193 33 248 1.7 1221.61 1220.66 0.95
Tributary 130 1 2491.839 169 1,452 0.3 1221.68 1220.73 0.95
Tributary 130 1 2599.067 169 383 1.1 1222.59 1221.68 0.91
Tributary 130 1 2860.724 127 899 0.5 1222.65 1221.76 0.89
Tributary 1415 1 406.185 79 155 3.9 1219.72 1218.72 1.00
Tributary 1415 1 1077.61 65 157 3.9 1228.75 1227.75 1.00
Tributary 145 1 386.8404 111 412 1.0 1170.46 1169.46 1.00
Tributary 145 1 1134.017 86 124 3.4 1174.39 1174.25 0.14
Tributary 145 1 1835.708 67 136 3.1 1179.54 1179.00 0.54
Tributary 145 1 2375.909 81 139 3.0 1183.57 1183.29 0.28
Tributary 145 1 2808.65 83 96 4.4 1188.88 1188.79 0.09
Tributary 145 1 3382.449 64 96 4.3 1195.88 1195.82 0.06
Tributary 145 1 3776.169 62 130 3.2 1200.10 1199.53 0.57
Tributary 145 1 4256.954 49 89 4.7 1204.83 1204.26 0.57
Tributary 145 1 4911.454 56 96 4.3 1214.07 1213.68 0.39
Tributary 15 1 1386.555 610 3,254 1.2 1145.63 1144.63 1.00
Tributary 15 1 1714.883 517 2,655 1.5 1145.73 1144.73 1.00
Tributary 15 1 2214.883 431 1,872 2.2 1145.91 1144.91 1.00
Tributary 15 1 3518.738 159 836 4.3 1148.29 1147.40 0.89
Tributary 15 1 4761.666 151 804 4.5 1150.95 1150.79 0.16
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Tributary 15 1 5379.159 466 1,743 2.1 1155.05 1154.41 0.64
Tributary 15 1 7100.923 418 1,541 2.4 1158.38 1157.38 1.00
Tributary 15 1 8363.742 371 1,680 2.2 1160.06 1159.45 0.61
Tributary 15 1 10382.18 536 1,552 2.3 1166.27 1165.30 0.97
Tributary 15 1 11155.85 341 946 3.8 1170.05 1169.74 0.31
Tributary 15 1 11243.59 762 1,613 2.3 1173.50 1172.89 0.61
Tributary 15 1 11533.76 326 1,626 2.2 1174.04 1173.38 0.66
Tributary 15 1 12521.91 371 1,380 2.6 1175.52 1174.86 0.66
Tributary 15 1 14031.16 535 1,227 2.9 1180.00 1179.91 0.09
Tributary 15 1 15337.45 435 1,299 2.8 1183.66 1183.42 0.24
Tributary 15 1 15881.14 481 1,333 2.7 1185.46 1184.68 0.78
Tributary 15 1 16026.73 462 1,088 3.3 1186.74 1186.13 0.61
Tributary 15 1 16426.74 682 1,901 1.7 1188.06 1187.64 0.42
Tributary 15 1 16946.82 402 907 3.5 1189.99 1189.74 0.25
Tributary 15 1 18318.78 231 744 4.3 1198.17 1197.83 0.34
Tributary 15 1 19033.55 253 1,059 2.9 1201.45 1201.26 0.19
Tributary 15 1 20083.78 241 735 3.5 1204.98 1204.87 0.11
Tributary 15 1 20149.78 235 566 4.5 1206.79 1206.76 0.03
Tributary 15 1 21424.67 193 687 3.7 1211.48 1211.35 0.13
Tributary 15 1 22505.41 135 597 4.2 1216.02 1215.71 0.31
Tributary 15 1 22626.21 135 742 3.4 1217.63 1216.67 0.96
Tributary 15 1 23631.99 138 657 3.7 1220.90 1219.97 0.93
Tributary 15 1 24319.04 204 1,034 2.3 1223.01 1222.01 1.00
Tributary 15 1 24625 166 682 2 9 1223 55 1222 67 0 88Tributary 15 1 24625 166 682 2.9 1223.55 1222.67 0.88
Tributary 15 1 25575.85 155 664 3.0 1226.68 1226.10 0.58
Tributary 15 1 26594.86 81 446 4.5 1231.21 1230.74 0.47
Tributary 15 1 27796.05 144 587 3.4 1235.77 1235.65 0.12
Tributary 15 1 28219.78 155 554 3.6 1237.19 1237.16 0.03
Tributary 15 1 28934.63 102 365 4.3 1241.26 1241.12 0.14
Tributary 15 1 29685.72 92 359 4.4 1246.54 1245.88 0.66
Tributary 15 1 30156.62 73 211 5.9 1250.75 1249.80 0.95
Tributary 15 1 30824.34 91 365 3.4 1254.93 1254.11 0.82
Tributary 15 1 31010.82 91 411 3.0 1258.43 1257.52 0.91
Tributary 15 1 31743.58 54 210 4.1 1259.86 1259.00 0.86
Tributary 15 1 32194.54 61 236 3.7 1262.05 1261.32 0.73
Tributary 15 1 32713.73 60 151 5.8 1265.61 1264.91 0.70
Tributary 15 1 33417.05 69 200 4.4 1270.57 1270.27 0.30
Tributary 15 1 34053.9 54 175 5.0 1276.23 1276.18 0.05
Tributary 15 1 34471.23 44 114 3.1 1279.67 1278.91 0.76
Tributary 15 1 34928.06 43 74 4.7 1283.29 1282.64 0.65
Tributary 15 1 35406.57 20 68 5.1 1289.88 1289.55 0.33
Tributary 150 1 739.7581 119 571 1.0 1204.86 1203.86 1.00
Tributary 150 1 1282.288 88 94 5.9 1205.63 1205.34 0.29
Tributary 150 1 2007.657 82 127 4.4 1213.53 1213.20 0.33
Tributary 150 1 2661.548 72 135 4.1 1220.69 1220.10 0.59
Tributary 150 1 2827.759 72 261 2.1 1223.17 1222.24 0.93
Tributary 150 1 3119.607 75 109 5.1 1224.14 1223.89 0.25
Tributary 160 1 1481.552 82 170 0.9 1183.78 1182.78 1.00
Tributary 160 1 1876.407 25 26 6.0 1186.98 1186.98 0.00
Tributary 160 1 1979.36 54 265 0.6 1191.85 1191.59 0.26
Tributary 160 1 2468.222 42 66 2.4 1192.28 1191.98 0.30
Tributary 160 1 2908.154 58 55 2.9 1196.46 1196.43 0.03
Tributary 160 1 3013.702 58 298 0.5 1202.97 1202.80 0.17
Tributary 160 1 3253.799 89 374 0.4 1202.99 1202.82 0.17
Tributary 160 1 3304.055 164 50 3.1 1208.8 1208.80 0.00
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Tributary 160 1 3696.569 201 1,283 0.1 1209.01 1209.01 0.00
Tributary 160 1 4160.11 44 32 4.9 1210.32 1210.32 0.00
Tributary 160 1 4401.054 128 927 0.2 1220.63 1220.63 0.00
Tributary 160 1 4903.059 108 387 0.4 1220.63 1220.63 0.00
Tributary 160 1 5454.448 30 41 3.9 1224.41 1224.41 0.00
Tributary 170 1 506.8962 125 402 1.3 1207.86 1206.86 1.00
Tributary 170 1 831.0988 74 188 2.9 1208.26 1207.44 0.82
Tributary 170 1 1136.594 78 154 3.5 1210.32 1210.32 0.00
Tributary 170 1 1197.827 167 112 4.8 1215.25 1215.25 0.00
Tributary 170 1 1362.145 278 721 0.7 1215.82 1215.82 0.00
Tributary 170 1 1663.128 153 134 4.0 1215.85 1215.85 0.00
Tributary 170 1 2023.411 142 247 2.2 1219.06 1218.82 0.24
Tributary 170 1 2508.858 131 105 5.1 1223.66 1223.66 0.00
Tributary 170 1 2995.373 259 321 1.7 1228.36 1228.36 0.00
Tributary 170 1 3036.4 240 127 4.2 1233.41 1233.41 0.00
Tributary 170 1 3438.374 156 415 1.3 1234.67 1234.67 0.00
Tributary 170 1 4226.102 95 182 3.0 1242.88 1242.63 0.25
Tributary 170 1 4641.088 78 202 2.7 1244.78 1244.62 0.16
Tributary 20 1 164.3824 723 3,781 1.2 1151.80 1150.80 1.00
Tributary 20 1 388.7119 514 2,629 1.7 1151.85 1150.87 0.98
Tributary 20 1 1905.274 316 1,211 3.8 1153.67 1152.94 0.73
Tributary 20 1 2076.605 319 1,188 3.9 1153.98 1153.30 0.68
Tributary 20 1 2408.322 294 985 4.7 1155.05 1154.41 0.64
Tributary 20 1 3406 595 206 1 064 4 5 1158 63 1158 07 0 56Tributary 20 1 3406.595 206 1,064 4.5 1158.63 1158.07 0.56
Tributary 20 1 4010.025 239 1,024 4.7 1160.79 1160.42 0.37
Tributary 20 1 4703.897 215 1,334 3.8 1163.27 1162.52 0.75
Tributary 20 1 5898.066 217 1,189 4.3 1165.98 1165.31 0.67
Tributary 20 1 6768.954 185 1,011 5.0 1168.27 1167.61 0.66
Tributary 20 1 7777.52 144 852 3.8 1170.62 1170.15 0.47
Tributary 20 1 7880.574 171 1,134 2.9 1176.56 1175.98 0.58
Tributary 20 1 9377.353 105 830 4.0 1177.88 1177.22 0.66
Tributary 20 1 9889.101 108 816 4.0 1179.01 1178.26 0.75
Tributary 20 1 10939.64 190 1,190 2.8 1181.56 1180.85 0.71
Tributary 20 1 12299.8 162 835 3.9 1185.07 1184.33 0.74
Tributary 20 1 13530.83 140 782 4.2 1189.70 1188.92 0.78
Tributary 20 1 14589.72 185 995 3.3 1193.14 1192.20 0.94
Tributary 20 1 15828.38 239 968 3.4 1196.66 1196.05 0.61
Tributary 20 1 16574.38 317 1,383 2.4 1198.89 1197.98 0.91
Tributary 20 1 18009.23 262 1,077 3.1 1203.98 1203.02 0.96
Tributary 20 1 18186.45 262 807 4.1 1205.47 1205.12 0.35
Tributary 20 1 19159.09 260 994 3.2 1210.09 1209.25 0.84
Tributary 20 1 20012.65 301 833 2.8 1213.84 1213.35 0.49
Tributary 20 1 20231.58 231 574 4.1 1215.34 1215.04 0.30
Tributary 20 1 21735 45 198 6.2 1229.43 1229.16 0.27
Tributary 20 1 22191.67 168 525 2.4 1232.14 1231.24 0.90
Tributary 20 1 22752.61 135 289 4.3 1234.90 1234.31 0.59
Tributary 20 1 22996.54 142 365 3.4 1237.27 1236.43 0.84
Tributary 20 1 23648.63 114 337 3.7 1242.36 1241.76 0.60
Tributary 20 1 24327.01 125 414 3.0 1247.75 1246.90 0.85
Tributary 20 1 24836.93 105 198 3.5 1250.64 1250.37 0.27
Tributary 20 1 25140.01 62 189 3.6 1257.04 1256.09 0.95
Tributary 210 1 785.7063 65 192 4.4 1200.51 1199.51 1.00
Tributary 210 1 1045.171 88 216 4.0 1203.13 1202.18 0.95
Tributary 215 1 1378.525 80 146 2.3 1179.00 1178.00 1.00
Tributary 215 1 2348.222 83 135 2.5 1185.22 1184.85 0.37
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Tributary 215 1 3208.32 81 127 2.7 1194.38 1194.00 0.38
Tributary 220 1 554.1768 75 483 5.0 1173.02 1172.02 1.00
Tributary 220 1 1310.071 167 823 2.9 1174.86 1174.08 0.78
Tributary 220 1 1422.971 166 816 3.0 1177.26 1177.12 0.14
Tributary 220 1 2115.06 105 638 3.4 1178.50 1178.37 0.13
Tributary 220 1 2759.595 99 481 4.6 1181.10 1180.78 0.32
Tributary 220 1 3242.25 117 538 4.1 1183.90 1183.64 0.26
Tributary 220 1 3647.502 96 423 5.2 1186.23 1185.95 0.28
Tributary 220 1 4391.588 116 521 4.2 1190.02 1189.90 0.12
Tributary 220 1 5128.298 108 531 4.1 1192.67 1192.62 0.05
Tributary 220 1 5809.095 142 446 4.9 1197.64 1197.62 0.02
Tributary 220 2A 6030.52 220 606 3.6 1199.59 1199.27 0.32
Tributary 220 2A 6100.252 219 676 3.3 1200.91 1200.35 0.56
Tributary 220 2A 6519.611 333 576 3.1 1202.91 1201.97 0.94
Tributary 220 2A 6603.838 298 566 3.1 1203.90 1203.07 0.83
Tributary 220 3 6613 294 626 2.7 1204.06 1203.30 0.76
Tributary 220 3 7202.762 195 548 3.1 1208.20 1207.89 0.31
Tributary 220 3 8105.361 182 565 3.0 1213.79 1213.28 0.51
Tributary 220 3 9376.495 41 128 3.8 1222.07 1221.73 0.34
Tributary 220 3 10119.66 79 141 3.4 1228.96 1228.95 0.01
Tributary 220 3 10644.3 47 74 6.6 1236.73 1236.68 0.05
Tributary 2220 1 414.4124 23 94 4.7 1221.93 1220.94 0.99
Tributary 2220 1 807.62 36 115 3.9 1224.65 1224.61 0.04
Tributary 2220 1 911 3504 71 425 1 0 1230 27 1229 53 0 74Tributary 2220 1 911.3504 71 425 1.0 1230.27 1229.53 0.74
Tributary 2220 1 1280.492 42 66 6.8 1230.17 1230.17 0.00
Tributary 2220 1 1845.474 45 78 5.7 1240.49 1240.46 0.03
Tributary 2220 1 2418.277 61 96 4.6 1247.96 1247.71 0.25
Tributary 230 1 483.7262 86 302 2.0 1218.22 1217.22 1.00
Tributary 230 1 917.6571 81 98 6.2 1221.93 1221.65 0.28
Tributary 230 1 1300.497 77 220 2.8 1228.21 1227.27 0.94
Tributary 230 1 1747.884 60 161 3.8 1231.79 1231.21 0.58
Tributary 25 1 682.0158 455 1,991 0.2 1153.01 1152.01 1.00
Tributary 25 1 1827.507 137 176 2.2 1154.94 1154.90 0.04
Tributary 25 1 1862.498 108 79 5.0 1157.06 1156.98 0.08
Tributary 25 1 2578.058 44 9 2.6 1160.51 1160.51 0.00
Tributary 25 1 3601.649 30 10 2.3 1168.62 1168.62 0.00
Tributary 25 1 4229.263 52 18 1.3 1172.42 1172.42 0.00
Tributary 25 1 4654.008 64 28 0.9 1175.09 1175.09 0.00
Tributary 25 1 5268.314 40 20 1.2 1181.71 1181.71 0.00
Tributary 25 1 5465.449 19 7 3.5 1183.96 1183.96 0.00
Tributary 250 1 384.329 145 229 1.6 1214.65 1213.65 1.00
Tributary 250 1 527.46 51 58 6.1 1226.42 1226.42 0.00
Tributary 250 1 1050.842 151 513 0.7 1227.36 1227.33 0.03
Tributary 250 1 1373.255 74 66 5.4 1229.54 1229.54 0.00
Tributary 250 1 1843.664 73 128 2.8 1236.55 1236.36 0.19
Tributary 250 1 2335.001 56 91 3.9 1240.88 1240.76 0.12
Tributary 250 1 2798.019 60 94 3.8 1247.25 1247.18 0.07
Tributary 260 1 381.2107 126 766 2.1 1201.01 1200.01 1.00
Tributary 260 1 929.035 89 525 3.0 1201.57 1200.82 0.75
Tributary 260 1 1462.314 67 275 5.8 1203.02 1202.22 0.80
Tributary 260 1 1942.566 52 279 5.7 1206.64 1206.22 0.42
Tributary 260 1 2671.905 50 168 6.1 1212.12 1212.12 0.00
Tributary 260 1 3253.732 63 179 3.8 1216.30 1215.41 0.89
Tributary 260 1 3697.366 73 201 3.4 1219.13 1218.50 0.63
Tributary 260 1 4316.793 113 187 3.7 1224.63 1224.63 0.00
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Tributary 260 1 4839.956 103 217 3.2 1228.94 1228.94 0.00
Tributary 260 1 5203.991 127 278 2.5 1230.65 1230.65 0.00
Tributary 260 1 5834.451 151 265 2.6 1233.76 1233.76 0.00
Tributary 260 1 6578.903 115 236 2.9 1237.99 1237.97 0.02
Tributary 260 1 7223.758 113 239 2.9 1241.65 1241.59 0.06
Tributary 260 1 7514.147 118 135 5.1 1253.15 1252.30 0.85
Tributary 260 1 8132.079 113 713 1.0 1254.36 1253.46 0.90
Tributary 260 1 8732.124 65 59 4.8 1255.92 1255.90 0.02
Tributary 260 1 9260.418 39 105 2.7 1260.90 1260.86 0.04
Tributary 260 1 9351.544 46 178 1.6 1265.40 1265.35 0.05
Tributary 260 1 9827.783 30 43 6.7 1266.40 1266.38 0.02
Tributary 260 1 10348.59 48 90 3.2 1275.09 1274.98 0.11
Tributary 260 1 10839.75 39 60 4.8 1280.83 1280.76 0.07
Tributary 270 1 292.0512 133 249 1.2 1231.06 1230.06 1.00
Tributary 270 1 861.7673 122 166 1.8 1233.15 1233.08 0.07
Tributary 270 1 926.6179 60 54 5.5 1238.47 1238.47 0.00
Tributary 270 1 1303.784 112 231 1.3 1240.14 1240.14 0.00
Tributary 30 1 1283.054 246 1,559 2.3 1158.64 1157.64 1.00
Tributary 30 1 3407.387 274 1,239 2.8 1162.41 1161.57 0.84
Tributary 30 1 4977.922 291 1,114 3.2 1167.07 1166.33 0.74
Tributary 30 1 5578.214 250 984 3.6 1170.67 1169.97 0.70
Tributary 30 1 5666.016 249 865 4.1 1172.97 1172.61 0.36
Tributary 30 1 6726.499 233 1,217 3.0 1175.84 1175.04 0.80
Tributary 30 1 7164 082 216 1 234 2 9 1176 78 1175 82 0 96Tributary 30 1 7164.082 216 1,234 2.9 1176.78 1175.82 0.96
Tributary 30 1 8041.315 231 979 3.7 1180.05 1179.44 0.61
Tributary 30 1 8433.74 236 1,086 3.2 1181.75 1181.14 0.61
Tributary 30 1 8891.659 229 974 3.6 1183.52 1182.98 0.54
Tributary 30 1 9605.975 195 855 4.1 1188.10 1187.57 0.53
Tributary 30 1 10085.53 182 950 3.7 1189.64 1189.55 0.09
Tributary 30 1 10159.3 176 722 4.9 1189.90 1189.58 0.32
Tributary 30 1 10716.19 326 1,261 2.6 1192.11 1191.64 0.47
Tributary 30 1 10807.48 395 1,300 2.5 1195.36 1194.47 0.89
Tributary 30 1 11398.47 354 1,519 2.2 1196.38 1195.62 0.76
Tributary 30 1 11892.98 155 503 4.8 1197.63 1197.39 0.24
Tributary 30 1 12557.13 129 582 4.2 1201.93 1201.56 0.37
Tributary 30 1 13180.56 161 667 3.7 1205.01 1204.46 0.55
Tributary 30 1 13803.08 197 596 4.1 1208.73 1208.61 0.12
Tributary 30 1 13883.45 198 681 3.6 1214.43 1213.50 0.93
Tributary 30 1 14373.48 286 1,292 1.1 1215.33 1214.70 0.63
Tributary 30 1 14699.74 227 470 3.1 1215.49 1214.90 0.59
Tributary 30 1 15134.04 166 271 5.5 1220.13 1219.68 0.45
Tributary 30 1 15534.95 144 352 4.2 1225.03 1224.04 0.99
Tributary 30 1 15839.76 97 349 4.2 1227.72 1227.60 0.12
Tributary 30 1 16332.5 129 372 4.0 1230.78 1230.06 0.72
Tributary 30 1 16859.21 132 391 3.8 1234.00 1233.90 0.10
Tributary 30 1 17543.86 143 276 3.7 1240.06 1240.03 0.03
Tributary 30 1 17686.93 170 293 3.5 1241.25 1241.22 0.03
Tributary 30 1 17755 244 224 4.6 1252.43 1252.43 0.00
Tributary 30 1 18370.79 246 628 0.9 1254.02 1254.01 0.01
Tributary 30 1 18990.18 119 203 2.7 1257.49 1257.40 0.09
Tributary 30 1 19311.28 100 123 4.4 1260.84 1260.23 0.61
Tributary 315 1 623.04 82 293 2.2 1189.93 1188.93 1.00
Tributary 315 1 1123.04 82 101 6.4 1193.74 1193.31 0.43
Tributary 315 1 1795.158 188 258 2.5 1199.19 1199.05 0.14
Tributary 315 1 2369.603 61 127 5.0 1205.48 1205.23 0.25



River Reach Station Top Width 
(ft)

Flow Area 
(ft2)

Velocity    
(ft/s)

WSEL       
(ft)

 Base WSEL 
(ft)

� WSEL     
(ft)

Little Salt Creek Floodway Analysis

Tributary 320 1 893.3074 70 148 3.9 1214.91 1213.91 1.00
Tributary 320 1 1536.699 129 180 3.2 1220.83 1220.54 0.29
Tributary 320 1 2246.531 77 147 4.0 1229.27 1229.03 0.24
Tributary 320 1 2793.931 122 201 2.9 1234.19 1234.05 0.14
Tributary 320 1 3383.216 121 194 3.0 1239.14 1239.12 0.02
Tributary 320 1 3476.068 57 84 6.9 1244.25 1244.25 0.00
Tributary 320 1 3771.884 183 789 0.7 1245.19 1245.19 0.00
Tributary 320 1 3998.686 81 290 2.0 1245.21 1245.21 0.00
Tributary 320 1 4424.879 63 113 5.2 1250.91 1250.90 0.01
Tributary 35 1 1469.895 50 122 4.8 1162.42 1161.42 1.00
Tributary 35 1 2172.949 60 163 3.6 1167.12 1166.79 0.33
Tributary 35 1 2918.786 40 122 4.8 1174.75 1174.08 0.67
Tributary 35 1 3530.76 52 138 4.3 1179.90 1179.14 0.76
Tributary 35 1 4188.182 43 120 4.9 1187.96 1187.32 0.64
Tributary 35 1 4532.468 48 153 3.8 1190.90 1190.00 0.90
Tributary 35 1 4925.088 49 105 5.6 1194.60 1194.43 0.17
Tributary 360 1 254.3604 113 510 3.2 1256.59 1255.59 1.00
Tributary 360 1 368.1621 141 639 2.5 1257.23 1256.23 1.00
Tributary 360 1 788.0278 41 184 8.8 1257.95 1257.17 0.78
Tributary 360 1 1317.935 109 414 3.9 1263.10 1262.63 0.47
Tributary 40 1 1492.379 86 190 5.4 1165.89 1164.89 1.00
Tributary 40 1 2089.476 50 145 3.8 1169.76 1169.13 0.63
Tributary 40 1 2643.743 65 140 3.9 1174.79 1174.50 0.29
Tributary 40 1 3449 814 28 101 5 4 1184 98 1184 51 0 47Tributary 40 1 3449.814 28 101 5.4 1184.98 1184.51 0.47
Tributary 40 1 4229.989 90 142 3.8 1192.60 1192.48 0.12
Tributary 40 1 4899.222 62 118 4.6 1198.60 1197.98 0.62
Tributary 415 1 654 24 122 10.1 1207.44 1206.44 1.00
Tributary 415 1 760.49 31 275 4.5 1212.09 1211.31 0.78
Tributary 415 1 979.4927 51 167 7.2 1213.50 1213.37 0.13
Tributary 415 1 1160.089 109 380 3.2 1216.06 1215.07 0.99
Tributary 415 1 1491.304 64 122 3.3 1218.23 1217.67 0.56
Tributary 415 1 1824.765 58 106 3.9 1221.92 1221.65 0.27
Tributary 415 1 2464.133 58 110 3.7 1228.31 1228.05 0.26
Tributary 420 1 1074.534 116 329 1.5 1226.14 1225.14 1.00
Tributary 420 1 1427.09 96 101 5.0 1228.42 1228.42 0.00
Tributary 420 1 1771.109 72 155 3.2 1233.28 1233.05 0.23
Tributary 420 1 2259.225 56 108 4.6 1237.79 1237.79 0.00
Tributary 420 1 3100.226 74 126 4.0 1246.66 1246.56 0.10
Tributary 45 1 488 550 4,324 0.8 1170.08 1169.08 1.00
Tributary 45 1 513.0888 550 4,325 0.8 1170.08 1169.09 0.99
Tributary 45 2A 935.2407 456 2,756 1.3 1170.17 1169.18 0.99
Tributary 45 2A 1023.217 456 2,504 1.5 1170.20 1169.22 0.98
Tributary 45 2A 1732.342 271 943 3.0 1171.37 1170.37 1.00
Tributary 45 2A 1849.892 270 1,149 2.5 1173.75 1172.90 0.85
Tributary 45 3 1900 270 1,175 2.4 1173.84 1173.22 0.62
Tributary 45 3 2735.208 331 593 4.8 1175.46 1175.39 0.07
Tributary 45 3 3229.34 304 928 3.1 1180.18 1180.11 0.07
Tributary 45 3 3296.424 296 950 3.0 1182.84 1182.11 0.73
Tributary 45 3 3637.686 181 393 7.3 1187.69 1187.59 0.10
Tributary 45 3 4310.163 258 1,347 2.1 1191.31 1190.47 0.84
Tributary 45 3 4816.568 177 695 3.7 1192.34 1191.51 0.83
Tributary 45 3 5356.853 157 567 4.5 1195.29 1194.77 0.52
Tributary 45 3 6009.654 111 452 5.7 1199.77 1199.24 0.53
Tributary 45 3 6529.082 115 522 4.9 1203.43 1202.70 0.73
Tributary 45 3 7376.125 132 501 4.7 1208.28 1207.66 0.62
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Tributary 45 3 7909.773 78 390 6.0 1211.86 1211.01 0.85
Tributary 45 3 8068.538 77 827 2.8 1218.52 1217.61 0.91
Tributary 45 3 8403.656 198 1,366 1.5 1218.86 1218.09 0.77
Tributary 45 3 8938.793 188 746 2.7 1219.25 1218.41 0.84
Tributary 45 3 9311.125 187 567 3.6 1220.58 1219.86 0.72
Tributary 45 3 9924.68 126 306 4.5 1225.03 1224.65 0.38
Tributary 45 3 10441.01 108 336 4.1 1229.25 1228.68 0.57
Tributary 45 3 10936.86 79 251 5.5 1233.21 1232.63 0.58
Tributary 45 3 11613.49 148 380 3.6 1237.81 1237.30 0.51
Tributary 45 3 12177.18 160 346 4.0 1243.34 1242.99 0.35
Tributary 45 3 12682.29 180 370 3.7 1247.94 1247.71 0.23
Tributary 45 3 13227.87 107 233 2.9 1251.89 1251.79 0.10
Tributary 45 3 13704.12 32 94 7.2 1255.78 1255.63 0.15
Tributary 45 3 13778.25 52 342 2.0 1261.50 1260.70 0.80
Tributary 45 3 14006.45 81 330 2.0 1261.68 1260.87 0.81
Tributary 45 3 14507.79 78 161 4.2 1262.87 1261.99 0.88
Tributary 45 3 14997.39 81 186 3.6 1267.41 1267.25 0.16
Tributary 45 3 15460.63 74 131 5.1 1272.70 1272.27 0.43
Tributary 50 1 925.6407 600 3,614 0.6 1172.54 1171.54 1.00
Tributary 50 1 1639.57 295 1,335 1.7 1172.72 1171.72 1.00
Tributary 50 1 2605.753 168 646 3.5 1175.79 1175.02 0.77
Tributary 50 1 3239.054 114 501 4.6 1178.96 1178.18 0.78
Tributary 50 1 3834.61 153 716 3.2 1181.50 1180.52 0.98
Tributary 50 1 4477 511 114 522 4 4 1184 60 1184 45 0 15Tributary 50 1 4477.511 114 522 4.4 1184.60 1184.45 0.15
Tributary 50 1 5537.512 317 1,481 1.5 1187.61 1186.99 0.62
Tributary 50 1 5646.724 316 1,202 1.9 1193.00 1192.24 0.76
Tributary 50 1 6380.296 176 1,100 2.1 1193.37 1192.67 0.70
Tributary 50 1 7036.335 172 651 3.5 1194.57 1194.24 0.33
Tributary 50 1 7989.05 189 514 3.2 1200.41 1200.21 0.20
Tributary 50 1 8402.011 93 333 5.0 1203.17 1202.97 0.20
Tributary 50 1 8930.416 102 348 4.8 1207.90 1207.13 0.77
Tributary 50 1 9478.145 104 398 4.2 1211.97 1211.02 0.95
Tributary 50 1 10345.57 66 253 4.6 1216.92 1216.41 0.51
Tributary 50 1 10797.81 59 243 4.8 1220.10 1219.47 0.63
Tributary 50 1 11274.28 55 162 7.1 1225.06 1224.79 0.27
Tributary 50 1 11950.34 85 231 5.0 1231.75 1230.97 0.78
Tributary 50 1 12064.8 85 483 2.4 1237.66 1236.67 0.99
Tributary 50 1 12387.4 80 277 1.9 1238.13 1237.29 0.84
Tributary 50 1 12784.12 35 66 7.9 1239.68 1239.67 0.01
Tributary 50 1 13253.95 83 149 3.5 1248.85 1248.39 0.46
Tributary 50 1 13620.61 74 124 4.2 1253.15 1252.47 0.68
Tributary 50 1 14143.53 88 137 3.8 1260.69 1260.60 0.09
Tributary 50 1 14783.72 83 137 3.8 1268.87 1268.74 0.13
Tributary 520 1 192.429 47 111 5.0 1252.14 1251.14 1.00
Tributary 520 1 290.8383 39 104 5.3 1253.62 1253.37 0.25
Tributary 55 1 1324.086 294 1,793 0.7 1176.05 1175.05 1.00
Tributary 55 1 1438.081 294 1,401 0.9 1176.06 1175.09 0.97
Tributary 55 1 1766.243 212 1,215 0.9 1176.13 1175.18 0.95
Tributary 55 1 1988.833 222 955 1.2 1176.18 1175.24 0.94
Tributary 55 1 2915.074 126 291 2.9 1179.21 1178.86 0.35
Tributary 55 1 3397.695 88 145 2.9 1182.60 1182.00 0.60
Tributary 55 1 3499.956 88 355 1.2 1186.46 1185.52 0.94
Tributary 55 1 3864.31 74 68 5.0 1186.76 1186.47 0.29
Tributary 60 1 1217.065 948 3,840 1.0 1181.70 1180.70 1.00
Tributary 60 1 1733.553 773 2,476 1.5 1182.00 1181.01 0.99
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Tributary 60 1 2260.318 632 2,418 1.5 1182.60 1181.60 1.00
Tributary 60 1 2708.127 544 2,311 1.6 1183.03 1182.03 1.00
Tributary 60 1 3154.03 380 1,358 2.7 1183.65 1182.69 0.96
Tributary 60 1 3804.274 542 2,188 1.7 1185.35 1184.35 1.00
Tributary 60 1 4764.562 281 1,196 3.1 1187.94 1187.54 0.40
Tributary 60 1 5550.589 340 1,702 2.2 1189.99 1189.11 0.88
Tributary 60 1 6029.755 356 1,269 2.9 1190.91 1189.96 0.95
Tributary 60 1 6167.984 356 1,294 2.9 1191.02 1190.58 0.44
Tributary 60 1 6616.216 256 992 3.9 1192.76 1192.37 0.39
Tributary 60 1 7835.579 290 1,652 2.4 1196.44 1195.84 0.60
Tributary 60 1 9282.677 366 1,146 3.4 1198.79 1197.92 0.87
Tributary 60 1 10350.01 306 1,584 2.3 1201.61 1201.11 0.50
Tributary 60 1 11296.95 131 688 5.3 1204.00 1203.73 0.27
Tributary 60 1 12594.79 194 1,098 3.3 1208.49 1207.69 0.80
Tributary 60 1 13236.02 117 856 4.3 1210.32 1209.45 0.87
Tributary 60 1 13843.33 160 1,006 3.6 1211.81 1211.00 0.81
Tributary 60 1 14619.57 154 989 3.7 1213.89 1213.09 0.80
Tributary 60 1 15322.46 141 782 4.7 1216.04 1215.59 0.45
Tributary 60 1 16128.46 157 1,054 3.5 1218.57 1218.31 0.26
Tributary 60 1 17932.46 129 836 4.6 1223.49 1222.56 0.93
Tributary 60 1 18824.34 155 816 4.7 1226.71 1226.04 0.67
Tributary 60 1 20470.78 392 2,009 1.9 1230.03 1229.32 0.71
Tributary 60 1 20600.4 394 1,021 3.8 1230.47 1229.58 0.89
Tributary 60 1 21168 3 162 711 5 4 1234 19 1233 90 0 29Tributary 60 1 21168.3 162 711 5.4 1234.19 1233.90 0.29
Tributary 60 1 22032.1 107 670 5.5 1238.18 1237.69 0.49
Tributary 60 1 22688.42 98 686 5.4 1241.23 1240.26 0.97
Tributary 60 1 23910.62 101 687 5.4 1246.15 1245.26 0.89
Tributary 60 1 25271.01 196 841 4.4 1251.97 1251.63 0.34
Tributary 60 1 26374.34 132 482 4.3 1255.95 1255.74 0.21
Tributary 60 1 26477.55 132 666 3.1 1258.26 1257.39 0.87
Tributary 60 1 27023.72 135 412 4.0 1259.80 1258.82 0.98
Tributary 60 1 27558.49 183 437 3.7 1263.79 1262.81 0.98
Tributary 65 1 1152.333 280 1,229 1.3 1183.03 1182.03 1.00
Tributary 65 1 1703.339 214 536 2.9 1184.16 1183.82 0.34
Tributary 65 1 2010.76 165 470 3.4 1186.07 1185.41 0.66
Tributary 65 1 2416.274 166 528 3.0 1188.30 1187.49 0.81
Tributary 65 1 3119.15 207 496 3.2 1192.46 1192.29 0.17
Tributary 65 1 3172.655 208 512 3.1 1193.88 1192.88 1.00
Tributary 65 2A 3822.455 118 398 4.0 1197.65 1197.11 0.54
Tributary 65 2A 3885.417 118 434 3.6 1199.11 1198.26 0.85
Tributary 65 2A 4288.215 116 466 3.4 1200.78 1200.09 0.69
Tributary 65 2A 4361.772 116 461 3.4 1201.35 1200.93 0.42
Tributary 65 2A 4860.69 136 462 3.4 1202.99 1202.13 0.86
Tributary 65 2A 4923.156 141 540 2.9 1204.95 1204.01 0.94
Tributary 65 2A 5195.418 60 269 5.9 1205.74 1204.88 0.86
Tributary 65 2A 5304.423 106 426 3.7 1208.96 1208.35 0.61
Tributary 65 3 5622.475 78 389 4.1 1210.04 1209.38 0.66
Tributary 65 3 6207.007 69 317 5.0 1212.70 1212.19 0.51
Tributary 65 3 6974.26 125 362 3.0 1216.43 1216.23 0.20
Tributary 65 3 7236.932 55 171 6.3 1220.81 1220.81 0.00
Tributary 65 3 7278.744 74 280 3.8 1221.71 1221.70 0.01
Tributary 65 3 7823.787 126 379 2.8 1225.40 1225.06 0.34
Tributary 65 3 8279.54 104 246 3.3 1228.95 1228.38 0.57
Tributary 65 3 8603.954 84 226 3.6 1231.49 1231.34 0.15
Tributary 65 3 9113.301 82 241 3.3 1236.22 1235.89 0.33
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Tributary 65 3 9565.658 65 212 3.8 1240.04 1239.92 0.12
Tributary 65 3 9872.713 55 223 3.6 1242.41 1242.07 0.34
Tributary 65 3 10422.16 66 247 3.3 1245.82 1245.47 0.35
Tributary 70 1 1506.458 283 852 2.8 1197.41 1196.41 1.00
Tributary 70 1 2020.453 112 294 8.0 1200.67 1200.06 0.61
Tributary 70 1 2511.33 120 372 2.5 1206.81 1206.38 0.43
Tributary 70 1 3210.261 87 300 3.1 1209.08 1208.88 0.20
Tributary 70 1 3808.361 73 211 4.4 1215.27 1214.46 0.81
Tributary 70 1 4528.602 123 304 3.1 1219.11 1218.82 0.29
Tributary 70 1 4609.452 524 297 3.2 1228.98 1228.98 0.00
Tributary 70 1 5182.687 233 1,238 0.8 1230.02 1230.02 0.00
Tributary 70 1 5741.023 165 485 1.4 1230.13 1230.13 0.00
Tributary 70 1 6028.809 52 91 7.3 1230.37 1230.37 0.00
Tributary 70 1 6128.529 67 706 0.9 1241.93 1240.95 0.98
Tributary 70 1 6515.201 160 896 0.7 1241.97 1240.99 0.98
Tributary 70 1 6588.356 111 114 5.8 1248.92 1248.92 0.00
Tributary 70 1 6876.081 230 1,388 0.5 1249.64 1249.64 0.00
Tributary 70 1 7406.171 89 124 5.3 1249.40 1249.40 0.00
Tributary 70 1 7885.107 50 148 4.5 1256.49 1256.15 0.34
Tributary 75 1 1054.587 95 413 1.2 1206.83 1205.83 1.00
Tributary 75 1 1596.72 114 164 3.0 1209.30 1209.29 0.01
Tributary 75 1 2374.303 145 215 2.3 1213.23 1213.23 0.00
Tributary 75 1 3566.502 88 157 3.2 1221.50 1221.50 0.00
Tributary 75 1 4202 401 89 151 3 3 1227 10 1227 10 0 00Tributary 75 1 4202.401 89 151 3.3 1227.10 1227.10 0.00
Tributary 75 1 4764.457 99 143 3.5 1234.82 1234.61 0.21
Tributary 75 1 4854.397 95 90 5.5 1249.35 1249.35 0.00
Tributary 75 1 5264.457 315 2,346 0.2 1249.92 1249.92 0.00
Tributary 75 1 5427.751 246 901 0.6 1249.91 1249.91 0.00
Tributary 80 1 1018.274 203 436 2.0 1212.07 1211.07 1.00
Tributary 80 1 1340.729 76 277 3.1 1212.75 1212.38 0.37
Tributary 80 1 2112.518 57 191 4.5 1219.72 1219.23 0.49
Tributary 80 1 2641.399 55 211 4.1 1223.20 1222.52 0.68
Tributary 80 1 3149.721 93 275 3.2 1225.62 1225.08 0.54
Tributary 80 1 3599.109 94 228 3.8 1227.90 1227.63 0.27
Tributary 80 1 3708.273 92 448 1.9 1234.74 1233.89 0.85
Tributary 80 1 4158.708 262 1,338 0.6 1234.95 1234.17 0.78
Tributary 80 1 4268.003 66 115 7.6 1247.57 1247.57 0.00
Tributary 80 1 4726.481 464 4,616 0.2 1248.54 1248.54 0.00
Tributary 80 1 5536.911 265 2,161 0.4 1248.55 1248.55 0.00
Tributary 80 1 6412.378 233 1,254 0.7 1248.57 1248.57 0.00
Tributary 80 1 7149.758 139 526 1.6 1248.71 1248.71 0.00
Tributary 80 1 7548.32 167 436 1.9 1249.11 1249.11 0.00
Tributary 80 1 8154.87 62 160 3.8 1251.48 1251.39 0.09
Tributary 80 1 8686.63 51 149 4.1 1255.24 1254.40 0.84
Tributary 80 1 8973.538 69 183 3.3 1257.05 1256.16 0.89
Tributary 80 1 9275.741 67 144 4.2 1259.16 1258.57 0.59
Tributary 80 1 9651.493 58 136 4.5 1263.29 1262.70 0.59
Tributary 80 1 10156.38 59 165 3.7 1267.43 1266.69 0.74
Tributary 80 1 10961.36 46 142 4.3 1273.16 1272.90 0.26
Tributary 80 1 11184.56 46 229 2.7 1274.06 1273.62 0.44
Tributary 80 1 11843.99 87 184 3.3 1278.21 1278.20 0.01
Tributary 85 1 504.379 137 820 1.6 1217.40 1216.40 1.00
Tributary 85 1 557.2925 181 220 5.9 1223.08 1223.08 0.00
Tributary 85 1 1486.519 187 845 0.9 1224.95 1224.95 0.00
Tributary 85 1 1876.395 52 109 7.4 1224.81 1224.80 0.01
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Little Salt Creek Floodway Analysis

Tributary 85 1 1939.08 116 379 2.1 1234.02 1233.12 0.90
Tributary 85 1 2192.384 134 1,252 0.6 1234.14 1233.20 0.94
Tributary 85 1 2959.397 112 520 1.5 1234.25 1233.35 0.90
Tributary 85 1 3522.833 62 208 3.9 1235.84 1235.41 0.43
Tributary 85 1 4044.385 42 129 6.2 1239.99 1239.20 0.79
Tributary 85 1 4368.319 35 154 5.2 1243.63 1243.05 0.58
Tributary 85 1 4710.921 42 151 5.3 1246.52 1245.90 0.62



River Reach Station 10-year
(cfs)

50-year
(cfs)

100-year
(cfs)

500-year
(cfs)

Little Salt Creek 1 2025.665 7549.99 12048.31 14374.74 20329.79
Little Salt Creek 1 6815.26 7367.77 12125.02 14442.13 20382.23
Little Salt Creek 1 8822.234 7428.58 12668.39 15042.73 20909.38
Little Salt Creek 1 9671.209 7482.07 13033.69 15465.93 21237.18
Little Salt Creek 1 11321.97 6287.54 10627.83 12568.30 18717.48
Little Salt Creek 1 14123.56 4767.23 7867.13 9963.90 15945.26
Little Salt Creek 1 15584.49 4777.25 7865.95 10051.92 15972.52
Little Salt Creek 1 19028.28 4883.95 8309.27 10426.06 16161.13
Little Salt Creek 1 20027.42 4957.64 8697.72 10785.47 16252.97
Little Salt Creek 1 21656 3556.82 6919.27 8912.72 13715.91
Little Salt Creek 1 23839.58 3734.99 7304.93 9498.47 14709.42
Little Salt Creek 1 24685.98 3940.16 7333.58 9534.68 14762.26
Little Salt Creek 1 25881.58 3742.69 7191.91 9154.48 14005.36
Little Salt Creek 1 27386.45 3797.82 7191.91 9154.48 14005.36
Little Salt Creek 1 30677.6 3844.20 7281.74 9227.79 14086.74
Little Salt Creek 1 31544.92 3847.72 7286.16 9230.69 14056.43
Little Salt Creek 1 33359.69 4082.53 7467.18 9415.29 14465.77
Little Salt Creek 1 34793.97 4102.79 7453.32 9356.90 14043.36
Little Salt Creek 1 37971.54 4204.54 7545.88 9424.78 14090.23
Little Salt Creek 1 40426.42 4111.54 7291.36 9024.25 13262.78
Little Salt Creek 1 43438.75 4164.27 7344.02 9050.70 13173.48
Little Salt Creek 1 44218.5 4260.26 7442.90 9135.74 13227.59
Little Salt Creek 1 46204.26 2541.57 4702.46 5929.19 8809.20
Little Salt Creek 1 51143.68 2579.18 4734.92 5941.80 8773.45
Little Salt Creek 1 52037.99 2580.13 4725.94 5921.81 8720.13
Little Salt Creek 1 54387.21 2819.75 4929.28 6128.94 8748.58
Little Salt Creek 1 55996.51 2876.76 4932.10 6133.30 8732.46
Little Salt Creek 1 58293.76 2812.41 4754.56 5889.36 8300.88
Little Salt Creek 1 60240.53 2892.48 4688.07 5544.93 7417.98
Little Salt Creek 1 64476.32 2859.95 4567.29 5370.46 7123.16
Little Salt Creek 1 68734.25 2822.32 4453.36 5213.21 6867.56
Little Salt Creek 1 72110.32 2828.98 4440.52 5188.05 6811.59
Little Salt Creek 1 75526.37 2832.87 4430.04 5164.37 6722.40
Little Salt Creek 1 80839.28 2831.58 4399.02 5104.13 6579.18
Little Salt Creek 1 81715.32 2775.20 4299.54 4981.34 6407.98
Little Salt Creek 1 84657.73 2480.77 3785.52 4362.83 5591.86
Little Salt Creek 1 85648.9 2075.90 3131.21 3600.26 4590.20
Little Salt Creek 1 88747.99 1909.68 2866.29 3290.59 4187.31
Little Salt Creek 1 91029.96 1616.78 2420.18 2775.79 3527.54
Little Salt Creek 1 93776.11 1306.23 1928.32 2203.05 2787.09
Little Salt Creek 1 96846.01 827.23 1205.84 1372.37 1729.57
Little Salt Creek 1 98497.16 551.85 791.78 897.84 1125.16
Little Salt Creek 1 101488 287.20 410.80 465.30 582.22
Tributary 05 1 5696.448 838.57 1163.40 1308.93 1624.62
Tributary 05 1 8248.153 434.10 591.45 663.20 819.99
Tributary 10 1 2079.684 1761.02 2684.76 3359.74 4724.53
Tributary 10 1 5350.325 1511.77 2590.84 3184.37 4386.17
Tributary 10 1 7303.306 1441.80 2451.42 3013.96 4127.46
Tributary 10 1 11779.11 1351.49 2292.95 2803.85 3813.94
Tributary 10 1 13134.38 1333.60 2320.22 2845.05 3838.21
Tributary 10 1 14603.96 1187.34 2000.46 2482.93 3367.02
Tributary 10 1 16792.79 736.06 1339.63 1621.50 2128.94
Tributary 10 1 18294.85 412.48 696.53 828.55 1064.06
Tributary 110 1 2658.33 391.30 653.64 771.38 982.65
Tributary 115 1 2437.201 177.74 248.57 279.99 347.94

Little Salt Creek Peak Discharges



River Reach Station 10-year
(cfs)

50-year
(cfs)

100-year
(cfs)

500-year
(cfs)

Little Salt Creek Peak Discharges

Tributary 115 1 3729.548 1469.57 2129.96 2420.41 3042.02
Tributary 115 1 4711.999 1542.64 2163.49 2443.01 3038.74
Tributary 115 1 9236.905 1214.02 1692.82 1913.55 2386.94
Tributary 115 1 10526.4 950.58 1305.80 1468.15 1822.09
Tributary 115 1 12617.29 516.31 699.08 783.44 968.15
Tributary 120 1 3574.869 303.47 432.53 489.30 611.02
Tributary 1260 1 8661.336 18.92 187.36 300.45 551.36
Tributary 130 1 2860.724 172.07 347.33 431.09 608.52
Tributary 1415 1 1077.61 300.56 509.08 607.72 784.42
Tributary 145 1 4911.454 270.98 372.10 417.85 517.57
Tributary 15 1 2214.883 2088.35 3414.65 4025.80 5929.55
Tributary 15 1 11243.59 1679.48 2861.15 3634.98 5266.70
Tributary 15 1 15337.45 1477.75 2830.13 3591.61 5136.53
Tributary 15 1 16026.73 1307.54 2830.13 3591.61 5136.53
Tributary 15 1 18318.78 1297.92 2605.37 3207.81 4410.63
Tributary 15 1 19033.55 1282.85 2514.23 3071.11 4152.64
Tributary 15 1 20149.78 1106.38 2153.00 2655.81 3504.42
Tributary 15 1 22626.21 1106.38 2113.03 2513.57 3086.90
Tributary 15 1 24319.04 1071.80 2045.06 2402.04 3005.17
Tributary 15 1 28219.78 882.90 1643.24 2006.95 2656.24
Tributary 15 1 29685.72 725.75 1307.14 1578.07 2063.98
Tributary 15 1 31010.82 591.16 1037.96 1244.56 1611.64
Tributary 15 1 34053.9 438.58 737.93 870.98 1110.58
Tributary 15 1 35406.57 178.67 297.04 348.99 442.76
Tributary 150 1 3119.607 345.63 492.38 557.05 696.06
Tributary 160 1 5454.448 1.55 85.89 158.54 323.81
Tributary 170 1 4641.088 247.54 445.68 538.09 708.06
Tributary 20 1 388.7119 1830.53 3449.12 4395.29 6656.31
Tributary 20 1 2408.322 1869.38 3636.28 4614.32 6690.03
Tributary 20 1 4010.025 1918.97 3813.94 4822.10 6896.35
Tributary 20 1 6768.954 2046.75 4045.40 5105.11 7225.31
Tributary 20 1 14589.72 1430.57 2662.70 3279.60 4410.30
Tributary 20 1 18186.45 1478.53 2734.46 3330.80 4404.68
Tributary 20 1 19159.09 1435.97 2612.15 3169.69 4161.35
Tributary 20 1 20231.58 1101.14 1957.06 2356.12 3068.77
Tributary 20 1 24327.01 617.90 1039.69 1235.45 1585.44
Tributary 20 1 25140.01 345.62 579.35 686.70 878.88
Tributary 210 1 1045.171 427.66 719.46 854.80 1097.58
Tributary 215 1 3208.32 170.45 288.00 342.27 439.22
Tributary 220 1 1422.971 831.54 1868.59 2420.77 3555.66
Tributary 220 1 5809.095 807.42 1739.19 2199.32 3107.68
Tributary 220 2A 6100.252 584.00 1343.50 1483.30 1959.70
Tributary 220 2A 6603.838 452.50 1017.00 1059.00 1338.30
Tributary 220 2B 603 223.40 395.70 716.00 1148.00
Tributary 220 3 8105.361 675.97 1376.06 1708.86 2347.55
Tributary 220 3 10644.3 207.61 397.86 483.22 640.13
Tributary 2220 1 2418.277 186.03 361.17 443.88 599.01
Tributary 230 1 1747.884 315.89 521.76 611.43 773.58
Tributary 25 1 1862.498 255.26 350.18 393.69 489.21
Tributary 25 1 5465.449 15.57 18.64 24.22 95.16
Tributary 250 1 2798.019 46.40 247.10 358.42 600.54
Tributary 260 1 1942.566 561.29 1260.39 1587.00 2696.79
Tributary 260 1 2671.905 320.59 796.71 1021.14 1499.96
Tributary 260 1 8132.079 187.39 525.78 686.72 1095.42
Tributary 260 1 10839.75 37.36 196.56 287.27 484.02
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50-year
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100-year
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500-year
(cfs)

Little Salt Creek Peak Discharges

Tributary 270 1 1303.784 4.14 162.84 293.29 584.20
Tributary 30 1 5666.016 1449.74 2825.16 3520.09 4896.37
Tributary 30 1 8041.315 1523.20 2921.97 3616.46 4968.74
Tributary 30 1 10159.3 1487.73 2859.42 3509.61 4761.78
Tributary 30 1 10807.48 1403.88 2679.09 3278.58 4423.60
Tributary 30 1 11398.47 1412.56 2691.83 3286.61 4424.93
Tributary 30 1 13883.45 1135.75 2016.76 2436.61 3240.69
Tributary 30 1 16859.21 727.09 1241.35 1478.92 1904.83
Tributary 30 1 17755 508.00 859.17 1020.93 1310.25
Tributary 30 1 19311.28 277.51 462.55 545.70 695.76
Tributary 315 1 2369.603 321.35 539.08 639.52 819.41
Tributary 320 1 4424.879 286.57 487.36 583.31 755.50
Tributary 35 1 4925.088 375.83 523.24 588.80 730.92
Tributary 360 1 4462.571 950.85 1414.54 1616.75 2049.94
Tributary 360 1 4922.731 780.62 1133.32 1288.69 1621.63
Tributary 360 1 7250.87 545.21 781.08 884.90 1108.39
Tributary 360 1 10219.69 306.95 433.28 488.91 608.68
Tributary 40 1 1492.379 575.49 889.56 1022.43 1287.96
Tributary 40 1 4899.222 310.39 476.93 546.27 682.30
Tributary 415 1 760.49 665.56 1003.70 1132.23 1210.15
Tributary 415 1 1160.089 665.56 1043.71 1203.89 1514.96
Tributary 415 1 2464.133 236.57 357.35 408.88 513.79
Tributary 420 1 3100.226 247.66 420.23 501.02 644.90
Tributary 45 1 513.0888 1838.82 3101.99 3655.52 4887.56
Tributary 45 2A 1023.217 1838.82 3042.00 3595.50 4627.40
Tributary 45 2A 1849.892 1554.66 2388.80 2805.30 3527.00
Tributary 45 2B 849 0.00 60.00 60.00 260.20
Tributary 45 3 4310.163 1554.66 2448.76 2865.27 3787.20
Tributary 45 3 6529.082 1449.08 2198.37 2554.50 3330.23
Tributary 45 3 8068.538 1352.94 2016.76 2336.66 3024.30
Tributary 45 3 9311.125 1200.50 1745.39 2015.53 2567.04
Tributary 45 3 12682.29 841.65 1201.11 1372.22 1715.34
Tributary 45 3 15460.63 419.30 594.89 670.19 831.64
Tributary 50 1 7036.335 1131.63 1924.54 2288.73 3077.47
Tributary 50 1 9478.145 806.51 1393.87 1665.38 2241.31
Tributary 50 1 12064.8 700.27 1017.99 1154.73 1441.68
Tributary 50 1 14783.72 323.60 463.09 524.36 655.00
Tributary 520 1 290.8383 275.84 466.44 555.66 714.90
Tributary 55 1 1438.081 596.94 1019.70 1214.42 1620.34
Tributary 55 1 1988.833 549.05 954.74 1141.36 1528.38
Tributary 55 1 2915.074 376.56 698.24 848.97 1160.17
Tributary 55 1 3499.956 104.71 317.60 423.09 641.51
Tributary 55 1 3864.31 63.29 247.77 342.94 540.32
Tributary 60 1 6167.984 1990.30 3165.63 3706.17 4969.24
Tributary 60 1 9282.677 2107.32 3346.81 3898.58 5135.40
Tributary 60 1 16128.46 2237.37 3225.51 3661.41 4724.05
Tributary 60 1 21168.3 2375.73 3420.26 3857.29 5022.10
Tributary 60 1 25271.01 2291.30 3283.89 3705.03 4850.15
Tributary 60 1 26477.55 1231.47 1833.68 2089.05 2633.18
Tributary 60 1 31002.21 972.32 1437.35 1635.26 2059.95
Tributary 60 1 34049.6 529.50 776.49 883.61 1113.87
Tributary 60 1 35708.51 298.18 418.81 472.18 587.53
Tributary 65 1 3172.655 935.87 1383.03 1575.76 1976.31
Tributary 65 2A 5304.423 935.87 1091.40 1244.80 1541.30
Tributary 65 2B 530 0.00 291.60 331.00 435.00
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(cfs)
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(cfs)

500-year
(cfs)

Little Salt Creek Peak Discharges

Tributary 65 3 6207.007 935.87 1383.03 1575.76 1976.31
Tributary 65 3 7823.787 670.94 949.30 1069.60 1327.12
Tributary 65 3 10422.16 501.69 713.78 804.55 998.23
Tributary 70 1 2020.453 920.39 1849.55 2351.13 3344.44
Tributary 70 1 5182.687 255.51 669.96 937.89 1492.66
Tributary 70 1 7885.107 255.51 528.88 662.44 923.99
Tributary 75 1 5427.751 191.51 395.24 496.52 705.12
Tributary 80 1 4268.003 283.39 660.47 868.15 1332.91
Tributary 80 1 7548.32 291.00 644.04 838.69 1250.07
Tributary 80 1 12249.24 258.77 493.70 610.70 846.76
Tributary 80 1 16556.27 167.02 315.46 388.89 536.55
Tributary 85 1 557.2925 704.88 1110.24 1297.67 1647.12
Tributary 85 1 4710.921 410.37 677.41 802.54 1027.73
Tributary 90 1 1808.088 314.92 449.88 509.36 637.03
Tributary 92 1 1887.232 298.95 424.16 479.09 596.68
Tributary 94 1 2155.907 513.51 713.52 802.08 993.46
Tributary 96 1 619.215 301.45 429.19 485.29 605.13
Tributary 98 1 1101.527 299.94 427.04 482.64 600.90
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Aerial Photo Interpretation 
 

Summary of Results 
The evaluation revealed a highly modified stream network with many areas of responsive 
channel boundaries. The severity of the channelization induces correspondingly severe 
incision. Even without stereo-paired photos that allow estimation of channel depth, there 
is abundant evidence of incision. Moreover, channel banks are poorly vegetated and 
dissection of even small gullies is common indicating that the banks are weak and not 
well equipped to resist failure in the event of continuing incision. The weakness of the 
channel boundaries combined with the severity of the channel manipulation suggests that 
incision may indeed present an ongoing problem.  This is apparent in the main stem and 
in several of the major tributaries. North of Raymond Road the in-channel bars present 
features consistent with geotechnical failure. This is a common occurrence where incision 
has caused stream banks to exceed their critical height and become susceptible to failure. 
Other reaches of the stream appear to be in later stages of evolution such as channel 
widening or appear to be adjusting their meander pattern.  Extensive depositional features 
are rare. Although the stream appears to be generating considerable sediment based on 
the extent and severity of gullies and bank failures, the absence of significant shelves, 
center bars and similar features suggests that the sediment remains in suspension through 
the reaches of the stream examined here. 
 
Methods
The interpretation was conducted in general compliance with the methods outlined in 
Aerial Photo Interpretation (Lueder, 1955). The aerial photos and soils map in GIS 
format were supplied by the City of Lincoln and the Lower South Platte Natural Resource 
District. This appendix is an interpretation of the surface soils, landforms and drainage 
features and is limited to the information directly retrievable from the GIS layers 
provided. Other information which influences landform or drainage features such as 
historical precipitation patterns was not provided and is not reflected in this report.  The 
photos are a 2005 color photo-mosaic and individual, black and white panels from 1949 
and 1955.  All photos were taken in the leaf-on period with the 1949 and 1955 photos 
from July. Customarily in aerial photo interpretation, the earliest photo depicts the 
landforms in their least altered condition and subsequent photos are referenced to this 
baseline.  However, because only the 2005 photo provides complete coverage of the 
basin and is of higher quality than the older photos, this is the baseline image to which 
the others are compared. Figure E-1 depicts the Little Salt Creek Basin with major roads 
and tributary designations.  
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Overview 
The features of the Little Salt Creek basin are consistent with Aeolian (wind deposited) 
land forms.  The topography is gently undulating with generally uniform slopes and 
orientation roughly aligned with prevailing winds. The dense drainage network is also a 
characteristic of wind-deposited silt landforms as are near-vertical stream banks, steep 
head ends of gullies and other erosion features. This drainage network is dendritic 
meaning that it has an extensively branched or tree-like pattern.  Classical Aeolian land 
forms are uniform and integrated.  Here Little Salt Creek differs from the classical in 
having extensive seeps, marshes and other features that appear to lack a direct surface 
water connection to the stream.  These discontinuities may be indicative of dispersive 
soils. The distinctive features noted above also differentiate this basin from others in the 
Lincoln area.  Bright white features on the banks or over banks are common in this basin. 
The appearance of these features is consistent with evaporites (evaporated salt areas) but 
positive identification is not possible based only on the photographs so they will be 
described in this appendix simply as white features. 
 
Throughout much of the basin, the woody riparian vegetation is exceedingly sparse; trees 
rarely occur on the streambanks and the vegetation appears to be herbaceous or possibly 
low-growing shrubs. 
 
This stream form has been dramatically altered for more than 50 years.  The earliest 
photos from 1949 depict considerable channel realignment.  Coverage for the lowest 
reach of the stream were not available for 1949 but the 1955 photos show a radical 
channelization that reduced the channel length by about 70% from just north of Arbor 
Road to the confluence.   
 
Scrolls, oxbows and other evidence of channel movement over time are abundant. While 
most of the changes in channel alignment are clearly man-made, some of the extensive 
migration across the broad, shallow valley may be natural. 
 
The main channel appears to be flanked by depressions and slumps, some near the bank, 
others as far as 800 feet away. Surrounding soils are blotchy and mottled sometimes with 
white streaks or patches. 
 
Drainage network 
Evaluation of the surface drainage patterns provides insight into fundamental material 
characteristics affecting infiltration, stream response to manipulation and potential land 
uses.

Density – the network is dense to very dense throughout the basin.  A high density of 
surface drainage ways generally indicates comparatively erodible soils  
Orientation – the stream has an orientation from north-north west to south-southeast 
Integration – the network has moderate integration, an assessment that excludes farm 
ponds as indicators of unintegrated networks. In a highly integrated network, a point on 
anywhere in the surface drainage ways could be connected with an unbroken line to any 
other point in the drainage way. Sinkholes, marshes and abandoned oxbows are examples 
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of drainage features that lower the degree of integration.  There are several marshes north 
and south of Raymond Road and east of NW 12th Street. In addition, the reach between 
Arbor Road and Bluff Road is highly discontinuous.  
Uniformity – The marshes seem to occur at greater density in the southern reaches.  The 
uniformity is moderate.  Non-uniform watersheds may require different management 
methods for different parts of the basin. 
Angularity – comments of angularity reflect assessment of those reaches which appear to 
be only nominally man-aligned.  That said, the network has low angularity, with most 
tributaries joining the main channel at an angle slightly below 90 degrees indicating an 
absence of underlying geologic control.  
Degree of control – There is very low degree of control by the underlying geology. 
 
Channel Observations - 2005 Aerial Photo (color) Main Channel 
General notes: Land use is agricultural with some residences. The most dense residential 
development is south of I-80 though new developments have moved north.  While there 
are some tilled fields close to the stream, the land adjacent to much of the main channel is 
marsh, particularly in the southern reaches. The GIS track deviates substantially from the 
channel in this photograph sometimes by over 100 feet.   
 
The observations begin at the I-80 access road and proceed upstream roughly paralleling 
N 27th Street. The main channel is approximately 96,000 feet from the confluence with 
Salt Creek to the crossing at Ashland Road. 
 
The channel is deeply incised with steep banks. Indications of previous channel locations 
are common as are in-channel sediment deposits. The heads of gullies are steep even by 
the standards of Eastern Nebraska. Even small tributaries and gullies are dissected. The 
woody riparian corridor is poor to non-existent.  Sinkholes, marshes and white features 
flank the stream particularly near TRIB 15.  The lower two thirds of the stream between 
Bluff Road and I-80 appears channelized and has a reach sinuosity of 60-70% lower than 
the historical alignment based on the 1955 photo comparison.  Extensive marshes, 
depressions and white features occur near Bluff Road. The white features are usually 
linear and appear at top of bank along both the main channel and minor gullies. Moving 
upstream into the meandering reach deep shadows indicate the banks may be undercut.  
The banks are ragged with some channel bars. There is very little vegetation even in the 
non-farmed areas. Small gullies are deeply incised and dissected. White features occur 
along minor drainage features or at top of bank.  North of Arbor Road and west of N 27th 

Street, the TRIB 20 outfall seems to be failing and is the site of considerable dumped 
debris. There may be incipient flanking of the southern wingwall on the N 27th Street 
culvert on the east side of this tributary. Approximately 1360 feet north of Arbor Road, a 
pipe outfall draining a field has caused a sinkhole on the right descending bank. 
 
There is an especially extensive area of white features and a possible salt plume in the 
channel north of Bluff Road.  Approaching Waverly Road bank retreat becomes more 
pronounced and a very tight meander is nearly encroaching on a cultivated field.  Gullies 
appear to initiate in the marshy areas and approach the main channel. The area around the 
tight meander south of Waverly Road has the appearance of dispersive soils; erosion 
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features with the appearance of layers of weathered rock and gullies that have piped to 
the stream.  Moving north from Waverly Road, the dispersive areas seem more 
pronounced. Deep, “crow’s foot” gullies flank the tributaries along this reach. Bank 
retreat appears to be more pronounced along the right descending bank.   
 
About 1800 feet north of Waverly Road there is a large, dendritic white feature on both 
banks.  The toes of both banks have a blocky, crenellated shape similar to castle top 
battlements. The gullies appear in some cases to be deeper at the gully head or mid area 
as opposed to the confluence with the creek. Areas of white features are 70 to 100 feet 
from top of bank. The over bank is populated with a dense, fine web of drainage features 
that lack a clear connection to the stream. The orientation of this web roughly parallels 
the northwest to southeast orientation of the main channel. The weathered bedrock 
appearance of the stream banks that may be indicative of dispersive soils continues 
through the N14th Street crossing. However, the stark, white features decrease 
approaching N14th Street.  
 
Northwest of N 14th Street, the aerial photo coverage is of lower resolution. Starting 
about 200 feet north of the bridge at N 14th Street, there appears to be a near-continuous 
bank failure of the left descending bank that extends over 500 feet. The mottling and 
blotched appearance of the over bank is especially notable on the left descending bank 
where there has been less agricultural disturbance. Alternate channels abound through 
this reach and the stream takes on almost a braided appearance.  Some of the alternate 
channels may be active; however, the stream is unlikely to be truly braided because the 
bed slope is too low and the channel lacks the abundance of permanent in-channel bars 
that define a true braided stream.  Abandoned oxbows, sinks, marshy areas and scrolls 
characterize this channel.  There is a linear series of sinks paralleling the stream roughly 
200-300 feet from the top of bank.  
 
Following the main channel north across Mill Road the prevalence of sinks appears to 
increase slightly though the white features do not. The left descending bank is poorly 
defined and frequently intersected by multi-thread gully complexes.  In some cases the 
gully complexes bracket both banks. Large abandoned oxbows and sinks with surface 
water are particularly notable in the area about 4000 feet downstream of the N 1st Street 
crossing and between N1st Street and Raymond Road. Approaching N1st Street the 
channel has been widened for the bridge and the eroded banks show deep crow’s foot 
gully complexes and crenellated bank toes. About 250 feet downstream of Raymond 
Road, the top of bank on the inside of the meander is as eroded as the outside bank.  
 
In-channel bars become more common upstream of Raymond Road.  The apparent 
vegetation on the bars and their longitudinal orientation may indicate geotechnical bank 
failures rather than fluvially deposited features.   
 
Large open water features flank the stream approaching NW12th Street and white features 
again appear on the over bank.  As was the case downstream most of these features are 
well outside the channel. Beginning about 2200 feet downstream of NW12th Street and 
extending to within a few hundred feet of NW12th Street, bright white features appear 
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along the top of the banks (most commonly the left descending bank) Approaching 
NW12th Street Bridge there are multiple side channels.  About 1200 feet upstream of 
NW12th Street a partial channel obstruction impounds water and the stream width 
increase by about 50% upstream of the obstruction. The riparian corridor changes at this 
point becoming lusher though very narrow and bound by tilled fields.  Trees appear at the 
top of bank approaching Branched Oak Road as do more channel obstructions. Tilled 
areas are much closer to the creek than in downstream areas. This is the interface between 
Salmo silt loam and Nodaway silt loam. Between Branched Oak Road and NW19th Street 
there are at least 3 stream structures (possibly beaver dams). Moving upstream several 
more structures occur.  The woody riparian corridor is dramatically improved as the 
stream flows through the Nodaway silt loam. 
 
Approaching Davey Road the photo depicts an extreme hairpin meander. The ratio of the 
radius of curvature to the low-flow channel width seems to be less than 2, a ratio lower 
than is typical.  The forest cover obscures the channel but the stream width seems to vary 
considerably through this reach. Upstream of Davey Road, the channel plan form nearly 
doubles back upon itself.  Although the vegetation is markedly different in the Nodaway 
soil, the gullying continues and this part of the basin bears a stronger resemblance to 
classical Aeolian landforms. The gullies appear deep with heads that appear as deep (or 
nearly so) as the stream junctures.  The tree cover obscures the channel bed however, 
where farm practices have denuded the bank, large bank failures are clear.   This is 
especially notable 1500 and 1800 feet downstream of Rock Creek Road.    
 
About 3000 feet above Rock Creek Road there is a striking erosion feature on the right 
descending bank over bank.  Deep gullying and long, linear erosion features parallel to 
the stream become more common continuing north where the channel and over banks 
take on more of the characteristics of dispersive soils seen in the southern part of the 
basin.  However this reach is not in Salmo soils; the parallel erosion features are 
predominantly in the Judson silt loam.  
 
Approaching Agnew Road, the water appears silt laden with an area of green growth on 
the water about 400 feet downstream of the Agnew Road crossing. The banks are 
slumped with a complex cross-section incorporating a web of gullies. The over bank is 
sparsely wooded and again bears a resemblance to that observed far downstream.  North 
of Agnew Road agricultural land encroaches to within a few feet of the top of bank and 
failures of the denuded banks are extensive.  Moving upstream the meanders are tight and 
gullies deep.  Where farm practices have eliminated the riparian corridor and altered the 
alignment, the channel appears as a deep straight trench.  
 
Approaching Little Salt Road culvert, the channel appears previously straightened and is 
reacquiring some meandering plan form.  Just downstream of the culvert on the right 
descending bank is a large area of recent land clearing. Upstream of Little Salt Road 
crossing the right descending bank appears completely stripped.  
 
The headwaters are in very poor condition. Most have been plowed over or straightened. 
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TRIB 20, Eastern Tributary (confluence between Bluff Road and Waverly Road; 
just west of N 27th Street)
Rough estimate of channel length – 28,000 feet. 
 
Unlike the main channel, the eastern tributary does not flow through Salmo soils.  It 
flows primarily through Kennebec and Nodaway silt loams. However the terrain appears 
barren and nearly treeless with a distinct mottled appearance. The white features are less 
common and less pronounced in the lower part of this tributary than in the main channel. 
However, near the confluence there are white features on both over banks generally 
associated with gully complexes.  The pattern of crow’s foot gullies characterizes this 
reach of tributary as it does the main channel. Approaching N 27th Street, the stream has 
been channelized, a diversion which shortened the stream by about 500 feet.  
 
The channel appears deeply incised with significant bank retreat on the right descending 
bank. Proceeding upstream there appear to be extensive in-channel bars which may be 
geotechnical rather than fluvial in origin. Where agricultural activity encroaches on the 
channel especially deep gullies occur. Mid and upper bank retreat along both banks is 
common. Meanders are often unsustainably tight with evidence of adjustment. This is 
likely to affect the adjacent farm fields. Approaching the confluence of the tributary with 
two sub-tributaries, the retreating banks have the appearance of weathered rock.  
 
TRIB  220, Eastern sub-tributary – The lower part of the channel flows parallel to 
Waverly Road and the alignment appears to have been manipulated.  Meander amplitude 
is quite low along this reach and there is some evidence that the meanders are adjusting.  
The current alignment is more sinuous than the GIS track indicates; moreover the current 
channel plan form is generally shifted downstream relative to the GIS track.  This is 
consistent with meander migration. White features are not readily discernable in this 
reach.   
 
Upstream of Waverly Road the pattern of poor riparian vegetation, pronounced gullying, 
and increased sinuosity relative to the GIS track continues. Roughly 1000 feet upstream 
of Waverly Road the stream flows through an area of Nodoway silt loam almost 
completely devoid of vegetation.  Here erosion features run generally parallel to the 
stream and there appear to be quite a few felled trees. Obstructions in the channel have 
caused impoundments with an in-channel pond.  In this reach there is a clear tree scroll 
indicating an abandoned channel and a meander-shaped open water feature. The 
impounded area (measured along the presumed thalweg) is about 500 feet long.  
 
Approximately 1000 feet downstream of N 40th Street there is a sink about 140 feet to the 
west of the channel. The upper slopes of the sink display a crow’s foot gully pattern.  
 
Upstream of N40th Street the sub-tributary has a much better riparian corridor.  The 
upstream 2200 feet has a nearly closed canopy thereafter, the canopy narrows 
dramatically and north of Mill Road, the tributary is reduced to a ditch in plowed fields.  
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TRIB 20, Northern branch – Most of this tributary flows through Nodaway silt loam.  
From the confluence to Waverly Road, the stream flows through poorly vegetated land 
with virtually no trees.  Channel adjustment is apparent particularly on the descending 
limb of the first meander upstream of the confluence with the main tributary. The culvert 
at Waverly Road may be blocked with debris. There is a pronounced erosion feature 
about 500 feet upstream of Waverly Road with dendritic gullies along the over bank. The 
woody corridor is sparse to absent on the right descending bank and highly variable on 
the left descending bank. In-channel bars are again common. The alignment roughly 
parallels a tilled field and the stream may have been moved here to accommodate it. 
Approximately 3500 feet north of Waverly Road the stream adopts a far more sinuous 
course. 
 
In the meandering reach, the bank retreat is pronounced on both banks. The banks have a 
weathered rock appearance and there is a 160 foot reach with near-continuous center bar.  
 
Moving into the Lancaster photo, the image quality degrades dramatically. It is difficult 
to observe the channel bed; however, the bank retreat appears extensive. As in other 
reaches, indicators of abandoned channels sinks and oxbows are common.  Proceeding 
north, the pattern of crow’s foot gullies spanning both banks reappears and some bank 
failures are especially severe (about 2500 feet downstream of Mill Road).  Approaching 
Mill Road culvert there is an area with persistent in-channel islands and a slight 
impoundment. North of Mill Road, the stream has been channelized.  
 

TRIB 65, Northeastern Tributary - confluence with main channel north of Raymond 
Road, west of N 1st Street, south of Branched Oak Road.  Rough channel length (from 
GIS track) – 31,000 feet. 
 
The downstream reach flows through Salmo soil and is characterized by sparse or absent 
vegetation, open water features lacking obvious surface connection, abandoned oxbows, 
sinks and bright white features.  Some white features are near the stream (about 3000 feet 
upstream of the confluence) others occur well away from the banks.  Some gully features 
appear to cross both banks and extend well into the over bank area. The bank toes appear 
blocky in some areas and it is not clear from the photographs if the channel bars are of 
geotechnical origin or the result of fluvial process. Erosion features run parallel to and at 
the top of the stream bank.  Beginning about 3500 feet upstream of the confluence, there 
are linear white features parallel to the top of bank. About 4300 feet upstream of the 
confluence, the soil type becomes Colo silty clay loam.  Through this reach, the stream 
parallels an alternate drainage path with some open water visible. The surrounding land is 
slightly less mottled; however, the absence of any significant woody riparian corridor 
continues. Three hundred seventy feet downstream of Branched Oak Road, the stream 
suddenly widens from 2-3 feet to 27 feet. 
 
Between Branched Oak Road and Davey Road, the sinuosity increases dramatically to 
about 2.3.  The sinuosity of the southern reach below Branched Oak Road is about 1.4 
while that of the upper reach above Davey Road is about 1.8.  The more sinuous reaches 



Appendix E 

 - 9 - 

flow through Nodaway silt loam and are bounded by Kennebec silt loam. The 
downstream limit of the most sinuous reach is bounded by Colo silty clay loam. Although 
this reach lacks a continuous woody corridor, there are more trees near the stream than in 
the downstream reaches.  In many cases, the tree lines appear to mark abandoned 
channels.   
 
Moving upstream through the sinuous reach, the channel width and visible surface water 
vary considerably.  A small sub-tributary flows in from the northeast.  The characteristics 
of this stream are very similar to the larger tributary.   As in other reaches evidence of 
alternate or abandoned channels is abundant.  
 
North of Davey Road, as in some other reaches, the stream channel is more sinuous than 
the GIS track and seems shifted slightly downstream. This reach flows through Nodaway 
silt loam bounded by Judson silt loam on the left descending side and Sharpsburg silty 
clay loam on the right. The general pattern is consistent with much of the drainage basin.  
The channel is sinuous, incised with near vertical banks at the toe and mid slope with 
some areas of considerable bank retreat at the top of bank.  Farm activity encroaches 
close to the stream and sub-tributaries have often been ditched or impounded. About 
3600 feet upstream from Davey Road, the stream achieves a genuine riparian corridor at 
least one hundred feet wide and in places almost 500 feet from top of bank. The dense 
woody corridor persists for about 1800 feet until the stream is crossed by NW12th Street.  
Thereafter, the stream is bounded by a narrow corridor ranging from a single tree to 
roughly 30 feet on a side. This sparse corridor declines north of Rock Creek Road; 
however, about 2000 feet north of Rock Creek Road, the steam regains a much wider, 
denser corridor until about 1000 feet south of Agnew Road.   TRIB 265 flows to the east 
of NW12th Street and remains in at least some sort of woody corridor well north of Rock 
Creek Road.  
 
TRIB 15, Southwest Tributary – Confluence with main channel north of Arbor Road, 
south of Bluff Road 
 
The tributary flows through Nodaway silt loam from the headwaters north of Bluff Road 
to about 2700 feet upstream of the confluence when it flows through Salmo silty clay 
loam then Salmo silt loam at the mouth.  
 
Proceeding upstream from the mouth, the channel is deeply incised with considerable 
bank retreat particularly at the upper bank. White features are evident in drainage features 
parallel to the channel, along deeply incised tributaries and in or near the many open 
water features that border both banks.  The gully heads appear steep and in some cases 
the gullies appear deeper at the head or mid-section relative to the confluence with the 
tributary. White patches are also apparent near the edges of surrounding farmland. TRIB 
115 flowing from the northwest has been impounded to produce two lakes east of N14th 
Street. The downstream reach of the sub-tributary appears substantially shallower than 
the upper reaches. The soils that have not been tilled have a mottled appearance and scant 
vegetation. The first 2800 feet of tributary has no discernable woody vegetation within 
200 feet of the stream and the corridor is very sparse for 1000 feet beyond that.  



Appendix E 

 - 10 - 

 
Moving upstream the Nodaway silt loam does not have the isolated open water features, 
sinks or white features that are prevalent in the Salmo series.  However, the creek 
remains deeply incised. The tree cover improves considerably for about 3000 feet before 
giving way to a reach with virtually no vegetation. This reach has close encroachment by 
tilled fields. Despite the poor condition of the banks, center bars or other evidence of 
rapid bank adjustment are not apparent.  There is a reach of highly sinuous channel (S � 
3) about 4000 feet from the confluence.  Downstream, the Nodaway silt loam through 
which the channel flows is bounded by a more resistant Kennebec silt loam. It is possible 
that the more resistant layer has slowed the meander advance and produced a compressed 
wave form.  
 
The 1400 feet downstream of N14th Street appear to have been straightened. A small 
reach seems to have been relocated through the Crete silt loam rather than the Nodaway 
silt loam through which the rest of the tributary flows. 
 
West of N14th Street, agricultural activities encroach to or near the top of bank and top of 
bank vegetation is sparse. Gullies are common in one case with a density of one major 
gully per 20 feet of bank. For approximately 2500 feet beginning downstream of N 7th 
Street and up to the crossing, the stream flows through almost a denuded landscape.  The 
soils map indicates Nodaway silt loam but the land supports very little vegetation.  
Gullies do not appear notably denser than elsewhere in this basin but the path of alternate 
channels is very clear. 
 
West of N 7thStreet the stream has been channelized for about 2000 feet and flows 
through a negligible or absent woody corridor.  Tilled fields encroach up to the top of 
bank and bank retreat is common.   
 
West of N1st Street, the stream has a more sinuous plan form and a slightly better riparian 
corridor though the deep incision persists.  
 
North of West McKelvie Road the stream is very small, appearing only about 4 feet wide. 
Approaching Bluff Road, a reach about 1800 feet long has almost no discernable surface 
water though the stream course is easily visible. Surface water re-appears north of this 
losing reach until Bluff Road north of which surface water is no longer apparent.  
 
Channel Observations – 1949 Aerial Photographs (black and white) 
The available photographs have a significant gap in coverage from the confluence with 
Salt Creek to about present-day Arbor Road as shown in Figure E-3. 
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Photo 15 – The basin in this photo is almost entirely tilled fields with little terracing.  
There are a few farm houses but no other development. The woody riparian corridor 
appears to be poor or absent throughout the basin with the exception of the TRIB 20, 
eastern tributary which has a good woody corridor on the left descending bank. Much of 
the Southwestern tributary is off the photo or in the extreme edge.  A substantial tributary 
evident in the 1949 photo which joins the TRIB 15, southwestern tributary just west of 
the confluence is much less discernable in 2005 owing in part to an impoundment about 
2000 feet to the west of the tributary confluence. In the southern part of the study main 
channel, open water, bright white features and sinks are at least as evident as in later 
years.  Proceeding upstream near present-day Bluff Road there is another concentration 

Figure E-3: 1949 Aerial Photo 15. 
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of white features, sinks and bank retreat near the top of bank. Two western tributaries 
between Bluff Road and Waverly Road that were not impounded in 1949 are much more 
pronounced than in the more recent photographs.  The channel sinuosity has changed 
very little between 1949 and 2005 and the major features of channel form are not 
significantly changed.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 79 – This photo depicts the main channel north of Bluff Road to just south of the 
crossing at Raymond Road.  The channel is incised with steep banks and poor or absent 
riparian corridor. The channel has some notable differences in alignment from 2005.  The 
area just north of Waverly Road on the left descending bank appears slightly marshier 
than in later years and there are more isolated seeps and sinks near the stream.  At Mill 
Road, the channel has a pronounced, tight meander the alignment of which causes a slight 
bend in Mill Road.  In this photo there appears to be a freshly constructed cut-off channel 
and a dam across the natural meander. North of Mill Road there are extensive indicators 
of sinks, abandoned channels and isolated open water.  
 

Figure E-4: 1949 Aerial Photo 79. 



Appendix E 

 - 14 - 

The confluence with the major eastern tributary and the main channel is not shown on 
this photo. It seems that some channel manipulation has already occurred towards the 
bottom of the tributary where meanders appear truncated and confined by tilled fields.  
The TRIB 220, eastern sub-tributary shows signs of channelization where it parallels 
Waverly Road, near its confluence with the main tributary. North of Waverly Road, the 
sub-tributary is highly sinuous with abandoned channels, oxbows and seeps evident. 
These features are more clearly seen than in the 2005 photo. There is a reach of narrow 
woody corridor adjacent to the fields and the path of about a dozen now plowed over 
tributaries particularly on the right descending bank. Beginning about halfway between 
Waverly and Mill  Roads and extending north of Mill Road, the isolated surface water 
and white features become more pronounced and numerous. The channel also seems to 
be more deeply set into the landform with wide areas of retreat at the top of bank.  

 
 

 
 

Photo 108 – This photo depicts the main channel from south of Raymond Road to the 
northwest to Davey Road.  The large sinks and open water features between Raymond 
Road and NW 12th Street are less obvious but still discernable. West of NW12th Street 
there is an apparent channelized reach with a large meander cut off on the right 

Figure E-5: 1949 Aerial Photo 108. 
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descending bank and a horseshoe bend with another meander on the left descending bank 
cut off.  The channel manipulation continues across present-day Branched Oak Road. The 
condition of the woody corridor improves and the degree of channel manipulation 
decreases approaching Davey Road.  

Channel Observations – July 31, 1955 Aerial Photos (black and white) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 165 – This photo does not depict the main channel but does show much of TRIB 
15, the southwest tributary. The tributary alignment is roughly that seen in 2005 though 
abandoned oxbows, abandoned channels and plowed over sub-tributaries are more 
obvious and the channel is slightly more sinuous. The tributary is mobile and has 
meandered across its floodplain. The meander amplitudes and frequency have changed 
considerably over time. 
 

Figure E-6: 1955 Aerial Photo 165. 
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Photo 167 – This photo depicts the confluence of Little Salt Creek with Salt Creek, the 
lower reaches of TRIB 15, the southwestern tributary and the main channel north of 
Arbor Road but south of Bluff Road. The land use is both rangeland and tilled crop land. 
The degree to which the stream has been shortened and realigned to accommodate 
roadways and agriculture is striking. The channel sinuosity in the photographs is reduced 
by over 60% relative to the historical alignment. Some of the channelization appears 
recent or ongoing; there is a plug in the downstream limb of a meander just south of 
Arbor Road and the photo is annotated with a proposed realignment cutting off a major 
meander at Arbor Road and N 27th Street.  Channel incision is apparent as is bank retreat. 
The extensive channelization left abandoned oxbows and isolated areas of marsh that had 
previously been connected by surface flow. The southern part of the main channel is 
bounded by large to massive white features flanking open water. 
 

 
 

Figure E-7: 1955 Aerial Photo 167. 
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Photo 195 – This photo depicts the main channel from the channelized reach to Mill 
Road. The open water features and white features surrounding them dominate the 
downstream reach of this photo field. The channel appears deep with very steep sides. 
The toes of bank appear ragged and some center bars are apparent near present-day Arbor 
Road.  Bank retreat is especially notable near the mouths of gullies and tributaries.  Sinks 
and isolated gullies are most prominent in the lower reaches of the stream and decline 
somewhat approaching Mill Road. 
 

 
 
 

Figure E-8: 1955 Aerial Photo 195 
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Photo 15 (1955) – This photo depicts the main channel from south of Bluff Road to north 
of Raymond Road.  Most of TRIB 30 is also visible here. The main channel appears 
almost completely devoid of woody vegetation. Tilled fields, rangelands or marsh flank 
the channel with no apparent riparian corridor. Several hundred feet upstream of the 
confluence with the main channel, TRIB 30, has a woody corridor but all other tributaries 
are as denuded as the main channel. Between Mill and Raymond Roads, abandoned 
channels are especially notable and are delineated with white features. Approaching 
Raymond Road, the white features again increase in frequency.  

Figure E-9: 1955 Aerial Photo 15. 
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Photo 47 – This photo depicts the main channel from south of Raymond Road north to an 
area east of the Branched Oak Road crossing as well as TRIB 65, the eastern tributary 
from its confluence with the main channel to north of Davey Road. Just north of 
Raymond Road and south of the confluence, there are two substantial meanders that were 
eliminated by 2005.  There are sinks, marshes and white features near the confluence and 
both streams have virtually no woody corridor. Upstream of the confluence on the main 
channel, the alignment is generally similar to that of 2005. West of NW12th Street the 
main channel appears to have been straightened.  Approaching Branched Oak Road, 
center bars are common.  The eastern tributary has an alignment similar to that of 2005 
though the downstream-most major meander has migrated downstream noticeably by 
2005.  The impoundment south of Branched Oak Road is not evident in 1955 but a large 
meander just north of Branched Oak Road is.  There is an active cut-off channel at the 
meander; the meander may have been recently channelized. About 600 feet north of 
Branched Oak Road, a sub-tributary that was impounded by 2005 still flows unimpeded.  
The sub-tributaries that meet north of Branched Oak Road have exceptionally tight 
meanders with roughly the same pattern as in 2005.  There is some woody corridor, 
largely on the eastern sub-tributary extending beyond Davey Road.  

Figure E-10: 1955 Aerial Photo 47. 
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Photo 49 – This photo depicts the main channel from south of Branched Oak Road to 
north of Davey Road.  This photo depicts a more dense drainage network than is apparent 
in the 2005 photo.  Tributaries impounded by farm ponds in 2005 are revealed in 1955 as 
dense, dendritic drainage features.  There are center bars in the main channel south of 
Branched Oak Road. There appears to be considerable retreat at top of bank, especially 
along the right descending bank. North of Branched Oak Road, the stream has some 
woody corridor on at least one bank though the steam still appears deeply incised. The 
headwaters of the small tributaries are dendritic gullies with deep, steep head ends. This 
is particularly noticeable in the western tributary immediately south of Davey Road.  

Figure E-11: 1955 Aerial Photo 49. 
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Little Salt Creek Reach Summary 
Mainstem – Rock Creek Road to Davey Road 

Location: This reach of Little Salt Creek Mainstem flows south from Rock 
Creek Road to Davey Road. 

Summary of Field Data Collection: 
This reach of the Little Salt Creek Mainstem is approximately 11,000 feet.  There 
are 19 data points through this reach where vegetation, channel dimension and 
material data are taken. Additional data is collected between these points.   

Vegetation
Canopy cover ranges from 0% approaching Davey Road to 100% downstream of 
Rock Creek Road.  The corridor width consistently ranges from 50 and 100 with 
the exception where the farm fields are close to the top of bank.  Here the 
corridor width is 0 to 10 feet.  The vegetation through this reach is comprised of 
12 to 18 inch trees. 

Channel Dimension
The channel bed width ranges from 4 to 12 feet.  Bank heights range from 6 to 
20 feet, and bank angles range from 60 to 90 degrees throughout the reach with 
a couple locations below 60 degrees.  The lower limit of woody vegetation ranges 
from 6 and 12 feet, and the lower limit of perennial vegetation ranges from 1 to 4 
feet.

Material
The bed material throughout this reach is both unconsolidated silty clays and 
consolidated silty clays and gravel.  The left and right bank material consists of 
clay and silty clay.  Seeps are found along both banks along this reach at heights 
ranging from toe of slope to 1 foot with a couple locations where seeps are 6 and 
7 feet above the water surface. 

Profile
There are 35 knickpoints and 1 riffle identified throughout this reach. 

Bar
There are 32 left, right, and center bars ranging from 0.25 to 1.5 feet in height.  
Four of these bars are center bars, and all but 2 are unconsolidated.  The bars 
are of deposition in origin.  There are 8 debris jams. 

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of bank 
scour as well as circular and wedge bank failures on the right and left descending 
banks.  Mid bank scour is identified downstream of Rock Creek Road for 



approximately 1,600 feet, while toe scour is identified for the remainder of the 
reach.

Crossings
There are no crossings along this reach. 

Outfalls
Outfalls are identified in the form of gullies with 14 gullies identified through this 
reach of the Little Salt Creek Mainstem. 

Photos and Notes
There are 106 photo points and 24 note points.



Little Salt Creek Reach Summary 
Mainstem – Davey Road to Branched Oak Road 

Location: This reach of Little Salt Creek Mainstem flows southeast from 
Davey Road to Branched Oak Road. 

Summary of Field Data Collection: 
This reach of the Little Salt Creek Mainstem is approximately 9,900 feet.  There 
are 21 data points through this reach where vegetation, channel dimension and 
material data are taken. Additional data is collected between these data points. 

Vegetation
Canopy cover ranges from 0% to 75%. The corridor width ranges from 50 and 
100 feet downstream of Davey Road and decreases to 0 and 10 feet 
approaching Branched Oak Road. The vegetation through this reach is 
comprised of 8 to 18 inch trees and tall grasses. 

Channel Dimension
The channel bed width ranges from 5 to 9 feet downstream of Davey Road, then 
increases to 12 to 24 feet before decreasing back to 5 to 10 feet approaching 
Branched Oak Road.  Bank heights range from 8 to 16, and bank angles range 
from 30 to 60 degrees throughout the reach with a couple locations of 90 degree 
bank angles.  The lower limit of woody vegetation ranges from 3 and 9 feet.

Material
The bed material throughout this reach is unconsolidated silty clays.  The bed 
material is consolidated at locations where the data point was taken at a riffle.
The left and right bank material consists of clay and silty clay.  Seeps are found 
along both banks of this reach at heights ranging from toe of slope to 6 feet.

Profile
There are 17 knickpoints throughout this reach.  There are 19 riffles  located 
within 3,800 feet downstream of Davey Road.  There are no riffles identified 
continuing to Branched Oak Road. 

Bar
There are 26 left, right, and center bars ranging from 0.5 to 2 foot in height.  Five 
of these bars are center bars, and 4 of the 26 are consolidated bars.  The bars 
are of deposition and geomorphologic in origin.  There are 24 debris jams.

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  Both 
circular failures and wedge failures occur within much of the upper half, where 
wedge failures occur in the lower half.   



Crossings
There are 2 stream crossings including Davey Road (double box culvert) and the 
19th Street Bridge. 

Outfalls
Outfalls are identified in the form of gullies, tributaries or pipe outfalls.  2 
tributaries, 23 gullies and 1 pipe outfalls are identified through this reach of the 
Little Salt Creek Mainstem. 

Photos and Notes
There are 114 photo points and 67 note points.



Little Salt Creek Reach Summary 
Mainstem – Branched Oak Road to Raymond Road 

Location: This reach of Little Salt Creek Mainstem flows southeast from 
Branched Oak Road passing under 12th Street to Raymond Road. 

Summary of Field Data Collection: 
This reach of the Little Salt Creek Mainstem is approximately 11,000 feet.  There 
are 21 data points through this reach where vegetation, channel dimension and 
material data are taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover is consistently 0% with little to no woody vegetation.  The 
vegetation through this reach is comprised of a few stand alone trees, farm fields 
and tall grasses.

Channel Dimension
The channel bed width downstream of Branched Oak Road ranges from 3 to 8 
feet.  Approaching 12th Street bridge and continuing approximately 3000 feet 
downstream of 12th Street, the channel widens to 12 to 20 feet.  For the 
remainder of this reach, the channel width ranges from 5 to 12 feet.  Bank 
heights from Branched Oak Road to 12th Street range from 6 to 10 feet.
Immediately downstream of 12th Street, banks heights decrease to 4 feet for 
approximately 1,700 feet before increasing to 8 feet for the remainder of the 
reach.  Bank angles range from 45 to 60 degrees throughout the reach with a 
couple locations of 90 degree bank angles approaching Raymond Road.  Woody 
vegetation through this reach is limited to a few stand alone trees away from the 
top of bank.  Lower limit of perennial vegetation ranges from 1 to 3 feet.

Material
The bed material throughout this reach is unconsolidated silty clays.  The left and 
right bank material consists of clay and silty clay.  Seeps are found on both 
banks along this reach of the mainstem with salt deposits visible downstream of 
12th Street.  Seep heights range from toe of slope to 4 feet. 

Profile
There are 5 knickpoints between Branched Oak Road and 12th Street and one 
just downstream of 12th Street.  Approximately 450 feet upstream of 12th Street a 
beaver dam is creating a 1 foot drop in water surface elevation. No riffles are 
identified through this reach of the mainstem.

Bar
There are 10 unconsolidated center bars ranging from 0.5 to 1 foot in height 
downstream of 12th Street.



Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of wedge 
bank failures on both the right and left descending banks. 

Crossings
There are 5 stream crossings including Branched Oak Road Bridge, an old no 
longer used steel frame of a road bridge, and 2 barbed wire fence crossings.

Outfalls
Outfalls are identified in the form of gullies or tributaries.  3 tributaries, 14 gullies 
and 2 gullies draining from wetlands are identified through this reach of the Little 
Salt Creek Mainstem. 

Photos and Notes
There are 112 photo points and 77 note points.



Little Salt Creek Reach Summary 
Mainstem – Raymond Road to Mill Road 

Location: This reach of Little Salt Creek Mainstem flows southeast from 
Raymond Road passing under 1st Street to Mill Road. 

Summary of Field Data Collection: 
This reach of the Little Salt Creek Mainstem is approximately 8,700 feet.  There 
are 16 data points through this reach where vegetation, channel dimension and 
material data are taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover is consistently 0% with little to no woody vegetation.  The 
vegetation through this reach is comprised of a few stand alone trees and tall 
grasses.

Channel Dimension
The channel bed width ranges from 4 to 8 feet for most of this reach, and widens 
to 12 to 15 feet approaching Mill Road.  Bank heights range from 6 to 13 feet, 
and bank angles range from 45 to 90 degrees throughout the reach.  Where 
woody vegetation is present, the lower limit of woody vegetation is 7 feet.  The 
lower limit of perennial vegetation ranges from 1 to 3 feet in the upper half. 

Material
The bed material throughout this reach is unconsolidated silty clays with the 
exception of immediately downstream of 1st Street bridge, where the bed material 
is consolidated.  The left and right bank material consists of clay and silty clay.  
Seeps are found along both banks along this reach of the mainstem at heights 
ranging from toe of slope to 8 feet.  Seeps higher up on the banks are found just 
downstream from 1st Street. 

Profile
There is 1 knickpoint with a 1-foot drop approximately 1,300 feet downstream of 
1st Street.  No riffles are identified through this reach of the mainstem. 

Bar
There are 6 bars identified, 5 of which are center bars and 1 bar on the right 
descending bank.  With the exception of 2 unconsolidated bars, these bars are 
consolidated.  Bar heights range from 0.5 to 1.5 feet.  One bar that appears to 
have formed from a past wedge failure is approximately 5 foot high.

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  The 



wedge failures are more abundant in the upper half of this reach, where both 
circular and wedge failures occur for much of the lower half. 

Crossings
There are 3 stream crossings including Raymond Road Bridge, 1st Street Bridge 
and a barbed wire fence crossing. 

Outfalls
Outfalls are identified in the form of gullies or tributaries.  1 tributary and 37 
gullies are identified through this reach of the Little Salt Creek Mainstem. 

Photos and Notes
There are 98 photo points and 96 note points. 



Little Salt Creek Reach Summary 
Mainstem – Mill Road to Waverly Road 

Location: This reach of Little Salt Creek Mainstem flows southeast from Mill 
Road passing under 14th Street to Waverly Road. 

Summary of Field Data Collection: 
This reach of the Little Salt Creek Mainstem is approximately 7,400 feet.  There 
are 14 data points through this reach where vegetation, channel dimension and 
material data are taken. Additional data is collected between these data points. 

Vegetation
Canopy cover is consistently 0% with little to no woody vegetation.  The 
vegetation through this reach is comprised of a few stand alone trees and tall 
grasses.

Channel Dimension
The channel bed width upstream of 14th Street ranges from 10 to 30 feet, while 
the width ranges from 3 to 6 feet downstream of 14th Street.  Bank heights range 
from 10 to 15 feet, and bank angles range from 45 to 90 degrees throughout the 
reach.  Where woody vegetation is present, the lower limit of woody vegetation 
ranges from 8 and 12 feet.  Lower limit of perennial vegetation is consistently 0.5 
to 1 foot above the water surface. 

Material
The bed material throughout this reach is unconsolidated silty clays, and the left 
and right bank material consists of clay and silty clay.  Seeps are found along 
both banks along this reach of the mainstem with seep heights ranging from toe 
of slope to 4 feet. 

Profile
There are a total of 13 knickpoints along this reach with 3 upstream and 10 
downstream of 14th Street.  No riffles are identified between Mill Road and 
Waverly Road.

Bar
Bars and debris jams are not common. Only 1 debris jam is found approximately 
600 feet downstream of Mill Road, and 1 consolidated bar just downstream of 
14th Street.

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks. 



Crossings
There are 2 stream crossings including Mill Road Bridge and the 14th Street 
Bridge.

Outfalls
Outfalls are identified in the form of gullies or pipe outfalls.  Approximately 21 
gullies and 1 CMP are identified through this reach of Little Salt Creek Mainstem.
The CMP is just downstream of Mill Road. 

Photos and Notes
There are 81 photo points and 26 note points.



Little Salt Creek Reach Summary 
Mainstem – Waverly Road to Arbor Road 

Location: This reach of Little Salt Creek Mainstem flows southeast from 
Waverly Road and then south to Arbor Road. 

Summary of Field Data Collection: 
This reach of the Little Salt Creek Mainstem is approximately 18,500 feet.  There 
are 31 data points through this reach where vegetation, channel dimension and 
material data are taken. Additional data is collected between these data points. 

Vegetation
Canopy cover is consistently 0% with little to no woody vegetation.  The 
vegetation through this reach is comprised of a few stand alone trees and tall 
grasses.

Channel Dimension
The channel bed width through the upper half of this reach ranges from 6 to 20 
feet, while the width ranges from 25 to 50 feet in the lower half.  Bank heights 
range from 10 to 15 feet in the upper half and 15 to 20 feet in the lower half.
Bank angles range from 45 to 90 degrees throughout the entire reach.  Where 
woody vegetation is present, the lower limit of woody vegetation ranges from 2 
and 7 feet.  The lower limit of perennial vegetation in the upper half ranges from 
1 to 4 feet, and there is no perennial vegetation on the banks in the lower half. 

Material
The bed material throughout this reach is unconsolidated silty clays.  The bed 
material is consolidated at locations where the data point was taken at a riffle.
The D90 at these locations ranges from gravel to 6 inch diameter.  The left and 
right bank material consists of clay and silty clay.  Seeps are found along both 
banks within this reach of the mainstem with salt deposits more apparent in the 
lower half.  Seep heights range from toe of slope to 10 feet. 

Profile
There are 5 knickpoints in the upper half and 1 knickpoint in the lower half.
There are 27 riffles through this reach of the mainstem with no consistent riffle 
spacing. 

Bar
There are 24 left, right, and center bars ranging from 0.5 to 2 foot in height.  
Almost all of these bars are found in the lower half of this reach.  With the 
exception of a couple consolidated bars, these bars are unconsolidated. 



Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  The 
wedge failures are more prominent just downstream of Waverly, where circular 
failures occur for much of the lower half. 

Crossings
There are 5 stream crossing including Waverly Road Bridge, a pedestrian bridge, 
2 barbed wire fence crossings, and field access road triple pipe culvert. 

Outfalls
Outfalls are identified as in the form of gullies, tributaries or pipe outfalls.  4 
tributaries, 24 gullies and 4 pipe outfalls are identified through this reach of the 
Little Salt Creek Mainstem. 

Photos and Notes
There are 143 photo points and 62 note points.



Little Salt Creek Reach Summary 
Mainstem – Arbor Road to Salt Creek Confluence 

Location: This reach of Little Salt Creek Mainstem flows southeast from Arbor 
Road, crossing under Highway 80, continuing to the Salt Creek confluence. 

Summary of Field Data Collection: 
This reach of the Little Salt Creek Mainstem is approximately 8,600 feet.  There 
are 7 data points through this reach where vegetation, channel dimension and 
material data are taken. Additional data is collected between these data points. 

Vegetation
Canopy cover is consistently 0% with little to no woody vegetation.  Just 
downstream of Arbor Road, the corridor width is 10 feet with an average tree 
diameter of 12 to 18 inches, but approaching the Salt Creek confluence only a 
few stand alone trees and tall grasses are present.

Channel Dimension
The channel bed width ranges from 18 to 30 feet, and bank heights range from 
12 to 24 feet.  Bank angles range from 30 to 60 degrees and reaching 90 
degrees in some locations.  Lower limit of woody vegetation ranges from 6 to 12 
feet near Arbor Road and decreases to 2 to 6 feet approaching the Salt Creek 
confluence.  Lower limit of perennial vegetation ranges from 12 feet just 
downstream of Arbor Road to 2 feet near the confluence with Salt Creek. 

Material
The bed material throughout this reach is unconsolidated silty clays and sandy 
silts.  The left and right bank material consists of clay and silty clay.  Salt deposits 
and seeps are found on both banks along this reach of the mainstem.  Seep 
heights range from toe of slope to 2 feet.

Profile
There are 10 riffles through this reach of the mainstem.  The riffle spacing 
decreases from approximately 1,600 feet near Arbor Road to approximately 600 
feet approaching the confluence with Salt Creek.

Bar
There are 25 left and right bars ranging from 0.5 to 1 foot in height.  These bars 
are consolidated with the exception of a couple downstream of Highway 80 and 
approaching the Salt Creek confluence.

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.   



Crossings
Four bridges cross the Little Salt Creek: Arbor Road, Highway 80 off-ramp, west 
bound Highway 80 and east bound Highway 80.

Outfalls
Outfalls are identified in the form of gullies or pipe outfalls.  19 gullies or swales 
and 3 pipe outfalls are identified through this reach of the Little Salt Creek 
Mainstem.

Photos and Notes
There are 46 photo points and 21 note points.



Little Salt Creek Reach Summary 
Tributary 05 – Aerial Photo Analysis 

Location: Tributary 05 flows west and south from 40th Street under Interstate 
80, under Arbor Road to the Little Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 05 is approximately 8300 feet long. The tributary flows through Salmo 
silty clay loam throughout its length. The channel has been manipulated. The 
lowest 800 feet of channel appear strongly influenced by a large adjacent seep.
This lowest reach appears particularly mobile and widening. Above the seep the 
manipulated (straightened) channel appears relative stable with some areas of 
local widening.  From about 300 feet upstream of STA 3064.6514 the surface 
water is less visible though the flow path is still apparent. Arbor Road is a strong 
knick point. Above STA 6442.6582 the tributary is a managed ditch. 



Little Salt Creek Reach Summary 
Tributary 10 – Aerial Photo Analysis 

Location: Tributary 10 flows southwest from Waverly Road under 40th Street, 
under Bluff Road, under 27th Street to the Little Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 10 is approximately 20,000 feet long. The banks are denuded along 
most of the tributary. The lowest reach of the stream is dumped rubble. The 
lower reach, up to about STA 5320.4155 flows through Salmo silty clay loam. 
The channel is incised, and has been previously manipulated.  There are failures 
along both banks and the top of banks have retreated.  In the lower reaches, the 
top of bank width is about 50 feet and the base width is about 15 feet.  There are 
some in-channel bars.  The lower reaches do not appear to be undergoing 
accelerated meander advance. Above STA 5384.3433, the channel flows 
through tilled fields and is essentially a maintained channel. 



Little Salt Creek Reach Summary 
Tributary 15 – Headwaters to 7th Street 

Location: This reach of Tributary 15 flows southeast from the headwaters 
upstream of W. McKelvie Road, passing under W. McKelvie Road and 1st Street 
to 7th Street. 

Summary of Field Data Collection: 
This reach of the Tributary 15 is approximately 10,800 feet.  There are 10 data 
points through this reach where vegetation, channel dimension and material data 
are taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover is consistently 0% with little to no woody vegetation with the 
exception of the reach just upstream of 1st Street where the canopy cover is 
100%.  The vegetation through this 0% canopy reach is comprised of a few stand 
alone trees and pasture and farm fields.  Within the 100% canopy reach, the 
corridor width of 12 to 18 inch trees is 100 feet on the right descending bank and 
20 feet on the left descending bank.

Channel Dimension
The channel bed width through this reach ranges from 2 to 10 feet, and bank 
heights range from 3 to 4 feet and increase to 6 feet approaching 7th Street.  With 
the exception of a couple data points in the upper headwaters, where bank 
angles are 30 degrees, bank angles range from 60 to 90 degrees.  The lower 
limit of woody vegetation ranges from 1 and 5 feet, where woody vegetation is 
present.  Lower limit of perennial vegetation ranges from 0.5 to 3 feet. 

Material
The bed material throughout this reach is unconsolidated silty clays.  The left and 
right bank material consists of clay and silty clay.  Seeps are found along both 
banks of this reach at heights ranging from toe of slope to 0.5 feet. 

Profile
There are 12 knickpoints and 3 riffles identified throughout this reach.  The 3 
riffles are located in the headwaters upstream of W. McKelvie Road and have a 
spacing of 80 feet.

Bar
There is 1 left and 1 right consolidated bar and formed past geomorphic bank 
failures.  Those 2 bars along with 7 debris jams are located between McKelvie 
and 1st Street. 



Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  The 
wedge failures are more abundant just upstream of McKelvie, where circular 
failures occur more downstream of 1st Street.  There are also a couple locations 
of toe and mid-bank scour. 

Crossings
There are 6 stream crossing including McKelvie Road with a double 8’W x 6’H 
box culvert, 1st Street with a double 12’W x 7’H concrete box culvert, 7th Street 
double 8’W x 5’H concrete box culvert, 2 barbed wire fence crossings, and field 
access road with a large iron pipe culvert. 

Outfalls
Outfalls are identified as in the form of gullies.  6 gullies are identified through this 
reach of Tributary 15.   

Photos and Notes
There are 87 photo points and 26 note points.



Little Salt Creek Reach Summary 
Tributary 15 – 7th Street to Little Salt Creek Confluence 

Location: This reach of Tributary 15 flows east and northeast from 7th Street, 
passing under 14th Street to the Little Salt Creek confluence. 

Summary of Field Data Collection: 
This reach of Tributary 15 is approximately 15,600 feet.  There are 14 data points 
through this reach where vegetation, channel dimension and material data are 
taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover is ranges from 50% to 100% in areas just downstream of 7th Street 
and approximately half way between 14th Street and the confluence with Little 
Salt Creek. Canopy cover is 0% with little to no woody vegetation near the 
confluence with Little Salt Creek.  Where there is canopy cover, the corridor 
width of 10 to 12 inch trees ranges from 10 to 50 feet. The vegetation where 
canopy cover is 0% is comprised of a few stand alone trees and pasture and 
farm fields.

Channel Dimension
The channel bed width through this reach ranges from 2 to 12 feet.  Bank heights 
range from 3 to 6 feet upstream of 14th Street and increase to a range of 6 to 20 
feet downstream of 14th Street, approaching the confluence with Little Salt Creek.
Bank angles range from 45 to 90 degrees throughout the reach.  The lower limit 
of woody vegetation ranges from 2 and 8 feet, where woody vegetation is 
present.  Lower limit of perennial vegetation ranges from 0.5 to 1 feet. 

Material
With the exception of one data point downstream of 7th Street where the bed 
material was consolidated, the bed material throughout this reach is 
unconsolidated silty clays.  The left and right bank material consists of clay and 
silty clay.  Seeps are found along both banks of this reach with salt deposits 
more apparent approaching the confluence with Little Salt Creek.  Seep heights 
range from toe of slope to 8 feet and are more common as you approach the 
confluence with Little Salt Creek. 

Profile
There are 26 knickpoints and 1 riffle identified throughout this reach.  The riffle is 
located approximately 700 feet downstream of 14th Street.  

Bar
There is 1 right bar, 1 center bar and 19 debris jams throughout this reach of 
Tributary 15.  The debris jams are denser in the areas of more canopy cover. 



Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  There are 
also a couple isolated locations of toe scour downstream of 14th Street. 

Crossings
There are 6 stream crossings including 14th Street bridge, a pedestrian bridge, 
and 4 field access roads with a large iron pipe culvert, a 48” RCP, 18” CMP, and 
concrete bridge.  These crossings are all downstream of 14th Street. 

Outfalls
Outfalls are identified in the form of gullies, tributaries and pipes.  28 gullies, 2 
tributaries, and 2 CMPs are identified through this reach of Tributary 15.

Photos and Notes
There are 153 photo points and 42 note points.



Little Salt Creek Reach Summary 
Tributary 20 – Mill Road to Waverly Road 

Location: This reach of Tributary 20 flows south from Mill Road to Waverly 
Road. 

Summary of Field Data Collection: 
This reach of the Tributary 20 is approximately 8,900 feet.  There are 9 data 
points through this reach where vegetation, channel dimension and material data 
are taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover ranges from 0% to 75% just upstream of Waverly Road.  The 
vegetation where canopy cover is 0% is comprised of a few stand alone trees 
and pasture and farm fields.  Where there is canopy cover, the corridor width of 
10 to 18 inch trees ranges from 30 to 100 feet. 

Channel Dimension
The channel bed width through this reach ranges from 3 to 10 feet.  Bank heights 
range from 3 just downstream of Mill Road and increasing to 10 feet approaching 
Waverly Road.  Bank angles range from 60 to 90 degrees just downstream of Mill 
Road and 45 to 60 degrees approaching Waverly Road.  The lower limit of 
woody vegetation ranges from 3 and 8 feet, and lower limit of perennial 
vegetation ranges from 0.5 to 1 feet. 

Material
The bed material throughout this reach is unconsolidated silty clays.  The left and 
right bank material consists of clay and silty clay.  Seeps are found along both 
banks of this reach at heights ranging from toe of slope to 3 feet. 

Profile
There are 10 knickpoints and no riffle is identified throughout this reach.  Many of 
the knickpoints just downstream of Mill Road are beaver dams. 

Bar
There is 1 depositional bar on the right descending bank located approximately 
half way between Mill Road and Waverly Road.  Just downstream of Mill Road 
there is series of 4 beaver dams.  There are 4 other debris jams scatter 
throughout the remainder of this reach. 

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  There is 
toe scour just upstream of Waverly Road. 



Crossings
There are 2 stream crossings including a barbed wire fence and Waverly Road 
with a natural bottom concrete structure.  This concrete structure is 
approximately 12’ high, 12’ wide and 75 foot long. 

Outfalls
Outfalls are identified in the form of gullies.  14 gullies are identified through this 
reach of Tributary 20.   

Photos and Notes
There are 96 photo points and 19 note points. 



Little Salt Creek Reach Summary 
Tributary 20 – Waverly Road to Little Salt Creek Confluence 

Location: This reach of Tributary 20 flows southwest from Waverly Road, 
passing under 27th Street to the Little Salt Creek confluence. 

Summary of Field Data Collection: 
This reach of Tributary 20 is approximately 7,700 feet.  There are 9 data points 
through this reach where vegetation, channel dimension and material data are 
taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover ranges from 0% to 25% for much of the reach.  Midway between 
Waverly Road and 27th Street, the canopy cover increases to 50%, but there is 
little to no corridor.  Vegetation includes pasture grasses and 4 to 18 inch stand 
alone trees. 

Channel Dimension
Downstream of Waverly Road, the channel bed width ranges from 2 to 3 feet.
Approaching 27th Street, the channel bed width widens to 10 to 15 feet, and then 
decreases to 3 and 4 feet downstream of 27th Street.  Bank heights range from 6 
to 10 feet, and bank angles range from 45 to 90 degrees.  The lower limit of 
woody vegetation ranges from 1 and 6 feet. 

Material
The bed material throughout this reach is unconsolidated silty clays except for a 
point just downstream of 27th Street where it is consolidated pea gravel.  The left 
and right bank material consists of clay, silty clay and sandy silty clays.  Seeps 
are found along both banks of this reach at heights ranging from toe of slope to 2 
feet.

Profile
There are 6 knickpoints and no riffle is identified throughout this reach.  All of the 
knickpoints are identified between Waverly and 27th Street. 

Bar
There are 10 debris jams, three of which are beaver dams.  All debris jams and 
beaver dams are located between Waverly Road and 27th Street. 

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  



Crossings
There are 2 stream crossings including a low water cattle crossing with a12” RCP 
culvert and the 27th Street bridge. 

Outfalls
Outfalls are identified in the form of gullies and tributaries.  12 gullies and 2 
tributaries are identified through this reach of Tributary 20.

Photos and Notes
There are 59 photo points and 18 note points. 



Little Salt Creek Reach Summary 
Tributary 25 – Aerial Photo Analysis 

Location: Tributary 25 flows east under 14th Street to the Little Salt Creek 
Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 25 is approximately 5800 feet long. This tributary has three 
impoundments. One is at about STA 1862.4987, the second is at STA 3601.6497 
and the third is west of 14th Street about 450 feet west of STA 5485.4497. Near 
the confluence and up to the first impoundment, the stream flows through Salmo 
silty clay loam and thereafter it flows through Nodaway silt loam. From the 
confluence to the first pond, the stream banks are deeply dissected.  Bank 
failures and deep gullies are common and the bank tops are ragged and 
scalloped. There are sinks and white features nearby. Between the two lower 
impoundments, the surface water is intermittently visible. Upstream of the 2nd

pond, the channel is largely graded out though the path is discernable. West of 
14th Street is a short reach of natural channel with woody corridor. 



Little Salt Creek Reach Summary 
Tributary 30 – Aerial Photo Analysis 

Location: Tributary 30 flows southeast and east under N. 1st Street, under 
Waverly Road, under N. 14th Street to the Little Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 30 is approximately 19,800 feet long. The lower reach has dense 
gullies and the tops of the denuded banks have retreated. This pattern continues 
from the confluence to a few hundred feet west of STA 1283.0542 where the 
stream adopts a much more sinuous course and has a variable woody corridor.
The stream from this point to 10716.1973 (Waverly Road) appears relatively 
stable. Though approaching the driveways and infrastructure near Waverly Road, 
there are local instabilities some of them severe. For short reaches such as 
between 3487.3877 and 4677.9244, there are bare banks near sink areas. 
Nevertheless there are far fewer gullies and apparent bank failures through most 
of the stream.  Heavy tree cover west of N 14th Street makes it difficult to 
evaluate channel conditions however there is no clear evidence of tree fall or 
other indicators of bank failures. Approaching STA 8341.3159 the woody corridor 
narrows dramatically (tilled fields) though the channel condition still appears 
stable. North of Waverly Rd. the channel is graded out in a tilled field for several 
hundred feet.  It regains a more natural course at about STA 11892.9814 where 
it flows through a barren scrub.  Upstream of the confluence with Tributary 230, 
the channel is very small; surface water is not always visible and some reaches 
have been graded out.  Where a distinct channel is visible, it appears stable up to 
the impoundment at STA 17755.9075.  



Little Salt Creek Reach Summary 
Tributary 35 – Aerial Photo Analysis 

Location: Tributary 35 flows south under Waverly Road then southwest to the 
Little Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 35 is approximately 5200 feet long. There is evidence of previous 
channel manipulation.  It appears that the channel is shortened by about 400 
feet. The lower channel flows through Salmo silt loam and white features occur 
on and near the top of bank. The lower 250 feet of the channel is very narrow, 
not really measurable on the image.  Approaching Waverly Road, STA 631.4174 
the channel widens to about 12-15 feet. The banks are unforested and failures 
are evident on both banks. From about 250 feet north of STA 1469.8959, the 
channel is plowed out.



Little Salt Creek Reach Summary 
Tributary 40 – Aerial Photo Analysis 

Location: Tributary 40 flows southwest from Mill Street to the Little Salt Creek 
Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 40 is approximately 4900 feet long. Just upstream of the main channel 
the tributary was shortened by about 1000 feet. The confluence and lower 400 
feet flow through Salmo silt loam.  The 250 feet upstream is Salmo silty clay loam 
followed by Colo-Nodaway silty clay loam. The stream flows through this soil until 
about 270 feet upstream of STA 1492.3976 where the soil becomes Nodaway silt 
loam to the headwaters. The channel is more deeply entrenched near the 
confluence with the main stem than it is about 800 feet upstream.  The crows feet 
gully pattern occurs near the confluence. The channel width varies considerably 
and approaching STA 14.92.3796, a thin band of trees lines the banks. There are 
no obvious signs of channel widening (no clear sign that trees are falling in) 
though some bank erosion is evident. About 200 feet downstream of STA 
2088.4763 the surface water disappears for about 130 feet. There are multi-
threaded gullies at the headwaters; the channels appear downcut. There is little 
evidence of widening here. Small side gullies perpendicular to the channel are 
common.



Little Salt Creek Reach Summary 
Tributary 45 

Location: Tributary 45 flows southwest from approximately 4,900 feet 
upstream of 14th Street, passing under 14th Street, passing under Mill Street to 
the Little Salt Creek Mainstem confluence. 

Summary of Field Data Collection: 
Tributary 45 is approximately 7,000 feet.  There are 5 data points through this 
reach where vegetation, channel dimension and material data are taken.
Additional data is collected between these data points. 

Vegetation
The first 1600 feet of Tributary 45 consists of a drainage swale through a farm 
field with 0% canopy.  Canopy cover ranges from 50% to 100% from the farm 
field to just upstream of 14th Street, where the canopy changes to 0% for the 
remainder of the reach.  Corridor width of 4 to 18 inch diameter trees ranges from 
50 to 100 feet where there is canopy cover.  Where canopy cover is 0%, 
vegetation consists of tall grasses and a few stand alone trees. 

Channel Dimension
The channel bed width ranges from 2 to 4 feet with the exception of just before 
14th Street where the channel bed widens to 9 feet. Bank heights range from 4 to 
8 feet, and downstream of Mill Street, the bank height increase to 10 to 12 feet.
Bank angles range from 45 to 90 degrees, but just before 14th Street, banks 
angles range from 20 to 45 degrees.  The lower limit of woody vegetation ranges 
from 2 and 4 feet, and the lower limit of perennial vegetation ranges from toe of 
slope to 3 feet. 

Material
The bed material throughout this reach is consolidated clays and gravel except 
for a one data point where the material is unconsolidated silty clay.  The left and 
right bank material consists of clay and silty clay.  There are 4 seeps found along 
both banks of this reach at the toe of slope. 

Profile
There are 2 knickpoints downstream of 14th Street and one riffle approximately 
1,000 feet upstream of 14th Street. 

Bar
There are 4 debris jams and 1 bar on the left descending bank upstream of 14th

Street.



Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.   

Crossings
There are 10 stream crossings including 4 wire or barbed wire fences, a wooden 
foot bridge, a steel pole foot bridge, Mill Road with a 9’W x 6’H concrete box 
culvert, and 14th Street with a triple 9’W x 7’H box culvert. 

Outfalls
Outfalls are identified as in the form of gullies.  4 gullies are identified through this 
reach of Tributary 45.   

Photos and Notes
There are 40 photo points and 12 note points. 



Little Salt Creek Reach Summary 
Tributary 50 – Aerial Photo Analysis 

Location: Tributary 50 flows south under Branched Oak Road, under 
Raymond Road then southwest to the Little Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 50 is approximately 15,000 feet long. This stream flows through 
Nodaway silt loams. The lower reaches of the stream flow through bare land with 
extensive marshes and sinks.  The channel has in-channel bars and the banks 
are ragged. There is no clear evidence of advancing bars but lots of long bank 
failures along both banks. This condition extends as far as STA 5537.5127. North 
of this point, the stream acquires more of a woody corridor though it is 
sometimes sparse on the right descending bank. The channel is discernable but 
the channel features are unclear. However, there are some signs of in-channel 
bars and active (unhealed) erosion on both banks though it is much less 
pronounced than the downstream reaches.  North of STA 7989.0508 the channel 
is managed as a ditch through tilled fields for the most part.  There are reaches 
with a narrow woody corridor and another small impoundment of the stream.
There are areas of local erosion but no indications of large scale instability. 



Little Salt Creek Reach Summary 
Tributary 55 – Aerial Photo Analysis 

Location: Tributary 55 flows northeast under N. 1st Street to the Little Salt 
Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 55 is approximately 4000 feet long. This tributary flows through the 
Nodaway silt loam near the confluence and the Colo-Nodaway elsewhere though 
a short reach is bounded by Salmo silt loam.  The stream flows through terrain 
with notable sinks and marshes. The stream at the confluence appears roughly 
½ the width of the channel about 800 feet upstream.  The channel has no woody 
corridor and some gullying is evident along the banks. The headwaters of this 
tributary are impounded just west of STA 3884.3103. 



Little Salt Creek Reach Summary 
Tributary 60 – Rock Creek Road to Davey Road 

Location: This reach of Tributary 60 flows southeast from approximately 850 
feet upstream of Rock Creek Road, passing under Rock Creek Road, passing 
under 12th Street, then south to Davey Road. 

Summary of Field Data Collection: 
This reach of the Tributary 60 is approximately 8,700 feet.  There are 8 data 
points through this reach where vegetation, channel dimension and material data 
are taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover is 0% upstream of Rock Creek Road with little to no woody 
vegetation.  Downstream of Rock Creek Road, the canopy cover ranges from 
50% to 100%.  Between Rock Creek Road and 12th Street, the corridor width is 
10 to 20 feet of 6 to 20 inch diameter trees.  Downstream of 12th Street, the 
corridor is 100 feet on each bank with the exception of some locations where the 
creek flows though pasture areas.  The tree diameter ranges from 12 to 24 
inches with exposed barked roots in isolated locations. 

Channel Dimension
The channel bed width through this reach ranges from 4 to 5 feet.  Bank heights 
range from 6 to 10 feet, and bank angles range from 45 to 90 degrees.  The 
lower limit of woody vegetation ranges from 1 and 7 feet, and lower limit of 
perennial vegetation ranges from toe of slope to 6 feet.  Scour is identified at 
each of the channel dimension data points. 

Material
The bed material throughout this reach is unconsolidated silty clays with the 
exception of just downstream of 12th Street where the bed material is 
consolidated silty clay and gravel.  The left and right bank material consists of 
clay and silty clay.  Seeps are found along both banks at the toe of slope. 

Profile
There are 29 knickpoints upstream of 12th Street and 11 knickpoints downstream 
of 12th Street.  There are no riffles identified through this reach. 

Bar
There are 19 debris jams and 4 left and right bars throughout this reach of 
Tributary 60.  Bar heights range from 0.5 to 1.5 feet and are both depositional 
and geomorphilogical in origin.  The depositional bars are unconsolidated.



Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
bank failures on both the right and left descending banks on the outside of 
meanders.  The bank failures are more consistent downstream of 12th Street. 

Crossings
There are 5 stream crossing including Rock Creek Road with a 7’W x 7’H 
concrete box culvert, 12th Street with an 8’W x 6’H concrete box culvert, a 
wooden pedestrian bridge,  a barbed wire fence crossing just upstream of Davey 
Road, and Davey Road with a double 12’W x 8’H concrete box culvert. 

Outfalls
Outfalls are identified in the form of gullies, tributaries or pipe outfalls.  2 
tributaries and 2 gullies and 4 pipe outfalls are identified through this reach of 
Tributary 60. 

Photos and Notes
There are 64 photo points and 9 note points.



Little Salt Creek Reach Summary 
Tributary 60 – Davey Road to Branched Oak Road 

Location: This reach of Tributary 60 flows south from Davey Road to 
Branched Oak Road. 

Summary of Field Data Collection: 
This reach of the Tributary 60 is approximately 13,500 feet.  There are 13 data 
points through this reach where vegetation, channel dimension and material data 
are taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover ranges from 0% to 50%.  Corridor is 50 feet on the right 
descending bank just downstream of Davey Road, otherwise vegetation consists 
of isolated trees and groups of trees, pasture, and tall grasses.  The tree 
diameter ranges from 4 to 24 inches with exposed barked roots in isolated 
locations. 

Channel Dimension
The channel bed width through this reach ranges from 4 to 10 feet downstream 
of Davey Road and increasing to 10 to 15 feet approaching Branched Oak Road.  
Bank heights range from 6 to 15 feet, and bank angles range from 45 to 90 
degrees.  The lower limit of woody vegetation ranges from 1 and 6 feet, and 
lower limit of perennial vegetation ranges from 1 to 3 feet.  Scour is identified at 
the channel dimension data points just downstream of Davey Road. 

Material
The bed material throughout this reach is unconsolidated silty clays, and the left 
and right bank material consists of clay and silty clay.  Seeps are found along 
both banks from the toe of slope to 4 feet above the water surface. 

Profile
There are 4 knickpoints located just downstream of Davey Road.  There are no 
riffles identified through this reach. 

Bar
There are 23 debris jams are identified throughout this reach of Tributary 60.

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.   

Crossings
There are 3 stream crossings including a barbed wire fence, a pasture access 
crossing with a 48” metal pipe culvert, and the Branched Oak Road bridge. 



Outfalls
Outfalls are identified as in the form of gullies, pipe outfalls or tributaries.  8 
gullies and 1 pipe outfall, and 3 tributaries are identified through this reach of 
Tributary 60. 

Photos and Notes
There are 87 photo points and 21 note points.



Little Salt Creek Reach Summary 
Tributary 60 – Branched Oak Road to Little Salt Creek Confluence 

Location: This reach of Tributary 60 flows south from Branched Oak Road to 
the Little Salt Creek Confluence. 

Summary of Field Data Collection: 
This reach of the Tributary 60 is approximately 6,100 feet.  There are 5 data 
points through this reach where vegetation, channel dimension and material data 
are taken.  Additional data is collected between these data points. 

Vegetation
Canopy cover ranges is 0% with little to no woody vegetation.  Vegetation 
consists of isolated trees and groups of trees, pasture, and tall grasses.

Channel Dimension
The channel bed width through this reach ranges from 3 to 10 feet, and bank 
heights range from 4 to 8 feet.  Bank angles range from 45 to 90 degrees.  The 
lower limit of woody vegetation is 4 feet just downstream of Branched Oak Road, 
where there is woody vegetation.

Material
The bed material throughout this reach is unconsolidated silty clays, and the left 
and right bank material consists of clay and silty clay.  Seeps are found along 
both banks from the toe of slope to 5 feet above the water surface. 

Profile
There is 1 knickpoint identified approximately 1,400 feet upstream from the Little 
Salt Creek confluence.  There are no riffles identified through this reach. 

Bar
There are 2 debris jams identified throughout this reach of Tributary 60.

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  Wedge 
failures are consistent in the upper portions of this reach, where circular failures 
appear in the lower portions. 

Crossings
There are no stream crossings through this reach of Tributary 60. 



Outfalls
Outfalls are identified as in the form of gullies and pipe outfalls.  11 gullies and 1 
HDPE pipe outfall are identified through this reach of Tributary 60.  Many of the 
gullies are stemming from wetland located near the top of the left descending 
bank.

Photos and Notes
There are 36 photo points and 42 note points.  An additional 9 photo points and 3 
note points are included at the top of the left descending bank in a wetland area, 
near Tributary 60. 



Little Salt Creek Reach Summary 
Tributary 65 – Aerial Photo Analysis 

Location: Tributary 65 flows northeast under W. Raymond Road to the Little 
Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 65 is approximately 10,200 feet long. The soils near the confluence are 
Salmo silty clay loam or Salmo silt loam. Upstream the soils are dominated by 
the Nodoway or Colo series. Sinks and marsh are common in the downstream 
reaches. There is very little tree cover. Upstream of STA 1152.3333 the stream 
seems relatively stable though where the vegetative cover is sparse, there is 
localized severe gullying. There is likely widening between STA 7236.9326 and 
3119.1508. By STA 7823.7876 the channel is scarcely discernable with 
intermittent open water.



Little Salt Creek Reach Summary 
Tributary 80 – Aerial Photo Analysis 

Location: Tributary 80 flows south under W. Rock Creek Road and under W. 
Davey Road to the Little Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 80 is approximately 16,800 feet long. This stream flows through 
Nodaway silt loam in its lower reaches and through clay loams throughout. The 
reach from the confluence to about STA 2112.5183 has a woody corridor ranging 
from 30 to 90 feet wide and shows no clear evidence of tree fall or of significant 
bank movement. From STA 2112.5189 to about STA 4268.0039 the ragged 
banks, in channel bars and asymmetry of bank failures suggest meander 
advance. At STA 4268.0039 there is a large pond (1400 feet long) on the 
tributary and a sub tributary has also been impounded as well. Upstream the 
channel is very narrow (4-11 feet wide). Preceding upstream the stream has 
moved around a lot but previous adjustments look healed. North of 12249.2441 
there are many crow’s foot gullies and eroded banks but the banks have some 
woody vegetation established.  Approaching STA 13645.4668 the channel is 
deeply dissected but vegetated. The channel is previously incised. North of this 
station, the woody corridor becomes more dense and the channel is barely 
discernable. North of STA 15410.8701 the channel is graded to a ditch. The 
headwaters are impounded 560 feet north of STA 1656.2793. 



Little Salt Creek Reach Summary 
Tributary 85 – Aerial Photo Analysis 

Location: Tributary 85 flows east just south of W. Davey Road to the Little 
Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 85 is approximately 5200 feet long. This tributary is controlled by 
several ponds.  It has better tree cover than most in its upper reaches and close 
to the confluence.  The confluence is obscured by tree cover. Examination of the 
field photos revealed a knickpoint at the confluence and a short reach of incision. 
About 550 feet upstream of the confluence is a 730 foot long pond. The stream 
upstream of the largest pond appears very shallow with intermittent open water. 
Just downstream of the pond near STA 5056.1299 the channel is clearer and 
gullying is apparent. 



Little Salt Creek Reach Summary 
Tributary 110 – Aerial Photo Analysis 

Location: Tributary 110 flows west under 40th Street to the confluence with 
Tributary 10. 

Summary of Aerial Photo Analysis: 
Tributary 110 is approximately 3200 feet long. Tributary 110 is maintained as a 
ditch between tilled fields up to about STA 1455.7357 at 40th street. North east of 
40th Street, the stream flows for about 2200 feet through pasture land (Judson silt 
loam) before reverting to managed ditch upstream.  In the pasture reach, both 
banks are retreating with some indication of in channel bars though the stream is 
very narrow and the photo is not definitive. 



Little Salt Creek Reach Summary 
Tributary 160 – Aerial Photo Analysis 

Location: Tributary 160 flows south from Branched Oak Road then west 
under N. 1st Street to the Little Salt Creek Mainstem confluence. 

Summary of Aerial Photo Analysis: 
Tributary 160 is approximately 5600 feet long. The confluence and lower reaches 
of this stream flow through Salmo soils. The lower reaches are marshy with sinks 
and many abandoned channels. The channel is discernable but is largely a 
series of marsh areas up to STA 1878.4071.   Beyond this the channel 
intermittently appears shallow and lacks surface water.  There is a pond at STA 
3304.0552 and another near 4160.1104. 



Little Salt Creek Reach Summary 
Tributary 220 

Location: Tributary 220 flows southwest from approximately 2,000 feet 
upstream of 40th Street to the Tributary 20 confluence. 

Summary of Field Data Collection: 
Tributary 220 is approximately 8,700 feet.  There are 9 data points through this 
reach where vegetation, channel dimension and material data are taken.
Additional data is collected between these data points. 

Vegetation
With the exception of just upstream of Waverly Road where the canopy cover is 
0%, Tributary 220 has a canopy cover of 100%.  Corridor width ranges from 10 to 
100 feet, and tree diameter ranges from 6 to 24 inch.  Exposed barked roots are 
present on both banks throughout the reach. 

Channel Dimension
The channel bed width ranges from 2 to 6 feet, and bank heights range from 6 to 
9 feet at angles ranging from 45 to 90 degrees.  The lower limit of woody 
vegetation ranges from 2 and 7 feet, and the lower limit of perennial vegetation 
ranges from toe of slope to 9 feet. 

Material
The bed material throughout this reach is unconsolidated silty clays except for a 
couple locations where there are consolidated cobbles.  The D90 cobbles are 3 
to 4 inches in diameter, and the D5 is pea gravel.  The left and right bank 
material consists of clay and silty clay.  Seeps are found along both banks of this 
reach at the toe of slope. 

Profile
There are 30 knickpoints and no riffle is identified throughout this reach. 

Bar
There are 18 debris jams, a left and right bar.  Both bars are geomorphic in origin 
with a channel to bar ratio of 0.667.  The left bar is 1.5 foot high and the right bar 
is 1 feet high. 

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks.  Scour is 
also evident throughout this reach with it more prominent at and upstream of 40th

Street.



Crossings
There are 7 stream crossings including Waverly Road with a 10’W x 8’H concrete 
box, 3 wire fences, a private drive wooden bridge, 40th Street with a 12’W x 6’H 
concrete box, and a field access crossing with a 6’ diameter pipe.  The concrete 
box culvert under 40th Street is inverted approximately 2.5 feet at the 
downstream side. 

Outfalls
Outfalls are identified as in the form of gullies and pipes.  8 gullies and 1 36” 
CMP are identified through this reach of Tributary 220.

Photos and Notes
There are 90 photo points and 19 note points. 



Little Salt Creek Reach Summary 
Tributary 260 

Location: Tributary 260, located south of Davey Road, flows southwest to the 
confluence with Tributary 60. 

Summary of Field Data Collection: 
Tributary 260 is approximately 2,100 feet.  There are 2 data points through this 
reach where vegetation, channel dimension and material data are taken.
Additional data is collected between these data points. 

Vegetation
Canopy cover ranges from 25% to 75%.  Vegetation consists of tall grasses and 
a few standalone of 4 inch diameter trees. 

Channel Dimension
The channel bed width ranges from 6 feet just downstream of the confluence with 
Tributary 1165 to 15 feet approaching the confluence with Tributary 60.  Bank 
heights are approximately 8 feet high with banks angles ranging from 45 to 90 
degrees.  The lower limit of woody vegetation ranges from 2 and 3 feet. 

Material
The bed material is unconsolidated silty clay, and the left and right bank material 
consists of clay and silty clay.  Two seeps are found along both banks of this 
reach at the toe of slope. 

Profile
There are no knickpoints or riffles identified. 

Bar
There is 1 debris jam and no bars identified.  The debris jam is located 
approximately 1,000 feet upstream from the confluence with Tributary 60. 

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks. 

Crossings
There is one concrete bridge field access crossing the channel.

Outfalls
There is one gully on the left descending bank identified through this reach of 
Tributary 260.

Photos and Notes
There are 11 photo points and 3 note points. 



Little Salt Creek Reach Summary 
Tributary 360 

Location: Tributary 360, located south of Rock Creek Road, flows south 
paralleling 12th Street to the confluence with Tributary 60. 

Summary of Field Data Collection: 
Tributary 360 is approximately 1,600 feet.  There are 2 data points through this 
reach where vegetation, channel dimension and material data are taken.
Additional data is collected between these data points. 

Vegetation
Canopy cover is 100% throughout this reach of Tributary 360.  Corridor width is 
100 feet of 18 to 24 inch trees on both banks.  Exposed barked roots are present 
on both banks throughout the reach as well as overhanging trees. 

Channel Dimension
The channel bed width upstream of the private drive crossing is 4 feet and 8 feet 
downstream.  Bank heights are 7 feet upstream of the private drive and 9 to 15 
feet downstream of the private drive.  Bank angles range from 40 to 60 degrees 
both upstream and downstream of the private drive.  The lower limit of woody 
vegetation ranges from 2 and 5 feet, and the lower limit of perennial vegetation 
ranges from 1 to 6 feet. 

Material
The bed material throughout this reach is unconsolidated silty clays.  The left and 
right bank material consists of clay and silty clay.  Two seeps are found along 
both banks along this reach at the toe of slope. 

Profile
There are 4 knickpoints and 2 riffles identified upstream of the private drive 
crossing.  The riffles are spacing is approximately 60 feet. 

Bar
There are 2 debris jams, a left and 2 center bars.  All three bars are geomorphic 
in origin.  One of the debris jams is at the confluence with Tributary 60. 

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
bank failures on both the right and left descending banks consistently on the 
outside of meanders.  The failures occur upstream of the private drive crossing.
Approximately 900 feet upstream from the confluence with Tributary 65, there is 
a circular failure, on the outside of a meander.  There is a garage at the top of 
this 25 foot high bank. 



Crossings
There is a private drive crossing with a 10 foot diameter CMP culvert. 

Outfalls
No outfalls are identified through this reach of Tributary 360.

Photos and Notes
There are 13 photo points and 2 note points. 



Little Salt Creek Reach Summary 
Tributary 1260 

Location: Tributary 1260, located south of Davey Road, flows south to the 
confluence with Tributary 260. 

Summary of Field Data Collection: 
Tributary 1260 is approximately 1,500 feet.  There are 2 data points through this 
reach where vegetation, channel dimension and material data are taken.
Additional data is collected between these data points. 

Vegetation
Canopy cover ranges from 25% to 75%.  Vegetation consists of tall grasses and 
a few groves of 8 to 12 inch diameter trees 

Channel Dimension
The channel bed width ranges from 2 feet in the headwaters to and 6 feet 
approaching the confluence with Tributary 260.  Bank heights range from 1.5 to 6 
feet with banks angles ranging from 45 to 60 degrees.  The lower limit of woody 
vegetation ranges from 1.5 and 4 feet. 

Material
The bed material is consolidated silty clay in the headwaters and unconsolidated 
silty clay approaching the confluence with Tributary 260.  The left and right bank 
material consists of clay and silty clay.  Two seeps are found along both banks of 
this reach at the toe of slope. 

Profile
There are no knickpoints or riffles identified. 

Bar
There is 1 debris jam and no bars identified.  The debris jam is located 
approximately 1,300 feet upstream from the confluence with Tributary 260. 

Erosion and Mass Wasting
There is erosion and mass wasting throughout this reach in the form of circular 
and wedge bank failures on both the right and left descending banks consistently 
on the outside and inside of meanders. 

Crossings
No crossings are identified through this reach of Tributary 1260. 

Outfalls
No outfalls are identified through this reach of Tributary 1260.

Photos and Notes
There are 7 photo points and 1 note point. 
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Date Source CD #
GIS Data

Streets February-08 City of Lincoln
Streams/Rivers February-08 City of Lincoln
Existing and future land use data February-08 City of Lincoln
Existing FEMA floodplain and floodway boundaries February-08 City of Lincoln

Flood prone area boundaries (Salt Creek) February-08 City of Lincoln
Land parcel information February-08 City of Lincoln
Public owned lands (trails, parks, conservation 
areas)

February-08 City of Lincoln

National Wetland Inventory February-08 U.S. Fish and Wildlife
Tiger Beetle Critical Habitat as proposed in the 
Federal Register on 12/12/2007 by the U.S. Fish 
and Wildlife Service

February-08 City of Lincoln

NRCS Soils Map February-08 City of Lincoln
Lincoln Area Watershed Boundaries February-08 City of Lincoln
Saline Wetland Areas February-08 Lower Platte South Natural 

Resources District
MicroStation Files

Existing drainage structures February-08 County
2003 topographic contour maps with 2-foot contour 
intervals

February-08 County/City of Lincoln

Aerial Photos and Topographic Data
2005 Aerial Photography 2005 City of Lincoln NA
2005 Aerial Photos Index/Grid 2005 City of Lincoln
2007 Aerial Photography 2007 City of Lincoln
2007 Aerial Photos Index/Grid 2007 City of Lincoln
2003 LiDAR information 2003 City of Lincoln
Contours/LiDAR available Index/Grid City of Lincoln
10M Digital Elevation Model Nebraska DNR
1949 & 1955 Historic Aerials Various Lower Platte South Natural 

Resources District
1949 & 1955 Historic Aerials Index/Grid Various Lower Platte South Natural 

Resources District
Planning Documents

2030 Lincoln/Lancaster County Comprehensive 
Plan 

November 16, 2006 City of Lincoln

Prioritization Method Report For Watershed Master 
Planning Projects

December 2006 City of Lincoln

Previous Studies of Little Salt Creek
Lower Little Salt Creek Watershed - Interim 
Stormwater Hydrology and Hydraulics Report

2000 City of Lincoln

HEC-HMS model from Lower Little Salt Creek 
Watershed - Interim Stormwater Hydrology and 
Hydraulics Report

2000 Olsson Associates

HEC-RAS model from Lower Little Salt Creek 
Watershed - Interim Stormwater Hydrology and 
Hydraulics Report

2000 Olsson Associates

Streambed Adjustment and Channel Widening in 
Eastern Nebraska.  USGS Water Resources 
Investigation Report 03-4003

2003 USGS

Stream Channel Evolution Of Little Salt Creek and 
North Branch West Papillion Creek, Eastern 
Nebraska

February, 2000 United States Department of 
Agriculture/ Agricultural
Research Service

Modeling Channel Instabilities and Mitigation 
Strategies in Eastern Nebraska

Not listed Eddy J. Langendoen, Andrew 
Simon, and Carlos V. Alonso

Little Salt Creek Bioassessment October 6, 2000 Wright Water Engineers, Inc., 
Ryan Unterreiner

Title



Date Source CD #Title
Additional Informational Sources

Characteristics and Problems of Dispersive Clay 
Soils

October, 1991 U.S. Department of the Interior - 
Bureau of Reclamation

Salinity Mapping for Resource Management within 
the County of Flagstaff, Alberta

March, 1966 Conservation and Development 
Branch Alberta Agriculture, Food 
and Rural Development

Designation of Critical Habitat for the Salt Creek 
Tiger Beetle

March, 2007 U.S. Fish and Wildlife Service

Economic Analysis of Critical Habitat Designation 
for Salt Creek Tiger Beetle

July 17, 2007 U.S. Fish and Wildlife Service

Saline Wetland Conservation Partnership 2007 
Progress Report

City of Lincoln Parks and 
Recreation Department

Conflict on the Rural-Urban Fringe: How a Natural 
Resource Issue Can Divide and Unite a 
Community, Kristen Corey
Rural Sociology/Sustainable Agriculture, M.S. 
Candidate Iowa State University 

February 13, 2007 www.usawaterquality.org

Saltdogs… Where'd They Get That Name? By 
Edwin F. Harvey, Ph.D., P.G.

Fall 2001 Nebraska Earth Science 
Education Network

Wildlife, F. Edwin Harvey, School of Natural 
Resources feharvey1@unl.edu

Oct-07 University of Nebraska Water-
Related Research Lincoln Metro 
October, 2007 Jessica Harder, 
J.D., Water Outreach Associate, 
UNL Water Center/Rural 
Initiative

CASE STUDIES or PROBLEMS, The Salt Creek 
Tiger Beetle of Lancaster County, NE: community 
development meets Cicindela nevadica lincolniana, 
A Conservation Problem Case, Stage 1

July 31, 2001 Larkin A. Powell, School of 
Natural Resource Sciences, 
University of Nebraska

CASE STUDIES or PROBLEMS, The Salt Creek 
Tiger Beetle of Lancaster County, NE: community 
development meets Cicindela nevadica lincolniana, 
A Conservation Problem Case, Stage 2

Oct-01 Larkin A. Powell, School of 
Natural Resource Sciences, 
University of Nebraska

The Complex Dakota Aquifer: Managing 
Groundwater in Nebraska, David C. Gosselin, F. 
Edwin Harvey and Charles Flowerday

April, 2003 GeoTimes

Regional Ground-water and Salt Transport Flow 
Patterns of Eastern Nebraskas Saline Wetlands 

October, 2005 Geologic Society of America, 
Annual Meeting, 2005

"Groundwater Dynamics within the Saline Wetland 
Alluvium of Little Sant Creek Valley, Lancaster 
County, NE" Gordon Richard Coke

Apr-08 University of Nebraska-Lincoln 
Events

Monitoring Seasonal Stream Salinity in Eastern 
Nebraska's Little Salt Creek to Assist Tiger Beetle 
Preservation

October, 2007 Geologic Society of America, 
Annual Meeting, 2007

Outdoor lighting may affect tiger beetle November, 2005 Journal Star
Commonly Asked Questions and Answers about 
Proposed Critical Habitat Designation for the Salt 
Creek Tiger Beetle

December 13, 2007 US Fish and Wildlife Service

Salt Creek tiger beetle Accessed 7/15/2008 Wikipedia



Date Source CD #Title
Structure surveys

As-builts for culverts and bridges County
Previous Meeting Minutes

Little Salt Creek Watershed Master Plan Resource 
Agency Meeting #2 Minutes

November 29, 2006 City of Lincoln/Olsson 
Associates

Little Salt Creek Watershed Master Plan Resource 
Agency Meeting #2 Sign in Sheet

November 29, 2006 City of Lincoln/Olsson 
Associates

Little Salt Creek Watershed Summary of Ongoing 
Studies & Projects

November 29, 2006 City of Lincoln/Olsson 
Associates
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Prepared By: Mark Meyer, PE Date:

Project ID: Project # 1 Watershed Little Salt Creek
Project Location: Waverly Road Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 0 0
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C

hannel and S
urface E

rosion

Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 15
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 255

Total for Project # or Project # 1 255

Comments or Description of Additional Considerations:

W
ater Q

uality,  W
etlands, N

atural H
abitat

Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.

P
ublic H

ealth        
and S

afety

P
roject Location, D

evelopm
ent S

tatus, C
oincident P

rojects, C
ondition / 

M
aintenance, D

ow
nstream

 Im
pacts, S

ource R
eduction, A

dditional 
C

onsiderations



MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 15

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 15

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure within 6 
years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, with City 
commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure improvements may be 
done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In areas with 
this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not initially be included in 
the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure financing, 
development would not begin in this area until after 2020 or 2025. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 2 Watershed Little Salt Creek
Project Location: N 14th Street Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling and protect

saline wetlands immediately upstream of bridge in the Helmuth Parcel. Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 0 0
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08
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Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C
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rosion

Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 20
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 260

Total for Project # or Project # 2 260

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 20
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 20

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure financing, 
development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure within 6 
years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, with City 
commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure improvements may be 
done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In areas with 
this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not initially be included in 
the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 3 Watershed Little Salt Creek
Project Location: Mill Road Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling and protect

the proposed Tiger Beetle habitat and saline wetlands immediately upstream of bridge. Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 2 2
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
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on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 10
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 250

Total for Project # or Project # 3 250

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 10

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 10

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 4 Watershed Little Salt Creek
Project Location: N 1st Street Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 2 2
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
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Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 15
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 255

Total for Project # or Project # 4 255

Comments or Description of Additional Considerations:

W
ater Q

uality,  W
etlands, N

atural H
abitat

Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 15

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 15

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 5 Watershed Little Salt Creek
Project Location: W Raymond Road Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 0 0
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
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Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 20
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 260

Total for Project # or Project # 5 260

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 20
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 20

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 6 Watershed Little Salt Creek
Project Location: NW 12th Street Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 2 2
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
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Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 240

Total for Project # or Project # 6 240

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 7 Watershed Little Salt Creek
Project Location: W Branched Oak Road Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 2 2
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08
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Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 15
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 255

Total for Project # or Project # 7 255

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 15

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 15

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 8 Watershed Little Salt Creek
Project Location: N 19th Street Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 2 2
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C

hannel and S
urface E

rosion

Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 240

Total for Project # or Project # 8 240

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 9 Watershed Little Salt Creek
Project Location: W Rock Creek Road Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 2 2
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C

hannel and S
urface E
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 240

Total for Project # or Project # 9 240

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 10 Watershed Little Salt Creek
Project Location: W Agnew Road Bridge over Little Salt Creek Main Stem

Project Description: Main stem is incising. Add grade control to halt incision as part of systemic grade controlling
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 0

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 0

CEA= 2 2
B  = PET * CEA 0

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C

hannel and S
urface E
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 60

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 60

CWB= 4 4
C  = PWQ * CWB 240

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 240

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 15
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 255

Total for Project # or Project # 10 255

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 15

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 15

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 11 Watershed Little Salt Creek
Project Location: N 40th Street culvert on Tributary 10

Project Description: Construct engineered stilling basin at culvert outfall
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 40

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 40

CEA= 2 2
B  = PET * CEA 80

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 0

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 0

CWB= 0 0
C  = PWQ * CWB 0

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 80

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 5
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 20
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 105

Total for Project # or Project # 11 105

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.

P
ublic H

ealth        
and S

afety

P
roject Location, D

evelopm
ent S

tatus, C
oincident P

rojects, C
ondition / 

M
aintenance, D

ow
nstream

 Im
pacts, S

ource R
eduction, A

dditional 
C

onsiderations



MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 5

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 5

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 12 Watershed Little Salt Creek
Project Location: N 40th Street culvert on Tributary 110

Project Description: Construct engineered stilling basin at culvert outfall
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 40

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 40

CEA= 2 2
B  = PET * CEA 80

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 0

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 0

CWB= 0 0
C  = PWQ * CWB 0

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 80

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 15
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 95

Total for Project # or Project # 12 95

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 15

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 15

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 13 Watershed Little Salt Creek
Project Location: N 40th Street culvert on Tributary 220

Project Description: Construct engineered stilling basin at culvert outfall
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 40

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 40

CEA= 2 2
B  = PET * CEA 80

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 0

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 0

CWB= 0 0
C  = PWQ * CWB 0

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 80

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 20
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 100

Total for Project # or Project # 13 100

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.

P
ublic H

ealth        
and S

afety

P
roject Location, D

evelopm
ent S

tatus, C
oincident P

rojects, C
ondition / 

M
aintenance, D

ow
nstream

 Im
pacts, S

ource R
eduction, A

dditional 
C

onsiderations



MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 14 Watershed Little Salt Creek
Project Location: Waverly Road culvert on Tributary 35

Project Description: Construct engineered stilling basin at culvert outfall
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 40

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 40

CEA= 2 2
B  = PET * CEA 80

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C

hannel and S
urface E

rosion

Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 0

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 0

CWB= 0 0
C  = PWQ * CWB 0

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 80

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 10
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 90

Total for Project # or Project # 14 90

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 15 Watershed Little Salt Creek
Project Location: N 1st Street culvert on Tributary 30

Project Description: Construct engineered stilling basin at culvert outfall
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 40

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 40

CEA= 2 2
B  = PET * CEA 80

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C

hannel and S
urface E

rosion

Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 0

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 0

CWB= 0 0
C  = PWQ * CWB 0

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 80

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 20
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 100

Total for Project # or Project # 15 100

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 16 Watershed Little Salt Creek
Project Location: Branched Oak Road culvert on Tributary 45

Project Description: Construct engineered stilling basin at culvert outfall
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 40

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 40

CEA= 2 2
B  = PET * CEA 80

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C

hannel and S
urface E
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 0

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 0

CWB= 0 0
C  = PWQ * CWB 0

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 80

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 5
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 85

Total for Project # or Project # 16 85

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 17 Watershed Little Salt Creek
Project Location: Davey Road culvert on Tributary 1260

Project Description: Construct engineered stilling basin at culvert outfall
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 40

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 40

CEA= 2 2
B  = PET * CEA 80

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 0

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 0

CWB= 0 0
C  = PWQ * CWB 0

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 80

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 5
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 85

Total for Project # or Project # 17 85

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Prepared By: Mark Meyer, PE Date:

Project ID: Project # 18 Watershed Little Salt Creek
Project Location: Davey Road culvert on Tributary 260

Project Description: Construct engineered stilling basin at culvert outfall
Issues

Addressed:

Flooding Impacts

Flooding Benefits Points, PFD

Major Structural Flooding Damage 30
Minor Structural Flooding Damage 20
Non-Structural Flooding Streets / ROW, Other 15
Conservation / Prevention Easements / Acquisitions 10
None 0

PFD= 0

Flooding Frequency Multiplier, CFF

Frequent Flooding More frequent than 10-year storm 4
Infrequent Flooding Less frequent than 10-year storm 2
None 0 0

CFF= 0 0
A  = PFD * CFF 0

Stream Stability

Stream Stability Benefit Points, PET

Channel Erosion Threatening to Structures 50
Channel Erosion Threatening to Public Infrastructure 40
Channel Erosion Threatening to Natural Resources 35
Conservation / Prevention 10
Stream Stability benefit due to Flood Control or Water Quality Project 10
None 0

PET= 40

Erosion Activity / Systemic Threat Multiplier, CEA

Aggressive Erosion 3
Non-Aggressive Erosion 2
None 0 40

CEA= 2 2
B  = PET * CEA 80

Prioritization Ranking for Watershed Master Plan Projects - DRAFT
City of Lincoln, Nebraska

12/3/08

S
tructural and N

on-S
tructural Flooding

Projects primarily intended to address structural or non-structural flooding will always incorporate a high or low risk safety factor; though typically            will 
not incorporate stream stability or water quality benefits.

O
pen C
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Projects primarily intended for stream stability typically will not incorporate flooding impact benefits; though will incorporate water quality benefits.

Water Quality

Water Quality Benefits Points, PWQ

Enhance / Preserve Natural Resource Areas (Lake, Wetlands, etc.) 60
Regulatory Compliance / Stormwater Permit / NPDES 60
Create New Natural Resource Areas (Lakes, Wetlands, etc.) 50
Conservation / Prevention 30
Water Quality benefit due to Flood Control or Stream Stability Project 20
None 0

PWQ= 0

Project Benefit Multiplier, CWB

Major Water Quality Benefit Broad-Based Impacts 4
Minor Water Quality Benefit Localized Impacts 3
None 0 0

CWB= 0 0
C  = PWQ * CWB 0

Safety Factor

Public Health and Safety Points, PSF

High Risk Potential Loss of Life or Bodily Injury 160
Low Risk Public Nuisance 60
No Risk 0

PSF= 0 D  = PSF 0

Prioritization Ranking Summary
X = A + B + C + D 80

Miscellaneous Factors may be used to adjust scoring:
PMISC (See attached worksheet for description of miscellaneous items) 0
May Include: Project Location, Coincident Projects, Development Status, etc.
PAC, Additional Considerations (may be used to add or subtract up to 60 points) 0
May Include: Legal Issues, Jurisdictional Coordination, Complaints, Outside Funding Sources, Wildlife Benefits, etc.

TOTAL = X  + PMISC + PAC 80

Total for Project # or Project # 18 80

Comments or Description of Additional Considerations:
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Projects primarily intended for water quality typically will not incorporate flooding impact benefits; though may incorporate stream stability benefits.
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MISCELLANEOUS FACTORS - DRAFT
Available Assigned

Location Public Property or willing owner of Private Property up to 20 0

Coincident with Adjacent Projects Public Projects (water, sanitary, roads, etc.) up to 20 0
Private Projects up to 10 0

Development Status Tier I, Priority A 20 0
(Points availabe are fixed, and are not flexible) Tier I, Priority B 15 0

Tier I, Priority C 10 0
Existing City Limits 10 0
Tier II (development 25 - 50 years) 5 0

Tier III (development > 50 years) 0 0

Total Miscellaneous Points, PMISC = 0

Tier I, Priority C - This is the later phase of development areas and is intended to be served after Priority A and B. Given current growth rates and infrastructure 
financing, development would not begin in this area until after 2020 or 2025. 

Tier I, Priority A - Areas designated for near term development are generally contiguous to existing development and should be provided first with basic infrastructure 
within 6 years of the adoption of the Plan. Some of the infrastructure required for development may already be in place. This area includes some land already annexed, 
with City commitments to fund infrastructure improvements, but the land is still undeveloped and without significant infrastructure in place yet. Some infrastructure 
improvements may be done in the near term while others, such as road improvements that are generally more costly, may take longer to complete. 

Tier I, Priority B - The next areas for development, beyond Priority A, are those which currently lack almost all of the infrastructure required to support development. In 
areas with this designation, the community will maintain present uses until urban development can commence. Infrastructure improvements to serve this area will not 
initially be included in the City’s CIP, but will be actively planned for in the longer term capital improvement planning of the various city and county departments. 



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 1
Project Name: Grade Control Main Stem, Waverly Road Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 0 100$                   -$                    

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 27,000$               

Contingency = 15% 4,100$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 31,100$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 0 50$                     -$                    
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 0 100$                   -$                    
Pile Grade Control SF 960 40$                     38,400$               
Site Restoration ACRE 0.00 30,000$               -$                    
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 0 50$                     -$                    

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 1,900$                 -$                    
Subtotal = 38,400$               

Contingency = 15% 5,800$                 
TOTAL OPINION OF CONSTRUCTION COST = 44,200$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 94,900$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 2
Project Name: Grade Control Main Stem, North 14th Street Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 31,000$               

Contingency = 15% 4,700$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 35,700$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 0 50$                     -$                    
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 1,248 40$                     49,900$               
Site Restoration ACRE 0.00 30,000$               -$                    
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 0 50$                     -$                    

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 2,500$                 -$                    
Subtotal = 49,900$               

Contingency = 15% 7,500$                 
TOTAL OPINION OF CONSTRUCTION COST = 57,400$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 112,700$             

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 3
Project Name: Grade Control Main Stem, Mill Road Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 0 100$                   -$                    

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 27,000$               

Contingency = 15% 4,100$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 31,100$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 0 50$                     -$                    
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 864 40$                     34,600$               
Site Restoration ACRE 0.00 30,000$               -$                    
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 0 50$                     -$                    

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 1,700$                 -$                    
Subtotal = 34,600$               

Contingency = 15% 5,200$                 
TOTAL OPINION OF CONSTRUCTION COST = 39,800$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 90,500$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 4
Project Name: Grade Control Main Stem, N 1st Street Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 31,000$               

Contingency = 15% 4,700$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 35,700$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 0 50$                     -$                    
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 1,168 40$                     46,700$               
Site Restoration ACRE 0.00 30,000$               -$                    
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 0 50$                     -$                    

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 2,300$                 -$                    
Subtotal = 46,700$               

Contingency = 15% 7,000$                 
TOTAL OPINION OF CONSTRUCTION COST = 53,700$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 109,000$             

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 5
Project Name: Grade Control Main Stem, W Raymond Road Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 160 20$                     3,200$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 4 100$                   400$                   

0 -$                    -$                    
Subtotal = 6,100$                 

Contingency = 15% 900$                   
TOTAL OPINION OF GEOTECHNICAL COST = 7,000$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 31,000$               

Contingency = 15% 4,700$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 35,700$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 0 50$                     -$                    
Rock Grade Control CY 100$                   -$                    
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 1,248 40$                     49,900$               
Site Restoration ACRE 0.00 30,000$               -$                    
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 0 50$                     -$                    

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 2,500$                 -$                    
Subtotal = 49,900$               

Contingency = 15% 7,500$                 
TOTAL OPINION OF CONSTRUCTION COST = 57,400$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 114,800$             

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 6
Project Name: Grade Control Main Stem, NW 12th Street Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 31,000$               

Contingency = 15% 4,700$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 35,700$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 0 50$                     -$                    
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 768 40$                     30,700$               
Site Restoration ACRE 0.00 30,000$               -$                    
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 0 50$                     -$                    

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 1,500$                 -$                    
Subtotal = 30,700$               

Contingency = 15% 4,600$                 
TOTAL OPINION OF CONSTRUCTION COST = 35,300$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 90,600$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 7
Project Name: Grade Control Main Stem, W Branched Oak Road Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 0 100$                   -$                    

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 27,000$               

Contingency = 15% 4,100$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 31,100$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 100 50$                     5,000$                 
Rock Grade Control CY 100 100$                   10,000$               
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.02 30,000$               600$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 33 50$                     1,700$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 900$                   -$                    
Subtotal = 17,300$               

Contingency = 15% 2,600$                 
TOTAL OPINION OF CONSTRUCTION COST = 19,900$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 70,600$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 8
Project Name: Grade Control Main Stem, N 19th Street Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 80 100$                   8,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 35,000$               

Contingency = 15% 5,300$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 40,300$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 120 50$                     6,000$                 
Rock Grade Control CY 120 100$                   12,000$               
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.02 30,000$               700$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 40 50$                     2,000$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 1,000$                 -$                    
Subtotal = 20,700$               

Contingency = 15% 3,100$                 
TOTAL OPINION OF CONSTRUCTION COST = 23,800$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 83,700$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 9
Project Name: Grade Control Main Stem, W Rock Creek Road Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 80 100$                   8,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 35,000$               

Contingency = 15% 5,300$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 40,300$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 90 50$                     4,500$                 
Rock Grade Control CY 90 100$                   9,000$                 
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.02 30,000$               600$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 30 50$                     1,500$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 800$                   -$                    
Subtotal = 15,600$               

Contingency = 15% 2,300$                 
TOTAL OPINION OF CONSTRUCTION COST = 17,900$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 77,800$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 10
Project Name: Grade Control Main Stem, W Agnew Road Bridge

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 40 100$                   4,000$                 
ROW HOURS 0 100$                   -$                    

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 60 100$                   6,000$                 
Develop Plans and Construction Documents HOURS 120 75$                     9,000$                 
Construction Support HOURS 40 100$                   4,000$                 

0 -$                    -$                    
Subtotal = 27,000$               

Contingency = 15% 4,100$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 31,100$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 90 50$                     4,500$                 
Rock Grade Control CY 90 100$                   9,000$                 
Rock Stilling Basin CY 100$                   -$                    
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.02 30,000$               600$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 30 50$                     1,500$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 800$                   -$                    
Subtotal = 15,600$               

Contingency = 15% 2,300$                 
TOTAL OPINION OF CONSTRUCTION COST = 17,900$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 68,600$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 11
Project Name: Stilling Basin at N 40th Street Culvert Outfall, Tributary 10 

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.23 20,000$               4,600$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.23 7,000$                 1,600$                 

Subtotal = 6,600$                 
Contingency = 15% 1,000$                 

TOTAL OPINION OF SURVEYING COST = 7,600$                 

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 60 100$                   6,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 90 100$                   9,000$                 
Develop Plans and Construction Documents HOURS 100 75$                     7,500$                 
Construction Support HOURS 20 100$                   2,000$                 

0 -$                    -$                    
Subtotal = 32,500$               

Contingency = 15% 4,900$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 37,400$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 140 50$                     7,000$                 
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 140 100$                   14,000$               
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.03 30,000$               900$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 47 50$                     2,300$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 1,200$                 -$                    
Subtotal = 24,200$               

Contingency = 15% 3,600$                 
TOTAL OPINION OF CONSTRUCTION COST = 27,800$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 77,700$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 12
Project Name: Stilling Basin at N 40th Street Culvert Outfall, Tributary 110 

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 60 100$                   6,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 90 100$                   9,000$                 
Develop Plans and Construction Documents HOURS 100 75$                     7,500$                 
Construction Support HOURS 20 100$                   2,000$                 

0 -$                    -$                    
Subtotal = 32,500$               

Contingency = 15% 4,900$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 37,400$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 100 50$                     5,000$                 
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 100 100$                   10,000$               
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.02 30,000$               600$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 33 50$                     1,700$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 900$                   -$                    
Subtotal = 17,300$               

Contingency = 15% 2,600$                 
TOTAL OPINION OF CONSTRUCTION COST = 19,900$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 76,900$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 13
Project Name: Stilling Basin at N 40th Street Culvert Outfall, Tributary 220 

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 60 100$                   6,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 90 100$                   9,000$                 
Develop Plans and Construction Documents HOURS 100 75$                     7,500$                 
Construction Support HOURS 20 100$                   2,000$                 

0 -$                    -$                    
Subtotal = 32,500$               

Contingency = 15% 4,900$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 37,400$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 50 50$                     2,500$                 
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 50 100$                   5,000$                 
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.01 30,000$               300$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 17 50$                     800$                   

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 400$                   -$                    
Subtotal = 8,600$                 

Contingency = 15% 1,300$                 
TOTAL OPINION OF CONSTRUCTION COST = 9,900$                 

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 66,900$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 14
Project Name: Stilling Basin at Waverly Road Culvert Outfall, Tributary 35 

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 60 100$                   6,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 90 100$                   9,000$                 
Develop Plans and Construction Documents HOURS 100 75$                     7,500$                 
Construction Support HOURS 20 100$                   2,000$                 

0 -$                    -$                    
Subtotal = 32,500$               

Contingency = 15% 4,900$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 37,400$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 90 50$                     4,500$                 
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 90 100$                   9,000$                 
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.02 30,000$               600$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 30 50$                     1,500$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 800$                   -$                    
Subtotal = 15,600$               

Contingency = 15% 2,300$                 
TOTAL OPINION OF CONSTRUCTION COST = 17,900$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 74,900$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 15
Project Name: Stilling Basin at N 1st Street Culvert Outfall, Tributary 30 

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 60 100$                   6,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 90 100$                   9,000$                 
Develop Plans and Construction Documents HOURS 100 75$                     7,500$                 
Construction Support HOURS 20 100$                   2,000$                 

0 -$                    -$                    
Subtotal = 32,500$               

Contingency = 15% 4,900$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 37,400$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 140 50$                     7,000$                 
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 140 100$                   14,000$               
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.03 30,000$               900$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 47 50$                     2,300$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 1,200$                 -$                    
Subtotal = 24,200$               

Contingency = 15% 3,600$                 
TOTAL OPINION OF CONSTRUCTION COST = 27,800$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 84,800$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 16
Project Name: Stilling Basin at Branched Oak Road Culvert Outfall, Tributary 45 

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 60 100$                   6,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 90 100$                   9,000$                 
Develop Plans and Construction Documents HOURS 100 75$                     7,500$                 
Construction Support HOURS 20 100$                   2,000$                 

0 -$                    -$                    
Subtotal = 32,500$               

Contingency = 15% 4,900$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 37,400$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 190 50$                     9,500$                 
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 190 100$                   19,000$               
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.04 30,000$               1,200$                 
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 63 50$                     3,200$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 1,600$                 -$                    
Subtotal = 32,900$               

Contingency = 15% 4,900$                 
TOTAL OPINION OF CONSTRUCTION COST = 37,800$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 94,800$               

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 17
Project Name: Stilling Basin at W Davey Road Culvert Outfall, Tributary 1260 

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 60 100$                   6,000$                 
ROW HOURS 40 100$                   4,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 90 100$                   9,000$                 
Develop Plans and Construction Documents HOURS 100 75$                     7,500$                 
Construction Support HOURS 20 100$                   2,000$                 

0 -$                    -$                    
Subtotal = 32,500$               

Contingency = 15% 4,900$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 37,400$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 280 50$                     14,000$               
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 280 100$                   28,000$               
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.06 30,000$               1,700$                 
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 93 50$                     4,700$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 2,400$                 -$                    
Subtotal = 48,400$               

Contingency = 15% 7,300$                 
TOTAL OPINION OF CONSTRUCTION COST = 55,700$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 112,700$             

Description



Little Salt Creek Watershed Masterplan - Cost Opinion Worksheet
Project Number #: 18
Project Name: Stilling Basin at Davey Road Culvert Outfall, Tributary 260 

SURVEYING
Unit Quantity Unit Cost Sub Total

Boundary and Topo Surveying ACRE 0.46 20,000$               9,200$                 
Prepare Easement Plat and Scripts ACRE 1 400$                   400$                   
Contruction Staking and As-Built Surveying ACRE 0.46 7,000$                 3,200$                 

Subtotal = 12,800$               
Contingency = 15% 1,900$                 

TOTAL OPINION OF SURVEYING COST = 14,700$               

GEOTECHNICAL
Unit Quantity Unit Cost Sub Total

Field Borings LF 80 20$                     1,600$                 
Geotechnical Report LUMP 1 2,500$                 2,500$                 
Global Stability Analysis EACH 2 100$                   200$                   

0 -$                    -$                    
Subtotal = 4,300$                 

Contingency = 15% 600$                   
TOTAL OPINION OF GEOTECHNICAL COST = 4,900$                 

ENGINEERING DESIGN AND CONSTRUCTION DOCUMENTS
Unit Quantity Unit Cost Sub Total

Preliminary Design HOURS 60 100$                   6,000$                 
ROW HOURS 80 100$                   8,000$                 

Description

Description

Description

Permitting HOURS 40 100$                   4,000$                 
Final Design HOURS 90 100$                   9,000$                 
Develop Plans and Construction Documents HOURS 100 75$                     7,500$                 
Construction Support HOURS 20 100$                   2,000$                 

0 -$                    -$                    
Subtotal = 36,500$               

Contingency = 15% 5,500$                 
TOTAL OPINION OF ENGINEERING AND CONSTRUCTION OBSERVATION COST = 42,000$               

CONSTRUCTION
Unit Quantity Unit Cost Sub Total

Excavation and Embankment in Place CY 120 50$                     6,000$                 
Rock Grade Control CY 0 100$                   -$                    
Rock Stilling Basin CY 120 100$                   12,000$               
Pile Grade Control SF 0 40$                     -$                    
Site Restoration ACRE 0.02 30,000$               700$                   
Removal of Existing Structures LUMP 0 20,000$               -$                    
New Bridge SF 0 125$                   -$                    
New Culvert LF 0 0.5$                    -$                    
Wetland Planting ACRE 0 40,000$               -$                    
Riparian Corridor Planting LF 40 50$                     2,000$                 

-$                    -$                    
-$                    -$                    
-$                    -$                    

Mobilization and Bond 5% 1,000$                 -$                    
Subtotal = 20,700$               

Contingency = 15% 3,100$                 
TOTAL OPINION OF CONSTRUCTION COST = 23,800$               

TOTAL SURVEYING, GEOTECHNICAL, ENGINEERING AND CONSTRUCTION COST OPINION = 85,400$               

Description
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Appendix L 
Other Improvement Recommendations 

L-2

Figure L-2: North 14th Street 
Bridge over Tributary 15 

Other Bridge and Culvert Improvement Recommendations 

Project 1: Replace North 14th Street Bridge over Tributary 15 (CO. ID F-78) 

Problem description: North 14th Street is a paved 
roadway running north and south through the watershed.
The existing 25.5’ single span bridge over Tributary 15 is 
topped during the 10-yr storm event and Tributary 15 is 
incising through this reach. 

Recommendation:  The recommended improvements 
include removing the existing bridge and replacing it with 
a new bridge configuration capable of passing a 25year 
storm event without topping the roadway.  The 
recommendation includes constructing a grade control 
immediately downstream of the bridge to maintain the 
channel grade through bridge, protecting the new bridge 
and improving local stream stability.  Figure L-3 below shows the proposed improvements. 

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat:  This project has no 
impact on the possible Salt Creek Tiger Beetle habitat.  

Figure L-3: Project 1 proposed improvements. 
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Other Improvement Recommendations 
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Project 2: Replace North 14th Street Culvert on Tributary 215 (CO. ID F-79) 

Problem description: North 14th Street is a paved roadway 
running north and south through the watershed.  The 
existing 6’W x 3’H culvert at Tributary 215 is near 
completely silted in with sediment decreasing its capacity 
by as much as 75%. 

Recommendation:  The recommended improvements 
include removing the existing culvert and replacing it with 
a new culvert configuration capable of passing a 25year 
storm event without topping the roadway. The new culvert 
will need to be placed so as not to lower the flowline of the 
stream upstream of the crossing. Figure L-5 below shows 
the proposed project limits. 

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat:  This project has no 
impact on the possible Salt Creek Tiger Beetle habitat.  

Top of 
culvert

Figure L-4: North 14th Street 
Culvert on Tributary 215

Figure L-5: Project 2 proposed improvements. 
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Project 3: Replace North 14th Street Bridge over Tributary 115 (CO. ID F-82) 

Problem description: North 14th Street is a paved roadway 
running north and south through the watershed.  The 
existing 23’ single span bridge over Tributary 115 is topped 
during the 10-yr storm event and Tributary 115 is incising 
through this reach. 

Recommendation:  The recommended improvements 
include removing the existing bridge and replacing it with a 
new bridge configuration capable of passing a 25year storm 
event without topping the roadway.  The recommendation 
includes constructing a grade control immediately 
downstream of the bridge to maintain the channel grade 
through the bridge, protecting the new bridge and improving local stream stability.  Figure L-
7 below shows the proposed improvements. 

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat:   
This project has no impact on the possible Salt Creek Tiger Beetle habitat.  

Figure L-6: North 14th Street 
Bridge over Tributary 115 

Figure L-7: Project 3 proposed improvements. 



Appendix L 
Other Improvement Recommendations 

L-5

Project 4: Replace North 14th Street Bridge over Tributary 30 (CO. ID F-86) 

Problem description: North 14th Street is a paved roadway 
running north and south through the watershed.  The 
existing 18’ single span bridge over Tributary 30 is topped 
during a 10 year storm event. 

Recommendation: The recommended improvements 
include removing the existing bridge and replacing it with a 
new bridge configuration capable of passing a 25year storm 
event without topping the roadway. Figure L-9 below 
shows the limits of the proposed improvements. 

Impact to Natural Resources and/or Salt Creek Tiger 
Beetle Habitat: This project has no impact on the possible Salt Creek Tiger Beetle habitat.  

Figure L-8: North 14th Street 
Bridge over Tributary 30

Figure L-9: Project 4 proposed improvements. 
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Project 5: Replace North 14th Street Culvert on Tributary 45 (CO. ID F-91) 

Problem description: 
North 14th Street is a paved roadway running north and 
south through the watershed. The existing structure is a 
triple 9’W x 7’H box culvert on Tributary 45, and North 
14th Street is topped during a 10 year storm event. 

Recommendation:  
The recommended improvements include removing the 
existing bridge and replacing it with a new bridge 
configuration capable of passing a 25year storm event 
without topping the roadway. Figure L-11 below shows the 
limits of the recommended bridge replacement. 

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat:   
This project has no impact on the possible Salt Creek Tiger Beetle habitat.  
 

Figure L-10: North 14th Street 
Culvert on Tributary 45 

Figure L-11: Project #5 proposed improvements. 
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Project 6: Replace W Raymond Road Bridge over Main Stem (CO. ID C-91) 

Problem description: W Raymond Road is one of the 
paved east/west roads that span the watershed. The existing 
bridge over the Main Stem is topped during the 10-yr storm 
event and the channel is incising through this reach. 

Recommendation:  The recommended improvements 
include removing the existing bridge and replacing it with a 
new bridge configuration capable of passing a 25year storm 
event without topping the roadway.  The recommendation 
includes constructing a grade control immediately 
downstream of the bridge to maintain the channel grade 
through bridge, protecting the new bridge and improving 
local stream stability. Figure L-13 shows the proposed 
improvements. 

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat:  Saline Wetlands 
and proposed Salt Creek Tiger Beetle habitat is identified both upstream and downstream of 
the W Raymond Road Bridge.  The Little Salt Fork Marsh Preserve is located immediately 
north (upstream) of W Raymond Road and the new grade control will help preserve the 
upstream channel by maintain the channel grade. Halting incision at this location will 
ultimately reduce slumping in the near upstream reaches, which intern protects the Tiger 
Beetle habitat at the toe of slope and saline wetlands found within the Little Salt Fork Marsh. 

  

Figure L-12: W Raymond Road 
Bridge over Main Stem 

Figure L-13: Project 6 proposed improvements. 
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Riparian Corridor Enhancement

Problem description: One of the natural defense mechanisms to incision in this watershed is 
the development of woody debris jams to act as grade control. Over the past decades, the 
woody riparian corridor has been substantially depleted. The lack of woody riparian corridor 
within the Little Salt Creek watershed limits the material available to create woody debris 
jams. Other than the underlying Dakota Sandstone there is little durable or coarse material 
available to form riffles and knick zones to arrest incision or to naturally flatten the hydraulic 
slope for frequent flows.

Recommendation: The recommended improvements include planting a wide, dense woody 
riparian corridor where the corridor is substantially depleted and enhance areas where corridor 
is thin or unhealthy.  Ultimately, the riparian corridors should extend the entire length of the 
stream except in areas of the saline marsh, habitat of endangered species or where salt seeps 
would prevent growth of natural woody species.  Species represented should include canopy 
and understory trees, shrubs, and where appropriate, native grasses and forbs. There is over 68 
miles of corridor that may qualify for this type of restoration. If we assume a minimum 
corridor restoration width of 20 to 30 feet on each side of the stream, this equate to 330 to 490 
acres of riparian corridor. Due to the enormous amount of potential corridor improvement and 
restoration, this project is recommended as a watershed management approach to be 
implemented incrementally throughout the watershed as opportunities present themselves.  
Figure L-14 shows the recommended stream reaches to plant a dense woody riparian corridor. 

The riparian corridor program could be implemented using one of the existing tree planting 
programs available to landowners through the LPSNRD or USDA as follows:  

� The NRD Conservation Forestry Program in which participants have the opportunity 
to purchase seedling trees in bulk through the NRD.

� The NRD Tree Cost-Sharing Program where volunteers can be reimbursed up to one 
half the total cost of trees and planting for quantities between 1,500 and 4,000 trees.

� The NRD Tree Planting Program makes cost-shared planting services available for 
those wanting to plant between 200 and 1,500 trees.

� The USDA Conservation Reserve Program (CRP) is a voluntary program in which 
landowners are paid for every acre the landowner enrolls in the program. There is also 
a 50% cost-share for tree planting through this program. 

By using these programs to develop and restore the watershed riparian corridor, efficiencies 
are achieved by working with programs already in place. These programs already have the 
funding mechanisms established and administrative structure in place, ready to help.

Impact to Natural Resources and/or Salt Creek Tiger Beetle Habitat: 
Dense jams composed of graded sizes of woody debris will also trap sediment and allow 
sufficient time for consolidation. This sediment will fill the bed and form bars upstream of the 
jams. As the woody material migrates down the channel the jams and subsequent exposed 
bars should eventually provide habitat for the Salt Creek Tiger Beetle.  
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Water quality management approaches

 Approach 1 – Reduce sediment generation 
� Construct grade controls at active knickpoints in the tributaries. Incising tributaries 

will continue to cut-down and release sediment into the stream following the incision 
on the main stem. Candidates for grade stabilization are: 

o Tributary 15 and its sub-tributary 115 
o Tributary 20 and its sub-tributary 220 
o Tributary 45 
o Tributary 60 and its sub-tributaries 260 and 360 

� Prevent incision before it begins by installing protective grade controls at the mouth of 
tributaries in dynamic equilibrium.  These structures would in most cases be small and 
inexpensive. Candidates for grade protection are: 

o Tributary 30 upstream of widening reach 
o Tributary 40 
o Sub-tributary 160 
o Tributary 70 
o Tributary 80 above the planform adjustment reach 
o Tributary 85 

Approach 2 – Trap sediments 

� Stream Barbs, Vanes or Planted Sills - Stream barbs disrupt velocity gradients, reduce 
channel bed shear and interrupt sediment transport.  The structures work best in 
bankfull shelf areas but could be applied in any meandering reach that receives regular 
inundation and moderate to low velocity, approximately 2-3 feet per second.  The 
stream barbs promote deposition in the eddies caused by the flow separation and 
velocity redirection which is in turn caused by the barb. Stream barbs or vanes are 
rarely placed singly but are usually placed in echelon. These structures are widely 
used throughout the US.  Janine Castro at the Natural Resources Conservation Service 
provides guidance on the applicability and design of stream barbs1 and rock weirs.2

Figure L-15 is a rough sketch of this approach. 

1 Castro, J. and Sampson, R. 2001. Design of Stream Barbs. USDA, Natural Resource Conservation 
Service 
2 Castro J. and Sampson R., 2001. Design of Rock Weirs. USDA, Natural Resource Conservation 
Service.�
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Odgaard3 also described a method for using sub-parallel vanes for sediment control.  
Here the submerged structures induce a secondary current which negates the natural 
secondary current caused by centrifugal force occuring as the flow turns through the 
meander.  It is the centrifugal current that scours the outside of the meander and is 
responsible for much of the bank erosion in meandering reaches.  By canceling out the 
centrifugal current, the stress on the bank is reduced as is the erosion. The general 
approach is similar to that of Castro and Sampson although the angle of the vane is 
somewhat flatter. The US Army Corps of Engineers has also done extensive work on 
river barbs for aquatic habitat and control of sedimentation.   

While some stream barbs are designed without vegetation, barbs in Little Salt Creek 
would benefit from planting. Dense growth of fine vegetation adds hydraulic 
roughness and improves the mechanical entrapment of the sediment particles. In 
addition the physical layout of the planting can direct the sedimentation downstream 
of the barb along the streambank. 

Because the barbs are intended to direct sediments to the streambank and trap them 
there, this approach should not be used in reaches where this may damage critical 
habitat.  It would be helpful to have close coordination with UNL scientists or US Fish 
and Wildlife before working in or near the saline seeps. 

� Construction of bankfull shelves – Small internal floodplains can be designed to 1) 
trap sediment and 2) reduce stress on vulnerable streambanks thereby reducing the 
generation of sediment. Within prudent limits, the designer can vary the emphasis 
between trapping sediment and reducing erosion by varying the elevation of the 
bankfull shelf relative to the bankfull depth. A slightly over-excavated shelf, say six 
inches below bankfull depth, with well-vegetated leading and trailing edges is a 
functional sediment sink. Because the stream is most likely sediment rich during 
bankfull events, the deposition on the shelf will come from the entrained particles. The 
hydraulically rough vegetation is important to further reduce the risk of the over 
excavation inducing upstream erosion.  In another design variation, the internal shelf 
slopes from upstream to downstream to provide the volume for sediment trapping. 
Hydraulic roughness on the leading and trailing edges is important here too. 

To reduce erosive stresses with only minimal sediment accumulation the shelf is 
placed just slightly below the bankfull depth. As in any technical discipline that 
presumes to model the natural world, there is some uncertainty in determining the 
exact depth at which bankfull flow occurs and the careful designer sets the shelf 
slightly lower than the estimate. In some reaches of the creek, the bankfull shelf can be 
designed to effectively reconnect the stream to its larger floodplain, particularly if 
public land is available for occasional inundation.  

                                                ��Odgaard , J.A., River Training and Sediment Management with Submerged Vanes, ASCE Press, in 
press.�



Appendix L 
Other Improvement Recommendations 

L-13

Bankfull shelves are a widely used and well-understood method for improving stream 
stability and water quality.  While this technique stands on its own geomorphic merits, 
in some reaches of Little Salt Creek, there may be benefits to critical habitat as well. 
The preferred habitat of the Salt Creek Tiger Beetle is moist salt flats.  The beetles are 
using the stream banks now because the salt flats are too dry during the summer 
months to sustain them.4 It is possible that a carefully designed series of bankfull 
shelves could provide enough water to re-establish some salt flats as sustainable 
habitat.  There are many open questions such as the optimum frequency and depth of 
inundation and whether inundation can be reliably achieved in the hottest months.  
However, there may be benefits to exploring this possibility further.

��Steve Spomer, University of Nebraska at Lincoln, personal communication, February 17, 2009.�
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Little Salt Creek Hydraulic Structures Performance Table

Reach Structure ID Location Structure Station Low Chord 
(ft NAVD)

Min. Top of 
Rd (ft NAVD) Event Q (cfs) Upstream WSEL 

(ft NAVD88)
Freeboard 

(ft)
Overtop 

(ft)
Downstream WSEL 

(ft NAVD88)
Main Channel I-80 Eastbound Bridge 6370 1144.95 1148.32 10-yr Peak 7367.77 1135.31 9.64 -13.01 1135.29

1A 50-yr Peak 12125.02 1138.06 6.89 -10.26 1138.01
100-yr Peak 14442.13 1139.23 5.72 -9.09 1139.15
500-yr Peak 20382.23 1141.37 3.58 -6.95 1141.23

Main Channel I-80 Westbound Bridge 6500 1144.92 1143.79 10-yr Peak 7367.77 1135.29 9.63 -8.5 1135.46
1B 50-yr Peak 12125.02 1138.01 6.91 -5.78 1138.32

100-yr Peak 14442.13 1139.15 5.77 -4.64 1139.53
500-yr Peak 20382.23 1141.23 3.69 -2.56 1141.84

Main Channel I-80 Off Ramp Bridge 6715.604 1147.09 1149.38 10-yr Peak 7367.77 1135.74 11.35 -13.64 1135.48
2 50-yr Peak 12125.02 1138.84 8.25 -10.54 1138.3

100-yr Peak 14442.13 1140.15 6.94 -9.23 1139.49
500-yr Peak 20382.23 1142.72 4.37 -6.66 1141.75

Main Channel F-201 Arbor Rd & N 27th St Bridge 8767.817 1142.11 1143.09 10-yr Peak 7428.58 1136.79 5.32 -6.3 1136.3
3 50-yr Peak 12668.39 1140.1 2.01 -2.99 1139.21

100-yr Peak 15042.73 1141.43 0.68 -1.66 1140.36
500-yr Peak 20909.38 1144.59 -2.48 1.5 1143.64

Main Channel F-197 1301 Waverly Rd Bridge 27328.52 1157.64 1157.01 10-yr Peak 1144.16 1154.52 3.12 -2.49 1154.37
4 50-yr Peak 3174.77 1156.07 1.57 -0.94 1155.8

100-yr Peak 3629.89 1156.9 0.74 -0.11 1156.39y
500-yr Peak 4502.54 1159.28 -1.64 2.27 1157.52

Main Channel F-88 1101 Mill Rd Bridge 31482.10 1163.78 1167.46 10-yr Peak 3847.72 1162.49 1.29 -4.97 1160.66
5 50-yr Peak 7286.16 1167.15 -3.37 -0.31 1161.57

100-yr Peak 9230.69 1167.88 -4.1 0.42 1162.9
500-yr Peak 14056.43 1168.54 -4.76 1.08 1164.3

Main Channel F-96 1101 Mill Rd Bridge 34722.85 1165.42 1164.39 10-yr Peak 4102.79 1165.78 -0.36 1.39 1165.73
6 50-yr Peak 7453.32 1168.52 -3.1 4.13 1168.44

100-yr Peak 9356.9 1169.43 -4.01 5.04 1169.37
500-yr Peak 14043.36 1170.91 -5.49 6.52 1170.86

Main Channel F-26 601 Raymond Rd Bridge 41762 1172.61 1173.48 10-yr Peak 4164.27 1173.6 -0.99 0.12 1173.02
7 50-yr Peak 7344.02 1175.5 -2.89 2.02 1174.85

100-yr Peak 9050.7 1175.8 -3.19 2.32 1175.16
500-yr Peak 13173.48 1176.41 -3.8 2.93 1176.22

Main Channel C-91
W Raymond Rd (just 
west of 1st St) Bridge 43380.42 1170.72 1173.66 10-yr Peak 4164.27 1175.36 -4.64 1.7 1175.59

8 50-yr Peak 7344.02 1177.04 -6.32 3.38 1176.95
100-yr Peak 9050.7 1177.53 -6.81 3.87 1177.44
500-yr Peak 13173.48 1178.53 -7.81 4.87 1178.44

Main Channel C-172 NW 12th St (bet. W Bra Bridge 51041.96 1184.5 1184.41 10-yr Peak 2579.18 1185.78 -1.28 1.37 1185.15
9 50-yr Peak 4734.92 1186.34 -1.84 1.93 1185.84

100-yr Peak 5941.8 1186.6 -2.1 2.19 1186.15
500-yr Peak 8773.45 1187.1 -2.6 2.69 1186.78

Main Channel C-253 East of 1801 W Branch Bridge 54334.26 1193.04 1194.84 10-yr Peak 2819.75 1196.33 -3.29 1.49 1195.23
10 50-yr Peak 4929.28 1197.27 -4.23 2.43 1196.32

100-yr Peak 6128.94 1197.67 -4.63 2.83 1196.77
500-yr Peak 8748.58 1198.36 -5.32 3.52 1197.54



Reach Structure ID Location Structure Station Low Chord 
(ft NAVD)

Min. Top of 
Rd (ft NAVD) Event Q (cfs) Upstream WSEL 

(ft NAVD88)
Freeboard 

(ft)
Overtop 

(ft)
Downstream WSEL 

(ft NAVD88)
Main Channel C-262 16900 NW 19th St Bridge 55954.64 1198.12 1198.29 10-yr Peak 2876.76 1201.1 -2.98 2.81 1200.09

11 50-yr Peak 4932.1 1202.27 -4.15 3.98 1201.07
100-yr Peak 6133.3 1202.73 -4.61 4.44 1201.52
500-yr Peak 8732.46 1203.55 -5.43 5.26 1202.3

Main Channel C-220 3425 W Rock Creek R Bridge 75460 1258.93 1259.31 10-yr Peak 2832.87 1251.56 7.37 -7.75 1251.21
13 50-yr Peak 4430.04 1253.73 5.2 -5.58 1253.22

100-yr Peak 5164.37 1254.49 4.44 -4.82 1253.88
500-yr Peak 6722.4 1256.03 2.9 -3.28 1255.23

Main Channel C-125 21100 NW 40th St Bridge 84304 1289.92 1291.22 10-yr Peak 2480.77 1274.81 15.11 -16.41 1274.08
14 50-yr Peak 3785.52 1276.85 13.07 -14.37 1275.9

100-yr Peak 4362.83 1277.64 12.28 -13.58 1276.59
500-yr Peak 5591.86 1279.16 10.76 -12.06 1277.9

Trib10 G-144 3636 Bluff Rd Bridge 11726.49 1177.26 1177.96 10-yr Peak 1351.49 1178.28 -1.02 0.32 1176.34
19 50-yr Peak 2292.95 1178.61 -1.35 0.65 1176.97

100-yr Peak 2803.85 1180.09 -2.83 2.13 1177.24
500-yr Peak 3813.94 1180.44 -3.18 2.48 1177.67

Trib15 F-78 1400 Arbor Rd Bridge 11206 1168.39 1170.97 10-yr Peak 1612.8 1171.05 -2.66 0.08 1169.3
21 50-yr Peak 2861.15 1173.1 -4.71 2.13 1172.71

100-yr Peak 3634.98 1173.38 -4.99 2.41 1172.89
500-yr Peak 5266.7 1173.87 -5.48 2.9 1173.2

Trib115 F-82 9084 N 14th St Bridge 4660.027 1166.37 1167.98 10-yr Peak 1542.64 1168.71 -2.34 0.73 1166.55
26 50 P k 2163 49 1169 39 3 02 1 41 1167 1826 50-yr Peak 2163.49 1169.39 -3.02 1.41 1167.18

100-yr Peak 2443.01 1169.56 -3.19 1.58 1167.22
500-yr Peak 3038.74 1169.94 -3.57 1.96 1167.61

Trib220 Private Bridge 6059.053 1198.11 1198.51 10-yr Peak 584 1198.98 -0.87 0.47 1197.36
74 50-yr Peak 1343.5 1200.15 -2.04 1.64 1198.83

100-yr Peak 1483.3 1200.35 -2.24 1.84 1199.27
500-yr Peak 1959.7 1200.79 -2.68 2.28 1199.74

Trib30 F-86 11618 N 14th St Bridge 5613.873 1170.01 1170.69 10-yr Peak 1449.74 1171.57 -1.56 0.88 1169.06
36 50-yr Peak 2825.16 1172.33 -2.32 1.64 1169.64

100-yr Peak 3520.09 1172.61 -2.6 1.92 1169.97
500-yr Peak 4896.37 1173.1 -3.09 2.41 1170.49

Trib45 F-91 1200 Mill Rd Bridge 1794.973 1169.92 1171.9 10-yr Peak 1554.66 1172.37 -2.45 0.47 1169.34
43 50-yr Peak 2448.8 1172.81 -2.89 0.91 1169.59

100-yr Peak 2865.3 1172.83 -2.91 0.93 1170.01
500-yr Peak 3787.2 1173.27 -3.35 1.37 1171.07

Trib60 C-250 400 W Branched Oak R Bridge 6114.265 1188.44 1188.11 10-yr Peak 1990.3 1189.53 -1.09 1.42 1188.69
55 50-yr Peak 3165.63 1190.33 -1.89 2.22 1189.59

100-yr Peak 3706.17 1190.58 -2.14 2.47 1189.96
500-yr Peak 4969.24 1191.1 -2.66 2.99 1190.65



Reach Structure ID Location Structure Station Min. Top of 
Rd (ft NAVD) Event Q (cfs) Upstream WSEL 

(ft NAVD88)
Overtop 

(ft)
Downstream WSEL 

(ft NAVD88)
Main Channel C-227 2900 W Davey Rd Culvert 64417.39 1221.83 10-yr Peak 2859.95 1224.02 2.19 1223.34

12 50-yr Peak 4567.29 1225.5 3.67 1225.06
100-yr Peak 5370.46 1226.01 4.18 1225.71
500-yr Peak 7123.16 1227.1 5.27 1226.92

Main Channel C-113
3500 W Little Salt 
Rd Culvert 91740 1327.3 10-yr Peak 1306.23 1328.23 0.93 1321.52

15 50-yr Peak 1928.32 1328.66 1.36 1322.32
100-yr Peak 2203.05 1328.81 1.51 1322.64
500-yr Peak 2787.09 1329.11 1.81 1323.24

Main Channel C-51 23220 NW 40th St Culvert 97680 1371.04 10-yr Peak 551.85 1372.47 1.43 1367.34
16 50-yr Peak 791.78 1372.91 1.87 1368.03

100-yr Peak 897.84 1373.06 2.02 1368.29
500-yr Peak 1125.16 1373.36 2.32 1368.79

Trib05 G-132 4001 Arbor Rd Culvert 5529.818 1167.23 10-yr Peak 838.57 1150.01 -17.22 1143.98
17 50-yr Peak 1163.4 1152.3 -14.93 1144.48

100-yr Peak 1308.93 1154.12 -13.11 1144.61
500-yr Peak 1624.62 1158.78 -8.45 1145.02

Trib05 I-80 Culvert 6614.834 1157.26 10-yr Peak 434.1 1151.87 -5.39 1150.31
18 50-yr Peak 591.45 1155.08 -2.18 1152.43

100-yr Peak 663.2 1157.44 0.18 1154.19
500-yr Peak 819.99 1158.84 1.58 1158.82

Trib10 G-51 3636 Bluff Rd Culvert 13093.88 1185.31 10-yr Peak 1333.6 1186.12 0.81 1182.49
20 50 P k 2320 22 1186 5 1 19 1183 1820 50-yr Peak 2320.22 1186.5 1.19 1183.18

100-yr Peak 2845.05 1186.66 1.35 1183.48
500-yr Peak 3838.21 1186.81 1.5 1183.96

Trib110 G-53
N 40th St (bet. Bluff 
Rd & I-80) Culvert 1525.293 1172.81 10-yr Peak 391.3 1173.54 0.73 1169.02

73 50-yr Peak 653.64 1173.87 1.06 1169.53
100-yr Peak 771.38 1173.98 1.17 1169.71
500-yr Peak 982.65 1174.13 1.32 1169.74

Trib15 F-153 8101 N 7th St Culvert 15956.37 1184.79 10-yr Peak 1307.54 1185.42 0.63 1183.68
22 50-yr Peak 2830.13 1185.82 1.03 1184.34

100-yr Peak 3591.61 1186.13 1.34 1184.68
500-yr Peak 5136.53 1186.5 1.71 1185.24

Trib15 F-139 8633 N 1st St Culvert 20123 1206.09 10-yr Peak 1106.38 1203.35 -2.74 1202.91
23 50-yr Peak 2153 1205.74 -0.35 1204.48

100-yr Peak 2655.81 1205.91 -0.18 1204.9
500-yr Peak 3504.42 1205.35 -0.74 1205.86

Trib15 F-211

W McKelvie Rd 
(bet. N 1st St & NW 
12th St) Culvert 22568.47 1214.5 10-yr Peak 1106.38 1215.57 1.07 1214.29

24 50-yr Peak 2113.03 1216.42 1.92 1215.38
100-yr Peak 2513.57 1216.67 2.17 1215.7
500-yr Peak 3086.9 1216.95 2.45 1216.1



Reach Structure ID Location Structure Station Min. Top of 
Rd (ft NAVD) Event Q (cfs) Upstream WSEL 

(ft NAVD88)
Overtop 

(ft)
Downstream WSEL 

(ft NAVD88)
Trib15 F-167 605 W Bluff Rd Culvert 30970.77 1256.01 10-yr Peak 591.16 1256.83 0.82 1253

25 50-yr Peak 1037.96 1257.35 1.34 1253.81
100-yr Peak 1244.56 1257.52 1.51 1254.11
500-yr Peak 1611.64 1257.82 1.81 1254.61

Trib215 F-79

14th St (bet. 
McKelvie Rd & 
Arbor Rd) Culvert 11206 1170.97 10-yr Peak 170.45 1174.39 3.42 1171.37

27 50-yr Peak 2861.15 1172.71 1.74 1169.33
100-yr Peak 3634.98 1172.89 1.92 1169.74
500-yr Peak 5266.7 1173.2 2.23 1170.43

Trib315 F-154 8101 N 7th St Culvert 15956.37 1184.79 10-yr Peak 518.05 1187.66 2.87 1184.92
28 50-yr Peak 2830.13 1185.82 1.03 1184.34

100-yr Peak 3591.61 1186.13 1.34 1184.68
500-yr Peak 5136.53 1186.5 1.71 1185.24

Trib415 F-141 8101 N 1st St Culvert 700 1212.59 10-yr Peak 665.56 1208.76 -3.83 1205.63
29 50-yr Peak 1003.7 1210.55 -2.04 1206.32

100-yr Peak 1132.23 1211.31 -1.28 1206.44
500-yr Peak 1210.15 1211.85 -0.74 1207.15

Trib20 G-36

N 27th St (bet. 
Waverly Rd & Bluff 
Rd Culvert 2019.976 1151.61 10-yr Peak 1869.38 1150.79 -0.82 1150.16

30 50-yr Peak 3636.28 1152.55 0.94 1151.64
100-yr Peak 4614.32 1152.99 1.38 1152.22
500-yr Peak 6690.03 1153.8 2.19 1153.48

Trib20 G-145 Waverly Rd (bet. N 2 Culvert 7830.906 1175.2 10-yr Peak 1430.57 1169.52 -5.68 1167.82
31 50-yr Peak 2662.7 1174.39 -0.81 1170.02

100-yr Peak 3279.6 1176.05 0.85 1170.48
500-yr Peak 4410.3 1176.71 1.51 1171.6

Trib20 G-160 14000 N 27th St Culvert 18138.35 1202.46 10-yr Peak 1478.53 1204.31 1.85 1201.92
32 50-yr Peak 2734.46 1204.91 2.45 1202.68

100-yr Peak 3330.8 1205.12 2.66 1203.02
500-yr Peak 4404.68 1205.16 2.7 1203.54

Trib220 G-146 3500 Waverly Rd Culvert 1355.459 1174.46 10-yr Peak 831.54 1174.48 0.02 1171.82
33 50-yr Peak 1868.59 1176.56 2.1 1173.46

100-yr Peak 2420.77 1177.15 2.69 1174.08
500-yr Peak 3555.66 1177.8 3.34 1175.2

Trib220 G-44 13051 N 40th St Culvert 6562.75 1201.56 10-yr Peak 675.9 1202.43 0.87 1200.85
34 50-yr Peak 1412.7 1202.74 1.18 1201.84

100-yr Peak 1775 1203.08 1.52 1201.97
500-yr Peak 2486.3 1203.4 1.84 1202.36

Trib2220 G-164 4201 Mill Rd Culvert 862.2782 1228.6 10-yr Peak 186.03 1226.48 -2.12 1223.05
75 50-yr Peak 361.17 1229.28 0.68 1224.27

100-yr Peak 443.88 1229.53 0.93 1224.61
500-yr Peak 599.01 1229.77 1.17 1224.99

Trib25 F-85 11122 N 14th St Culvert 5346.156 1192.95 10-yr Peak 15.57 1183.86 -9.09 1181.56
35 50-yr Peak 18.64 1183.9 -9.05 1181.62

100-yr Peak 24.22 1183.96 -8.99 1181.71
500-yr Peak 95.16 1185.05 -7.9 1182.24



Reach Structure ID Location Structure Station Min. Top of 
Rd (ft NAVD) Event Q (cfs) Upstream WSEL 

(ft NAVD88)
Overtop 

(ft)
Downstream WSEL 

(ft NAVD88)
Trib30 Private Culvert 10115.51 1185.88 10-yr Peak 1487.73 1188.14 2.26 1187.58

80 50-yr Peak 2859.42 1189.11 3.23 1189.09
100-yr Peak 3509.61 1189.58 3.7 1189.55
500-yr Peak 4761.78 1190.4 4.52 1190.31

Trib30 F-192 601 Waverly Rd Culvert 10766.90 1192.88 10-yr Peak 1403.88 1193.33 0.45 1190.09
37 50-yr Peak 2679.09 1194.17 1.29 1191.23

100-yr Peak 3278.58 1194.47 1.59 1191.64
500-yr Peak 4423.6 1194.87 1.99 1192.36

Trib30 F-132
N 1st St (bet. Mill 
Rd. & Waverly Rd) Culvert 13852 1212.08 10-yr Peak 1135.75 1213.01 0.93 1207.19

38 50-yr Peak 2016.76 1213.29 1.21 1208.21
100-yr Peak 2436.61 1213.5 1.42 1208.61
500-yr Peak 3240.69 1213.8 1.72 1209.25

Trib130 F-191 205 Waverly Rd Culvert 2243.107 1219.55 10-yr Peak 172.07 1218.1 -1.45 1207.2
39 50-yr Peak 347.33 1220.52 0.97 1208.59

100-yr Peak 431.09 1220.71 1.16 1208.9
500-yr Peak 608.52 1221.05 1.5 1209.42

Trib130 F-134 205 Waverly Rd Culvert 2541.839 1220.47 10-yr Peak 172.07 1221.1 0.63 1218.13
40 50-yr Peak 347.33 1221.57 1.1 1220.57

100-yr Peak 431.09 1221.69 1.22 1220.78
500-yr Peak 608.52 1221.91 1.44 1221.18

Trib35 F-199 Waverly Rd (bet. N 1 Culvert 27328.52 1157.01 10-yr Peak 1144.16 1154.52 -2.49 1154.37
41 50-yr Peak 3174.77 1156.07 -0.94 1155.8

100-yr Peak 3629.89 1156.9 -0.11 1156.39
500-yr Peak 4502.54 1159.28 2.27 1157.52

Trib45 F-95 13401 N 14th St Culvert 976.1384 1164.99 10-yr Peak 1838.82 1166.45 1.46 1165.46
42 50-yr Peak 3042 1168.26 3.27 1168.25

100-yr Peak 3595.5 1169.22 4.23 1169.17
500-yr Peak 4627.4 1170.61 5.62 1170.59

Trib45 Private Culvert 3264.870 1179.09 10-yr Peak 1554.66 1181.39 2.3 1179.12
44 50-yr Peak 2448.76 1181.93 2.84 1179.97

100-yr Peak 2865.27 1182.08 2.99 1180.11
500-yr Peak 3787.2 1182.5 3.41 1180.43

Trib45 C-185 2240 Raymond Rd Culvert 8006.522 1216.85 10-yr Peak 1352.94 1215.55 -1.3 1210.35
45 50-yr Peak 2016.76 1217.21 0.36 1210.76

100-yr Peak 2336.66 1217.61 0.76 1211.01
500-yr Peak 3024.3 1218.1 1.25 1211.49

Trib45 C-240
2200 Branched 
Oak Rd Culvert 13743.58 1259.56 10-yr Peak 419.3 1260.34 0.78 1255.12

46 50-yr Peak 594.89 1260.61 1.05 1255.5
100-yr Peak 670.19 1260.7 1.14 1255.63
500-yr Peak 831.64 1260.94 1.38 1255.91

Trib50 C-95
East of 910 
Raymond Rd Culvert 5586.916 1191.14 10-yr Peak 1131.63 1188.27 -2.87 1185.62

47 50-yr Peak 1924.54 1191.81 0.67 1186.61
100-yr Peak 2288.73 1192.24 1.1 1186.99
500-yr Peak 3077.47 1192.84 1.7 1187.7



Reach Structure ID Location Structure Station Min. Top of 
Rd (ft NAVD) Event Q (cfs) Upstream WSEL 

(ft NAVD88)
Overtop 

(ft)
Downstream WSEL 

(ft NAVD88)

Trib50 C-246
1000 Branched 
Oak Rd Culvert 12013.90 1235.38 10-yr Peak 700.27 1236.21 0.83 1230.02

48 50-yr Peak 1017.99 1236.58 1.2 1230.68
100-yr Peak 1154.73 1236.67 1.29 1230.91
500-yr Peak 1441.68 1236.92 1.54 1231.39

Trib150 Private Culvert 2757.944 1220.93 10-yr Peak 345.63 1222.02 1.09 1219.74
49 50-yr Peak 492.38 1222.17 1.24 1220

100-yr Peak 557.05 1222.26 1.33 1220.1
500-yr Peak 696.06 1222.32 1.39 1220.29

Trib55 F-25
N 1st St (just south 
of Raymond Rd) Culvert 1377.098 1172.33 10-yr Peak 596.94 1173.45 1.12 1172.87

50 50-yr Peak 1019.7 1174.84 2.51 1174.83
100-yr Peak 1214.42 1175.09 2.76 1175.05
500-yr Peak 1620.34 1176.15 3.82 1176.12

Trib55 Private Culvert 3457.130 1184.27 10-yr Peak 104.71 1184.78 0.51 1181.48
51 50-yr Peak 317.6 1185.34 1.07 1181.82

100-yr Peak 423.09 1185.52 1.25 1182
500-yr Peak 641.51 1185.79 1.52 1182.3

Trib160 C-248 15601 N 1st St Culvert 1929.732 1191.11 10-yr Peak 1.55 1186.26 -4.85 1185.58
52 50-yr Peak 85.89 1190.52 -0.59 1186.53

100-yr Peak 158.54 1191.59 0.48 1186.98
500 P k 323 81 1191 94 0 83 1187 72500-yr Peak 323.81 1191.94 0.83 1187.72

Trib160 Private Culvert 2977.452 1202.51 10-yr Peak 1.55 1197.58 -4.93 1194.84
53 50-yr Peak 85.89 1199.73 -2.78 1196.04

100-yr Peak 158.54 1202.8 0.29 1196.43
500-yr Peak 323.81 1203.42 0.91 1196.98

Trib160 Private Culvert 4218.134 1220 10-yr Peak 1.55 1209.46 -10.54 1216.39
54 50-yr Peak 85.89 1210.05 -9.95 1220.28

100-yr Peak 158.54 1210.32 -9.68 1220.63
500-yr Peak 323.81 1210.36 -9.64 1221.05

Trib60 C-231 1000 W Davey Rd Culvert 20520.11 1227.26 10-yr Peak 2375.73 1229.47 2.21 1228.07
56 50-yr Peak 3420.26 1229.56 2.3 1229.03

100-yr Peak 3857.29 1229.58 2.32 1229.32
500-yr Peak 5022.1 1229.73 2.47 1229.66

Trib60 C-167

NW 12th St (South 
of W Rock Creek 
Rd) Culvert 26425.40 1255.55 10-yr Peak 1231.47 1256.87 1.32 1254.79

57 50-yr Peak 1833.68 1257.29 1.74 1255.74
100-yr Peak 2089.05 1257.43 1.88 1256.07
500-yr Peak 2633.18 1257.7 2.15 1256.82

Trib60 C-215
1400 W Rock 
Creek Rd Culvert 28680 1276.63 10-yr Peak 972.32 1277.26 0.63 1270.02

58 50-yr Peak 1437.35 1277.7 1.07 1270.71
100-yr Peak 1635.26 1277.86 1.23 1270.94
500-yr Peak 2059.95 1278.01 1.38 1271.39

Trib260 C-238 400 Davey Rd Culvert 9305.420 1265.15 10-yr Peak 37.36 1259.99 -5.16 1258.09
59 50-yr Peak 196.56 1264 -1.15 1260.15

100-yr Peak 287.27 1265.35 0.2 1260.86
500-yr Peak 484.02 1266.04 0.89 1261.65



Reach Structure ID Location Structure Station Min. Top of 
Rd (ft NAVD) Event Q (cfs) Upstream WSEL 

(ft NAVD88)
Overtop 

(ft)
Downstream WSEL 

(ft NAVD88)
Trib1260 C-234 East of 638 W Davey Culvert 4010.517 1245.16 10-yr Peak 18.92 1238.66 -6.5 1237.5

60 50-yr Peak 187.36 1243.16 -2 1239.71
100-yr Peak 300.45 1245.26 0.1 1240.45
500-yr Peak 551.36 1246.19 1.03 1241.46

Trib360 Private Culvert 297.7238 1254.13 10-yr Peak 950.85 1255.42 1.29 1254
79 50-yr Peak 1414.54 1256.04 1.91 1255.23

100-yr Peak 1616.75 1256.21 2.08 1255.59
500-yr Peak 2049.94 1256.6 2.47 1256.39

Trib360 C-210
At W Rock Creek 
Rd & NW 12th St Culvert 2700 1273.83 10-yr Peak 950.85 1274.58 0.75 1265.97

61 50-yr Peak 1414.54 1275.23 1.4 1266.89
100-yr Peak 1616.75 1275.44 1.61 1267.37
500-yr Peak 2049.94 1275.88 2.05 1268.03

Trib360 Private Culvert 6756 1303.85 10-yr Peak 545.21 1305.2 1.35 1302.3
62 50-yr Peak 781.08 1305.5 1.65 1302.75

100-yr Peak 884.9 1305.62 1.77 1302.92
500-yr Peak 1108.39 1305.84 1.99 1303.21

Trib360 C-211A 20900 NW 12th St Culvert 8743 1322.8 10-yr Peak 306.95 1325.55 2.75 1322.39
63 50-yr Peak 433.28 1325.88 3.08 1322.78

100-yr Peak 488.91 1326 3.2 1322.92
500-yr Peak 608.68 1326.23 3.43 1323.21

Trib360 C-132 20751 NW 12st St Culvert 9039 1338.4 10-yr Peak 306.95 1333.28 -5.12 1325.48
64 50-yr Peak 433.28 1336.19 -2.21 1325.77

100-yr Peak 488.91 1337.86 -0.54 1325.86
500-yr Peak 608.68 1338.91 0.51 1326.08

Trib65 Private Culvert 3160.248 1190.58 10-yr Peak 935.87 1192.7 2.12 1192.01
65 50-yr Peak 1383.03 1192.72 2.14 1192.11

100-yr Peak 1575.76 1192.88 2.3 1192.29
500-yr Peak 1976.31 1193.14 2.56 1192.53

Trib65 Private Culvert 3850 1196.29 10-yr Peak 935.87 1198 1.71 1196.21
77 50-yr Peak 1091.4 1198.19 1.9 1196.93

100-yr Peak 1244.8 1198.27 1.98 1197.11
500-yr Peak 1541.3 1198.44 2.15 1197.41

Trib65 Private Culvert 4320 1197.27 10-yr Peak 935.87 1200.54 3.27 1199.55
76 50-yr Peak 1091.4 1200.81 3.54 1199.84

100-yr Peak 1244.8 1200.93 3.66 1200.09
500-yr Peak 1541.3 1201.19 3.92 1200.53

Trib65 Private Culvert 4883.608 1202.66 10-yr Peak 935.87 1203.45 0.79 1201.58
66 50-yr Peak 1091.4 1203.77 1.11 1201.88

100-yr Peak 1244.8 1204 1.34 1202.13
500-yr Peak 1541.3 1204.38 1.72 1202.57

Trib65 Private Culvert 5272.446 1206.69 10-yr Peak 935.87 1207.03 0.34 1204.31
67 50-yr Peak 1091.4 1208.18 1.49 1204.62

100-yr Peak 1244.8 1208.35 1.66 1204.88
500-yr Peak 1541.3 1208.56 1.87 1205.32



Reach Structure ID Location Structure Station Min. Top of 
Rd (ft NAVD) Event Q (cfs) Upstream WSEL 

(ft NAVD88)
Overtop 

(ft)
Downstream WSEL 

(ft NAVD88)
Trib70 C-179 16060 NW 27th St Culvert 6073.507 1239.93 10-yr Peak 255.51 1235.71 -4.22 1229.16

68 50-yr Peak 528.88 1240.64 0.71 1230.07
100-yr Peak 662.44 1240.95 1.02 1230.37
500-yr Peak 923.99 1241.31 1.38 1230.93

Trib80 C-228 2225 W Davey Rd Culvert 3656.399 1232.23 10-yr Peak 283.39 1232.97 0.74 1226.31
69 50-yr Peak 660.47 1233.65 1.42 1227.27

100-yr Peak 868.15 1233.89 1.66 1227.63
500-yr Peak 1332.91 1234.3 2.07 1228.33

Trib80 C-218

W Rock Creek Rd 
(bet. NW 12th St & 
NW 40th St) Culvert 12200 1289.6 10-yr Peak 258.77 1284.38 -5.22 1278.95

70 50-yr Peak 493.7 1288.71 -0.89 1279.77
100-yr Peak 610.7 1290.13 0.53 1280.1
500-yr Peak 846.76 1290.62 1.02 1280.67

Trib85 Private Culvert 1909.863 1231.42 10-yr Peak 410.37 1232.58 1.16 1223.89
72 50-yr Peak 677.41 1232.97 1.55 1224.59

100-yr Peak 802.54 1233.12 1.7 1224.8
500-yr Peak 1027.73 1233.36 1.94 1225.18
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Appendix O – Water Quality and Bio-assessment Reports

This appendix contains the Water Quality Report by Terracon Consultants, Inc. and the Bio-
assessment Report by Rhithron Associates, Inc. for PBS&J. 

Water Quality Report 
The water quality samples were taken in November 2008 and January 2009.  Samples were 
taken at ten locations in the watershed labeled SS-1 through SS-10. 

Bio-assessment Report 
The bio-assessment samples were taken in late October 2008.  Samples were taken at 6 
locations in the watershed. Please see the note below regarding sample location naming 
convention.

NOTE:  Three sample site labels differ between Section 6 of the Master Plan Report and the 
Water Quality and Bio-assessment Reports in this appendix.  The table below shows how the 
site names in Section 6 are referred to in the Bio-assessment Report. 

Section 6 Bio-assessment Report 
Rock Creek Road Site Benes Site 
Waverly Road Site Schied Site 
N. 14th Site Parrot Site 
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INTRODUCTION 
 
Little Salt Creek is located in Nebraska’s Loess and Glacial Drift Hills, which are 
part of the Western Corn Belt Plains (Ecoregion 47) (Woods et al.1999). The 
drainage includes rare saline wetlands, and is home to the state endangered 
saltwort plant (Salicornia rubra) and the Salt Creek Tiger Beetle (Cicindela 
nevadica lincolniana). Managers of the Little Salt Creek basin’s resources wish 
to analyze critical features of the watershed and potential impacts of future 
urbanization; a multi-phase Master Plan maps out steps toward achieving that 
goal. The Little Salt Creek Watershed Master Plan calls for a basic biological 
assessment, using procedures based on the guidance provided in EPA’s Rapid 
Bioassessment Protocols for Use in Streams and Rivers (Barbour et al. 1999). 
To that end, aquatic invertebrate and periphyton samples were collected by 
PBS&J at 5 sites on Little Salt Creek and 1 site located on a tributary to Little 
Salt Creek; samples were delivered to Rhithron Associates, Inc. in Missoula, 
Montana for processing and analysis.   
 
The invertebrate analysis includes biological integrity condition classifications 
for each site, based on an index and scoring criteria developed by the Nebraska 
Department of Environmental Quality (Nebraska DEQ). Site-by-site narratives 
are also included; these are descriptive interpretations of the ecological 
implications of the taxonomic and functional composition of the invertebrate 
samples, based on demonstrated associations between assemblage components 
and habitat and water quality variables gleaned from the published literature, 
and professional judgment. These interpretations are not intended to replace 
canonical procedures for stressor identification, since such procedures require 
substantial surveys of habitat, and historical and current data related to water 
quality, land use, point and non-point source influences, soils, hydrology, 
geology, and other resources that were not readily available for this study. 
Instead, attributes of invertebrate taxa that are well-substantiated in diverse 
literature, published and unpublished research, and that are generally accepted 
by regional aquatic ecologists, are combined into descriptions of probable water 
quality and instream and reach-scale habitat conditions. These narratives also 
include similar interpretations of the periphyton assemblages. No evaluation 
procedure has been established by Nebraska DEQ for scoring or classifying 
sites based on the analysis of periphyton assemblages.  
 
METHODS 
 
Sample processing: Aquatic invertebrates 
   
Subsamples of a minimum of 500 organisms were obtained from each of the 6 
aquatic invertebrate samples using methods consistent with EPA’s Rapid 
Bioassessment Protocols (Barbour et al. 1999): Caton sub-sampling devices 
(Caton 1991), divided into 30 grids, each approximately 5 cm by 6 cm were 
used. Each individual sample was thoroughly mixed in its jar(s), poured out 
and evenly spread into the Caton tray, and individual grids were randomly 
selected. The contents of each grid were examined under stereoscopic 
microscopes using 10x-30x magnification. All aquatic invertebrates from each 
selected grid were sorted from the substrate, and placed in 95% ethanol for 
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subsequent identification. Grid selection, examination, and sorting continued 
until at least 500 organisms were sorted. The final grid was completely sorted of 
all organisms. All unsorted sample fractions were retained and stored at the 
Rhithron laboratory.  
 
Organisms were individually examined by certified taxonomists, using 10x – 
80x stereoscopic dissecting scopes (Leica S8E and S6E) and identified to the 
lowest practical level, using appropriate published taxonomic references and 
keys. Identification, counts, life stages, and information about the condition of 
specimens were recorded on bench sheets. To obtain accuracy in richness 
measures, organisms that could not be identified to the target level specified 
were designated as “not unique” if other specimens from the same group could 
be taken to target levels. Organisms designated as “unique” were those that 
could be definitively distinguished from other organisms in the sample. 
Identified organisms were preserved in 95% ethanol in labeled vials, and 
archived at the Rhithron laboratory.  
 
Midges and worms were carefully morphotyped using 10x – 80x stereoscopic 
dissecting microscopes (Leica S8E and S6E) and representative specimens were 
slide mounted and examined at 200x – 1000x magnification using an Olympus 
BX 51 compound microscope. Slide mounted organisms were archived at the 
laboratory. 
 
Sample processing: periphyton 
 
Permanent diatom slides were prepared from the 6 periphyton samples: 
subsamples were taken and treated with concentrated H2SO4 and 30% H2O2. 
Samples were neutralized by rinses with distilled water, and subsample 
volumes were adjusted to obtain adequate densities. Small amounts of each 
sample were dried onto 22-mm square coverslips. Coverslips were mounted on 
slides using Naphrax diatom mount. To ensure a high quality mount for 
identification and to make replicates available for archives, 3 slide mounts were 
made from each sample. One of the replicates was selected from each sample 
batch for identification. A diamond scribe mark was made to define a transect 
line on the cover slip, and a minimum of 600 diatom valves were identified 
along the transect mark. A Leica DM 2500 compound microscope, Nomarski 
contrast, and 1000x magnification were used for identifications. Diatoms were 
identified to the lowest possible taxonomic level, generally species, following 
standard taxonomic references. Diatom cells were very sparse in all of the 
samples. For these samples, at least 300 valves were counted and identified, 
and identifications were extrapolated to a 600 valve count based on observed 
relative abundances. 
 
For soft-bodied (non-diatom) algae samples, the raw periphyton sample was 
manually homogenized and emptied into a porcelain evaporating dish.  A small, 
random sub-sample of algal material was pipetted onto a standard Palmer-
Maloney microscope slide using a disposable dropper or soda straw. Visible 
(macroscopic) algae were also sub-sampled, in proportion to their estimated 
importance relative to the total volume of algal material in the sample, and 
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added to the liquid fraction on the slide.  The Palmer-Maloney cell was then 
covered with a 22 x 30 mm coverslip. 
 
Soft-bodied (non-diatom) algae were identified to genus using an Olympus BHT 
compound microscope under 200X and 400X magnification, following standard 
taxonomic references.  Three hundred cells or natural units of non-diatom algae 
were identified, when possible. Living diatom cells were included in these 
counts.  
 
Quality control procedures 
 
Quality control procedures for initial sample processing and subsampling 
involved checking sorting efficiency. These checks were conducted on 5 of the 
samples (83.3%) by independent observers who microscopically re-examined 
20% of sorted substrate from each sample. All organisms that were missed were 
counted and this number was added to the total number obtained in the 
original sort. Sorting efficiency was evaluated by applying the following 
calculation:    

100
21

1 ��
�n

nSE  

where: SE is the sorting efficiency, expressed as a percentage, n1 is the total 
number of specimens in the first sort, and n 1+2 is the total number of 
specimens in the first and second sorts combined.  
 
Quality control procedures for taxonomic determinations of invertebrates 
involved checking accuracy, precision and enumeration. One sample (16.6%) 
was randomly selected and all organisms re-identified and counted by an 
independent taxonomist. Taxa lists and enumerations were compared by 
calculating a Bray-Curtis similarity statistic (Bray and Curtis 1957) for the 
selected sample. Routinely, discrepancies between the original identifications 
and the QC identifications are discussed among the taxonomists, and necessary 
rectifications to the data are made. Discrepancies that cannot be rectified by 
discussions are routinely sent out to taxonomic specialists for identification. 
However, taxonomic certainty for identifications in this project was high and no 
external verifications were necessary. 
 
Quality control procedures for periphyton taxonomy involved the re-
identification of diatoms and non-diatom algae from a randomly selected 
sample by an independent taxonomist. Bray-Curtis similarity statistics were 
generated by comparing the original identifications with the re-identifications, 
and adjustments to taxonomy were made where appropriate. Discrepancies in 
identifications were discussed, and rectifications were made to the data. 
 
Data analysis 
 
Raw macroinvertebrate and periphyton data were entered into customized 
databases (RIALIS and RIADIS, Rhithron Associates, Inc.), and metric suites, 
indices and discriminant function analyses were run. The 4 metrics of the 
Nebraska Invertebrate Community Index (ICI) were run, after calibration of 
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tolerance values to Nebraska DEQ standards. ICI metrics were scored for each 
site using procedures established by Nebraska DEQ for the Western Corn Belt 
Plains ecoregion (Bazata 2007):  the individual metrics were given scores of one, 
three, five, or seven. A score of one was given to raw data scores that were 12 
percent or lower of the reference site distributions, a score of three was 
assigned to raw data scores between 13 and 25 percent, a score of five was 
given to raw data scores between 26 to 50 percent of the reference distributions, 
and seven was assigned as the score to raw data score greater than 50 percent 
of the reference distribution. Metric scores were summed to give an overall ICI 
score for the site.  
 
Overall ICI scores for each site were compared to data from perennial streams 
classified as reference streams and test streams in the Western Corn Belt Plains 
ecoregion. This data was generated by Nebraska DEQ between 1997 and 2007 
(Bazata 2005).To assign classifications, the 75th percentile and higher of scores 
for 1997-2007 reference sites was given an excellent rating; the 0 percentile to 
74.9 percentile of the reference streams was given a good rating. Below the 
reference site level, the median and above of the test sites was given a fair 
rating. The scores below the median of the test sites were given a poor rating. A 
summary of the classifications and ICI scores is given in Table 1. 
 
 

ICI score Condition 
classification 

 
24 or higher 

 
Excellent 

 
14 – 24 

 
Good 

 
16 – 14 

 
Fair 

 
Less than 16 

 
Poor 

 
 
Table 1. ICI score ranges and condition classifications, based on reference and test site 
data collected in 1997 – 2007 by Nebraska DEQ. 
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RESULTS 
 
Quality Control Procedures 

 
Results of quality control procedures for subsampling and taxonomy are given 
in Table 2. Sorting efficiency averaged 96.56% for macroinvertebrate samples, 
taxonomic precision for identification and enumeration was 96.95% for the 
randomly selected macroinvertebrate QA sample, and data entry efficiency 
averaged 100% for the project. Taxonomic precision for identification and 
enumeration was 63.41% for the randomly selected periphyton QA sample. 
These similarity statistics fall within acceptable industry criteria (aquatic 
invertebrates: Stribling et al. 2003; periphyton: Bahls pers. comm.) 
  
 
 
 
Table 2. Results of internal quality control procedures for subsampling and taxonomy. 
 

RAI Sample ID Station name Site ID Biotic group Sorting 
efficiency 

Bray-Curtis 
similarity for 
taxonomy and 
enumeration 

PBSJ08LSC001 Little Salt Creek Benes macroinvertebrate 100.00%  

PBSJ08LSC002 Little Salt Creek LPSNRD macroinvertebrate 97.16%  

PBSJ08LSC003 Little Salt Creek Game 
and Parks macroinvertebrate 97.22%  

PBSJ08LSC004 Little Salt Creek Schied macroinvertebrate 94.76%  

PBSJ08LSC005 Little Salt Creek Arbor macroinvertebrate  n.a.  

PBSJ08LSC006 Little Salt Creek - Trib Parrot macroinvertebrate 93.64% 96.95% 

PBSJ08LSCP001 Little Salt Creek Benes periphyton -  

PBSJ08LSCP002 Little Salt Creek LPSNRD periphyton -  

PBSJ08LSCP003 Little Salt Creek Game 
and Parks periphyton - 63.41% 

PBSJ08LSCP004 Little Salt Creek Schied periphyton -  

PBSJ08LSCP005 Little Salt Creek Arbor periphyton -  

PBSJ08LSCP006 Little Salt Creek - Trib Parrot periphyton -  

 
 
 
Aquatic invertebrate assemblages 
 
Calculated abundances in macroinvertebrate samples ranged from fewer than 
500 to more than 4500 organisms. Low abundance of invertebrates was only 
observed for the sample collected at the Arbor site, which yielded only 460 
organisms. Dominant invertebrates at the Little Salt Creek basin sites included 
the amphipod Hyalella sp., hydropsychid caddisflies (Hydropsyche spp. and 
Cheumatopsyche spp.), Physa sp., and midges in the Cricotopus (Isocladius) 
group. The abundance of salt-tolerant taxa (Horrigan et al. 2005, Leland and 
Fend 1998) in assemblages varied from 12% at the Benes site to 37% at the 
Arbor site. 
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The results of the Nebraska ICI indicate poor biologic conditions at all 6 
sampled sites; these results may be due to the limited fauna which can be 
expected in saline aquatic environments, but water quality impairment due to 
nutrients, pesticides, or other substances cannot be ruled out. In addition, 
habitat limitations may have also influenced the biota at these sites; in 
particular, impoverished or monotonous instream habitats associated with fine 
sediment deposition probably inhibited colonization by many invertebrates. 
Very poor values for EPT richness (range = 2 – 8) and the modified HBI (range = 
6.30 – 7.65) were consistent among the sites. Poor or very poor scores for total 
taxa richness (range = 24 – 50) were also characteristic. ICI scores are 
summarized in Table 3. 
 
Algal assemblages, including diatoms 
 
Diatom assemblages were dominated by salt-tolerant taxa (VanDam et al. 
1994), including Navicula erifuga, Nitzschia frustulum, Tabularia fasciculate, 
and Navicula salinicola. The relative abundance of these halophilic taxa ranged 
from 30% at the Benes site, to 68% at the Schied site. Taxa with strict 
freshwater requirements accounted for less than 2% of the diatom flora at Little 
Salt Creek sites. There is currently no bioassessment tool developed for diatom 
or other algal assemblages specific to the waters of Nebraska, so classifications 
of biotic health based on the diatom assemblages are not determined.  
 

 
 
Table 3. Nebraska ICI metric values and scores, total index scores, and condition 
classifications for sites in the Little Salt Creek Basin, 2008. 
 
 
 
 
 
 

Benes LPSNRD 
Game 
and 
Parks 

Schied Arbor Parrot 

 
Percent dominant taxon 12.3 37.4 28.9 23.6 47.4 51.5 
EPT richness 6 8 5 5 2 2 
Modified HBI  6.55 7.11 7.39 6.30 6.57 7.65 
Total taxa richness 50 47 39 28 24 34 
       
Percent dominant taxon 7 1 3 5 1 1 
EPT richness 1 1 1 1 1 1 
Modified HBI  1 1 1 1 1 1 
Total taxa richness 3 3 1 1 1 1 
 
Total score 12 6 6 8 4 4 
 
Classification poor poor poor poor poor poor 
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Site-by-site narrative analysis 
 
1. Benes site 
 
Three mayfly taxa were collected at this site. Only one mayfly taxon, however, 
was abundant; this was Caenis sp. This mayfly, and the elmid beetle 
Dubiraphia sp. which was also common at the site, are typically associated with 
macrophytes. The assemblage included 7 hemoglobin-bearing taxa, accounting 
for 21% of sampled animals. These taxa included the midges Stictochironomus 
sp. and Chironomus sp. Hemoglobin-bearers prefer low oxygen environs; it 
seems likely that sediments were hypoxic in this reach. Warm water 
temperatures and/or nutrient enrichment can be associated with oxygen 
depletion. Salt-tolerant taxa (Horrigan 2005, Leland and Fend 1998) accounted 
for 12% of the organisms collected in the sample.  
 
Nearly 26% of the invertebrates present in the sample were hydropsychid 
caddisflies, including Hydropsyche spp., Cheumatopsyche spp., and many 
immature hydropsychid specimens that could not be identified to genus. The 
abundance of these animals suggests that stony substrate habitats were stable, 
and were not completely obliterated by fine sediments. Taxa richness was 
relatively high here, indicating that instream habitats were not as monotonous 
as at the other Little Salt Creek sites. Low numbers of scrapers among the 
functional components suggest high turbidity. 
 
A significant proportion (30%) of the diatom assemblage at this site was salt-
tolerant; however, this was the lowest proportion of halophilic taxa among the 6 
sampled sites in the Little Salt Creek basin. Eutraphentic taxa, which require 
high concentrations of inorganic nutrients, accounted for 76% of the 
assemblage; this finding suggests that nutrient enrichment may have been 
influential along with salinity. While invertebrate taxa richness was highest at 
this site, diatom diversity was lowest here; these findings suggest 
eutrophication. 
  
2. LPSNRD 
 
The invertebrate assemblage at the LPSNRD site was dominated by the tolerant 
amphipod Hyalella sp., which accounted for 37% of sampled animals. Midges 
were the other abundant group; among the 21 chironomid taxa present in the 
sample, 11 taxa were hemoglobin-bearers. These included Chironomus sp., 
Cryptochironomus sp., and Polypedilum sp. Hypoxic substrates are suggested by 
the diversity and abundance of hemoglobin-bearing organisms in the sample. 
Based on these findings, nutrient enrichment cannot be ruled out here, 
although warm water temperatures likely contributed to low oxygen 
concentrations. Salt-tolerant taxa accounted for 26% of the invertebrate fauna. 
Taxa richness among the invertebrates was high at this site, implying diverse 
instream habitats. High turbidity is suggested by the scarcity of scrapers among 
the functional groups. 
 
Diatom species richness was also moderately high at the LPSNRD site. The 
composition of the diatom assemblage suggests both high salinity as well as 
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possible nutrient enrichment. Forty percent of the flora was composed of 
halophilic taxa, including Navicula erifuga and Surirella ovalis, and 
eutraphentic taxa accounted for 69% of the assemblage. The abundance of the 
epiphytic alga Protoderma sp. suggests the presence of submerged macrophytes 
at this site. Other macrophyte associates (e.g. the elmid beetle Dubiraphia sp.) 
were also collected here.  
 
3. Game and Parks 
 
Tolerant physid snails (Physa sp.) dominated the invertebrate fauna at the 
Game and Parks site, accounting for 29% of collected animals. In general, this 
site supported one of the more tolerant invertebrate assemblages of the sites 
sampled on Little Salt Creek; the modified HBI value (7.39) was among the 
highest values calculated for any assemblage sampled. Hemoglobin-bearing 
taxa were abundant, and included the midge Dicrotendipes sp. and the snail 
Stagnicola sp. Nutrient enrichment cannot be ruled out. Nearly 30% of the 
invertebrate fauna was comprised of salt-tolerant taxa, including Dicrotendipes 
sp. and damselflies in the family Coenagrionidae (Argia sp. and Enallagma sp.). 
 
Invertebrate taxa richness was lower than at the upstream sites, suggesting 
that instream habitats may have been more monotonous or impoverished in 
this reach. Salinity may have additionally limited the diversity of invertebrates 
here. Habitats may have included macrophyte roots and surfaces, soft 
substrates, and a few stony surfaces. Filamentous algae may have been 
present, since midges in the genera Cricotopus and Orthocladius were common, 
and the caddisfly Hydroptila sp. was present. The functional mix was 
dominated by gatherers, but scrapers were very abundant. However, physid 
snails were the vast majority of scrapers here; these animals probably inhabited 
macrophyte surfaces. Their abundance does not suggest that water clarity was 
improved here, compared to the other sampled sites. 
 
The Game and Parks site supported the most diverse diatom assemblage of any 
of the sampled sites in this project; 74 taxa were identified. Halophilic taxa 
accounted for 49% of the diatoms counted; salinity was probably higher here 
than at the upstream sites. Sixty-one percent of diatoms were eutraphentic, 
suggesting that nutrient enrichment may also have been influential here.  
 
4. Schied 
 
The dominant taxa at the Schied site were the caddisfly Cheumatopsyche sp., 
the midge Dicrotendipes sp., and physid snails (Physa sp.). Abundance of 
Cheumatopsyche sp. suggests that instream habitats probably included some 
stony substrates devoid of sediment deposition. Large numbers of Dicrotendipes 
sp., a hemoglobin-bearer, suggests that where soft sediments were present, 
substrates were hypoxic. And the tolerant snail Physa sp. probably indicates 
that macrophyte surfaces were an important habitat component. Overall taxa 
richness was low, so instream habitats may have been generally monotonous. 
However, salinity may have limited the diversity of invertebrates, since 23% of 
the invertebrates sampled here were salt-tolerant. Water quality may have been 
further challenged by nutrient enrichment. 27% of taxa were hemoglobin-
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bearers, indicating hypoxic substrates; nutrient enrichment and warm water 
temperatures could account for hypoxic substrates. Filterers, including 
Cheumatopsyche sp. as well as considerable numbers of the blackfly Simulium 
sp., were the dominant functional group. This finding suggests that fine organic 
particulates in suspension were a major energy source in the reach. 
 
This site supported the diatom assemblage with the highest proportion (68%) of 
salt-tolerant taxa of any sampled site. Eutraphentic taxa accounted for about 
the same proportion, suggesting that nutrient enrichment may have been 
another water quality determinant. The filamentous alga Cladophora sp. was 
also present in the sample, further suggesting nutrient enrichment. 
 
5. Arbor 
 
Midges in 13 taxa overwhelmed the taxonomic composition of the sample 
collected at the Arbor site, accounting for 93% of sampled animals. Dominant 
among these were midges in the Cricotopus (Isocladius) group of species. This 
group is typically associated with filamentous algae. Large crops of filamentous 
algae may be associated with nutrient enrichment, which cannot be ruled out 
here. Evidence for severe water quality impairment at this site includes the 
complete absence of mayflies, and the near-absence of hydropsychid 
caddisflies; only 4 immature specimens of the latter group were collected. The 
hemoglobin-bearing midge Dicrotendipes sp. was also very abundant, 
suggesting hypoxic substrates. Taxa richness was very low at this site; limited 
habitat diversity may be indicated. Soft sediments and filamentous algae were 
likely the predominant instream habitat type available here. Salt-tolerant 
animals accounted for 37% of sampled organisms. 
 
Sixty-one percent of the diatom taxa collected at the Arbor site were halophilic 
taxa. These included large numbers of Tabularia fasciculate and Navicula 
salinicola. The proportion of eutraphentic taxa (69%) was similar to that of the 
other Little Salt Creek sites. The absence of a filamentous algal component to 
the periphyton sample does not rule out its presence at this site. The analysis of 
non-diatom algae in qualitative samples is notoriously inexact, especially in 
samples where diatoms are the major component as they are at the Arbor site.  
 
6. Parrot 
 
The Parrot site is located on a tributary to Little Salt Creek. The tolerant 
amphipod Hyalella sp. was the dominant taxon at the Parrot site; this animal 
accounted for 51% of organisms here. The large number of copepods collected 
in the sample suggests that areas of stagnant flow were sampled along with the 
lotic areas. Hemoglobin-bearing taxa accounted for only 11% of the assemblage, 
suggesting that hypoxia may have been less prevalent at the Parrot site than at 
the Little Salt Creek sites. Salt-tolerant organisms accounted for 21% of the 
invertebrates sampled here. Taxa richness was somewhat higher here than at 
the other sites.  
 
Fifty-one percent of the diatoms collected at the Parrot site were halophilic; taxa 
included Navicula erifuga and Navicula trivialis. Eutraphentic taxa accounted  
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Figure 1. Relative abundances of salt-tolerant invertebrates and diatoms at sites in the 
Little Salt Creek basin. 2008. 
 
 
 
for 81% of the sampled diatoms. These findings suggest that salinity and 
nutrient enrichment influenced the composition of the assemblage here.  
 
 
DISCUSSION 
 
Salinity is an important determinant of the taxonomic composition of both 
invertebrate and diatom assemblages in Little Salt Creek. Salt-tolerant 
invertebrate and diatom taxa increased from smaller to larger proportions along 
the upstream-to-downstream gradient of Little Salt Creek. Figure 1 illustrates 
the longitudinal progression of halophilic taxa proportions. The exception 
occurs at the Schied site, where salinity probably limits invertebrate diversity, 
although abundance was apparently not limited. Nutrient enrichment could not 
be ruled out at any site, and may have been influential in the persistence of 
hypoxic substrates, which were apparently characteristic of all sites. However, 
indications of the various chemical contributors to water quality are 
confounded in both the diatom and invertebrate data. Warm water 
temperatures were indicated by the invertebrate fauna at all sites.  
 
Low ICI scores characterized the bioassessment of these sites. Given the 
influence of saline seeps, it is difficult to distinguish anthropogenic water 
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quality impairment from the naturally-occurring effects of background salinity, 
which essentially structures both the invertebrate and diatom assemblage 
composition in Little Salt Creek and its sampled tributary. 
 
Silty substrates were probably present at all sites, since motile diatom taxa 
were abundant in all samples. These taxa include diverse species in the genera 
Navicula and Nitzschia. Soft benthic substrates result in depauperate 
invertebrate assemblages, since instream habitats are limited. It is difficult to 
determine the effect of agricultural use on the extent of sedimentation in this 
basin without comparisons to “reference” biota from a comparable stream with 
minimal human influence. 
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Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC001

Sta. Name: Little Salt Creek

Client ID: Benes

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC001

PRA FunctionBI

Non-Insect

Nematoda 2 0.38% PA5Yes Unknown
Ostracoda 2 0.38% CG8Yes Unknown

Enchytraeidae
Fridericia sp. 2 0.38% CG11Yes Unknown

Hyalellidae
Hyalella sp. 1 0.19% CG8Yes Unknown

Naididae
Naididae (Tubificinae) - with capillary setae 2 0.38% CG11Yes Immature Damaged
Naididae (Tubificinae) - without capillary setae 10 1.92% CG11No Immature Damaged

Physidae
Physidae 25 4.80% SC8Yes Unknown

Sphaeriidae
Sphaeriidae 3 0.58% CF8Yes Unknown

Tubificidae
Limnodrilus sp. 1 0.19% CG10Yes Unknown

Odonata

Calopterygidae
Calopteryx sp. 4 0.77% PR6Yes Larva

Coenagrionidae
Coenagrionidae 1 0.19% PR7No Larva Early Instar
Enallagma sp. 6 1.15% PR7Yes Larva

Ephemeroptera

Baetidae
Baetis sp. 3 0.58% CG5Yes Larva Early Instar

Caenidae
Caenis sp. 42 8.06% CG7Yes Larva

Leptohyphidae
Tricorythodes sp. 1 0.19% CG4Yes Larva

Heteroptera

Belostomatidae
Belostoma sp. 1 0.19% PR7Yes Adult

Megaloptera

Sialidae
Sialis sp. 1 0.19% PR4Yes Larva

Trichoptera

Hydropsychidae
Cheumatopsyche sp. 24 4.61% CF5Yes Larva
Hydropsyche sp. 47 9.02% CF5Yes Larva
Hydropsychidae 64 12.28% CF4No Larva Early Instar

Leptoceridae
Oecetis sp. 2 0.38% PR8Yes Larva

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC001

Sta. Name: Little Salt Creek

Client ID: Benes

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC001

PRA FunctionBI

Coleoptera

Dytiscidae
Dytiscidae 2 0.38% PR5Yes Larva
Liodessus sp. 1 0.19% PR5Yes Adult

Elmidae
Dubiraphia sp. 5 0.96% CG6Yes Adult
Dubiraphia sp. 22 4.22% CG6No Larva
Elmidae 1 0.19% CG4Yes Larva Early Instar

Hydrophilidae
Berosus sp. 1 0.19% PR5Yes Larva

Diptera

Ceratopogonidae
Ceratopogoninae 7 1.34% PR6Yes Larva

Empididae
Hemerodromia sp. 2 0.38% PR6Yes Larva

Ephydridae
Ephydridae 2 0.38% CG6Yes Larva

Psychodidae
Psychodidae 1 0.19% CG4Yes Larva

Simuliidae
Simulium sp. 37 7.10% CF6Yes Larva

Tabanidae
Tabanidae 4 0.77% PR6Yes Larva

Tipulidae
Dicranota sp. 1 0.19% PR3Yes Larva
Erioptera sp. 3 0.58% CG7Yes Larva
Tipula sp. 1 0.19% SH4Yes Larva
Tipulidae 1 0.19% SH3No Larva Early Instar

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC001

Sta. Name: Little Salt Creek

Client ID: Benes

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC001

PRA FunctionBI

Chironomidae

Chironomidae
Chironomus sp. 25 4.80% CG10Yes Larva
Corynoneura sp. 1 0.19% CG7Yes Larva
Cricotopus (Cricotopus) sp. 5 0.96% SH7Yes Larva
Cricotopus bicinctus 1 0.19% SH7Yes Larva
Cryptochironomus sp. 24 4.61% PR8Yes Larva
Dicrotendipes sp. 1 0.19% CG8Yes Larva
Diplocladius sp. 1 0.19% CG5Yes Larva
Micropsectra sp. 5 0.96% CG4Yes Pupa
Microtendipes sp. 5 0.96% CF6Yes Larva
Orthocladius sp. 2 0.38% CG6No Pupa
Orthocladius sp. 11 2.11% CG6Yes Larva
Parametriocnemus sp. 1 0.19% CG5Yes Larva
Paratanytarsus sp. 6 1.15% CG6Yes Larva
Polypedilum sp. 5 0.96% SH6Yes Larva
Saetheria sp. 3 0.58% CG4Yes Larva
Stictochironomus sp. 47 9.02% CG5Yes Larva
Thienemanniella sp. 8 1.54% CG6Yes Larva
Thienemannimyia Gr. 34 6.53% PR5Yes Larva
Tvetenia Bavarica Gr. 1 0.19% CG5Yes Larva

521Sample Count

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC002

Sta. Name: Little Salt Creek

Client ID: LPSNRD

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC002

PRA FunctionBI

Non-Insect

Copepoda 12 2.38% CG8Yes Unknown

Hyalellidae
Hyalella sp. 189 37.43% CG8Yes Unknown

Naididae
Naididae (Tubificinae) - without capillary setae 1 0.20% CG11Yes Immature Damaged

Physidae
Physidae 6 1.19% SC8Yes Unknown

Planorbidae
Planorbidae 1 0.20% SC6Yes Immature

Sphaeriidae
Sphaeriidae 6 1.19% CF8Yes Unknown

Odonata

Calopterygidae
Calopteryx sp. 1 0.20% PR6Yes Larva

Coenagrionidae
Argia sp. 3 0.59% PR7Yes Larva
Coenagrionidae 2 0.40% PR7No Larva Early Instar
Enallagma sp. 9 1.78% PR7Yes Larva

Ephemeroptera

Baetidae
Baetis sp. 4 0.79% CG5Yes Larva Early Instar
Callibaetis sp. 6 1.19% CG9Yes Larva

Caenidae
Caenis sp. 6 1.19% CG7Yes Larva

Heptageniidae
Heptageniidae 3 0.59% SC4Yes Larva Early Instar

Heteroptera

Belostomatidae
Belostoma sp. 3 0.59% PR7Yes Adult

Corixidae
Corixidae 2 0.40% PH10No Adult Damaged
Trichocorixa sp. 6 1.19% PR11Yes Adult

Trichoptera

Hydropsychidae
Cheumatopsyche sp. 4 0.79% CF5Yes Larva
Hydropsyche sp. 1 0.20% CF5Yes Larva
Hydropsychidae 3 0.59% CF4No Larva Early Instar

Leptoceridae
Oecetis sp. 2 0.40% PR8Yes Larva

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC002

Sta. Name: Little Salt Creek

Client ID: LPSNRD

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC002

PRA FunctionBI

Coleoptera

Dryopidae
Helichus sp. 1 0.20% SH2Yes Adult

Dytiscidae
Liodessus sp. 1 0.20% PR5Yes Adult

Elmidae
Dubiraphia sp. 37 7.33% CG6Yes Larva

Scirtidae
Scirtidae 1 0.20% SC5Yes Larva Damaged

Diptera

Ceratopogonidae
Ceratopogoninae 3 0.59% PR6Yes Larva

Empididae
Hemerodromia sp. 1 0.20% PR6Yes Larva

Simuliidae
Simulium sp. 23 4.55% CF6Yes Larva

Chironomidae

Chironomidae
Chironomus sp. 11 2.18% CG10Yes Larva
Corynoneura sp. 1 0.20% CG7Yes Larva
Cricotopus (Cricotopus) sp. 1 0.20% SH7Yes Larva
Cricotopus bicinctus 3 0.59% SH7Yes Larva
Cryptochironomus sp. 11 2.18% PR8Yes Larva
Cryptotendipes sp. 4 0.79% CG6Yes Larva
Dicrotendipes sp. 5 0.99% CG8Yes Larva
Endochironomus sp. 1 0.20% SH10Yes Larva
Micropsectra sp. 7 1.39% CG4Yes Larva
Microtendipes sp. 2 0.40% CF6Yes Larva
Orthocladius sp. 2 0.40% CG6Yes Larva
Parakiefferiella sp. 6 1.19% CG6Yes Larva
Paralauterborniella sp. 3 0.59% CG8Yes Larva
Paratanytarsus sp. 12 2.38% CG6Yes Larva
Phaenopsectra sp. 3 0.59% SC7Yes Larva
Polypedilum sp. 10 1.98% SH6Yes Larva
Procladius sp. 1 0.20% PR9Yes Larva
Rheocricotopus sp. 1 0.20% CG4Yes Larva
Stictochironomus sp. 5 0.99% CG5Yes Larva
Tanytarsus sp. 3 0.59% CF6Yes Larva
Thienemannimyia Gr. 76 15.05% PR5Yes Larva

505Sample Count

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC003

Sta. Name: Little Salt Creek

Client ID: Game and Parks

STORET ID:No. Jars: 1Date Coll.: 10/28/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC003

PRA FunctionBI

Non-Insect

Copepoda 1 0.19% CG8Yes Unknown
Ostracoda 4 0.78% CG8Yes Unknown

Hyalellidae
Hyalella sp. 27 5.23% CG8Yes Unknown

Lymnaeidae
Stagnicola sp. 2 0.39% SC6Yes Unknown

Naididae
Naididae (Tubificinae) - without capillary setae 5 0.97% CG11No Immature Damaged

Physidae
Physidae 149 28.88% SC8Yes Unknown

Tubificidae
Limnodrilus sp. 1 0.19% CG10Yes Unknown

Odonata

Calopterygidae
Hetaerina sp. 1 0.19% PR6Yes Larva

Coenagrionidae
Argia sp. 5 0.97% PR7Yes Larva
Coenagrionidae 4 0.78% PR7No Larva Early Instar
Enallagma sp. 1 0.19% PR7Yes Larva

Ephemeroptera

Baetidae
Baetidae 2 0.39% CG4Yes Larva Damaged

Caenidae
Caenis sp. 6 1.16% CG7Yes Larva

Heteroptera

Corixidae
Corixidae 1 0.19% PH10No Adult Damaged
Corixidae 7 1.36% PH10No Larva
Trichocorixa sp. 9 1.74% PR11Yes Adult

Megaloptera

Sialidae
Sialis sp. 1 0.19% PR4Yes Larva

Trichoptera

Hydropsychidae
Cheumatopsyche sp. 20 3.88% CF5Yes Larva
Hydropsyche sp. 1 0.19% CF5Yes Larva

Hydroptilidae
Hydroptila sp. 2 0.39% PH6Yes Larva

Coleoptera

Dytiscidae
Dytiscidae 2 0.39% PR5Yes Larva

Elmidae
Dubiraphia sp. 15 2.91% CG6Yes Larva

Hydrophilidae
Berosus sp. 23 4.46% PR5Yes Larva

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC003

Sta. Name: Little Salt Creek

Client ID: Game and Parks

STORET ID:No. Jars: 1Date Coll.: 10/28/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC003

PRA FunctionBI

Diptera

Ceratopogonidae
Ceratopogoninae 32 6.20% PR6Yes Larva

Psychodidae
Psychodidae 1 0.19% CG4Yes Larva

Simuliidae
Simuliidae 1 0.19% CF6No Pupa
Simulium sp. 26 5.04% CF6Yes Larva

Chironomidae

Chironomidae
Chironomus sp. 5 0.97% CG10Yes Larva
Cricotopus (Cricotopus) sp. 3 0.58% SH7Yes Larva
Cricotopus (Isocladius) sp. 1 0.19% SH7Yes Larva
Cricotopus bicinctus 21 4.07% SH7Yes Larva
Cryptochironomus sp. 1 0.19% PR8Yes Larva
Dicrotendipes sp. 74 14.34% CG8Yes Larva
Micropsectra sp. 4 0.78% CG4Yes Larva
Orthocladius sp. 5 0.97% CG6Yes Larva
Parakiefferiella sp. 1 0.19% CG6Yes Larva
Paralauterborniella sp. 1 0.19% CG8Yes Larva
Parametriocnemus sp. 1 0.19% CG5Yes Larva
Paratanytarsus sp. 18 3.49% CG6Yes Larva
Polypedilum sp. 10 1.94% SH6Yes Larva
Procladius sp. 6 1.16% PR9Yes Larva
Tanypodinae 1 0.19% PR7No Larva Early Instar
Tanypus sp. 3 0.58% PR10Yes Larva
Thienemanniella sp. 8 1.55% CG6Yes Larva
Thienemannimyia Gr. 4 0.78% PR5Yes Larva

516Sample Count

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC004

Sta. Name: Little Salt Creek

Client ID: Schied

STORET ID:No. Jars: 1Date Coll.: 10/28/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC004

PRA FunctionBI

Non-Insect

Hyalellidae
Hyalella sp. 11 2.06% CG8Yes Unknown

Lymnaeidae
Lymnaeidae 1 0.19% SC6Yes Immature

Physidae
Physidae 66 12.34% SC8Yes Unknown

Odonata

Calopterygidae
Calopterygidae 1 0.19% PR6Yes Larva Early Instar

Coenagrionidae
Coenagrionidae 6 1.12% PR7Yes Larva Early Instar

Ephemeroptera

Baetidae
Callibaetis sp. 2 0.37% CG9Yes Larva

Caenidae
Caenis sp. 4 0.75% CG7Yes Larva

Heteroptera

Corixidae
Trichocorixa sp. 1 0.19% PR11Yes Adult

Trichoptera

Hydropsychidae
Cheumatopsyche sp. 126 23.55% CF5Yes Larva
Hydropsyche sp. 8 1.50% CF5Yes Larva

Hydroptilidae
Hydroptila sp. 3 0.56% PH6Yes Larva

Coleoptera

Dytiscidae
Liodessus sp. 2 0.37% PR5Yes Adult

Elmidae
Dubiraphia sp. 1 0.19% CG6Yes Larva

Hydrophilidae
Berosus sp. 7 1.31% PR5Yes Larva

Diptera

Ceratopogonidae
Ceratopogoninae 59 11.03% PR6Yes Larva

Ephydridae
Ephydridae 1 0.19% CG6Yes Larva

Simuliidae
Simulium sp. 57 10.65% CF6Yes Larva

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC004

Sta. Name: Little Salt Creek

Client ID: Schied

STORET ID:No. Jars: 1Date Coll.: 10/28/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC004

PRA FunctionBI

Chironomidae

Chironomidae
Chironomus sp. 11 2.06% CG10Yes Larva
Cricotopus sp. 1 0.19% SH7No Pupa
Cricotopus (Cricotopus) sp. 8 1.50% SH7Yes Larva
Cricotopus bicinctus 6 1.12% SH7Yes Larva
Cryptochironomus sp. 3 0.56% PR8Yes Larva
Dicrotendipes sp. 101 18.88% CG8Yes Larva
Paraphaenocladius sp. 2 0.37% CG4Yes Larva
Paratanytarsus sp. 2 0.37% CG6Yes Larva
Polypedilum sp. 29 5.42% SH6Yes Larva
Procladius sp. 1 0.19% PR9Yes Larva
Thienemanniella sp. 7 1.31% CG6Yes Larva
Thienemannimyia Gr. 8 1.50% PR5Yes Larva

535Sample Count

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC005

Sta. Name: Little Salt Creek

Client ID: Arbor

STORET ID:No. Jars: 2Date Coll.: 10/27/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC005

PRA FunctionBI

Non-Insect

Ostracoda 1 0.22% CG8Yes Unknown

Naididae
Naididae (Naidinae) 1 0.22% CG8Yes Unknown Damaged
Naididae (Tubificinae) - without capillary setae 8 1.74% CG11No Immature Damaged
Paranais sp. 1 0.22% CG8Yes Unknown

Tubificidae
Limnodrilus sp. 2 0.43% CG10Yes Unknown

Odonata

Coenagrionidae
Coenagrionidae 1 0.22% PR7Yes Larva Damaged

Heteroptera

Corixidae
Trichocorixa sp. 5 1.09% PR11Yes Adult

Trichoptera

Hydropsychidae
Hydropsychidae 4 0.87% CF4Yes Larva Early Instar

Hydroptilidae
Hydroptilidae 1 0.22% PH4Yes Larva Early Instar

Coleoptera

Hydrophilidae
Berosus sp. 2 0.43% PR5Yes Larva

Diptera

Ceratopogonidae
Ceratopogoninae 6 1.30% PR6Yes Larva

Tipulidae
Tipulidae 2 0.43% SH3Yes Larva Early Instar

Chironomidae

Chironomidae
Cladotanytarsus sp. 1 0.22% CG7Yes Larva
Cricotopus (Cricotopus) sp. 4 0.87% SH7Yes Larva
Cricotopus (Isocladius) sp. 218 47.39% SH7Yes Larva
Cricotopus bicinctus 1 0.22% SH7Yes Larva
Cryptochironomus sp. 5 1.09% PR8Yes Larva
Dicrotendipes sp. 120 26.09% CG8Yes Larva
Micropsectra sp. 1 0.22% CG4Yes Larva
Orthocladiinae 20 4.35% CG6No Larva Early Instar
Paraphaenocladius sp. 1 0.22% CG4Yes Larva
Polypedilum sp. 11 2.39% SH6Yes Larva
Pseudochironomus sp. 2 0.43% CG5Yes Larva
Tanypus sp. 1 0.22% PR10Yes Larva
Thienemannimyia Gr. 40 8.70% PR5Yes Larva
Zavrelimyia sp. 1 0.22% PR8Yes Larva

460Sample Count

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC006

Sta. Name: Little Salt Creek - Trib

Client ID: Parrot

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC006

PRA FunctionBI

Non-Insect

Copepoda 43 8.55% CG8Yes Unknown

Hyalellidae
Hyalella sp. 259 51.49% CG8Yes Unknown

Lymnaeidae
Lymnaeidae 1 0.20% SC6Yes Immature

Naididae
Naididae (Tubificinae) - without capillary setae 2 0.40% CG11Yes Immature Damaged

Physidae
Physidae 37 7.36% SC8Yes Unknown

Planorbidae
Planorbella sp. 4 0.80% SC6Yes Unknown

Sphaeriidae
Sphaeriidae 2 0.40% CF8Yes Unknown

Odonata

Coenagrionidae
Argia sp. 1 0.20% PR7Yes Larva

Libellulidae
Libellulidae 2 0.40% PR9Yes Larva

Ephemeroptera

Baetidae
Callibaetis sp. 10 1.99% CG9Yes Larva

Heptageniidae
Heptageniidae 1 0.20% SC4Yes Larva Damaged

Heteroptera

Belostomatidae
Belostoma sp. 1 0.20% PR7Yes Adult

Corixidae
Corixidae 1 0.20% PH10No Larva
Trichocorixa sp. 1 0.20% PR11Yes Adult

Nepidae
Ranatra sp. 1 0.20% PR11Yes Adult

Coleoptera

Dytiscidae
Dytiscidae 17 3.38% PR5No Larva
Laccophilus sp. 1 0.20% PR5Yes Adult

Elmidae
Dubiraphia sp. 1 0.20% CG6Yes Larva

Haliplidae
Peltodytes sp. 1 0.20% SH5Yes Adult

Diptera

Ceratopogonidae
Ceratopogoninae 10 1.99% PR6Yes Larva

Tabanidae
Tabanidae 1 0.20% PR6Yes Larva

Friday, January 09, 2009



Taxa Listing Project ID: PBSJ08LSC

RAI No.: PBSJ08LSC006

Sta. Name: Little Salt Creek - Trib

Client ID: Parrot

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

Stage QualifierUniqueCountTaxonomic Name

RAI No.: PBSJ08LSC006

PRA FunctionBI

Chironomidae

Chironomidae
Chironomus sp. 25 4.97% CG10Yes Larva
Corynoneura sp. 1 0.20% CG7Yes Larva
Cryptochironomus sp. 1 0.20% PR8Yes Larva
Dicrotendipes sp. 1 0.20% CG8Yes Larva
Labrundinia sp. 1 0.20% PR7Yes Larva
Micropsectra sp. 7 1.39% CG4Yes Larva
Paralauterborniella sp. 1 0.20% CG8Yes Larva
Paramerina sp. 11 2.19% PR6Yes Larva
Paraphaenocladius sp. 7 1.39% CG4Yes Larva
Paratanytarsus sp. 4 0.80% CG6Yes Larva
Polypedilum sp. 1 0.20% SH6Yes Larva
Procladius sp. 2 0.40% PR9Yes Larva
Stictochironomus sp. 2 0.40% CG5Yes Larva
Thienemannimyia Gr. 36 7.16% PR5Yes Larva
Zavrelimyia sp. 6 1.19% PR8Yes Larva

503Sample Count

Friday, January 09, 2009



PBSJ08LSC001

Little Salt Creek

Benes

10/27/2008

PBSJ08LSC

Metrics Report
Project ID:
RAI No.:
Sta. Name:
Client ID:
STORET ID
Coll. Date:

Sample Count: 521

Sample Abundance: 822.63 63.33%

Chi r onomi dae

Col eopter a

Di pter a

Ephemer opter a

Heter opter a

Lepi dopter a
M egal opter a

Non-Insect

Odonata

P l ecopter a

T r i chopter a

Abundance Measures

Taxonomic Composition

 of sample used

Coll. Procedure: KICK

Sample Notes: 3:00:00 PM

Metric Values and Scores

Dominant Taxa

Functional Composition

Col l ector  Fi l ter er

Col l ector  Gather er

M acr ophyte Her bi vor e

Omi vor e

Par asi te

P i er cer  Her bi vor e

Pr edator

Scr aper

Shr edder

Unknown

Xyl ophage

Bioassessment Indices

0 %
2 0 %
4 0 %
6 0 %
8 0 %

10 0 %

BI B I M TM M TP M TV
Bi oa sse ssme nt  I ndi c e s

Category R A PRA

Non-Insect 8 48 9.21%
Odonata 2 11 2.11%
Ephemeroptera 3 46 8.83%
Plecoptera
Heteroptera 1 1 0.19%
Megaloptera 1 1 0.19%
Trichoptera 3 137 26.30%
Lepidoptera
Coleoptera 5 32 6.14%
Diptera 9 59 11.32%
Chironomidae 18 186 35.70%

Metric Value BIBI MTP MTV MTM

Composition

Taxa Richness 50 5 3 3
Non-Insect Percent 9.21%
E Richness 3 1 1
P Richness 0 1 0
T Richness 3 1 2
EPT Richness 6 2 0
EPT Percent 35.12% 2 0
Oligochaeta+Hirudinea Percent 2.88%
Baetidae/Ephemeroptera 0.065
Hydropsychidae/Trichoptera 0.985

Dominance

Dominant Taxon Percent 12.28% 3 3
Dominant Taxa (2) Percent 21.31%
Dominant Taxa (3) Percent 30.33% 5
Dominant Taxa (10) Percent 71.40%

Diversity

Shannon H (loge) 3.098
Shannon H (log2) 4.470 3
Margalef D 8.109
Simpson D 0.064
Evenness 0.042

Function

Predator Richness 14 3
Predator Percent 17.47% 3
Filterer Richness 5
Filterer Percent 34.55% 0
Collector Percent 74.86% 2 1
Scraper+Shredder Percent 7.29% 1 0
Scraper/Filterer 0.139
Scraper/Scraper+Filterer 0.122

Habit

Burrower Richness 10
Burrower Percent 17.47%
Swimmer Richness 3
Swimmer Percent 0.96%
Clinger Richness 9 1
Clinger Percent 41.46%

Characteristics

Cold Stenotherm Richness 0
Cold Stenotherm Percent 0.00%
Hemoglobin Bearer Richness 7
Hemoglobin Bearer Percent 20.73%
Air Breather Richness 8
Air Breather Percent 2.88%

Voltinism

Univoltine Richness 21
Semivoltine Richness 6 5
Multivoltine Percent 37.04% 3

Tolerance

Sediment Tolerant Richness 3
Sediment Tolerant Percent 0.77%
Sediment Sensitive Richness 0
Sediment Sensitive Percent 0.00%
Metals Tolerance Index 4.123
Pollution Sensitive Richness 0 1 0
Pollution Tolerant Percent 43.57% 3 0
Hilsenhoff Biotic Index 5.913 2 0
Intolerant Percent 0.00%
Supertolerant Percent 16.12%
CTQa 96.925

Category A PRA

Hydropsychidae 64 12.28%
Stictochironomus 47 9.02%
Hydropsyche 47 9.02%
Caenis 42 8.06%
Simulium 37 7.10%
Thienemannimyia Gr. 34 6.53%
Dubiraphia 27 5.18%
Physidae 25 4.80%
Chironomus 25 4.80%
Cryptochironomus 24 4.61%
Cheumatopsyche 24 4.61%
Orthocladius 13 2.50%
Naididae (Tubificinae) - without c 10 1.92%
Thienemanniella 8 1.54%
Ceratopogoninae 7 1.34%

Category R A PRA

Predator 14 91 17.47%
Parasite 1 2 0.38%
Collector Gatherer 25 210 40.31%
Collector Filterer 5 180 34.55%
Macrophyte Herbivore
Piercer Herbivore
Xylophage
Scraper 1 25 4.80%
Shredder 4 13 2.50%
Omivore
Unknown

BioIndex Description Score Pct Rating

BIBI B-IBI (Karr et al.) 26 52.00%

MTP Montana DEQ Plains (Bukantis 1998) 24 80.00% Slight

MTV Montana Revised Valleys/Foothills (Bollman 1998) 3 16.67% Severe

MTM Montana DEQ Mountains (Bukantis 1998) 7 33.33% Moderate

Friday, January 09, 2009



PBSJ08LSC002

Little Salt Creek

LPSNRD

10/27/2008

PBSJ08LSC

Metrics Report
Project ID:
RAI No.:
Sta. Name:
Client ID:
STORET ID
Coll. Date:

Sample Count: 505

Sample Abundance: 946.88 53.33%

Chi r onomi dae

Col eopter a

Di pter a

Ephemer opter a

Heter opter a

Lepi dopter a
M egal opter a

Non-Insect

Odonata

P l ecopter a

T r i chopter a

Abundance Measures

Taxonomic Composition

 of sample used

Coll. Procedure: KICK

Sample Notes: 5:00:00 PM

Metric Values and Scores

Dominant Taxa

Functional Composition

Col l ector  Fi l ter er

Col l ector  Gather er

M acr ophyte Her bi vor e

Omi vor e

Par asi te

P i er cer  Her bi vor e

Pr edator

Scr aper

Shr edder

Unknown

Xyl ophage

Bioassessment Indices

0 %
2 0 %
4 0 %
6 0 %
8 0 %

10 0 %

BI B I M TM M TP M TV
Bi oa sse ssme nt  I ndi c e s

Category R A PRA

Non-Insect 6 215 42.57%
Odonata 3 15 2.97%
Ephemeroptera 4 19 3.76%
Plecoptera
Heteroptera 2 11 2.18%
Megaloptera
Trichoptera 3 10 1.98%
Lepidoptera
Coleoptera 4 40 7.92%
Diptera 3 27 5.35%
Chironomidae 21 168 33.27%

Metric Value BIBI MTP MTV MTM

Composition

Taxa Richness 46 5 3 3
Non-Insect Percent 42.57%
E Richness 4 1 2
P Richness 0 1 0
T Richness 3 1 2
EPT Richness 7 2 0
EPT Percent 5.74% 0 0
Oligochaeta+Hirudinea Percent 0.20%
Baetidae/Ephemeroptera 0.526
Hydropsychidae/Trichoptera 0.800

Dominance

Dominant Taxon Percent 37.43% 2 1
Dominant Taxa (2) Percent 52.48%
Dominant Taxa (3) Percent 59.80% 3
Dominant Taxa (10) Percent 77.23%

Diversity

Shannon H (loge) 2.552
Shannon H (log2) 3.681 3
Margalef D 7.246
Simpson D 0.178
Evenness 0.058

Function

Predator Richness 12 3
Predator Percent 23.56% 5
Filterer Richness 6
Filterer Percent 8.32% 2
Collector Percent 70.10% 2 1
Scraper+Shredder Percent 5.94% 1 0
Scraper/Filterer 0.333
Scraper/Scraper+Filterer 0.250

Habit

Burrower Richness 5
Burrower Percent 4.95%
Swimmer Richness 4
Swimmer Percent 3.76%
Clinger Richness 12 3
Clinger Percent 19.01%

Characteristics

Cold Stenotherm Richness 0
Cold Stenotherm Percent 0.00%
Hemoglobin Bearer Richness 12
Hemoglobin Bearer Percent 11.29%
Air Breather Richness 1
Air Breather Percent 0.20%

Voltinism

Univoltine Richness 16
Semivoltine Richness 5 5
Multivoltine Percent 37.62% 3

Tolerance

Sediment Tolerant Richness 1
Sediment Tolerant Percent 0.20%
Sediment Sensitive Richness 0
Sediment Sensitive Percent 0.00%
Metals Tolerance Index 3.365
Pollution Sensitive Richness 0 1 0
Pollution Tolerant Percent 21.39% 3 1
Hilsenhoff Biotic Index 6.908 1 0
Intolerant Percent 0.20%
Supertolerant Percent 50.50%
CTQa 100.472

Category A PRA

Hyalella 189 37.43%
Thienemannimyia Gr. 76 15.05%
Dubiraphia 37 7.33%
Simulium 23 4.55%
Paratanytarsus 12 2.38%
Copepoda 12 2.38%
Cryptochironomus 11 2.18%
Chironomus 11 2.18%
Polypedilum 10 1.98%
Enallagma 9 1.78%
Micropsectra 7 1.39%
Sphaeriidae 6 1.19%
Parakiefferiella 6 1.19%
Callibaetis 6 1.19%
Caenis 6 1.19%

Category R A PRA

Predator 12 119 23.56%
Parasite
Collector Gatherer 18 312 61.78%
Collector Filterer 6 42 8.32%
Macrophyte Herbivore
Piercer Herbivore 0 2 0.40%
Xylophage
Scraper 5 14 2.77%
Shredder 5 16 3.17%
Omivore
Unknown

BioIndex Description Score Pct Rating

BIBI B-IBI (Karr et al.) 28 56.00%

MTP Montana DEQ Plains (Bukantis 1998) 20 66.67% Slight

MTV Montana Revised Valleys/Foothills (Bollman 1998) 7 38.89% Moderate

MTM Montana DEQ Mountains (Bukantis 1998) 5 23.81% Moderate

Friday, January 09, 2009



PBSJ08LSC003

Little Salt Creek

Game and Parks

10/28/2008

PBSJ08LSC

Metrics Report
Project ID:
RAI No.:
Sta. Name:
Client ID:
STORET ID
Coll. Date:

Sample Count: 516

Sample Abundance: 4,763.08 10.83%

Chi r onomi dae

Col eopter a

Di pter a

Ephemer opter a

Heter opter a

Lepi dopter a
M egal opter a

Non-Insect

Odonata

P l ecopter a

T r i chopter a

Abundance Measures

Taxonomic Composition

 of sample used

Coll. Procedure: KICK

Sample Notes: 3:00:00 PM

Metric Values and Scores

Dominant Taxa

Functional Composition

Col l ector  Fi l ter er

Col l ector  Gather er

M acr ophyte Her bi vor e

Omi vor e

Par asi te

P i er cer  Her bi vor e

Pr edator

Scr aper

Shr edder

Unknown

Xyl ophage

Bioassessment Indices

0 %
2 0 %
4 0 %
6 0 %
8 0 %

10 0 %

BI B I M TM M TP M TV
Bi oa sse ssme nt  I ndi c e s

Category R A PRA

Non-Insect 6 189 36.63%
Odonata 3 11 2.13%
Ephemeroptera 2 8 1.55%
Plecoptera
Heteroptera 1 17 3.29%
Megaloptera 1 1 0.19%
Trichoptera 3 23 4.46%
Lepidoptera
Coleoptera 3 40 7.75%
Diptera 3 60 11.63%
Chironomidae 17 167 32.36%

Metric Value BIBI MTP MTV MTM

Composition

Taxa Richness 39 3 3 3
Non-Insect Percent 36.63%
E Richness 2 1 1
P Richness 0 1 0
T Richness 3 1 2
EPT Richness 5 1 0
EPT Percent 6.01% 0 0
Oligochaeta+Hirudinea Percent 1.16%
Baetidae/Ephemeroptera 0.250
Hydropsychidae/Trichoptera 0.913

Dominance

Dominant Taxon Percent 28.88% 3 2
Dominant Taxa (2) Percent 43.22%
Dominant Taxa (3) Percent 49.42% 5
Dominant Taxa (10) Percent 78.49%

Diversity

Shannon H (loge) 2.645
Shannon H (log2) 3.816 3
Margalef D 6.121
Simpson D 0.130
Evenness 0.058

Function

Predator Richness 12 3
Predator Percent 18.02% 3
Filterer Richness 3
Filterer Percent 9.30% 2
Collector Percent 43.99% 3 3
Scraper+Shredder Percent 36.05% 3 1
Scraper/Filterer 3.146
Scraper/Scraper+Filterer 0.759

Habit

Burrower Richness 4
Burrower Percent 21.71%
Swimmer Richness 2
Swimmer Percent 7.75%
Clinger Richness 10 1
Clinger Percent 20.35%

Characteristics

Cold Stenotherm Richness 0
Cold Stenotherm Percent 0.00%
Hemoglobin Bearer Richness 8
Hemoglobin Bearer Percent 19.57%
Air Breather Richness 3
Air Breather Percent 5.04%

Voltinism

Univoltine Richness 14
Semivoltine Richness 4 3
Multivoltine Percent 34.11% 3

Tolerance

Sediment Tolerant Richness 1
Sediment Tolerant Percent 0.39%
Sediment Sensitive Richness 0
Sediment Sensitive Percent 0.00%
Metals Tolerance Index 3.790
Pollution Sensitive Richness 0 1 0
Pollution Tolerant Percent 61.82% 1 0
Hilsenhoff Biotic Index 7.145 0 0
Intolerant Percent 0.00%
Supertolerant Percent 54.26%
CTQa 102.667

Category A PRA

Physidae 149 28.88%
Dicrotendipes 74 14.34%
Ceratopogoninae 32 6.20%
Hyalella 27 5.23%
Simulium 26 5.04%
Berosus 23 4.46%
Cricotopus bicinctus 21 4.07%
Cheumatopsyche 20 3.88%
Paratanytarsus 18 3.49%
Dubiraphia 15 2.91%
Polypedilum 10 1.94%
Trichocorixa 9 1.74%
Thienemanniella 8 1.55%
Corixidae 8 1.55%
Caenis 6 1.16%

Category R A PRA

Predator 12 93 18.02%
Parasite
Collector Gatherer 17 179 34.69%
Collector Filterer 3 48 9.30%
Macrophyte Herbivore
Piercer Herbivore 1 10 1.94%
Xylophage
Scraper 2 151 29.26%
Shredder 4 35 6.78%
Omivore
Unknown

BioIndex Description Score Pct Rating

BIBI B-IBI (Karr et al.) 20 40.00%

MTP Montana DEQ Plains (Bukantis 1998) 22 73.33% Slight

MTV Montana Revised Valleys/Foothills (Bollman 1998) 5 27.78% Moderate

MTM Montana DEQ Mountains (Bukantis 1998) 9 42.86% Moderate

Friday, January 09, 2009



PBSJ08LSC004

Little Salt Creek

Schied

10/28/2008

PBSJ08LSC

Metrics Report
Project ID:
RAI No.:
Sta. Name:
Client ID:
STORET ID
Coll. Date:

Sample Count: 535

Sample Abundance: 1,337.50 40.00%

Chi r onomi dae

Col eopter a

Di pter a

Ephemer opter a

Heter opter a

Lepi dopter a
M egal opter a

Non-Insect

Odonata

P l ecopter a

T r i chopter a

Abundance Measures

Taxonomic Composition

 of sample used

Coll. Procedure: KICK

Sample Notes: 12:00:00 PM

Metric Values and Scores

Dominant Taxa

Functional Composition

Col l ector  Fi l ter er

Col l ector  Gather er

M acr ophyte Her bi vor e

Omi vor e

Par asi te

P i er cer  Her bi vor e

Pr edator

Scr aper

Shr edder

Unknown

Xyl ophage

Bioassessment Indices

0 %
2 0 %
4 0 %
6 0 %
8 0 %

10 0 %

BI B I M TM M TP M TV
Bi oa sse ssme nt  I ndi c e s

Category R A PRA

Non-Insect 3 78 14.58%
Odonata 2 7 1.31%
Ephemeroptera 2 6 1.12%
Plecoptera
Heteroptera 1 1 0.19%
Megaloptera
Trichoptera 3 137 25.61%
Lepidoptera
Coleoptera 3 10 1.87%
Diptera 3 117 21.87%
Chironomidae 11 179 33.46%

Metric Value BIBI MTP MTV MTM

Composition

Taxa Richness 28 3 3 2
Non-Insect Percent 14.58%
E Richness 2 1 1
P Richness 0 1 0
T Richness 3 1 2
EPT Richness 5 1 0
EPT Percent 26.73% 1 0
Oligochaeta+Hirudinea Percent
Baetidae/Ephemeroptera 0.333
Hydropsychidae/Trichoptera 0.978

Dominance

Dominant Taxon Percent 23.55% 3 3
Dominant Taxa (2) Percent 42.43%
Dominant Taxa (3) Percent 54.77% 3
Dominant Taxa (10) Percent 88.97%

Diversity

Shannon H (loge) 2.367
Shannon H (log2) 3.415 3
Margalef D 4.299
Simpson D 0.134
Evenness 0.073

Function

Predator Richness 9 3
Predator Percent 16.45% 3
Filterer Richness 3
Filterer Percent 35.70% 0
Collector Percent 62.24% 2 2
Scraper+Shredder Percent 20.75% 2 0
Scraper/Filterer 0.351
Scraper/Scraper+Filterer 0.260

Habit

Burrower Richness 3
Burrower Percent 31.96%
Swimmer Richness 4
Swimmer Percent 2.24%
Clinger Richness 8 1
Clinger Percent 44.67%

Characteristics

Cold Stenotherm Richness 0
Cold Stenotherm Percent 0.00%
Hemoglobin Bearer Richness 6
Hemoglobin Bearer Percent 27.48%
Air Breather Richness 2
Air Breather Percent 1.68%

Voltinism

Univoltine Richness 12
Semivoltine Richness 3 3
Multivoltine Percent 34.39% 3

Tolerance

Sediment Tolerant Richness 1
Sediment Tolerant Percent 0.19%
Sediment Sensitive Richness 0
Sediment Sensitive Percent 0.00%
Metals Tolerance Index 4.405
Pollution Sensitive Richness 0 1 0
Pollution Tolerant Percent 62.06% 1 0
Hilsenhoff Biotic Index 6.534 1 0
Intolerant Percent 0.00%
Supertolerant Percent 36.45%
CTQa 102.909

Category A PRA

Cheumatopsyche 126 23.55%
Dicrotendipes 101 18.88%
Physidae 66 12.34%
Ceratopogoninae 59 11.03%
Simulium 57 10.65%
Polypedilum 29 5.42%
Hyalella 11 2.06%
Chironomus 11 2.06%
Thienemannimyia Gr. 8 1.50%
Hydropsyche 8 1.50%
Cricotopus (Cricotopus) 8 1.50%
Thienemanniella 7 1.31%
Berosus 7 1.31%
Cricotopus bicinctus 6 1.12%
Coenagrionidae 6 1.12%

Category R A PRA

Predator 9 88 16.45%
Parasite
Collector Gatherer 10 142 26.54%
Collector Filterer 3 191 35.70%
Macrophyte Herbivore
Piercer Herbivore 1 3 0.56%
Xylophage
Scraper 2 67 12.52%
Shredder 3 44 8.22%
Omivore
Unknown

BioIndex Description Score Pct Rating

BIBI B-IBI (Karr et al.) 18 36.00%

MTP Montana DEQ Plains (Bukantis 1998) 22 73.33% Slight

MTV Montana Revised Valleys/Foothills (Bollman 1998) 3 16.67% Severe

MTM Montana DEQ Mountains (Bukantis 1998) 7 33.33% Moderate

Friday, January 09, 2009



PBSJ08LSC005

Little Salt Creek

Arbor

10/27/2008

PBSJ08LSC

Metrics Report
Project ID:
RAI No.:
Sta. Name:
Client ID:
STORET ID
Coll. Date:

Sample Count: 460

Sample Abundance: 460.00 100.00%

Chi r onomi dae

Col eopter a

Di pter a

Ephemer opter a

Heter opter a

Lepi dopter a
M egal opter a

Non-Insect

Odonata

P l ecopter a

T r i chopter a

Abundance Measures

Taxonomic Composition

 of sample used

Coll. Procedure: KICK

Sample Notes: 9:30:00 AM

Metric Values and Scores

Dominant Taxa

Functional Composition

Col l ector  Fi l ter er

Col l ector  Gather er

M acr ophyte Her bi vor e

Omi vor e

Par asi te

P i er cer  Her bi vor e

Pr edator

Scr aper

Shr edder

Unknown

Xyl ophage

Bioassessment Indices

0 %
2 0 %
4 0 %
6 0 %
8 0 %

10 0 %

BI B I M TM M TP M TV
Bi oa sse ssme nt  I ndi c e s

Category R A PRA

Non-Insect 4 13 2.83%
Odonata 1 1 0.22%
Ephemeroptera
Plecoptera
Heteroptera 1 5 1.09%
Megaloptera
Trichoptera 2 5 1.09%
Lepidoptera
Coleoptera 1 2 0.43%
Diptera 2 8 1.74%
Chironomidae 13 426 92.61%

Metric Value BIBI MTP MTV MTM

Composition

Taxa Richness 24 3 2 2
Non-Insect Percent 2.83%
E Richness 0 1 0
P Richness 0 1 0
T Richness 2 1 1
EPT Richness 2 0 0
EPT Percent 1.09% 0 0
Oligochaeta+Hirudinea Percent 2.61%
Baetidae/Ephemeroptera 0.000
Hydropsychidae/Trichoptera 0.800

Dominance

Dominant Taxon Percent 47.39% 1 0
Dominant Taxa (2) Percent 73.48%
Dominant Taxa (3) Percent 82.17% 1
Dominant Taxa (10) Percent 95.00%

Diversity

Shannon H (loge) 1.518
Shannon H (log2) 2.190 1
Margalef D 3.790
Simpson D 0.340
Evenness 0.094

Function

Predator Richness 8 3
Predator Percent 13.26% 3
Filterer Richness 1
Filterer Percent 0.87% 3
Collector Percent 35.22% 3 3
Scraper+Shredder Percent 51.30% 3 2
Scraper/Filterer 0.000
Scraper/Scraper+Filterer 0.000

Habit

Burrower Richness 3
Burrower Percent 27.83%
Swimmer Richness 2
Swimmer Percent 1.52%
Clinger Richness 6 1
Clinger Percent 51.96%

Characteristics

Cold Stenotherm Richness 0
Cold Stenotherm Percent 0.00%
Hemoglobin Bearer Richness 7
Hemoglobin Bearer Percent 30.87%
Air Breather Richness 2
Air Breather Percent 0.87%

Voltinism

Univoltine Richness 6
Semivoltine Richness 1 1
Multivoltine Percent 93.04% 0

Tolerance

Sediment Tolerant Richness 1
Sediment Tolerant Percent 0.43%
Sediment Sensitive Richness 0
Sediment Sensitive Percent 0.00%
Metals Tolerance Index 4.811
Pollution Sensitive Richness 0 1 0
Pollution Tolerant Percent 28.48% 3 1
Hilsenhoff Biotic Index 6.964 1 0
Intolerant Percent 0.00%
Supertolerant Percent 28.70%
CTQa 103.500

Category A PRA

Cricotopus (Isocladius) 218 47.39%
Dicrotendipes 120 26.09%
Thienemannimyia Gr. 40 8.70%
Orthocladiinae 20 4.35%
Polypedilum 11 2.39%
Naididae (Tubificinae) - without c 8 1.74%
Ceratopogoninae 6 1.30%
Trichocorixa 5 1.09%
Cryptochironomus 5 1.09%
Hydropsychidae 4 0.87%
Cricotopus (Cricotopus) 4 0.87%
Tipulidae 2 0.43%
Pseudochironomus 2 0.43%
Limnodrilus 2 0.43%
Berosus 2 0.43%

Category R A PRA

Predator 8 61 13.26%
Parasite
Collector Gatherer 9 158 34.35%
Collector Filterer 1 4 0.87%
Macrophyte Herbivore
Piercer Herbivore 1 1 0.22%
Xylophage
Scraper
Shredder 5 236 51.30%
Omivore
Unknown

BioIndex Description Score Pct Rating

BIBI B-IBI (Karr et al.) 16 32.00%

MTP Montana DEQ Plains (Bukantis 1998) 14 46.67% Moderate

MTV Montana Revised Valleys/Foothills (Bollman 1998) 5 27.78% Moderate

MTM Montana DEQ Mountains (Bukantis 1998) 7 33.33% Moderate

Friday, January 09, 2009



PBSJ08LSC006

Little Salt Creek - Trib

Parrot

10/27/2008

PBSJ08LSC

Metrics Report
Project ID:
RAI No.:
Sta. Name:
Client ID:
STORET ID
Coll. Date:

Sample Count: 503

Sample Abundance: 603.60 83.33%

Chi r onomi dae

Col eopter a

Di pter a

Ephemer opter a

Heter opter a

Lepi dopter a
M egal opter a

Non-Insect

Odonata

P l ecopter a

T r i chopter a

Abundance Measures

Taxonomic Composition

 of sample used

Coll. Procedure: KICK

Sample Notes: 11:30:00 AM

Metric Values and Scores

Dominant Taxa

Functional Composition

Col l ector  Fi l ter er

Col l ector  Gather er

M acr ophyte Her bi vor e

Omi vor e

Par asi te

P i er cer  Her bi vor e

Pr edator

Scr aper

Shr edder

Unknown

Xyl ophage

Bioassessment Indices

0 %
2 0 %
4 0 %
6 0 %
8 0 %

10 0 %

BI B I M TM M TP M TV
Bi oa sse ssme nt  I ndi c e s

Category R A PRA

Non-Insect 7 348 69.18%
Odonata 2 3 0.60%
Ephemeroptera 2 11 2.19%
Plecoptera
Heteroptera 3 4 0.80%
Megaloptera
Trichoptera
Lepidoptera
Coleoptera 3 20 3.98%
Diptera 2 11 2.19%
Chironomidae 15 106 21.07%

Metric Value BIBI MTP MTV MTM

Composition

Taxa Richness 34 3 3 3
Non-Insect Percent 69.18%
E Richness 2 1 1
P Richness 0 1 0
T Richness 0 1 0
EPT Richness 2 0 0
EPT Percent 2.19% 0 0
Oligochaeta+Hirudinea Percent 0.40%
Baetidae/Ephemeroptera 0.909
Hydropsychidae/Trichoptera 0.000

Dominance

Dominant Taxon Percent 51.49% 1 0
Dominant Taxa (2) Percent 60.04%
Dominant Taxa (3) Percent 67.40% 3
Dominant Taxa (10) Percent 90.46%

Diversity

Shannon H (loge) 1.911
Shannon H (log2) 2.757 2
Margalef D 5.336
Simpson D 0.308
Evenness 0.069

Function

Predator Richness 14 3
Predator Percent 18.29% 3
Filterer Richness 1
Filterer Percent 0.40% 3
Collector Percent 72.56% 2 1
Scraper+Shredder Percent 8.95% 1 0
Scraper/Filterer 21.500
Scraper/Scraper+Filterer 0.956

Habit

Burrower Richness 4
Burrower Percent 7.55%
Swimmer Richness 4
Swimmer Percent 2.78%
Clinger Richness 4 1
Clinger Percent 0.80%

Characteristics

Cold Stenotherm Richness 0
Cold Stenotherm Percent 0.00%
Hemoglobin Bearer Richness 11
Hemoglobin Bearer Percent 11.13%
Air Breather Richness 3
Air Breather Percent 3.98%

Voltinism

Univoltine Richness 9
Semivoltine Richness 5 5
Multivoltine Percent 31.61% 3

Tolerance

Sediment Tolerant Richness 2
Sediment Tolerant Percent 0.99%
Sediment Sensitive Richness 0
Sediment Sensitive Percent 0.00%
Metals Tolerance Index 3.219
Pollution Sensitive Richness 0 1 0
Pollution Tolerant Percent 22.47% 3 1
Hilsenhoff Biotic Index 7.529 0 0
Intolerant Percent 0.00%
Supertolerant Percent 77.53%
CTQa 102.087

Category A PRA

Hyalella 259 51.49%
Copepoda 43 8.55%
Physidae 37 7.36%
Thienemannimyia Gr. 36 7.16%
Chironomus 25 4.97%
Dytiscidae 17 3.38%
Paramerina 11 2.19%
Ceratopogoninae 10 1.99%
Callibaetis 10 1.99%
Paraphaenocladius 7 1.39%
Micropsectra 7 1.39%
Zavrelimyia 6 1.19%
Planorbella 4 0.80%
Paratanytarsus 4 0.80%
Stictochironomus 2 0.40%

Category R A PRA

Predator 14 92 18.29%
Parasite
Collector Gatherer 13 363 72.17%
Collector Filterer 1 2 0.40%
Macrophyte Herbivore
Piercer Herbivore 0 1 0.20%
Xylophage
Scraper 4 43 8.55%
Shredder 2 2 0.40%
Omivore
Unknown

BioIndex Description Score Pct Rating

BIBI B-IBI (Karr et al.) 22 44.00%

MTP Montana DEQ Plains (Bukantis 1998) 15 50.00% Moderate

MTV Montana Revised Valleys/Foothills (Bollman 1998) 5 27.78% Moderate

MTM Montana DEQ Mountains (Bukantis 1998) 4 19.05% Severe
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP001

Sta. Name: Little Salt Creek

Client ID: Benes

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP001

PRA Abnorm. Comment

Algae
Bacillariophyta

Diatoms 186 31.00%

Chlorophyta
Cladophora sp. 2 0.33%
Oedogonium sp. 24 4.00%

Cyanophyta
Phormidium sp. 10 1.67%

Rhodophyta
Audouinella sp. 126 21.00%

Diatoms
Bacillariophyta

Amphora montana 8 1.33% 0.00
Cocconeis pediculus 8 1.33% 0.00
Cocconeis placentula 20 3.33% 0.00
Eolimna minima 102 17.00% 0.00
Gomphonema angustatum 8 1.33% 0.00
Gomphonema minutum 16 2.67% 0.00
Gomphonema parvulum 12 2.00% 0.00
Gyrosigma sp. 8 1.33% 0.00
Melosira varians 12 2.00% 0.00
Navicula erifuga 45 7.50% 0.00
Navicula lanceolata 12 2.00% 0.00
Navicula libonensis 12 2.00% 0.00
Navicula recens 24 4.00% 0.00
Navicula subminuscula 20 3.33% 0.00
Navicula symmetrica 16 2.67% 0.00
Navicula tripunctata 24 4.00% 0.00
Navicula veneta 8 1.33% 0.00
Neidium sp. 8 1.33% 0.00
Nitzschia amphibia 32 5.33% 0.00
Nitzschia dissipata 28 4.67% 0.00
Nitzschia inconspicua 8 1.33% 0.00
Nitzschia linearis 41 6.83% 0.00
Nitzschia palea 20 3.33% 0.00
Planothidium frequentissimum 32 5.33% 0.00
Planothidium lanceolatum 16 2.67% 0.00
Rhoicosphenia abbreviata 8 1.33% 0.00
Rhopalodia operculata 16 2.67% 0.00
Stephanocyclus meneghiniana 8 1.33% 0.00
Surirella angusta 8 1.33% 0.00
Surirella ovalis 8 1.33% 0.00
Tryblionella apiculata 12 2.00% 0.00

948Sample Count
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP002

Sta. Name: Little Salt Creek

Client ID: LPSNRD

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP002

PRA Abnorm. Comment

Algae
Bacillariophyta

Diatoms 203 33.67%

Chlorophyta
Protoderma sp. 12 1.99%
Spirogyra sp. 5 0.83%

Cyanophyta
Anabaena sp. 15 2.49%
Phormidium sp. 55 9.12%
Pseudanabaena sp. 20 3.32%

Diatoms
Bacillariophyta

Adlafia minuscula 3 0.50% 0.00
Amphora montana 18 2.99% 0.00
Amphora pediculus 6 1.00% 0.00
Amphora veneta 3 0.50% 0.00
Caloneis bacillum 12 1.99% 0.00
Cocconeis placentula 24 3.98% 0.00
Craticula cuspidata 3 0.50% 0.00
Diploneis puella 6 1.00% 0.00
Eolimna minima 15 2.49% 0.00
Fallacia omissa 9 1.49% 0.00
Fragilaria capucina v. mesolepta 3 0.50% 0.00
Fragilaria vaucheriae 9 1.49% 0.00
Geissleria decussis 3 0.50% 0.00
Gomphonema parvulum 6 1.00% 0.00
Gyrosigma acuminatum 3 0.50% 0.00
Luticola sp. 3 0.50% 0.00
Mayamaea atomus 3 0.50% 0.00
Navicula amphiceropsis 3 0.50% 0.00
Navicula arctotenelloides 3 0.50% 0.00
Navicula erifuga 51 8.46% 0.00
Navicula libonensis 6 1.00% 0.00
Navicula pseudotenelloides 6 1.00% 0.00
Navicula radiosa 3 0.50% 0.00
Navicula salinicola 3 0.50% 0.00
Navicula seibigiana 6 1.00% 0.00
Navicula subminuscula 3 0.50% 0.00
Navicula trivialis 12 1.99% 0.00
Navicula upsaliensis 12 1.99% 0.00
Navicula veneta 18 2.99% 0.00
Nitzschia acicularis 12 1.99% 0.00
Nitzschia amphibia 9 1.49% 0.00
Nitzschia capitellata 6 1.00% 0.00
Nitzschia desertorum 6 1.00% 0.00
Nitzschia dissipata 3 0.50% 0.00
Nitzschia fonticola 3 0.50% 0.00
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP002

Sta. Name: Little Salt Creek

Client ID: LPSNRD

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP002

PRA Abnorm. Comment

Nitzschia frustulum 9 1.49% 0.00
Nitzschia gracilis 3 0.50% 0.00
Nitzschia linearis 36 5.97% 0.00
Nitzschia palea 39 6.47% 0.00
Nitzschia paleacea 3 0.50% 0.00
Nitzschia pseudofonticola 57 9.45% 0.00
Nitzschia pusilla 15 2.49% 0.00
Nitzschia reversa 3 0.50% 0.00
Nitzschia supralitorea 6 1.00% 0.00
Pinnularia obscura 3 0.50% 0.00
Planothidium frequentissimum 21 3.48% 0.00
Planothidium lanceolatum 3 0.50% 0.00
Pseudostaurosira parasitica v. subconstricta 6 1.00% 0.00
Rhoicosphenia abbreviata 18 2.99% 0.00
Sellaphora laevissima 3 0.50% 0.00
Sellaphora pupula 3 0.50% 0.00
Sellaphora seminulum 15 2.49% 0.00
Stephanocyclus meneghiniana 3 0.50% 0.00
Surirella angusta 18 2.99% 0.00
Surirella brebissonii 6 1.00% 0.00
Surirella ovalis 21 3.48% 0.00
Tryblionella apiculata 6 1.00% 0.00
Tryblionella hungarica 12 1.99% 0.00
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP003

Sta. Name: Little Salt Creek

Client ID: Game and Parks

STORET ID:No. Jars: 1Date Coll.: 10/28/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP003

PRA Abnorm. Comment

Algae
Bacillariophyta

Diatoms 157 25.36%

Cyanophyta
Oscillatoria sp. 99 15.99%
Phormidium sp. 90 14.54%

Diatoms
Bacillariophyta

Achnanthes lemmermanni 3 0.48% 0.00
Achnanthidium minutissimum 9 1.45% 0.00
Amphora coffeaeformis 2 0.32% 0.00
Amphora copulata 2 0.32% 0.00
Amphora veneta 3 0.48% 0.00
Bacillaria paradoxa 11 1.78% 0.00
Caloneis silicula 3 0.48% 0.00
Cocconeis pediculus 3 0.48% 0.00
Cocconeis placentula 106 17.12% 2.00
Cyclotella bodanica 5 0.81% 0.00
Denticula subtilis 6 0.97% 0.00
Diploneis puella 2 0.32% 0.00
Entomoneis sp. 2 0.32% 0.00
Fallacia pygmaea 11 1.78% 0.00
Fragilaria vaucheriae 3 0.48% 0.00
Gomphonema parvulum 6 0.97% 0.00
Gyrosigma acuminatum 2 0.32% 0.00
Hippodonta hungarica 6 0.97% 0.00
Melosira varians 2 0.32% 0.00
Navicula sp. 2 0.32% 0.00
Navicula antonii 2 0.32% 0.00
Navicula arctotenelloides 18 2.91% 0.00
Navicula capitatoradiata 2 0.32% 0.00
Navicula caterva 3 0.48% 0.00
Navicula cincta 12 1.94% 0.00
Navicula digitoradiata v. minima 6 0.97% 0.00
Navicula erifuga 26 4.20% 0.00
Navicula exilis 2 0.32% 0.00
Navicula gregaria 3 0.48% 0.00
Navicula libonensis 17 2.75% 0.00
Navicula lundii 2 0.32% 0.00
Navicula margalithii 3 0.48% 0.00
Navicula perminuta 8 1.29% 0.00
Navicula pseudotenelloides 41 6.62% 0.00
Navicula recens 11 1.78% 0.00
Navicula salinarum 5 0.81% 0.00
Navicula salinicola 39 6.30% 0.00
Navicula streckerae 11 1.78% 0.00
Navicula subminuscula 3 0.48% 0.00
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP003

Sta. Name: Little Salt Creek

Client ID: Game and Parks

STORET ID:No. Jars: 1Date Coll.: 10/28/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP003

PRA Abnorm. Comment

Navicula tripunctata 9 1.45% 0.00
Navicula trivialis 2 0.32% 0.00
Navicula veneta 30 4.85% 0.00
Navicula vilaplanii 3 0.48% 0.00
Neidium sp. 2 0.32% 0.00
Nitzschia sp. 2 0.32% 0.00
Nitzschia amphibia 2 0.32% 0.00
Nitzschia angustatula 3 0.48% 0.00
Nitzschia bergii 12 1.94% 0.00
Nitzschia calida 5 0.81% 0.00
Nitzschia capitellata 5 0.81% 0.00
Nitzschia clausii 6 0.97% 0.00
Nitzschia desertorum 5 0.81% 0.00
Nitzschia dissipata 2 0.32% 0.00
Nitzschia frustulum 15 2.42% 0.00
Nitzschia inconspicua 3 0.48% 0.00
Nitzschia linearis 2 0.32% 0.00
Nitzschia palea 14 2.26% 0.00
Nitzschia perminuta 2 0.32% 0.00
Nitzschia sigma 2 0.32% 0.00
Planothidium frequentissimum 8 1.29% 0.00
Planothidium lanceolatum 6 0.97% 0.00
Pseudostaurosira parasitica 3 0.48% 0.00
Rhoicosphenia abbreviata 2 0.32% 0.00
Rhopalodia operculata 8 1.29% 0.00
Staurosirella pinnata 3 0.48% 0.00
Stephanocyclus meneghiniana 12 1.94% 0.00
Surirella angusta 6 0.97% 0.00
Surirella brebissonii 8 1.29% 0.00
Surirella ovalis 2 0.32% 0.00
Surirella tenera 2 0.32% 0.00
Tabularia fasciculata 5 0.81% 0.00
Tryblionella apiculata 12 1.94% 0.00
Tryblionella hungarica 11 1.78% 0.00
Tryblionella levidensis v. salinarum 2 0.32% 0.00

965Sample Count

Monday, January 05, 2009



Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP004

Sta. Name: Little Salt Creek

Client ID: Schied

STORET ID:No. Jars: 1Date Coll.: 10/28/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP004

PRA Abnorm. Comment

Algae
Bacillariophyta

Diatoms 231 38.50%

Chlorophyta
Cladophora sp. 10 1.67%

Cyanophyta
Oscillatoria sp. 57 9.50%
Pseudanabaena sp. 5 0.83%

Diatoms
Bacillariophyta

Achnanthidium thienemannii 5 0.83% 0.00
Amphora coffeaeformis 22 3.67% 0.00
Amphora montana 3 0.50% 0.00
Bacillaria paradoxa 11 1.83% 0.00
Caloneis sp. 3 0.50% 0.00
Caloneis bacillum 5 0.83% 0.00
Caloneis westii 3 0.50% 0.00
Cocconeis placentula 11 1.83% 0.00
Entomoneis alata 5 0.83% 0.00
Eolimna minima 3 0.50% 0.00
Fallacia omissa 3 0.50% 0.00
Fallacia pygmaea 5 0.83% 0.00
Frustulia weinholdii 11 1.83% 0.00
Gomphonema minutum 5 0.83% 0.00
Hippodonta hungarica 5 0.83% 0.00
Luticola sp. 3 0.50% 0.00
Navicula arctotenelloides 11 1.83% 0.00
Navicula cincta 5 0.83% 0.00
Navicula dealpina 11 1.83% 0.00
Navicula erifuga 49 8.17% 0.00
Navicula exilis 5 0.83% 0.00
Navicula gregaria 8 1.33% 0.00
Navicula laterostrata 14 2.33% 0.00
Navicula perminuta 3 0.50% 0.00
Navicula pseudotenelloides 3 0.50% 0.00
Navicula recens 19 3.17% 0.00
Navicula salinarum 11 1.83% 0.00
Navicula salinicola 19 3.17% 0.00
Navicula streckerae 19 3.17% 0.00
Navicula subminuscula 14 2.33% 0.00
Navicula tripunctata 11 1.83% 0.00
Navicula vaucheriae 5 0.83% 0.00
Navicula veneta 43 7.17% 0.00
Nitzschia amphibia 5 0.83% 0.00
Nitzschia clausii 3 0.50% 0.00
Nitzschia dissipata 5 0.83% 0.00
Nitzschia fonticola 8 1.33% 0.00
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP004

Sta. Name: Little Salt Creek

Client ID: Schied

STORET ID:No. Jars: 1Date Coll.: 10/28/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP004

PRA Abnorm. Comment

Nitzschia frustulum 19 3.17% 1.00
Nitzschia inconspicua 14 2.33% 0.00
Nitzschia palea 5 0.83% 0.00
Nitzschia perminuta 5 0.83% 0.00
Nitzschia pusilla 49 8.17% 0.00
Nitzschia reversa 8 1.33% 0.00
Nitzschia sigma 3 0.50% 0.00
Nitzschia tubicola 3 0.50% 0.00
Nitzschia vitrea 3 0.50% 0.00
Pleurosira laevis 3 0.50% 0.00
Rhopalodia operculata 3 0.50% 0.00
Stephanocyclus meneghiniana 30 5.00% 0.00
Surirella ovalis 5 0.83% 0.00
Surirella subsalsa 14 2.33% 0.00
Synedra ulna 11 1.83% 0.00
Tabularia fasciculata 30 5.00% 0.00
Tryblionella calida 5 0.83% 0.00
Tryblionella hungarica 8 1.33% 0.00
Tryblionella levidensis v. salinarum 8 1.33% 0.00
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP005

Sta. Name: Little Salt Creek

Client ID: Arbor

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP005

PRA Abnorm. Comment

Algae
Bacillariophyta

Diatoms 294 48.20%

Cyanophyta
Phormidium sp. 15 2.46%

Diatoms
Bacillariophyta

Achnanthidium thienemannii 3 0.49% 0.00
Adlafia minuscula 6 0.98% 0.00
Amphora coffeaeformis 9 1.48% 0.00
Amphora copulata 12 1.97% 0.00
Amphora holsatica 3 0.49% 0.00
Amphora montana 3 0.49% 0.00
Amphora veneta 9 1.48% 0.00
Bacillaria paradoxa 3 0.49% 0.00
Cocconeis placentula 9 1.48% 0.00
Entomoneis alata 3 0.49% 0.00
Eolimna minima 3 0.49% 0.00
Fallacia omissa 12 1.97% 0.00
Fallacia pygmaea 9 1.48% 0.00
Fragilaria vaucheriae 6 0.98% 0.00
Frustulia weinholdii 3 0.49% 0.00
Gomphonema angustatum 6 0.98% 0.00
Gomphonema parvulum 6 0.98% 0.00
Gyrosigma attenuatum 3 0.49% 0.00
Hippodonta hungarica 12 1.97% 0.00
Luticola sp. 3 0.49% 0.00
Navicula antonii 3 0.49% 0.00
Navicula cincta 6 0.98% 0.00
Navicula cryptocephala 6 0.98% 0.00
Navicula dealpina 6 0.98% 0.00
Navicula erifuga 32 5.25% 0.00
Navicula gregaria 3 0.49% 0.00
Navicula laterostrata 9 1.48% 0.00
Navicula peregrina 3 0.49% 0.00
Navicula pseudotenelloides 23 3.77% 0.00
Navicula recens 32 5.25% 0.00
Navicula salinarum 6 0.98% 0.00
Navicula salinicola 23 3.77% 0.00
Navicula streckerae 20 3.28% 0.00
Navicula subminuscula 6 0.98% 0.00
Navicula tripunctata 26 4.26% 0.00
Navicula vaucheriae 9 1.48% 0.00
Navicula veneta 38 6.23% 0.00
Nitzschia acicularis 3 0.49% 0.00
Nitzschia fonticola 17 2.79% 0.00
Nitzschia frustulum 61 10.00% 0.00
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP005

Sta. Name: Little Salt Creek

Client ID: Arbor

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP005

PRA Abnorm. Comment

Nitzschia inconspicua 29 4.75% 0.00
Nitzschia perminuta 3 0.49% 0.00
Nitzschia pusilla 3 0.49% 0.00
Nitzschia tubicola 3 0.49% 0.00
Rhopalodia operculata 6 0.98% 0.00
Stauroneis anceps 9 1.48% 0.00
Stephanocyclus meneghiniana 12 1.97% 0.00
Stephanodiscus hantzschii 3 0.49% 0.00
Stephanodiscus minutulus 3 0.49% 0.00
Surirella hoefleri 6 0.98% 0.00
Surirella ovalis 9 1.48% 0.00
Tabularia fasciculata 63 10.33% 0.00
Tryblionella hungarica 6 0.98% 0.00
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP006

Sta. Name: Little Salt Creek - Trib

Client ID: Parrot

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP006

PRA Abnorm. Comment

Algae
Bacillariophyta

Diatoms 306 49.84%

Diatoms
Bacillariophyta

Adlafia minuscula 2 0.33% 0.00
Cymatopleura solea 5 0.81% 0.00
Encyonema triangulum 5 0.81% 0.00
Eolimna minima 7 1.14% 0.00
Eunotia bilunaris 2 0.33% 0.00
Fragilaria vaucheriae 9 1.47% 0.00
Gomphonema angustatum 11 1.79% 0.00
Gomphonema olivaceum 5 0.81% 0.00
Gomphonema parvulum 14 2.28% 0.00
Gyrosigma exilis 2 0.33% 0.00
Mayamaea atomus 7 1.14% 0.00
Navicula cincta 7 1.14% 0.00
Navicula cryptotenella 2 0.33% 0.00
Navicula digitoradiata 5 0.81% 0.00
Navicula erifuga 128 20.85% 0.00
Navicula gregaria 2 0.33% 0.00
Navicula lanceolata 2 0.33% 0.00
Navicula normaloides 34 5.54% 0.00
Navicula recens 20 3.26% 0.00
Navicula subminuscula 7 1.14% 0.00
Navicula trivialis 56 9.12% 0.00
Navicula veneta 14 2.28% 0.00
Navicula ventralis 5 0.81% 0.00
Nitzschia amphibia 9 1.47% 0.00
Nitzschia communis 5 0.81% 0.00
Nitzschia filiformis 5 0.81% 0.00
Nitzschia inconspicua 5 0.81% 0.00
Nitzschia linearis 14 2.28% 0.00
Nitzschia palea 34 5.54% 0.00
Nitzschia paleacea 5 0.81% 0.00
Nitzschia perminuta 5 0.81% 0.00
Nitzschia pseudofonticola 99 16.12% 0.00
Nitzschia pusilla 5 0.81% 0.00
Nitzschia solita 5 0.81% 0.00
Nitzschia supralitorea 11 1.79% 0.00
Nitzschia tubicola 11 1.79% 0.00
Pinnularia brebissonii 5 0.81% 0.00
Planothidium lanceolatum 5 0.81% 0.00
Sellaphora pupula 14 2.28% 0.00
Surirella angusta 5 0.81% 0.00
Surirella brebissonii 5 0.81% 0.00
Surirella ovalis 2 0.33% 0.00
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Taxa Listing Project ID: PBSJ08LSCP

RAI No.: PBSJ08LSCP006

Sta. Name: Little Salt Creek - Trib

Client ID: Parrot

STORET ID:No. Jars: 1Date Coll.: 10/27/2008

CountTaxonomic Name

RAI No.: PBSJ08LSCP006

PRA Abnorm. Comment

Synedra ulna 5 0.81% 0.00
Tryblionella calida 2 0.33% 0.00
Tryblionella gracilis 2 0.33% 0.00
Tryblionella hungarica 5 0.81% 0.00
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Project ID: PBSJ08LSCP

Sample ID: PBSJ08LSCP001

Station Name: Little Salt Creek

Client ID: Benes

STORET ID:

Date Collected: 10/27/2008

Count Of Taxon: 31

Sum Of Count: 600

C
M
N
O
S

Metrics Report

Increaser/Decreaser TaxaTable 1 Metrics

C
D
N
O
S

Metric Value Prob.

Mountains General Increasers Taxa Percent 38.33% 75.49%

Mountains Metals Increasers Taxa Percent 21.67% 33.36%

Mountains Nutrient Increasers Taxa Percent 11.33% 16.11%

Mountains Sediment Increasers Taxa Percent 14.67% 33.72%

Metric Value MTM MTP

Community Structure

Shannon H (log2) 4.535 Excellent Excellent

Species Richness 31 Excellent Good

Native Taxa Percent 0.00%

Cosmopolitan Taxa Percent 80.00%

Mountains Rare Taxa Percent 0.00%

Plains Rare Taxa Percent 0.00%

Dominant Taxon Percent 17.00% Excellent Excellent

Sediment

Siltation Taxa Percent 70.00% Poor Good

Motile Taxa Percent 76.67%

Mountains Brackish Taxa Percent 64.50%

Plains Brackish Taxa Percent 0.00%

Organic Nutrients

Pollution Index 1.877 Fair Good

Nitrogen Heterotroph Taxa Percent 35.67%

Polysaprobous Taxa Percent 54.33%

Low DO Taxa Percent 29.67%

Inorganic Nutrients

Nitrogen Autotroph Taxa Percent 40.17%

Eutraphentic Taxa Percent 75.83%

Rhopalodiales Percent 2.67%

Metals

Disturbance Taxa Percent 0.00% Excellent Excellent

Acidophilous Taxa Percent 0.00%

Metals Tolerant Taxa Percent 26.33%

Abnormal Cells Percent 0.00% Excellent

BioIndex Description Rating

MTM Montana DEQ Mountains (Bahls 1992) Poor

MTP Montana DEQ Plains (Bahls 1992) Good

Metric Value Prob.

Plains General Decreasers Taxa Percent 14.83% 61.41%

Plains General Increasers Taxa Percent 28.17% 35.57%

Monday, January 05, 2009



Project ID: PBSJ08LSCP

Sample ID: PBSJ08LSCP002

Station Name: Little Salt Creek

Client ID: LPSNRD

STORET ID:

Date Collected: 10/27/2008

Count Of Taxon: 58

Sum Of Count: 603

C
M
N
O
S

Metrics Report

Increaser/Decreaser TaxaTable 1 Metrics

C
D
N
O
S

Metric Value Prob.

Mountains General Increasers Taxa Percent 21.39% 43.25%

Mountains Metals Increasers Taxa Percent 7.96% 8.85%

Mountains Nutrient Increasers Taxa Percent 8.46% 11.90%

Mountains Sediment Increasers Taxa Percent 10.95% 24.83%

Metric Value MTM MTP

Community Structure

Shannon H (log2) 5.241 Excellent Excellent

Species Richness 58 Excellent Excellent

Native Taxa Percent 0.00%

Cosmopolitan Taxa Percent 64.18%

Mountains Rare Taxa Percent 0.00%

Plains Rare Taxa Percent 0.00%

Dominant Taxon Percent 9.45% Excellent Excellent

Sediment

Siltation Taxa Percent 76.12% Poor Fair

Motile Taxa Percent 84.58%

Mountains Brackish Taxa Percent 57.21%

Plains Brackish Taxa Percent 1.49%

Organic Nutrients

Pollution Index 1.856 Fair Good

Nitrogen Heterotroph Taxa Percent 20.40%

Polysaprobous Taxa Percent 38.31%

Low DO Taxa Percent 23.88%

Inorganic Nutrients

Nitrogen Autotroph Taxa Percent 49.25%

Eutraphentic Taxa Percent 69.15%

Rhopalodiales Percent 0.00%

Metals

Disturbance Taxa Percent 0.00% Excellent Excellent

Acidophilous Taxa Percent 0.00%

Metals Tolerant Taxa Percent 19.40%

Abnormal Cells Percent 0.00% Excellent

BioIndex Description Rating

MTM Montana DEQ Mountains (Bahls 1992) Poor

MTP Montana DEQ Plains (Bahls 1992) Fair

Metric Value Prob.

Plains General Decreasers Taxa Percent 16.92% 56.36%

Plains General Increasers Taxa Percent 15.42% 9.85%

Monday, January 05, 2009



Project ID: PBSJ08LSCP

Sample ID: PBSJ08LSCP003

Station Name: Little Salt Creek

Client ID: Game and Parks

STORET ID:

Date Collected: 10/28/2008

Count Of Taxon: 74

Sum Of Count: 619

C
M
N
O
S

Metrics Report

Increaser/Decreaser TaxaTable 1 Metrics

C
D
N
O
S

Metric Value Prob.

Mountains General Increasers Taxa Percent 26.33% 53.19%

Mountains Metals Increasers Taxa Percent 1.29% 3.67%

Mountains Nutrient Increasers Taxa Percent 18.90% 30.50%

Mountains Sediment Increasers Taxa Percent 7.75% 18.67%

Metric Value MTM MTP

Community Structure

Shannon H (log2) 5.282 Excellent Excellent

Species Richness 74 Excellent Excellent

Native Taxa Percent 0.48%

Cosmopolitan Taxa Percent 64.30%

Mountains Rare Taxa Percent 0.00%

Plains Rare Taxa Percent 0.00%

Dominant Taxon Percent 17.12% Excellent Excellent

Sediment

Siltation Taxa Percent 64.62% Poor Good

Motile Taxa Percent 71.57%

Mountains Brackish Taxa Percent 33.12%

Plains Brackish Taxa Percent 0.81%

Organic Nutrients

Pollution Index 2.008 Good Good

Nitrogen Heterotroph Taxa Percent 10.99%

Polysaprobous Taxa Percent 30.86%

Low DO Taxa Percent 14.86%

Inorganic Nutrients

Nitrogen Autotroph Taxa Percent 49.27%

Eutraphentic Taxa Percent 60.74%

Rhopalodiales Percent 1.29%

Metals

Disturbance Taxa Percent 1.45% Excellent Excellent

Acidophilous Taxa Percent 0.00%

Metals Tolerant Taxa Percent 5.65%

Abnormal Cells Percent 0.32% Good

BioIndex Description Rating

MTM Montana DEQ Mountains (Bahls 1992) Poor

MTP Montana DEQ Plains (Bahls 1992) Good

Metric Value Prob.

Plains General Decreasers Taxa Percent 31.66% 21.77%

Plains General Increasers Taxa Percent 10.34% 4.95%

Monday, January 05, 2009



Project ID: PBSJ08LSCP

Sample ID: PBSJ08LSCP004

Station Name: Little Salt Creek

Client ID: Schied

STORET ID:

Date Collected: 10/28/2008

Count Of Taxon: 56

Sum Of Count: 600

C
M
N
O
S

Metrics Report

Increaser/Decreaser TaxaTable 1 Metrics

C
D
N
O
S

Metric Value Prob.

Mountains General Increasers Taxa Percent 17.67% 35.57%

Mountains Metals Increasers Taxa Percent 2.67% 4.46%

Mountains Nutrient Increasers Taxa Percent 1.83% 5.48%

Mountains Sediment Increasers Taxa Percent 13.17% 30.15%

Metric Value MTM MTP

Community Structure

Shannon H (log2) 5.267 Excellent Excellent

Species Richness 56 Excellent Excellent

Native Taxa Percent 2.33%

Cosmopolitan Taxa Percent 68.33%

Mountains Rare Taxa Percent 0.00%

Plains Rare Taxa Percent 0.00%

Dominant Taxon Percent 8.17% Excellent Excellent

Sediment

Siltation Taxa Percent 73.17% Poor Fair

Motile Taxa Percent 84.17%

Mountains Brackish Taxa Percent 19.33%

Plains Brackish Taxa Percent 0.00%

Organic Nutrients

Pollution Index 1.793 Fair Good

Nitrogen Heterotroph Taxa Percent 15.83%

Polysaprobous Taxa Percent 42.00%

Low DO Taxa Percent 21.17%

Inorganic Nutrients

Nitrogen Autotroph Taxa Percent 45.83%

Eutraphentic Taxa Percent 60.17%

Rhopalodiales Percent 0.50%

Metals

Disturbance Taxa Percent 0.00% Excellent Excellent

Acidophilous Taxa Percent 0.00%

Metals Tolerant Taxa Percent 3.17%

Abnormal Cells Percent 0.17% Good

BioIndex Description Rating

MTM Montana DEQ Mountains (Bahls 1992) Poor

MTP Montana DEQ Plains (Bahls 1992) Fair

Metric Value Prob.

Plains General Decreasers Taxa Percent 26.17% 33.36%

Plains General Increasers Taxa Percent 16.67% 11.51%

Monday, January 05, 2009



Project ID: PBSJ08LSCP

Sample ID: PBSJ08LSCP005

Station Name: Little Salt Creek

Client ID: Arbor

STORET ID:

Date Collected: 10/27/2008

Count Of Taxon: 53

Sum Of Count: 610

C
M
N
O
S

Metrics Report

Increaser/Decreaser TaxaTable 1 Metrics

C
D
N
O
S

Metric Value Prob.

Mountains General Increasers Taxa Percent 18.20% 36.69%

Mountains Metals Increasers Taxa Percent 3.28% 4.85%

Mountains Nutrient Increasers Taxa Percent 3.44% 6.68%

Mountains Sediment Increasers Taxa Percent 11.48% 26.11%

Metric Value MTM MTP

Community Structure

Shannon H (log2) 5.061 Excellent Excellent

Species Richness 53 Excellent Excellent

Native Taxa Percent 1.48%

Cosmopolitan Taxa Percent 65.25%

Mountains Rare Taxa Percent 0.00%

Plains Rare Taxa Percent 0.00%

Dominant Taxon Percent 10.33% Excellent Excellent

Sediment

Siltation Taxa Percent 71.48% Poor Fair

Motile Taxa Percent 81.80%

Mountains Brackish Taxa Percent 25.25%

Plains Brackish Taxa Percent 0.98%

Organic Nutrients

Pollution Index 1.907 Fair Good

Nitrogen Heterotroph Taxa Percent 21.64%

Polysaprobous Taxa Percent 43.28%

Low DO Taxa Percent 15.08%

Inorganic Nutrients

Nitrogen Autotroph Taxa Percent 44.75%

Eutraphentic Taxa Percent 69.18%

Rhopalodiales Percent 0.98%

Metals

Disturbance Taxa Percent 0.00% Excellent Excellent

Acidophilous Taxa Percent 0.00%

Metals Tolerant Taxa Percent 3.44%

Abnormal Cells Percent 0.00% Excellent

BioIndex Description Rating

MTM Montana DEQ Mountains (Bahls 1992) Poor

MTP Montana DEQ Plains (Bahls 1992) Fair

Metric Value Prob.

Plains General Decreasers Taxa Percent 33.93% 17.88%

Plains General Increasers Taxa Percent 15.25% 9.68%

Monday, January 05, 2009



Project ID: PBSJ08LSCP

Sample ID: PBSJ08LSCP006

Station Name: Little Salt Creek - Trib

Client ID: Parrot

STORET ID:

Date Collected: 10/27/2008

Count Of Taxon: 46

Sum Of Count: 614

C
M
N
O
S

Metrics Report

Increaser/Decreaser TaxaTable 1 Metrics

C
D
N
O
S

Metric Value Prob.

Mountains General Increasers Taxa Percent 14.66% 30.15%

Mountains Metals Increasers Taxa Percent 1.47% 3.75%

Mountains Nutrient Increasers Taxa Percent 5.21% 8.38%

Mountains Sediment Increasers Taxa Percent 8.63% 20.33%

Metric Value MTM MTP

Community Structure

Shannon H (log2) 4.376 Excellent Excellent

Species Richness 46 Excellent Excellent

Native Taxa Percent 0.81%

Cosmopolitan Taxa Percent 63.52%

Mountains Rare Taxa Percent 0.00%

Plains Rare Taxa Percent 0.00%

Dominant Taxon Percent 20.85% Excellent Excellent

Sediment

Siltation Taxa Percent 88.92% Poor Fair

Motile Taxa Percent 90.88%

Mountains Brackish Taxa Percent 40.39%

Plains Brackish Taxa Percent 1.14%

Organic Nutrients

Pollution Index 1.827 Fair Good

Nitrogen Heterotroph Taxa Percent 17.75%

Polysaprobous Taxa Percent 41.86%

Low DO Taxa Percent 13.84%

Inorganic Nutrients

Nitrogen Autotroph Taxa Percent 28.50%

Eutraphentic Taxa Percent 81.11%

Rhopalodiales Percent 0.00%

Metals

Disturbance Taxa Percent 0.00% Excellent Excellent

Acidophilous Taxa Percent 0.00%

Metals Tolerant Taxa Percent 15.15%

Abnormal Cells Percent 0.00% Excellent

BioIndex Description Rating

MTM Montana DEQ Mountains (Bahls 1992) Poor

MTP Montana DEQ Plains (Bahls 1992) Fair

Metric Value Prob.

Plains General Decreasers Taxa Percent 7.49% 77.64%

Plains General Increasers Taxa Percent 28.34% 35.94%

Monday, January 05, 2009
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