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EXECUTIVE SUMMARY 
 
Old Town Steamboat Springs is the historic, downtown portion of the City.  Steamboat Springs is 
located in the east-central portion of Routt County along US Highway 40, which becomes Lincoln 
Avenue through the downtown area. The general location of the Old Town Steamboat Springs area 
encompasses approximately 540 acres which includes Old Town’s location at the downstream end of 
the three major drainageways; Spring Creek, Butcherknife Creek and Soda Creek.  As a consequence 
of the three drainages, the area is susceptible to flooding associated with major storm events and 
extreme snow melt conditions.  Minor events may also result in annual flooding along localized portions 
of each drainage basin, but to a lesser extent.  Local drainage is a problem due to limited existing 
stormwater infrastructure and so many areas are susceptible to street flooding. To date, drainage 
solutions have been developed with limited design data and so an inconsistent approach has been 
applied. 
 
The body of work included with the enclosed study is provided so that the City of Steamboat Spring is 
able to address past, ongoing, and future drainage challenges within the Old Town area in a clear and 
consistent way.  The City endeavored to create a document that could be used to identify design flows, 
identify drainage concerns, evaluate flooding potential and present engineering solutions to reduce 
flooding.  This document will help guide future development by providing consistent data.  

Redevelopment projects within the Old Town area are expected to increase pressure on the already 
constructed floodplain(s) and have the potential to alter runoff characteristics.  Therefore, this study 
also enables the City to consider the impacts to the floodplain as redevelopment within the study limits 
occurs.  In some cases, redevelopment projects can be viewed as a “trigger” for certain drainage 
improvements identified in this drainage study.   

This study provides numerous recommendations, including new storm sewer laterals, storm inlets, road 
crossing improvements, structural enhancements and a consolidation of several stormwater outfalls to 
the Yampa River.  Conceptual designs and cost estimates are included to assist the City with planning 
efforts so that projects may be prioritized, scheduled and ultimately funded.  Many of the improvements 
are provided to reduce floodplain impacts associated with Butcherknife Creek and Soda Creek.  One 
such improvement is the 8’ (W) x 4’ (H) reinforced concrete box culvert crossing of Lincoln Avenue for 
Butcherknife Creek which is currently designed and is scheduled for construction in 2009.  This 
improvement will provide the City with a future connection point for other recommendations in this 
study.   

Detailed data was not always available during the preparation of this study.  The reader is 
encouraged to review the assumptions and disclaimers located on the subsequent page.  Each 
assumption / disclaimer should be verified before proceeding with final design. 

The goals and objectives described in this study are provided based on the City of Steamboat Springs 
Engineering Standards, Effective September 2007 (Section 5.0 – Drainage Criteria).  The user is 
required to verify any revisions to the standards and make the appropriate adjustments. 



 

 vi

ASSUMPTIONS / DISCLAIMERS 
 
Due to a lack of detailed data during the preparation of this study, several assumptions were necessary 
for the completion of this report and it is important that the reader understands the implications of those 
assumptions.  The following is a list of assumptions made for the project.  Please note that several of 
these assumptions are further described in more detail within the body of the report. 

• Inlets shown in this report are conceptually located.  For the purpose of this study, inlets are 
located at design points where street capacity is exceeded or where a proposed storm sewer 
makes it convenient to add an inlet rather than conveying flows across intersections with culverts.  
The reader should not assume that the locations depicted or that the number of inlets shown is 
final.  All recommended improvements shown herein will require a detailed analysis, final design, 
and a drainage report to be submitted to and approved by the City. 

• The report utilized the channel flows from the FIS for the three major drainageways within the 
Study Area. 

• In most cases, GIS information was utilized as the basis of design for this report.  Future survey to 
accurately show grades, utilities, etc. should be provided prior to final design. 

• Storm sewer lines, inlets and manholes shown within the report are conceptual.  Final horizontal 
location should be evaluated during final design and after detailed survey information is obtained.  
Storm sewer was not located vertically, other than verifying that sufficient elevation fall was 
available. 

• Utility conflicts with sanitary sewer, water lines, and dry utilities were noted in this report and may 
be encountered with what is recommended herein.  Final design and detailed survey information 
may require variation in horizontal location and confirmation of vertical fall. 

• Hydrologic calculations assumed Hydrologic Soil Group (HSG) C. 

• Corrugated Metal Pipe (CMP) with an associated Manning’s n value of 0.027 was utilized for 
storm sewer preliminary calculations, except where noted. 

• Based on Equation 5.9.2 – Initial Storm Sewer Sizing utilized the controlling street slope for 
calculations and assumed the pipe was parallel in slope. 

• Storm water quality was not specifically addressed in this report.  However, proposed channel 
improvements related to erosion control will improve the overall water quality of the system. 

• Future projects such as the Yampa Street Streetscape project may dramatically impact basin 
delineations and the function of local drainage systems.  As such improvements to local drainage 
systems may be required including reevaluation, revised alignments and final design 

• In all cases, composite impervious values reflect existing conditions.  This method was applied 
because the Old Town area is largely developed with little open space remaining.  The open 
space that does remain is either located on steep hillsides that are undevelopable or are outside 
of the city municipal boundary.  The two land parcels which meet the later description are located 
at the top of the hill on Yahmonite Road in the Soda Creek basin and the southeast corner of 
North Park Road and Strawberry Park Road.   

 

 

 

 

 
 
• Improvements related to floodplain improvements are intended to reduce the extent of the 

mapped FEMA floodplain.  At the time of this study, detailed information regarding finished floor 
elevations and actual flooding impacts to habitable structures was not possible.  With that said, 
reductions to the mapped FEMA floodplain were completed to the best extent possible without 
requiring major channel work which would have a significant impact to private property.   In 
general, floodplains were reduced by eliminating the overtopping of roadways and by modeling a 
diversion along Butcherknife Creek.  The hydraulic models that were developed to prepare the 
analysis were based on two-foot GIS topography and field measurements of structure size.  
Detailed surveys to more accurately model inlet and outlet hydraulics was not possible.  This 
report recommend further studying actual flooding to habitable structures, detailed survey and a 
final design level analysis before proceeding with any of the proposed channel improvements.  

• FEMA will continue to regulate the floodplain described on the FIRM panel until it is formally 
revised.   

• GIS information was utilized for the soil maps and was obtained from the USGS.  Discrepancies 
between the GIS data and aerial information were noted on the soil maps.  For example, the red 
line designating the US Highway 40 does not overlay well with the actual US Highway 40 location.  
The user should be cautioned to appropriately identify and decipher the information presented on 
the soil maps. 
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1.0 INTRODUCTION 
1.1 STUDY AUTHORIZATION AND PARTICIPATION 
The City of Steamboat Springs (the City), contracted with J3 Engineering Consultants, Inc. (J3) for 
engineering services to complete a drainage study for the “Old Town” area of the City of Steamboat 
Springs.  The watersheds located within the Old Town Steamboat Springs area include portions of the 
Soda, Butcherknife and Spring Creek watersheds.  
 
This study for Old Town Steamboat Springs was authorized by the City and the specific tasks 
completed during this project were performed in accordance with the Professional Services Agreement, 
Contract No. 50500101 executed on March 31, 2008. 
 

1.2 PURPOSE, SCOPE AND OBJECTIVES 
The goal of this project is the creation of a document that will be used as a planning tool and will 
identify drainage infrastructure needs for approximately 540 acres within the study area as identified in 
the Request for Proposal.  This drainage study will enable the City to strategically address stormwater 
needs and implement well planned solutions to existing drainage problems and address future drainage 
needs. 

Redevelopment projects within the “Old Town” area are expected to increase pressure on the already 
constructed floodplain(s) and have the potential to alter runoff characteristics.  Therefore, this study 
assists the City with quantifying the future and existing conditions and enables the City to consider the 
impacts to the floodplain as redevelopment within the study limits occurs.  The improvements may 
include private and public infrastructure needs and as such, this study will help the City to evaluate the 
financial impacts and discuss items such as impact fees, cost sharing agreements or the incorporation 
of these costs into a stormwater utility. 

In some cases, redevelopment projects can be viewed as a “trigger” for certain drainage improvements 
identified in this drainage study.  This will occur when the future conditions result in a notable reduction 
in conveyance, life safety, floodplain, or the level of service within a drainage sub-basin.   

Objectives for assessing and developing the Old Town Drainage Study and Floodplain Masterplan for 
Soda, Butcherknife, and Spring Creeks include: 
 
1. Meet and correspond frequently with City staff to obtain information, present study findings, and 

discuss the results of the study. 

2. Perform a detailed field investigation to assess the stability of the existing channel corridors and to 
observe field indicators of channel instability such as bank erosion. 

3. Inventory and compile the existing infrastructure within the study area. 

4. Evaluate the impacts of improvements with regard to property ownership along the study area. 

5. Prepare a detailed hydrologic analysis for the existing watershed conditions. 

6. Conduct hydraulic analyses along the main stream corridors to; evaluate capacities of existing 
drainage structures, determine the necessity of increasing conveyance capacity within the 
channel corridors, and to evaluate functionality impacts to the main channel corridors and 
floodplain as a function of redevelopment potential. 

7. Develop preliminary drainageway improvements concepts that address existing conveyance 
concerns. 

8. Prepare a written report that defines the existing conditions and establish a Masterplan document 
for the City to use as a guideline for future improvements. 

 

1.3 ACKNOWLEDGEMENTS 
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1.4 PROJECT HISTORY AND CORRESPONDENCE 
Several progress meetings and field coordination meetings with City staff were held during the course 
of the project.  The meetings provided a discussion of various components of the project, assisted with 
identifying specific problematic areas and concerns from City staff that have a thorough knowledge of 
the drainage system, and provided a platform for discussing results and findings of the project.   
 

1.5 SUMMARY OF MAPPING AND DATA OBTAINED 
Base information such as jurisdictional and property boundaries, floodplain information, and roadways 
were obtained from the Routt County Geographic Information Systems (GIS) department.  Two-foot 
contours for the entire study area were provided by the City’s GIS Services department. The project 
mapping was developed from aerial information obtained in 2003.   The vertical and horizontal controls 
are NAVD 29, U.S. Survey Feet and NAD83, CO North – 0501 U.S. Survey Feet, respectively.   
 
Detailed base information and topographic information consisting of one-foot contour intervals was also 
provided for a portion of the Study Area.  Specifically, the limits of the detailed base information area 
were from Yampa Avenue to Oak Street and approximately 300 feet south of 3rd Street to 
approximately 300’ north of 12th Street.  Survey information was provided by Landmark Consultants, 
Inc. and the work was completed under a separate contract with the City.  The base information 
provided valuable horizontal survey information along the main roadways (alleys and the internal areas 
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of individual blocks were excluded).  Vertical information of underground utilities was limited for the 
detailed survey area. 

 
1.6 PREVIOUS STUDIES AND REFERENCES 
The following reports were reviewed and/or utilized during the course of preparing this report: 
 
1. “City of Steamboat Springs Engineering Standards”, prepared by WRC Engineering, Inc. for the 

City of Steamboat Springs Department of Public Works, Effective September, 2007. 

2. “Flood Insurance Study for Routt County, Colorado and Incorporated Areas, Map Number 
08107C0877D, Panel 877 of 1475”. Federal Emergency Management Agency, Effective February 
4, 2005. 

3. “Soil Survey Area:  Routt Area, Colorado, Parts of Rio Blanco and Routt Counties”, United States 
Department of Agriculture, Natural Resources Conservation Services, Survey Area Date, 
September 25, 2007. 

4. Weatherbase, Routt County, Hayden, Oak Creek, Steamboat Springs, and Yampa, Colorado, July 
5, 2001.  http://www.weatherbase.com/weather 

5. “NOAA Atlas 2, Precipitation – Frequency Atlas of the Western United States, Volume III- 
Colorado”. U.S. Department of Commerce, National Oceanic and Atmospheric Administration, 
Miller, J.F.; Fredrick, R.H.; Tracey, R.J. 

6. “7.5-Minute Series Topographic Maps, Scale 1:24,000, Contour Interval 40 feet, Steamboat 
Springs, Colorado”.  U.S. Department of the Interior, Geological Survey. 1969 

7. “7.5-Minute Series Topographic Maps, Scale 1:24,000, Contour Interval 40 feet,  Rocky Peak, 
Colorado”.  U.S. Department of the Interior, Geological Survey. 1962 

8. “Flood Insurance Rate Map, Routt County, Colorado and Incorporated Areas.  Panel 877 of 1475, 
Map Number 08107C0877D”.  Federal Emergency Management Agency.  Effective Date: 
February 4, 2005. 

9. Hydrologic Engineering Center – River Analysis System (HEC-RAS), Version 3.1.3. U.S. Army 
Corps of Engineers.  May 2005. 

10. Minutes of Planning Commission Work Session, September 3, 1980, Clayton M. Canfield & 
Associates memorandum regarding the Space Station and Gopher Foods Property. 

11. Topographic survey base information, City of Steamboat Springs GIS Services. 

12. Detailed topographic survey base information for the Old Town Steamboat Area.  Landmark 
Consultants, Inc. 

13. “Urban Storm Drainage Criteria Manuals, Volumes 1-3”. Urban Drainage and Flood Control 
District. Revised August 2006. 

14. “FlowMaster Version 7.0”. Haestad Methods, June 2003. 

15. “CulvertMaster Version 3.0”. Haestad Methods, August 2004. 

16. 2007 Colorado Department of Transportation Cost Data.  Colorado Department of Transportation. 
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2.0 DESCRIPTION OF THE STUDY AREA 
2.1 LOCATION 
Old Town Steamboat Springs is the historic, downtown portion of the City.  The City is located in the 
east-central portion of Routt County along US Highway 40, which is the major transportation route in 
the region. The general location of the Old Town Steamboat Springs area encompasses portions of 
Sections 8, 9 16 and 17, Township 6 North, Range 84 West of the 6th Principal Meridian in Routt 
County, Colorado.  The study area has three major drainageways traversing through the Old Town 
area; Spring Creek, Butcherknife Creek and Soda Creek.  Hydraulically, all three streams are right bank 
tributaries of the Yampa River.   
 
The Old Town Steamboat Springs area will be referred to as the “Study Area” for the remainder of this 
report.  This area is generally bound by the Yampa River to the southwest, the City limits to the north, 
west and east, and 3rd Street to the southeast.  A Vicinity Map is included within the Appendix for 
reference and depicts the Study Area with the relative alignments of Spring, Butcherknife and Soda 
Creeks. 
   

2.2 MAJOR DRAINAGE BASINS 
The Study Area has three streams that convey snowmelt and storm runoff to the Yampa River.  The 
streams are historically perennial and generally convey flow from North/Northeast to South/Southwest.  
A brief description of the three streams is provided below. 

2.2.1 SODA CREEK 
Soda Creek is the northernmost stream conveying runoff through the Study Area and the largest 
of the three major drainage basins.  The watershed is approximately 20.0 square miles at the 
approximate confluence with the Yampa River.  The stream generally flows east to west through 
the Study Area and its confluence with the Yampa River lies approximately 330 feet upstream of 
the 13th Street Bridge.   
 
Soda Creek is a perennial stream that conveys flow throughout the year.  Within the Study Area, 
Soda Creek can generally be characterized as a rectangular channel with a channel bottom of 
approximately 20 feet.  The depth varies along the channel and landscape walls or retaining walls 
confine the majority of the main channel corridor.  The channel is relatively stable because it is 
comprised of a cobble stone bed that greatly reduces vertical movement of the thalweg.  There 
are areas of local bank erosion, especially in the lower reaches between the Yampa River and 
Oak Street.  Soda Creek is an open channel throughout the Study Area and encroachment of 
properties into the floodplain and resultant confinement of the channel is moderate to severe. 

2.2.2 BUTCHERKNIFE CREEK 
Butcherknife Creek is the middle tributary, lying between Soda and Spring Creeks.  It is the 
smallest of the three major drainage basins with a tributary area of approximately 3.5 square 
miles.  The confluence of Butcherknife Creek with the Yampa River lies approximately 500 feet 
downstream of the 5th Street Bridge. 
 
Butcherknife Creek is also a perennial stream that conveys flow throughout the year.  Within the 
Study Area, Butcherknife Creek is difficult to generally characterize because it does not have a 
consistent cross-section.  The cross-section varies in geometry throughout and is comprised of 

triangular, rectangular, and trapezoidal shaped sections.  The depth also varies along the channel 
but is typically two to three feet deep.  There are portions of the channel that are shallower and 
deeper.  Butcherknife Creek has a very confined main channel and a shallow floodplain.  
Encroachment of properties into the floodplain and the resultant confinement of the channel are 
severe for the segment of Butcherknife Creek within the Study Area.  Several obstructions such 
as structures, fences and driveway crossings all impede flow once flow exceeds bankfull 
discharge and overtops the banks. Landscape and retaining walls confine the majority of the main 
channel corridor.  The channel is relatively stable because it is comprised of a cobble stone bed 
that greatly reduces vertical movement of the thalweg.  Butcherknife Creek transitions from an 
open channel to underground conveyance system near Oak Street.  The underground storm 
sewer conveys baseflow through Old Town and discharges upstream of Yampa Avenue, before 
the confluence with the Yampa River. 

2.2.3 SPRING CREEK 
Spring Creek is the southernmost stream conveying runoff through the Old Town Steamboat 
Springs area.  The watershed has a tributary area of approximately 8.4 square miles.  The 
confluence of Spring Creek with the Yampa River lies approximately 750 feet upstream of the 5th 
Street Bridge. 
 
Of the three major drainageways, Spring Creek has the least amount of encroachment and is the 
most natural stream corridor.  Within the Study Area, Spring Creek generally exhibits a 
trapezoidal cross section with a wide floodplain. The bottom width typically varies between 8 feet 
and 20 feet.  Portions of Spring Creek are conveyed as piped flow between the confluence with 
the Yampa River and Lincoln Avenue.   

 

2.3 CLIMATE 
The climate of the Old Town Steamboat Springs area is characterized by severe winters and cool 
summers.  Based on the Flood Insurance Study for Routt County (Reference 2), the majority of annual 
precipitation occurs as snow throughout the winter and deep snowpack accumulates as elevation 
increases.  Precipitation varies with elevation in the area.  The normal annual precipitation ranges from 
24 inches along the Yampa Valley floor to approximately 80 inches in the higher mountain peaks.  
Snowfall in Steamboat Springs averages approximately 13 feet per year. The snow’s moisture content 
is such that 14 inches of snow is equivalent to 1 inch of precipitation.  Snow typically begins to 
accumulate, especially on the northern facing slopes, beginning in October and snowmelt begins in late 
April and continues through June and possibly July. 
 

2.4 SOILS 
Due to the size of the drainage areas, several soil types are present as shown on the Soil Conservation 
Service Soil Survey of Routt Area, Colorado, Parts of Rio Blanco and Routt Counties (Reference 3) 
maps located in the Appendix of this report. Differing Hydrologic Soil Groups (HSG) were observed 
within the Study Area.  A breakdown of the soil survey information within the Study Area yielded 46.7%, 
47.1%, and 6.0% classified as HSG B, C, and D, respectively (0.2% was classified as water).  Soils 
within the Study Area were evenly divided between HSG B and C and due to the low percentage of 
Type D soils; the hydrologic analysis for the Site was based on HSG C since it will provide a more 
conservative approach.  Based on visual inspection of the drainage map, the soil groups were divided 
among the different watersheds similarly to the overall average.  Therefore, utilizing the soil 
characteristics of HSG C for the hydrology analysis for each watershed was assumed to be applicable.  
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In general terms, Type ‘B’ soils are identified as having medium runoff, moderate infiltration rates and a 
moderate erosion hazard while  Type ‘C’ soils are identified as having low infiltration rates when 
thoroughly wetted, moderate runoff, and moderate to severe erosion hazard.  Type ‘D’ soils are 
classified as having very slow infiltration rates, high runoff potential, high shrink-swell potential and 
severe erosion potential. 
 

2.5 FLOOD HISTORY 
Based on the watershed’s high mountain location and characteristics, two distinctively different types of 
flood events may cause stream peak flows in any given year; spring snowmelt and rainstorm events or 
a combination thereof.  Spring snowmelt tends to generate the most frequent flooding problems having 
a comparatively minor peak flood threat.  Generalized flood history information for the Study Area was 
obtained from the Flood Insurance Study (Reference 2) and the significant items pertaining to this 
report are summarized below: 
 
• The combination of high snowmelt runoff with a localized convective cloudburst storm has 

generated the major flood events within the City.   

• Prior analyses illustrated that the 100-year flood would result from snowmelt augmented by rain, 
the 500-year flood on the Yampa River would be created from the general storm, and the 500-
year flood on the tributary creeks such as Spring, Butcherknife and Soda Creeks, would result 
from a cloudburst, or localized, rainfall event.  

• Flooding from localized, cloudburst storms is a high probability in the Steamboat Springs area. 

• Areas within the Study Area are subject to broad, shallow overland flooding.  Based on Reference 
2, the shallow flooding is predominantly caused by obstructions within flooded areas (such as 
homes or insufficient capacity of hydraulic structures) and essentially independent of the adjacent 
drainageways. 

 
Flooding within the City has been previously documented in the Flood Insurance Study (Reference 2).  
Here is a summary of the historic floods that affected the Study Area per that Reference: 
 
• June 1921:  “Flooding was widespread in the region in 1921, with highway travel cut off and towns 

isolated.  In Steamboat Springs, flow in Soda Creek was too great to be passed by the Lincoln 
Avenue crossing, and a large lake formed that surrounded several homes and was backed up by 
the bridge.  Floodwater ultimately flowed over the street in a stream that was a half-block wide, 
the bridge was damaged and the streambank eroded.  Between Lincoln Avenue and the Yampa 
River, Soda Creek was from 300 to 500 feet wide...  The measured stage of the Yampa River in 
Steamboat Springs indicated a flow of 7,000 cfs, which was 1,000 cfs greater than any flow of 
record.  Flow in Soda Creek was estimated at 2,000 cfs.”  

• April 1974:  “all streams in the Steamboat Springs area were higher than at any other time in 
recent history, but damage occurred principally along Butcherknife Creek.  Three days of 
unseasonably warm weather (which accelerated snowmelt) and a heavy rain triggered flooding 
that began at 6 p.m. on April 25 and lasted until midnight April 27.  Flooding of disastrous levels 
along the Yampa River and Fish Creek was prevented by 200 to 300 volunteer floodfighters who 
filled and placed sandbags and built emergency berms at critical locations.  However, 
approximately 50 homes along Butcherknife Creek were surrounded by floodwater, and 
approximately 300 homes were threatened.  A state of emergency was declared on April 26.  
Flow in the river was approximately 500 cfs above flood stage.”   

Flood hazard risks are prevalent along the three major drainageways of Soda, Butcherknife and Spring 
Creeks as well as the Yampa River.  Development in the Study Area and directly adjacent to the 
drainageways occurred long before the current floodplain standards and understanding of the stream 
corridor significance was emphasized. Although the 100-year flood (or higher) provide the greatest level 
of risk, nuisance flows and snowmelt cause flooding damage on a regular basis.   
 

2.6 PRELIMINARY IDENTIFICATION OF ISSUES, PROBLEM AREAS, AND LOCATIONS OF 
RECENT MODIFICATIONS 

The purpose of this section is to identify the existing stormwater and floodplain challenges that currently 
persist within the Study Area.  It should be noted that the subsequent hydrologic and hydraulic sections 
also assisted with identifying problematic or hydraulic insufficient areas.  
 
Multiple meetings were held with City staff to identify problematic areas and concerns throughout the 
Study Area.  Several of these meetings occurred during field visits. A summary of the issues is 
summarized below: 

2.6.1 GENERAL ISSUES 
• Lack of general hydrology and design flows within the Study Area. 
• Backwater generated by the Yampa River causes additional flooding and hydraulic 

inefficiencies at the confluences of all three major drainageways. 
• The majority of Soda and Butcherknife Creeks and portions of Spring Creek’s main channel 

corridor lie exclusively on private property.   
• The stream corridor requires maintenance and rehabilitation often completed by the City. 

However, the City does not have easements to help gain access for maintenance and 
construction, or to promote adequate hydraulic conveyance along the stream corridors. 

• Currently no stormwater impact fees or similar funding mechanisms are utilized to help fund 
storm sewer infrastructure improvements throughout the City.  Capital improvements are 
currently paid through the City of Steamboat Springs General Fund. 

• Development in the watershed has resulted in minimal improvements to storm sewer 
infrastructure.  Until more recently, developments have been permitted and allowed to 
provide storm sewer infrastructure necessary to serve their development while downstream 
or regional infrastructure may be inadequate. 

• Portions of the storm sewer infrastructure have been placed in locations that make it difficult 
to access, maintain, or replace.  For example, portions of storm sewer lie underneath 
buildings within the Study Area such as the 24-inch culvert under the Steamboat Yacht 
Club. 

• High groundwater throughout the watershed occurs during the spring months and snowmelt. 
Foundation drains and sump pumps tie directly into portions of the existing storm sewer 
infrastructure and in some instances cause nuisance surface flows.  In other areas there are 
no storm sewers to connect and control discharge of foundation drains. 

• Previous retrofits or mitigation improvements are inadequate.  Portions of the Study Area 
utilize an abandoned vitrified clay sanitary sewer to convey storm runoff.  The former vitrified 
sanitary sewer was replaced with a new sanitary sewer, but the pipe continues to operate to 
serve unidentified roof drain connections. 
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• On-going development within the floodplain is occurring.  The City of Steamboat Springs 
has implemented a permitting process for all development within the floodplain in order to 
comply with FEMA requirements as part of the National Flood Insurance Program (NFIP). 

• Numerous outfalls for local and major drainage are located along the Yampa River.   

2.6.2 SODA CREEK 
• Near the newly renovated Bud Werner Library between the Yampa River and Lincoln 

Avenue, active bank erosion coupled with the failure and deterioration of a crude retaining 
wall along the right bank of Soda Creek is progressing. The existing retaining wall consists 
of broken pieces of concrete stacked and filled with native material. 

• The orientation of the Lincoln Avenue bridge/culvert creates abrupt bends upstream and 
downstream along the channel corridor and causes an impediment to flow conveyance.    

• Upstream of the Lincoln Avenue culvert, the right bank is eroding and stabilization measures 
are inadequate.  Although stabilization measures are delaying and slowing down the erosive 
process, continued erosion and bank failure will persist. 

• Upstream of Lincoln Avenue, Soda Creek has four to six foot high retaining walls which are 
in marginal condition and confine the channel.  

• The culvert crossings at 11th Street and Oak Street are undersized, the channel is highly 
confined, and the alignment is skewed. 

• The two bridge crossings located at Pine Street and Yahmonite Street have recently been 
modified to pass the 100-year design flow.  The Yahomnite Street Bridge was under 
construction at the time of this report.  The Pine Street Bridge was completed in 2006.  

• The configuration of the Pahwintah Street culvert only allows it to develop approximately six 
feet of headwater before spilling out of its banks onto adjacent residential property and 
further onto Pahwintah Street.  Pahwintah Street rapidly increases in elevation to the north 
creating approximately 7-feet of cover over the pipe.  

2.6.3 BUTCHERKNIFE CREEK 
• The confluence of Butcherknife Creek to the Yampa River is slightly oriented in an upstream 

direction conflicting with normal flow within the Yampa River. This creates additional 
backwater effects on Butcherknife Creek and causes further hydraulic inefficiencies. 

• A concrete retaining wall on the right bank of Butcherknife Creek downstream of Yampa 
Avenue is failing and will eventually collapse into Butcherknife Creek.  At present, it is 
leaning approximately ten degrees past vertical. 

• Butcherknife Creek is currently conveyed under Lincoln Avenue in a masonry culvert 
between the alleys west and east of Lincoln Avenue. The current horizontal configuration of 
the storm pipe traverses beneath an existing abandoned gas station and adjacent to a retail 
shopping building.  This is further discussed in Section 3.3.2. 

• Butcherknife Creek is very confined in multiple areas along the reach.  In most cases, the 
creek is confined with cobble stone retaining walls in very close proximity to homes or 
driveways. 

• The main channel is close in proximity to numerous homes; within a few feet in specific 
areas. 

• City staff routinely provides sandbags and assistance to residents during the spring runoff.  
The sandbags are utilized to keep the flow within the channel banks or to prevent flooding 
damage to adjacent structures. 

• Butcherknife Creek has a very confined main channel corridor.  However, once flow 
overtops the main channel banks, its shallow, broad floodplain makes it difficult to prevent 
damage and predict its flow patterns. 

• Ice damming created by driveway crossings cause flooding and other complications 
throughout Butcherknife Creek during the spring runoff. 

• Dry and wet utilities serving residential structures are suspended and exposed along 
Butcherknife Creek and could be damaged and create additional problems during a large 
runoff event. 

• Cover over some of the culverts is inadequate.  In some cases, cover over the culverts was 
only a couple of inches and the structural integrity of the culvert was compromised. 

2.6.4 SPRING CREEK 
• A proposed development is replacing the storm pipe that conveys Spring Creek under 

Lincoln Avenue to the Yampa River.  The hydraulics were calculated and construction 
documents were prepared for the project under a separate scope of services (by others).  
The construction of the storm sewer was occurring during the creation of this document. 

 

2.7 UTILITIES 
Several utilities with differing service owners are present within the Study Area.  Those utilities include 
water, sanitary and storm infrastructure maintained and operated by the City. Dry utilities such as 
electric, gas, and phone were not included in the coordination. Utility locations presented in this 
document are based on the detailed survey provided by Landmark Consultants, Inc. and the City GIS 
department and are approximate. Before any final design and construction activities occur, the Utility 
Notification Center of Colorado should be contacted to physically locate and identify utilities in the field. 
 

2.8 PROPERTY INFORMATION AND COORDINATION 
Property information within the Study Area was available and downloaded from the Routt County GIS 
Department.  Portions of three major streams lie within private property, which requires added 
coordination with property owners and is a vital factor in recommended improvements.  Significant 
coordination with the local property owners will likely need to occur to obtain permission for construction 
and disturbance.  Depending on the selected future improvements, it may be beneficial for the City to 
request a drainage or utility easement or to acquire property simply for maintenance access. 
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3.0 HYDROLOGIC ANALYSIS 
3.1 GENERAL 
A hydrologic analysis was performed to identify the drainage patterns and characteristics of the project 
Study Area.  The hydrologic analysis was completed for tributary areas directly flowing to the three 
major drainageways and the Yampa River within the Study Area. The analysis provided a means to 
evaluate existing drainage deficiencies and ultimately contributed to determining the proposed 
recommendations for infrastructure and drainage improvements within the Old Town area. Since the 
Study Area was limited to the Old Town and commercial downtown areas, the hydrologic analysis for 
the entire creek watersheds was beyond this project Scope of Service.   

3.2 PREVIOUS HYDROLOGIC STUDIES 
Few studies were available that document hydrologic information for Soda, Butcherknife and Spring 
Creek. Although limited, the acquired studies were utilized as references to better understand the 
existing delineation of the floodplain and histories of the drainageways. The majority of previous studies 
include design information for localized areas of modifications such as bridge improvements or storm 
sewer infrastructure to serve redeveloped areas. Those studies provided some information about 
existing infrastructure sizing and locations.  
 

3.3 DESIGN CRITERIA: 

3.3.1 REGULATIONS 
A drainage plan is presented for the 5-year (minor) and 100-year (major) storm events based on 
the City of Steamboat Springs Engineering Standards (Reference 1).  The 10-and 25-year storm 
recurrence intervals were also evaluated for future design purposes and to determine peak flows 
for multiple events in order to determine the storm improvements priority levels.   

3.3.2 METHODOLOGY 
Hydrologic analyses were calculated using the Rational Method.  For watershed areas less than 
160 acres, the Rational Method can be used.  The three key components to the Rational Method 
are the composite runoff coefficient, rainfall intensity and drainage area.  For a given storm 
recurrence interval, the peak discharge for a drainage basin can be estimated using the following 
equation: 
 

AICQ ××=  
 
 Where:   Q = Discharge (cfs) 
  C = Composite Runoff Coefficient 
  I = Rainfall Intensity (inches per hour) 
  A = Tributary Area (acres) 

3.3.3 DESIGN RAINFALL 
Based on Table 5.5.1 of the City of Steamboat Springs Engineering Standards, the 24-hour point 
precipitation values are based on the NOAA Atlas 2, Volume III and are summarized below: 
 

TABLE 1:  Point Rainfall Values for Steamboat Springs 
 

Recurrence Interval 1-Hour Precipitation Depths 
(inches)

24-Hour Precipitation Depths 
(inches)

5-year 0.78 1.7

10-year 0.94 1.9

25-year 1.09 2.4

100-year 1.46 2.8

 
 

Utilizing the 1-hour point rainfall value, the rainfall intensity can be approximated with the 
equation: 
 

( ) 786.0
1

10
5.28

cT
PI

+
=  

 
 Where: I = Rainfall Intensity (inches per hour) 
  P1 = 1-hr Point rainfall depth (inches) 
  Tc = Time of Concentration (minutes) 
 

3.3.4 TIME OF CONCENTRATION 
Times of concentrations were calculated for each sub-basin utilizing the summation of the 
overland flow and travel time and are per the City of Steamboat Springs Engineering Standards.  
Overland flow is assumed to occur as sheet flow and travel time is assumed to be a swale, curb 
and gutter, or paved ditch. 
 

3.3.5 IMPERVIOUSNESS AND RUNOFF COEFFICIENTS 
Watershed imperviousness was based on Table 5.6.3 – Recommended Imperviousness Values 
presented in the City of Steamboat Springs Engineering Standards with exceptions and are 
summarized on the next page. 
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TABLE 2:  Imperviousness Values 
Percent 

Impervious

Business
Commercial Areas 95
Neighborhood Areas 85

Residential
Single Family (Low Density) 40
Single Family (Medium Density) 45
Single Family (High Density) 50
Multi-Unit (detached) 60
Multi-Unit (attached) 75
Apartments 80

Industrial
Light Industrial 80
Heavy Industrial 90

Parks, Cemeteries 5

Playgrounds 10

School 50

Railroad Yards 15

Undeveloped Areas
Historic Flow Analysis 2
Greenbelts, agriculture 2
Off-site flow analysis 45

Streets
Paved (concrete/asphalt) 100
Gravel 40

Drives and walks 90

Roofs 90

Lawns (all soils) 0

Land Use or Surface Characteristic

 
 
The majority of the Study Area has been developed with residential homes and commercial 
development.  Therefore, existing conditions were analyzed to develop appropriate runoff 
coefficients and impervious values.  Future development within the watershed and associated 
impacts will need to be analyzed at the time of future development.   
 
During the development of the hydrologic sub-basins and associated runoff calculations, there 
was a need to classify existing land uses and relevant percent impervious values.  This was 
required to better model the existing conditions within the tributary basins to the as-built 
conditions.  Based on field visits, aerial photos and GIS data, three distinct densities of residential 

development were apparent, denoted as R1, R2 and R3 at end of Appendix C.  Sample blocks 
within each designation were evaluated to determine specific development characteristics, 
including percent impervious and runoff coefficients these are provided as figures in the 
Appendix.  It is recommend that subsequent design reports, continued planning efforts and 
general basin calculations use these residential development designations for increased accuracy 
of design and for conformance to this Drainage Study. 
 
Generally, the R1, R2 and R3 designations represent lowest development density to highest 
development density, respectively.  Based on review of the existing development within three 
major basins; Spring Creek, Butcherknife Creek and Soda Creek, consistent pattern of the 
generated residential designations was observed and further designations were not necessary.  
This information was applied to the delineated sub-basins based on field, aerial and GIS data 
inspection to determine boundaries for the individual designations.  Subsequently, this information 
was used to determine and generate the sub-basin runoff rate for the different design storms. 
 
Runoff coefficients for the watershed vary with the storm recurrence interval and are directly 
related to the percentage imperviousness.  Runoff coefficients for the storm recurrence interval 
were based on Table 5.6.1 – Design Runoff Coefficients presented in the City of Steamboat 
Springs Engineering Standards and are provided below: 
 

TABLE 3:  Design Runoff Coefficients 

5-yr 10-yr 25-yr 100-yr
0% 0.15 0.25 0.37 0.50
5% 0.18 0.28 0.39 0.52
10% 0.21 0.30 0.41 0.53
15% 0.24 0.32 0.43 0.54
20% 0.26 0.34 0.44 0.55
25% 0.28 0.36 0.46 0.56
30% 0.30 0.38 0.47 0.57
35% 0.33 0.40 0.48 0.57
40% 0.35 0.42 0.50 0.58
45% 0.37 0.44 0.51 0.59
50% 0.40 0.46 0.53 0.60
55% 0.43 0.48 0.55 0.62
60% 0.46 0.51 0.57 0.63
65% 0.49 0.54 0.59 0.65
70% 0.53 0.57 0.62 0.68
75% 0.58 0.62 0.66 0.71
80% 0.63 0.66 0.70 0.74
85% 0.68 0.71 0.75 0.79
90% 0.75 0.77 0.80 0.83
95% 0.82 0.84 0.87 0.89
100% 0.90 0.92 0.94 0.96

Runoff CoefficientsPercentage 
Imperviousness
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3.4 HYDROLOGIC ANALYSIS AND ROUTING 
Watershed basins were delineated to estimate peak runoff quantities for the multiple storm recurrence 
intervals at specific points within Old Town.  The Study Area major drainage basins and direct flow area 
to the Yampa River were delineated and alphanumeric characters were designated to specify the major 
drainageway that each basin is tributary to.  Portions of the downtown area were not tributary to any of 
the major creeks but were considered direct flow area (DFA) to the Yampa River. Specifically, major 
basins were delineated with SP, BK, SO, DFA to describe Spring Creek, Butcherknife Creek, Soda 
Creek, and Direct Flow Area to the Yampa River, respectively.   Drainage basin designations within 
each major watershed were further refined to identify minor-basins and are designated with an 
alphanumeric character (i.e. A).  Minor basins were then subdivided into sub-basins to route runoff and 
determine peak flows at locations such as culverts and at critical locations to verify that conveyance 
capacities were not exceeded.  These sub-basins are identified with consecutive numeric characters 
added to the basin numeric identifiers (i.e. Basin A is sub-divided in to basins A1, A2, etc.)  Design 
Points are consistent with sub-basin designations and refer to points where basin runoff is quantified 
(i.e. DP A1).   
 
No existing detention facilities, inadvertent detention or retention storage was accounted for in the 
hydrologic analyses or modeled.  A few localized on-Site detention and water quality facilities exist 
within the Study Area; however, these facilities are not currently under public ownership nor maintained 
by the City of Steamboat Springs, subsequently the operation and proper functioning of these facilities 
cannot be guaranteed.  Roadway embankments presently cause inadvertent storage but as the 
capacity of culverts is increased with construction, the storage should decrease.  Therefore, this 
storage was also not included in the analysis.  Please refer Section 5.0 and 6.0 for additional 
discussion of the hydraulic analysis within the Study Area. 
 

3.5 RESULTS OF THE HYDROLOGIC ANALYSIS 
Appendix C includes all of the hydrologic mapping used in this study and is organized as follows.  
 
Figure C1 - Overall drainage basin Keymap for Soda Creek 
Figures C2 – C6 – Detailed drainage maps for the Soda Creek Basin 

 
Figure C7 – Overall drainage basin Keymap for Butcherknife Creek 
Figures C8 – C9 – Detailed drainage maps for the Butcherknife Creek Basin 

 
Figure C10 – Overall drainage basin Keymap for Spring Creek  
Figures C11 – C12 – Detailed drainage maps for the Spring Creek Basin 

 
Figure C13 – Overall drainage basin Keymap for Yampa Direct Flow Area 
Figures C14 – C15 – Detailed drainage maps for the Yampa Direct Flow Basin 
 
The detailed drainage maps provide sub-basin, design points, and flow characteristics.  Each of these 
figures should be used in conjunction with Tables 4, 5, and 6 located on the following pages to 
determine design flows at all study area design points.  The results include peak flows for the 5-year, 
10-year, 25-year, and 100-year design storms.  This information should be used for the final design of 
any of the proposed improvements described herein.  The information should also be used to 

implement projects that are impacted, or have the potential to impact storm sewer infrastructure or have 
an adverse impact to adjacent, downstream, and even upstream properties. 
 
Review of the figures shows the two-foot project mapping used to delineate the basin boundaries.  For 
additional information regarding the mapping, please refer to Section 1.5.  A field review of the Old 
Town area was necessary to refine several of the basin boundaries where a clear basin distinction 
could not be easily determined.  The basins range in size from 0.32 acres to 40.60 acres. 
 
The detailed hydrologic calculations are included in Appendix C. 
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TABLE 4:  Hydrologic Results of Butcherknife Creek (BK) 

 
 

Major Basin Design Point Tributary Drainage Basins Tributary Area 
(acres) Q5 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs)

BK A1 A1 5.92 3.7 6.1 9.2 15.6
A2 A2 5.53 4.7 7.0 9.8 15.6
A3 A3 3.08 2.5 3.8 5.4 8.6
A4 A4 2.42 1.7 2.4 3.3 5.1

B1 B1 2.95 2.1 3.4 4.9 8.1
B2 B2 4.06 2.9 4.0 5.4 8.2
B3 B3 3.93 2.7 3.9 5.2 8.1

C1 C1 5.67 3.4 4.9 6.6 10.2
C2 C2 6.48 4.6 6.4 8.5 12.9
C2 C1 & C2 12.15 7.3 10.2 13.7 20.9
C3 C3 4.69 3.4 4.7 6.3 9.6
C3 C1, C2 & C3 16.84 9.2 12.9 17.3 26.5
C4 C4 6.57 4.3 6.2 8.6 13.3

D1 D1 4.89 3.3 4.8 6.5 10.2

E1 E1 3.23 2.5 3.4 4.6 7.0
E2 E2 1.59 1.5 2.1 2.9 4.3
E2 E1 & E2 4.82 3.7 5.1 6.8 10.3

F1 F1 3.52 5.1 6.6 8.2 11.8
F2 F2 0.78 1.9 2.3 2.7 3.7
F3 F3 3.38 5.4 7.0 8.6 12.3
F3 F1, F2 & F3 7.68 11.3 14.4 17.8 25.3
F4 F4 3.48 7.5 9.3 11.2 15.6
F4 F1, F2, F3 & F4 11.16 17.3 22.0 26.8 37.8
F5 F5 3.10 7.4 9.1 10.8 14.7
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TABLE 5:  Hydrologic Results of Soda Creek (SO) 

 

Major Basin Design Point Tributary Drainage Basins Tributary Area 
(acres)

Q5 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs)

SO A1 A1 9.4 5.4 8.1 11.5 18.4
A2 A2 7.4 3.7 5.9 8.7 14.5
A3 A3 4.0 2.7 3.9 5.3 8.3
A4 A4 6.5 2.8 5.3 7.7 12.5

B1 B1 40.6 15.0 27.8 44.7 79.5
B2 B2 16.3 6.7 11.6 18.0 31.1
B3 B3 7.9 5.4 7.9 11.0 17.3
B3 B1, B2 & B3 64.8 24.6 43.1 67.1 116.4
B4 B4 13.6 4.6 8.1 12.5 21.6
B4 B1, B2, B3 & B4 78.3 26.4 46.1 71.8 124.5
B5 B5 12.3 5.3 8.8 13.1 22.2
B5 B1, B2, B3, B4 & B5 90.7 29.5 51.0 78.9 136.4
B6 B6 12.3 9.6 13.9 19.1 29.6
B6 B1, B2, B3, B4, B5 & B6 103 35.6 59.8 90.9 154.8
B7 B7 6.17 4.2 6.0 8.3 12.9
B8 B8 2.64 2.4 3.4 4.7 7.4
B8 B1, B2, B3, B4, B5, B6, B7 & B8 111.81 38.9 64.3 96.8 163.7
B9 B9 5.32 3.6 5.1 7.1 11.0
B10 B10 2.31 1.6 2.3 3.2 5.0
B10 B1, B2, B3, B4, B5, B6, B7, B8, B9 &B10 119.44 41.5 67.7 101.3 170.2
B11 B11 7.3 4.8 6.9 9.5 14.8
B11 B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, & B11 126.74 43.8 70.9 105.5 176.4

C1 C1 40.2 15.2 26.7 41.7 72.7
C2 C2 8 3.7 6.4 9.8 17.0
C2 C1 & C2 48.2 18.4 32.1 49.9 87.0
C3 C3 14.17 9.3 15.8 21.4 33.1
C3 C1, C2, C6 & C3 70.72 28.3 47.8 70.7 118.2
C4 C4 9.25 5.7 10.6 14.7 23.3
C5 C5 4.06 4.2 5.8 7.5 11.3
C5 C1, C2, C3, C4, C5 & C6 84.03 34.0 57.1 83.1 137.1
C7 C7 2.78 2.4 3.5 4.9 7.5
C7 C1, C2, C3, C4, C5, C6 & C7 86.81 34.4 57.5 83.6 137.6
C6 C6 8.35 5.1 7.4 10.3 16.1

D1 D1 3.57 1.6 2.9 4.2 6.8
D2 D2 4.7 3.7 5.3 7.1 11.1
D2 D1 & D2 8.27 4.6 7.2 10.0 15.7
D3 D3 2.68 2.0 3.3 4.5 7.2
D4 D4 1.99 1.8 2.7 3.7 5.7

E1 E1 17.13 12.6 18.7 26.3 41.8
E2 E2 4.9 3.3 5.0 6.9 10.8  
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TABLE 5:  Hydrologic Results of Soda Creek (continued) 

 

Major Basin Design Point Tributary Drainage Basins Tributary Area (acres) Q5 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs)

SO F1 F1 18.38 11.02 16.41 23.13 36.71
F2 F2 11.85 5.67 9.48 14.41 24.49
F3 F3 2.42 2.05 2.97 4.10 6.37
F3 F1 & F3 20.80 12.33 18.29 25.72 40.72
F4 F4 3.12 3.76 4.90 6.17 8.92
F5 F5 11.26 6.72 9.64 13.03 20.20
F5 F1, F2, F3, F4 , F5 & F6 52.09 26.70 39.47 55.01 87.14
F6 F6 5.06 3.29 4.71 6.34 9.82
F7 F7 5.70 3.67 5.27 7.24 11.22
F7 F1, F2, F3, F4, F5, F6 & F7 57.79 29.50 43.47 60.51 95.63
F8 F8 2.56 1.86 2.66 3.58 5.55
F8 F1, F2, F3, F4, F5, F6, F7 & F8 60.35 29.28 43.10 59.90 94.59
F9 F9 3.60 2.82 3.96 5.30 8.11

G1 G1 10.55 6.79 5.93 12.64 19.22
G2 G2 6.22 4.25 8.88 7.93 12.08
G3 G3 6.48 6.81 7.91 11.12 16.08
G4 G4 5.93 5.94 27.13 10.03 14.73
G4 G3 & G4 12.41 18.84 0.00 37.14 58.90

H1 H1 2.30 5.19 6.25 7.25 9.71
H2 H2 2.56 5.74 6.92 8.02 10.74
H2 H1 & H2 4.86 10.19 12.28 14.24 19.07
H3 H3 2.86 6.81 8.21 9.52 12.75
H3 H1 , H2, H3 7.72 15.14 18.25 21.16 28.35
H4 H4 0.40 0.95 1.15 1.33 1.78  
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TABLE 6:  Hydrologic Results of Spring Creek 

 

Major Basin Design Point Tributary Drainage Basins Tributary Area (acres) Q5 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs)

SP G1 G1 21.9 11.1 16.0 22.1 34.4
G2 G2 8.9 7.0 10.1 13.5 21.0
G2 G1 & G2 30.8 14.3 20.7 28.3 44.0
G3 G3 1.1 0.0 0.8 1.3 2.3
G3 G1, G2 & G3 31.9 14.2 21.0 28.9 45.0

H1 H1 25.7 14.1 24.4 34.1 54.1

I1 I1 5.2 4.3 6.2 8.3 12.9

J1 J1 2.4 5.7 7.0 8.3 11.4

K1 K1 1.1 2.6 3.2 3.8 5.2

L1 L1 1.4 3.3 4.1 4.9 6.7  
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TABLE 7:  Hydrologic Results of DFA - Yampa 
 

Major Basin Design Point Tributary Drainage Basins Tributary Area (acres) Q5 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs)

DFA - Yampa Y1 Y1 2.72 6.00 7.39 8.76 11.98
Y2 Y2 0.27 0.64 0.79 0.94 1.28
Y2 Y2 & Y3 0.85 1.94 2.39 2.83 3.87
Y3 Y3 0.58 1.38 1.70 2.02 2.76
Y4 Y4 2.90 6.11 7.52 8.91 12.19
Y2 Y2, Y3 & Y4 3.75 7.90 9.52 11.04 14.78
Y5 Y5 3.39 7.72 9.51 11.27 15.41
Y6 Y6 0.12 0.29 0.35 0.42 0.57
Y6 Y6 & Y7 1.85 4.06 4.89 5.67 7.59
Y7 Y7 1.73 3.87 4.77 5.65 7.73
Y8 Y8 0.11 0.26 0.32 0.37 0.49
Y8 Y6, Y7 & Y8 1.96 3.90 4.70 5.45 7.30
Y9 Y9 1.71 3.87 4.77 5.65 7.72
Y9 Y6, Y7, Y8 & Y9 3.67 7.15 8.62 10.00 13.39

Y10 Y10 2.98 6.79 8.19 9.49 12.72
Y10 Y6, Y7, Y8, Y9 & Y10 6.65 12.09 14.57 16.90 22.63
Y11 Y11 2.62 5.63 6.78 7.86 10.53
Y12 Y12 0.33 0.79 0.95 1.10 1.47
Y12 Y11 & Y12 2.95 6.23 7.50 8.70 11.65
Y13 Y13 0.11 0.26 0.32 0.37 0.49
Y13 Y11, Y12 & Y13 3.06 6.16 7.42 8.61 11.53
Y14 Y14 0.29 0.69 0.85 1.01 1.38
Y14 Y11, Y12, Y13 & Y14 4.87 9.40 11.32 13.13 17.59
Y15 Y15 1.52 3.62 4.36 5.06 6.77

Y20 Y20 2.07 4.9 6.0 7.1 9.7
Y21 Y21 1.26 3.0 3.7 4.4 6.0
Y22 Y22 3.26 7.7 9.5 11.3 15.4
Y22 Y20 & Y22 5.33 11.7 14.1 16.3 21.9

Y23b Y23b 7.85 5.5 7.9 10.7 16.7
Y23a Y23a 4.59 3.6 5.1 6.8 10.6
Y23a Y23a and Y23b 12.44 8.2 11.7 15.8 24.5
Y23 Y23 3.14 3.0 4.1 5.5 8.3
Y23 Y23, Y23a and Y23b 15.58 10.3 14.6 19.7 30.4
Y24 Y24 1.00 1.0 1.2 1.4 1.8
Y25 Y25 0.32 0.8 0.9 1.1 1.4
Y24 Y24 & Y25 1.32 1.7 2.0 2.3 3.1
Y26 Y26 3.41 8.1 9.8 11.3 15.2
Y26 Y21, Y23 & Y26 20.25 17.3 23.2 29.6 43.7
Y27 Y27 3.32 7.9 9.5 11.0 14.8
Y27 Y21, Y23, Y26 & Y27 23.57 22.1 28.9 36.2 52.4
Y28 Y28 1.68 4.0 4.8 5.6 7.5
Y28 Y24, Y25 & Y28 3.00 5.1 6.2 7.2 9.6
Y29 Y29 1.79 4.3 5.1 6.0 8.0
Y29 Y24, Y25, Y28 & Y29 4.79 8.8 10.6 12.3 16.4
Y30 Y30 1.37 3.3 3.9 4.6 6.1
Y30 Y30 6.16 11.5 13.9 16.1 21.6
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4.0 HYDRAULIC ANALYSIS OF FLOODPLAINS 
4.1 GENERAL 
As previously discussed, the Flood Insurance Study for Routt County, Colorado and Incorporated Areas by 
the Federal Emergency Management Agency dated February, 4 2005 (Reference 2) is the regulated flood 
insurance study (FIS) for Spring, Soda, and Butcherknife Creeks.  Reference 9 was the fourth revision for 
the flood hazard information for Routt County.  The upstream limit of the detailed study for the FIS was at 
the City of Steamboat Springs Limits, which corresponds to the upstream limit of Study Area.   
 

4.2 HYDRAULIC ANALYSIS APPROACH 
To approximate the existing floodplain and to assess impacts to the floodplain based on proposed 
improvements, the Hydrologic Engineering Center – River Analysis System (HEC-RAS) software created by 
the United States Army Corps of Engineers (Reference 9) was utilized.   
 
Effective models for Soda, Butcherknife and Spring Creeks were not available for this project.  In most 
cases, the base model (effective model) utilized to define the existing floodplains delineated on the FEMA 
FIRM map can be obtained from FEMA, the governing municipality or the engineer of record who performed 
the modeling.  Although the effective models within this study area were established in 2005, the models 
were not available and therefore needed to be recreated.  Effective models were recreated for Soda and 
Butcherknife Creeks and are referred to as corrected effective models.  The Routt County FIS only provides 
base flow data and a work map for each creek but does not detail specific input data for each cross-section 
such as Manning’s coefficient, structure dimensions, blocked obstructions or ineffective flow areas.  
Therefore, the corrected effective models were developed using the original Routt County designated cross 
sections and the supplemental input data collected during the course of this project.  This includes general 
field measurements of roadway crossings but no detailed survey. The models were calibrated to match 
FEMA’s effective floodplain delineations to the best extent possible.  In some areas, the FEMA delineations 
appear to be incorrect and where this is the case, no attempt was made to match the FEMA delineation.  
For example, several cross sections included vastly different base flood elevations for left and right banks.  
The corrected effective models provide the basis of comparison for the subsequent hydraulic analysis of 
floodplain modifications resulting from conveyance improvements and or flow diversions and modeled in the 
proposed conditions hydraulic model.  (Note: Proposed conditions only include conveyance improvements 
and flow diversions.  Maintenance issues such as erosion protection and boulder edging are not included 
with the proposed condition hydraulic model.)  The 100-year design flows for the study area are shown in 
Table 8. 
 
Note:  The City of Steamboat Springs excluded Spring Creek from the analysis because improvements to 
the stream corridor were not anticipated in the Masterplan and an improved culvert crossing of Lincoln 
Avenue was being implemented at the time of this study.     
 

4.3 PREVIOUS STUDIES 
The aforementioned Flood Insurance Study (Reference 2) is the only significant detailed reference for the 
Study Area.  The portions of Spring, Butcherknife and Soda Creeks within the Study Area lie within a 
designated Federal Emergency Management Agency (FEMA) floodplain as defined on the Flood Insurance 
Rate Map (FIRM) Map Panel Number 08107C0877D, Panel 877 of 1475.  Per the FIRM Map Panel, all 
three creeks have defined 100-year floodplain with base flood elevations (Zone AE) and the 500-year 

floodplain (Zone X) has been defined within the study area.   There are localized areas of Zone AO (shallow 
areas of flooding) within the study area. 
 
The summary of discharges developed with the Flood Insurance Study (Reference 2) are summarized in 
Table 8. 
 

Table 8:  Summary of Discharges from Routt County FIS 
 

10-year 50-year 100-year 500-year

Spring Creek                              
(120 feet upstream of Lincoln Avenue) 8.4 175 325 650 2,350

Butcherknife Creek                         
(100 feet upstrream of Yampa Avenue) 3.5 75 100 325 1,300

Soda Creek                               
(180 feet downstream of Lincoln Avenue) 20.0 850 1,025 1,300 2,875

Yampa River                              
(Downstream limit of City of Steamboat Springs) 614 7,000 8,450 9,020 10,220

Flooding Source and Location
Drainage 

Area        
(sq. mi.)

Peak Discharges (cfs)

 
 

4.4 MAJOR DRAINAGE STRUCTURE INVENTORY 
Several local and collector roads upstream of Lincoln Avenue cross the three major creeks within the Old 
Town study area.  At these locations, culverts have been constructed to pass base flows. In addition, 
development along Lincoln Avenue has required Spring and Butcherknife Creeks to be conveyed to the 
Yampa River in large diameter storm pipe.  Hydraulic backwater calculations were prepared using HEC-
RAS for the existing infrastructure to access each crossing’s conveyance capacity for the 100-year runoff 
event.  Detailed descriptions of the crossings and or major conveyance elements are illustrated in Section 
4.4.1 and 4.4.2 for each drainageway.  Dimensions not provided in the detailed survey were supplemented 
by field measurements and are used to approximate the dimensions of crossings.  Detailed dimensions 
would be required for any final design considerations. 
 

4.4.1 SODA CREEK 
 Lincoln Avenue 

20 foot wide by 7 foot high arched bridge/culvert.  The existing culvert alignment is skewed and 
the channel sharply bends upstream and downstream.  The headwalls on both the upstream and 
downstream sides have structural damage in the forms of cracks and deterioration, and the 
rebar is exposed.  The lack of a structural wingwalls on both the upstream and downstream 
sides of the culvert has contributed to bank failure, bank slumping and erosion. 

 11th Street  
Dual 8 foot wide by 6 foot high corrugated metal pipe (CMP) arch culverts.   

 Oak Street 
Dual 8 foot wide by 6 foot high concrete bridge 

 Pine Street 
Constructed in 2006, the bridge top length is approximately 42.0 feet. 
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 Yahmonite Street 
Bridge currently under construction at the time of this report. Based on the approved plans, the 
proposed bridge length is 39.0 feet and the overall width of 32.5 feet. 

 Pahwintah Street 
35 foot wide by 11 foot high CMP arch culvert.  This structure is capable of developing 
approximately six feet of headwater before spilling out of its banks and onto Pahwintah Street. 

4.4.2 BUTCHERKNIFE CREEK 
 Yampa Avenue 

Dual 48” CMP culverts.  Provides connection between the Eagle Scout Park open channel and 
the Yampa River. 

 Alley South of Lincoln Avenue to Alley North of North Lincoln Avenue 
This reach consists of a closed conduit of varied size.  The project survey located a 48” CMP 
culvert downstream from Lincoln Avenue.  However, a concurrent development project replaced 
a portion of this with 54” CMP adjacent to Ghost Ranch Saloon.  As-built drawings for the Lincoln 
Avenue water main replacement project show a 9’ (W) x 6’ (H) masonry culvert (outside 
dimensions) located within the Lincoln Avenue right-of-way. Finally, a memorandum provided by 
Clayton M. Canfield & Associates (Reference 10) describes the alignment and culvert sizes 
beneath the Space Station and Gopher Foods property as a 9.75’ (W) x 6.9’(H) semicircular top 
concrete culvert as well as a six-foot diameter CMP at the upstream end which crosses the alley 
north of Lincoln Avenue.  

 Oak Street 
A 48” CMP 

 Alley Between Oak Street and Pine Street 
A 48” CMP 

 Pine Street 
 A 48” CMP 

 Short Street Bridge 
An approximate 10’-6” long bridge with a girder depth of two-feet.  The depth from the bottom of 
the girder to the channel invert is approximately two-feet. 

 Butcherknife Alley 
A 68” x 45” corrugated metal pipe arch culvert 

 Spruce Street 
A 72” x 40” corrugated metal pipe arch culvert 

An inventory of Spring Creek culverts was not completed as part of the floodplain Masterplan. 

 

4.5 EVAULATION OF EXISTING FLOODPLAIN 
Based on the review of the Routt County FIS as well as the modeling results of the corrected effective 
model, it would appear that The FEMA regulated floodplain described on FIRM panel number 
08107C0877D may not accurately reflect the 100-year floodplain along Soda Creek and Butcherknife 
Creek.  This is most evidenced in the base flood elevation discrepancies noted in Section 4.1.  Furthermore, 
the bridges at Yahmonite Street and Pine Street were constructed subsequent to the Routt County FIS and 
are therefore not part of that analysis. 
 

The corrected effective model floodplain delineations indicate a net reduction in the overall impacted area.  
However, while some areas are removed from the floodplain, other areas are added.  This is caused by 
numerous limiting factors including structure details, data discrepancies, obstructions, and mapping used to 
generate the delineations.  The FIS indicates that floodplain boundaries were interpolated between cross 
sections using mapping with a contour interval of five feet or less.  This project interpolated between cross 
sections using mapping with a contour interval of two feet.  In either case, FEMA will continue to regulate 
the floodplain described on the FIRM panel until it is formally revised.  Therefore, the corrected effective 
model is only useful herein as a tool to compare the relative impacts of proposed improvements. 
 
Another limitation of the corrected effective model, and presumably, the FEMA model as well used to 
develop the 2005 FIS, is the occurrence of overland flow.  This is particularly true along Butcherknife Creek 
where one-dimensional (1D) channel flow exceeds bank full capacity and discharges onto the overbank 
areas, becoming two-dimensional (2D) overland flow without a defining boundary. HEC-RAS was not 
developed to solve 2D flow regimes and so manual interpretation of the flow boundary is required, and is 
based on assumed momentum caused by overland slopes, obstructions, streets, swales, etc.  This may be 
observed by referring to Butcherknife Creek Cross Section 2.5 through Section 5.5, for the Corrected 
Effective Model located in Appendix D.  
 

4.6 INITIAL PROBLEM AREA IDENTIFICATION 

4.6.1 SODA CREEK 
In general, Soda Creek is moderately encroached upon and routinely conveys base flows with little or 
no problem.  Two recent bridge projects at Yahmonite Street and Pine Street have greatly increased 
the conveyance capacity of those structures and have improved the overall hydraulic performance of 
Soda Creek.  These structures are clear span bridges with concrete abutments with bridge spans of 
30 to 40 feet.  The most notable deficiencies along Soda Creek are the hydraulic restrictions located at 
the culvert crossings of Lincoln Avenue, 11th Street, and Oak Street, all of which are downstream from 
the Yahmonite Street and Pine Street bridges.  The existing culverts are undersized for the 100-year 
peak discharge and create sufficient backwater to overtop the banks and spill flood flows into the 
streets.   
 
This study evaluates the impact of bridge improvements for Soda Creek at Lincoln Avenue, 11th Street 
and Oak Street. 

4.6.2 BUTCHERKNIFE CREEK 
The most notable deficiency along Butcherknife Creek is the residential encroachment up to the creek 
banks which reduces, and in most cases, eliminates the flood storage function of the overbank areas 
and the natural floodplain.  It is not readily feasible for the City to reclaim this ground to solve the 
problem due to the high number of residential properties on either side of the creek banks.   In 
addition, numerous restrictions limit bank full discharge to nearly a third of the 100-year peak 
discharge in some areas and once this value is exceeded, the creek begins to overtop its banks.  The 
restrictions include road crossings, driveway crossings, and narrow channel sections.  Base flows 
routinely result in bank full discharge, particularly in the spring during peak snowmelt runoff, and often 
requires sand bagging along the creek banks.  Debris also becomes lodged under driveway crossings 
or culvert entrances and creates a flooding nuisance. 
 
A second deficiency is the creek’s alignment through the downtown portion of the study area.  This 
reach begins at the alley between Oak Street and Lincoln Avenue and ends at Eagle Scout Park.  
Through this reach, Butcherknife Creek ceases to exist as an open channel and is instead conveyed 
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in closed stormwater pipe.  The closed conduit alignment passes through private property and is under 
capacity in certain areas.  For further discussion of this deficiency, please refer the design 
memorandum located under a separate cover.   
 
This study evaluates two alternative solutions to address the capacity and frequent bank full discharge 
problems along the open channel portions of Butcherknife Creek and to also improve the closed 
stormwater pipe and road crossing configuration. 
 

4.7 PROPOSED IMPROVEMENTS 
Please refer to Section 5 and Section 6 for a detailed discussion of the proposed improvements intended to 
address the problem areas noted herein. 
 

4.8 FLOOD DAMAGE ESTIMATES 
A detailed analysis of flood damage is not within the scope of this Drainage Study and Floodplain 
Masterplan.  However, a generalized discussion is provided based upon the evaluation of the existing 
floodplain.  The FEMA regulated floodplain (effective model), as well as the corrected effective model 
floodplain produced as part of this study, impacts a large number of residential and commercial properties 
and also depicts the overtopping of local, collector and arterial roadways.  Without a detailed survey of 
finished floor elevations, or a review of flood insurance policies, it is not possible to conclude which private 
properties would experience flooding within habitable structures.  Based on field observations though, it 
does appear that numerous homes would significantly be impacted.  Flood damages to private property 
may range from no-impact up to shallow flooding and in some cases, may include significant losses 
triggering a total loss. 
 
Public facilities, including roads, bridges and culverts may experience overtopping, significant erosion and 
potential total failure.  Total failure of public infrastructure has the potential to exacerbate other problems 
caused by culvert washout flood waves and impassable roadways which may reduce the City’s ability to 
provide emergency services. 
 

4.9 NEEDS ASSESSMENT 
Based on the potential flood damages associated with the effective and corrected effective models and the 
desire to evaluate the potential removal of impacted properties from the floodplain, numerous needs were 
identified to mitigate and reduce the current flood risk potential.  The goal is to improve conditions to the 
best extent possible by implementing sound engineering solutions.  In general, the needs are encapsulated 
by a single premise; where possible, improve channel and structure capacity so that floodwaters are more 
safely conveyed downstream.  After performing an on the ground investigation of Soda and Butcherknife 
Creeks and evaluating the hydraulic models, several alternatives were developed to alleviate the current 
condition.  Specifically, these alternatives include improving culverts and bridge crossings so that they are 
capable of fully passing the 100-year flood flow.  In the case of Butcherknife Creek where insufficient 
capacity exists along the entire corridor, providing a channel diversion to a piped system to remove a 
percentage of the flood flow from the channel.  A detailed discussion of each of the alternatives is provided 
in section 6.0. 
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5.0 HYDRAULIC ANALYSIS OF STORM SEWER INFRASTRUCTURE 
5.1 GENERAL 
A hydraulic evaluation of the existing storm sewer and subsequent determination of necessary storm sewer 
infrastructure essential for sufficient conveyance of storm runoff was conducted within the Study Area.  The 
hydrologic analysis and associated storm runoff quantities provided the foundation for the hydraulic 
evaluation.  Since existing storm sewer is present within the Old Town Steamboat Springs area, a 
preliminary evaluation of the conveyance capacity was compiled to determine if the existing storm sewer 
should be improved.  In addition, street capacities within the Study Area were evaluated to determine 
proposed storm sewer.  The subsequent sections detail the assumptions, approach and analyses 
conducted to evaluate the storm sewer. 
 
It should be noted that final design for road and drainage improvements to Lincoln Avenue is being 
completed under a separate CDOT contract (by others) at the time of this study.  CDOT and the City are 
currently preparing construction plans that include upgrades / modification to the local drainage systems 
that were not part of this Final Draft of the Old Town Drainage Study.  However, recommendations provided 
herein were made available to the Lincoln Avenue design team. 
 

5.2 HYDRAULIC CRITERIA 
According to the City of Steamboat Springs Engineering Standards the major storm shall be the 100-year 
recurrence interval storm and the minor storm shall be the 5-year recurrence interval storm.  The 5-year 
storm was utilized for conveyance of nuisance flows, determination of storm sewer conveyance, and 
evaluation of street capacities.  Once street capacities were exceeded during the 5-year event, storm sewer 
was added to assist with conveyance.  This concept and approach would satisfy and address the expressed 
concerns of City staff regarding nuisance flows and problematic areas throughout the Study Area.  
 
Due to the limitations of the 2-foot contours for determining roadway cross sections, it was assumed that 
each street included a ditch section unless curb and gutter was currently present.  This assumption allows 
standard curb and gutter street capacity curves for local streets to be utilized.  Analysis of curb and gutter 
street flows and ditch capacities were evaluated and inlets were added where street capacities are 
anticipated to be exceeded or in areas of sump.  Allowable street capacities were obtained based on street 
type and street slope the City of Steamboat Engineering Standards criteria.  The street capacities were 
evaluated for the minor (5-Year). Where street capacities were exceeded, an inlet was added to capture 
and reduce surface runoff.  For purposes of preliminary design, inlet configurations and types are not 
specified due to the limited survey data.  The need for more detailed information will be necessary for final 
design to capture the minor storm event for specific topographic constraints such as street slope, location, 
and configuration. 
 
Once street capacities were exceeded, the full 5-year event was assumed to be conveyed within storm 
sewer.  Preliminary storm sewer and inlet sizes were calculated for this study.  Inlets were estimated to 
capture the full minor storm event.  Due to the limited survey detail and preliminary nature of the project, 
final design and configuration of the storm sewer is required.  The sizes and alignments are provided for 
planning and conceptual purposes. 
 
The preliminary size of the storm sewer was estimated using Equation 5.9.2 of the City of Steamboat 
Springs Engineering Standards.  The initial pipe size, Di, is based on the peak design flow (Qp) and pipe 
slope (So) and is estimated by the following equation: 
 

 
 
 
 

 
8

3

2
1

16.2

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

o

p
i

S

nQ
D  

 
 Where: n = Manning’s Roughness Coefficient 
  Qp = Peak Design Flow (cfs) 
  So = Pipe Slope (ft/ft) 
 
For purposes of the conceptual design and analysis, the preliminary size calculation utilized a pipe slope 
parallel to the controlling street slope.   
 
Open channel flow calculations were required to size swales, emergency overflows, spillways, and 
channels.  Calculations were performed using Manning’s Equation and FlowMaster and are provided in the 
Appendix for review.  A Hydrologic Engineering Center River Analysis System (HEC-RAS) model was 
compiled for both Soda and Butcherknife Creeks and portions of the models completed are provided in the 
Appendix of this report.  Design of the culverts, outlet protection and walls were designed according to 
Urban Drainage and Flood Control Districts (UDFCD) Urban Storm Drainage Criteria Manual (USDCM) 
Volumes 1 and 2 (Reference 12).  Culvert analysis was completed using CulvertMaster (Reference 14). 
 

5.3 EVALUATION OF EXISTING CONDITIONS 
Utilizing estimated existing street capacities and the 5-year recurrence storm interval, it was determine that 
storm sewer in the upper reaches was necessary to safely convey runoff. 
 
Based on correspondence and field visits with City staff, areas of local flooding, inadequate conveyance 
and nuisance flows were identified.  Several of these locations are discussed in Section 3 and the 
hydrologic and subsequent hydraulic analyses confirm the City’s observations. 
 

5.4 PROPOSED STORM SEWER DESIGN 
Due to nuisance flooding and street flooding, additional storm sewer infrastructure is proposed in the Soda 
Creek and Butcherknife Creek tributary basins.  Upsizing of existing storm sewer within the Soda and 
Butcherknife Creeks and the Direct Flow Area to the Yampa River was necessary based on the hydraulic 
evaluation.  All storm sewer pipe diameters were preliminarily sized to convey the full 5-year storm event 
unless noted otherwise.  Please note that there are areas (such as 11th Street near Bob Adams drive) that 
experience natural springs and seeps.  While this study does not specifically address those areas, 
mitigating these areas should be a consideration when implementing future storm sewer systems. 
 
Please refer to the Appendix for the storm sewer exhibit.  A description of the significant improvements is 
discussed below: 

5.4.1 SODA CREEK 
Five (5) storm laterals are proposed for Soda Creek.  The addition of these laterals is directly 
attributable to street capacities being exceeded in the upper regions of the watershed and the need to 
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address localized areas of nuisance flows.  A description of the storm laterals for the Soda Creek 
basin area are described below: 
 

 SO - STORM LATERAL 1 
Street capacity is exceeded at the intersection of Bob Adams Drive and The Boulevard at Design 
Point SO-C3.  Therefore, storm sewer was extended to the location for necessary inlets.  Inlets 
were added along the storm sewer lateral to capture additional surface flow since the presence 
of the storm was established.  SO – Storm Lateral 1 will discharge into Soda Creek upstream of 
bridge/culvert located at Lincoln Avenue.  
 

 SO – STORM LATERAL 2 
Street capacity is exceeded for the tributary area along Oak Street.  SO – Lateral 2 extends from 
Soda Creek to 8th Street.  The lateral was extended northeast along 8th Street to a proposed inlet 
near the church to capture and convey the discharge from a sump pump.  Groundwater causes 
a nuisance surface flow that began at this location and persisted along Oak Street to Soda 
Creek.  Several existing inlets and roadside ditches were present along Oak Street.  The existing 
inlets will be connected to the proposed line and it is recommended that the road side ditches 
remain in place to convey snowmelt runoff and portions the 100-year storm event. 
 

 SO - STORM LATERAL 3 
Street capacity is exceeded higher in this basin at the intersection of Thornberg Street and 
Uncochief Street at Design Point SO-B3.  Therefore, storm sewer was extended to the location 
for necessary inlets.  Several areas along Yahmonite Road were identified as problematic with 
localized flooding and nuisance flows.  As a result, inlets were added along the storm sewer 
lateral to capture additional surface flow and help minimize the problematic nuisance flows.  The 
existing roadside ditches are recommended to remain in place to convey the 100-year storm 
event.  SO – Storm Lateral 3 will discharge into Soda Creek directly downstream of Yahmonite 
Bridge.    
 

 SO – STORM LATERAL 4 
At design point SO-F1, which is located at the intersection of Broad Street and Nob Street, street 
capacity is exceeded.  Existing inlets were present at this location and an existing storm sewer 
lateral conveys flow past the school to Soda Creek.  At the time of the draft report, the existing 
storm sewer size was unknown.  Verification of the existing storm sewer size is necessary. 
 

 SO – STORM LATERAL 5 
SO - Storm Lateral 5 comprises of the storm sewer alignment along Lincoln Avenue.  An existing 
storm line conveys flow but is inadequate for the design storm and required upsizing.  The outfall 
of Storm Lateral 5 into Soda Creek is downstream of the bridge/culvert crossing under Lincoln 
Avenue.  

5.4.2 BUTCHERKNIFE CREEK 
At this current time, no storm sewer laterals are recommended within the Butcherknife Creek basin.  
However, a possible diversion along Butcherknife Creek to reduce the peak flood event within the 
main channel corridor is discussed in Section 5.0 – Alternatives Development and Evaluation for 
Butcherknife Creek.  Based on a potential alternative, if a discharge of 200 cfs is conveyed with 
diversion pipe the recommended pipe diameter is 60-inches.    

5.4.3 SPRING CREEK 
At present no storm sewer laterals are recommended within Spring Creek.  Within the Study Area, the 
tributary areas of Spring Creek tend to directly flow into Spring Creek; therefore, street capacities are 
not exceeded.  Existing storm lines were identified within the watershed. 

5.4.4 DFA – YAMPA 
Existing storm sewer infrastructure conveys the majority of runoff from the Direct Flow Areas to the 
Yampa River in Old Town.  Several discharge points were identified along the Yampa River.  Analysis 
of the infrastructure indicated several of the existing storm laterals were undersized.  Therefore, 
recommendations for increasing the pipe diameter were provided.  Increasing the pipe diameters will 
dramatically improve problematic drainage areas and minimize nuisance flows. 
 
Specifically, these improvements comprise of: 
 Increasing the storm sewer at the intersection of 12th Street and Yampa Street  
 Adding an inlet for local nuisance drainage at the southeast corner of the intersection of 11th 

Street and Yampa Street 
 Eliminating the outfall under the Steamboat Yacht Club by connecting it to and upsizing the 

storm outfall along 9th Street 
 Increasing size of the existing storm sewer along 9th Avenue between Lincoln Avenue and the 

alley to the northeast 
 Increasing the storm sewer and outfall along 6th Street from Yampa Street to the outfall at the 

Yampa River 
 Increasing the existing storm sewer along 5th Street from the outfall into the Yampa River to Pine 

Street. 
 Consolidating and reducing the number of  outfalls into the Yampa River 
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6.0 ALTERNATIVES DEVELOPMENT AND EVALUATION FOR 
BUTCHERKNIFE CREEK 

6.1 GENERAL 
Of the three major drainageways traversing the Study Area, Butcherknife Creek was the most problematic.  
The existing hydraulics along Butcherknife Creek are negatively impacted by a limited main channel 
corridor, undersized culvert crossings, extensive flooding caused by obstructions, a wide, flat, ill-defined 
floodplain, and the inability of runoff to return to the channel once it overtops the main channel corridor 
banks.  Snowmelt and spring runoff also cause nuisance flooding on a yearly basis and consequently, 
restoration and maintenance is typically completed by the City to mitigate impacted areas.  In addition, 
residential structures closely encroach upon the channel corridor.  Individually and collectively, each of 
these factors is the cause for developing possible design alternatives to minimize potential flooding 
damages and reduce overall flooding. 
 

6.2 ALTERNATIVES DEVELOPMENT 
Several alternatives were developed and assessed for the Butcherknife stream corridor. The alternatives 
were established to sustain the principles and significance of the riparian corridor and to reduce the flooding 
potential to the surrounding community.  The corrected effective hydraulic model and proposed conditions 
hydraulic model are the basis of analysis and comparison for recommended improvements.  It should be 
noted that each hydraulic model and the ability to evaluate the proposed improvements is limited by the 
level of detail used to create each.  As noted previously, existing structures were modeled without the 
benefit of a detailed survey.  The implementation of several alternatives will require a significant capital 
investment, and therefore, final design should include a detailed survey and hydraulic analysis.  It may be 
possible to downsize the structures recommended herein with more detailed input.  Additionally, the 
improvements which reduce the extent of the floodplain will require an official FEMA Letter of Map Revision 
if the City wishes to formally recognize the improvements and take credit for them within the National Flood 
Insurance Program (NFIP).  
 
Specifically, the alternative goals include: 
 

• Establish adequate floodplain improvements to “preserve and promote the general health, welfare, 
and economic well-being of an area” by: 

 Reducing risk of loss of life and property damage 

 Protecting hydraulic characteristics of water courses 

 Reducing public expenditures for flood control and relief 

• Balance drainageway and stream stability improvements with floodplain concerns such as stream 
geomorphology and riparian habitat 

• Minimize the stream instability, degradation, or aggradation 

• Maintaining the sense of community and rural values 

• Consideration of roadway crossings 

 
Based on correspondence with City of Steamboat Springs representatives and utilization of the information 
discovered as part of this study, the six alternatives developed were: 

 
• Alternative A:  No Action 

• Alternative B:  Minimal Channel Improvements and Protect Critical Locations 

• Alternative C:  Complete Channel Stabilization for Conveyance 

• Alternative D: Conveyance of a portion of storm and snowmelt runoff in a large diameter 
pipe paralleling Butcherknife without road crossing culvert improvements 

• Alternative E: Conveyance of a portion of storm and snowmelt runoff in a large diameter 
pipe paralleling Butcherknife with road crossing culvert improvements 

• Alternative F: Diversion of a portion of storm and snowmelt runoff in a large diameter pipe to 
Soda Creek 

•  

6.3 EVALUATION CRITERIA 
Certain factors for consideration when evaluating the Alternatives were developed.  The following principles 
were considered when evaluating the alternatives 
 

• Operation and Maintenance 

• Construction Costs 

• Implementation 

• Constructability 

• Flood Control 

• Erosion Control 

• Land Use 

• Impacts to Property Owners and Community 

• Legal and Institutional Frameworks 

 

6.4 IMPACT ASSESSMENT 
The Old Town Steamboat Springs Area is unique having three major drainageways as well as a major river 
that form its boundary.  The Yampa River is vital to Steamboat and provides a large recreational amenity.  
The stream corridors not only provide conveyance for runoff. There is also an environmental stewardship 
and importance placed on these systems by citizens and the City of Steamboat Springs.  Understanding 
how the alternatives impact the stream corridors from a water quality, environmental and floodplain is vital. 

 

6.5 ALTERNATIVES EVALUATION 
With the aforementioned discussion of the alternatives and associated guidelines of the project, the 
following section provides a detailed description of the Alternatives and identifies advantages and 
disadvantages of each. 
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a. ALTERNATIVE A - NO ACTION 
This alternative does not include any improvements and assumes that the existing channel corridor is 
left “as-is” and that no stream modifications would occur.  The major shortcoming with this approach is 
that the localized areas of erosion and channel instability will continue and there is no reduction in flood 
risk.  Therefore, this alternative was provided as a baseline situation that other alternatives could be 
compared to.   
 

i. ADVANTAGES 
• Low capital costs 
• No construction permitting will be required 
• No construction disturbance 

 
ii. DISADVANTAGES 

• Continued stream degradation of the channel corridor and banks 
• Important structures such as the culvert crossing could be impacted 
• Nuisance flows and spring snowmelt will continue to adversely impact the stream corridor, 

residents and structures 
• High operation and maintenance costs 
• Stakeholder and public opinion of this alternative may be negative 
• Risk for damage to property, infrastructure, and environmental is not reduced or minimized 
• Does not sustain the principles and significance placed on riparian corridor, reduction in the 

risk to loss of life and property damage, and reducing the long term public expenditures 
identified in the Alternative Development 

 
 

b. ALTERNATIVE B - MINIMAL CHANNEL IMPROVEMENTS AND PROTECT CRITICAL LOCATIONS 
This alternative allows the minimal improvements to protect crucial locations from additional flooding 
damage.  In general, this alternative consists of: 
 
• Floodproofing at selected crossings by increasing culvert capacities and providing adequate 

hydraulic conveyance for the designated design storms. 
• Rehabilitating existing erosion and armoring against future erosion that has developed directly 

upstream and downstream of culverts by installing traditional riprap. 
 

i. ADVANTAGES 
• Flood protection of critical areas 
• The existing culverts, which were hydraulically limited and caused backwater that lead to 

additional flooding, are improved to provide better conveyance capacity. 
• Small reduction in the floodplain 
• Minimal initial capital costs to implement 
• Adheres to portions of the principles and significance placed on riparian corridor identified in 

the Alternative Development 
 

ii. DISADVANTAGES 
• Channel conveyance capacity is still very limited.  Therefore, higher snowmelt or storm 

recurrence intervals will not be contained within the banks under this condition.  A major 
reason for the wide shallow floodplain is that runoff has difficulty getting back into the main 
channel once outside the banks due to topographic constraints and structural obstructions 
such as buildings and fences.   

• Continued shallow flooding will persist due to the insufficient channel conveyance 
• Extremely difficult to provide the adequate culvert capacity due to limited width and available 

head 
• Although there will be a small localized reduction in the floodplain, the risk to property 

damage and loss to life is not substantially reduced 
• Construction and Environmental permitting will be required.  The environmental permitting 

can be time consuming, labor intensive and costly 
• Moderate operation and maintenance costs 
• A reactive approach so continual monitoring of channel stability is required.  Funds should be 

planned for and made available for continual remediation 
 
 
c. ALTERNATIVE C - Complete Channel Stabilization for Conveyance 
This alternative allows for all improvements necessary to remove crucial locations from additional 
flooding damage and to provide full conveyance with the main channel of the drainageway.  It is 
important to note that the constraints of Butcherknife Creek limit the ability to produce a truly natural 
stream corridor without significant modifications and property acquisition.  The feasibility of restoring the 
channel to a historic state is unrealistic.  Therefore, it was deemed that providing the necessary capacity 
within the main channel while attempting to minimize flooding outside the banks and within the historic 
floodplain was the most feasible scenario for this alternative.  However, this alternative is logistically 
difficult and cost prohibitive but was valuable for comparing it to other alternatives.  In general, this 
alternative consists of: 
 
• Floodproofing of selected crossings by increasing culverts capacities and providing adequate 

hydraulic conveyance for the designated design storms. 
• Rehabilitating existing erosion and armoring against future erosion that has developed directly 

upstream and downstream of culverts by installing traditional riprap. 
• Grading the main channel corridor to provide adequate conveyance capacity of the baseflow and 

100-year peak runoff event.   
 
Ideally, Butcherknife Creek would have a wide, natural, vegetated floodplain and the main channel 
corridor would convey the bankfull discharge, which approximately occurs every 1.5 years (67% 
probability occurring within a year).  However, since the existing main channel along Butcherknife is a 
narrow, restricted and limited hydraulically, the main channel corridor was determined to be the most 
important component to convey the full 100-year event.   To achieve reduction of the floodplain and to 
provide full conveyance of the 100-year flood event within the channel corridor, Alternative C assumes 
complete reconstruction of the channel by regrading, vegetating and providing grade control structures.   
 

i. ADVANTAGES 
• Flood protection of critical areas 
• Channel stabilized for conveyance of flows 
• Reduced (but not eliminated) liability to the property and infrastructure  
• Adheres to the principles and significance placed on riparian corridor identified in the 

Alternative Development 
 

ii. DISADVANTAGES 
• High capital costs 
• High environmental impacts due to reconstruction of the entire stream corridor 
• Improvements are on private property with no easements currently provided 
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• Property acquisition will be necessary 
• Construction will impact property owners along the stream corridor and will require temporary 

access and construction agreements 
• Public opinion of this alternative will likely be negative due to the property 

modifications/acquisitions and inconvenience due to construction. 
• Substantial construction permitting will be required 

 
 

d. ALTERNATIVE D - Conveyance of a Portion of Storm and Snowmelt Runoff in a Large Diameter 
Pipe Paralleling Butcherknife Creek without Road Crossing Culvert Improvements 

Due to the limited conveyance capacity in the existing channel corridor and the extreme difficulty of 
meeting the principles established for the stream corridor above, Alternative D was created to reduce 
the flooding created by higher storm events while maintaining a baseflow within Butcherknife Creek.  
This alternative includes a piped diversion but does not include capacity improvements to culverts at 
road crossings.  In general, this alternative consists of: 
 
• Diverting 200 cfs from the peak storm and snowmelt runoff events.  The hydrology of Butcherknife 

Creek reported in the 2005 FIS indicates 325 cfs for the 100-year peak flow; therefore, a reduction in 
the 100-year flow in the existing channel would be decreased to 125 cfs. 

• The diversion would occur within City of Steamboat Springs designated open space at Stehley Park.  
Preliminary design would require grading and an in-channel diversion structure. 

• The 200 cfs would be conveyed in a 60-inch RCP that traverses along Missouri Avenue to 7th 
Avenue.   The City specifics CMP, but due to the large diameter of this diversion pipe, it was 
assumed that RCP would be utilized due to its increased hydraulic performance and longer lifespan.  
A price competitive alternative may include steel reinforced HDPE, which combines many of the 
distinct benefit found in RCP. 

• Near the intersection of 7th Avenue and Oak Street, the diversion would be increased to a 4-foot high 
by 8-foot wide reinforced concrete box culvert for the recombined full flow along Butcherknife Creek.   

 
i. ADVANTAGES 

• Reduction in floodplain with minimal disturbance to properties and the existing stream 
corridor. 

• Reduction in the risk of life and property damage along Butcherknife Creek. 
• Diversion and associated storm sewer are located within the City of Steamboat Springs open 

space or right-of-way. 
• A baseflow will continue to be present in the main channel corridor providing necessary flow 

for aquatic and riparian habitat while supplying a flow for property owners along the existing 
corridor. 

• Diversion pipe provides a main trunk line for smaller drainage basins to utilize for 
conveyance. 

• Construction permitting and environmental acceptance from the governing agencies may be 
easier to obtain. 

• Reduced long-term operation and maintenance costs 
• Adheres to the principles and significance placed on riparian corridor identified in the 

Alternative Development 
 

ii. DISADVANTAGES 
• Some of the existing culverts and driveway crossings are still hydraulically inadequate and 

cause localized areas of flooding during a peak event.  The hydraulic model produced 
localized floodplain improvements but the overtopping of several roadways does persist. 

• Public safety and emergency response remains an issue due to overtopping roadways. 
• Cost 
• Constructability 
• Potential impact to existing utilities within the right-of-way 

 
e. ALTERNATIVE E - Conveyance of a Portion of Storm and Snowmelt Runoff in a Large 

Diameter Pipe Paralleling Butcherknife Creek with Road Crossing Culvert Improvements 
Due to the limited impact of Alternative D alone, Alternative E is provided to incorporate culvert 
improvements to improve the overall conveyance capacity within the existing channel corridor and to 
eliminate the overtopping of roadways.  This alternative builds upon the piped diversion by incorporating 
capacity improvements to culverts at road crossings. In general, this alternative consists of: 
 
• Diverting 200 cfs from the peak storm and snowmelt runoff events.  The hydrology of Butcherknife 

Creek reported in the 2005 FIS indicates 325 cfs for the 100-year peak flow; therefore, a reduction in 
the 100-year flow in the existing channel would be decreased to 125 cfs. 

• The diversion would occur within City of Steamboat Springs designated open space at Stehley Park.  
Preliminary design would require grading and an in-channel diversion structure. 

• The 200 cfs would be conveyed in a 60-inch RCP that traverses along Missouri Avenue to 7th 
Avenue.  Near the intersection of 7th Avenue and Oak Street, the diversion would be increased to a 
4-foot high by 8-foot wide reinforced concrete box culvert for the recombined full flow along 
Butcherknife Creek.   

• Capacity improvements to existing roadway culverts at Oak Street, Pine Street, Short Street, 
Butcherknife Alley and Spruce Street. 

 
i. ADVANTAGES 

• Reduction in floodplain with minimal disturbance to properties and the existing stream 
corridor 

• Reduction in the risk of life and property damage along Butcherknife Creek. 
• Diversion and associated storm sewer are located within the City of Steamboat Springs open 

space or right-of-way 
• A baseflow will continue to be present in the main channel corridor providing necessary flow 

for aquatic and riparian habitat while supplying a flow for property owners along the existing 
corridor 

• Diversion pipe provides a main trunk line for smaller drainage basins to utilize for 
conveyance 

• Construction permitting and environmental acceptance from the governing agencies may be 
easier to obtain 

• Reduced long-term operation and maintenance costs 
• Adheres to the principles and significance placed on riparian corridor identified in the 

Alternative Development 
 

ii. DISADVANTAGES  
• Cost 
• Constructability 
• Property acquisition 
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• Potential impact to existing utilities within the right-of-way 
 
 

f. ALTERNATIVE F - Diversion of a Portion of Storm and Snowmelt Runoff in a Large Diameter 
Pipe to Soda Creek  

Similar to Alternatives D and E, an option was conceived to do a basin transfer of flow from Butcherknife 
Creek to Soda Creek.  In general, the alternative consists of: 
 
• Diverting 200 cfs from the peak storm and snowmelt runoff events.  The hydrology of Butcherknife 

Creek reported in the 2005 FIS indicates 325 cfs for the 100-year peak flow; therefore, a reduction in 
the 100-year flow in the existing channel would be decreased to 125 cfs. 

• The diversion would occur within City designated open space at Stehley Park.  Preliminary design 
would require grading and an in-channel diversion structure. 

• The 200 cfs would be conveyed in a 60-inch RCP that traverses along Missouri Avenue to Laurel 
Street.  At Laurel Street, the storm sewer would flow north towards Crawford Avenue and then 
ultimately to Soda Creek along Crawford Avenue.   

 
i. ADVANTAGES 

• Reduction in floodplain with minimal disturbance to properties and the existing stream 
corridor 

• Reduction in the risk of life and property damage along Butcherknife Creek. 
• Diversion and associated storm sewer are located within the City of Steamboat Springs open 

space or right-of-way 
• A baseflow will continue to be present in the main channel corridor providing necessary flow 

for aquatic and riparian habitat while supplying a flow for property owners along the existing 
corridor 

• Diversion pipe provides a main trunk line for smaller drainage basins to utilize for 
conveyance 

• Required pipe length is decreased when compared to Alternative D and E. 
• Construction permitting and environmental acceptance from the governing agencies may be 

easier to obtain 
• Reduced long-term operation and maintenance costs 
• Adheres to the principles and significance placed on riparian corridor identified in the 

Alternative Development 
 

ii. DISADVANTAGES 
• Culvert and bridge crossings would need to pass the additional 200 cfs.  The two 

redeveloped bridges at Pine and Yahmonite, which were recently (or currently under) 
constructed and designed to pass a 100-year event of 1300 cfs would now be under 
designed.  Downstream at Lincoln Avenue, 11th Street and Oak Street where the ability to 
place a large enough culvert/bridge to pass a 100-year event is difficult, the additional 200 
cfs compounds that problem 

• Transferring the flood risk associated with Butcherknife Creek to Soda Creek 
• Increases the limits of flooding within the Soda Creek basin 
• Requires a basin transfer.  Basin transfers, even for flooding events, may be difficult to 

promote to the public 
• Potential impact to existing utilities within the right-of-way 

 

6.6 CONCLUSION 
Based on the options presented above, Alternative E was selected for final analysis based on the limited 
conveyance capacity of the Butcherknife Creek channel and the difficulty to improve conveyance.  This 
difficulty is caused by existing encroachment and the severe ramifications to property owners that would 
occur during channel modification, significant costs, and the overall difficulty in achieving an in-stream 
solution.  Additional discussion of the conceptual design is provided in Section 7.3 – Butcherknife Creek 
Conceptual Design. 
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7.0 CONCEPTUAL DESIGN OF CHANNEL IMPROVEMENTS 
7.1 GENERAL 
After evaluating the hydrology, hydraulics and alternatives, a recommended design for the Old Town 
Steamboat Area was developed.  The preliminary design addresses the modifications necessary within the 
Soda, Butcherknife and Spring Creek drainageways and storm sewer improvements to convey the minor 
storm event.  The Masterplan assists the City of Steamboat Spring with long-term planning of infrastructure  
 

7.2 SODA CREEK CONCEPTUAL DESIGN 
As discussed in Sections 3.6 and 4.9, improvements to Soda Creek are intended to improve conveyance 
capacity at several notable locations.  Specifically, those locations are the Lincoln Avenue Bridge, and the 
culverts at the intersection of 11th Street and Oak Street.  Numerous sizes were evaluated to eliminate the 
overtopping of the roadways and an incremental analysis showed almost no improvement for moderate 
capacity upgrades.  Upstream improvements at the Yahmonite Street Bridge and Pine Street Bridge include 
bridge spans of 30 to 40 feet.  Specifically, the Yahmonite Street Bridge is a clear span bridge structure with 
a hydraulic opening width of approximately 32 feet.  The corrected effective hydraulic model shows that 
structure to be adequately sized.  Therefore, the general size and configuration of this structure is 
duplicated for the conceptual design and analysis at Lincoln Avenue and the two culvert crossings at 11th 
Street and Oak Street.  As should be expected, the proposed conditions hydraulic analysis confirms 
sufficient hydraulic capacity to eliminate the overtopping of each roadway.  The floodplain exhibit located in 
the Appendix shows the net floodplain reduction to the Soda Creek floodplain as a result of the bridge and 
culvert improvements.  The exhibit depicts localized floodplain reductions along Soda Creek around the 
bridges with little to no improvements along the remainder of the reach.  The primary benefit resulting from 
these improvements is the elimination of roadway overtopping and any associated scour. 
 

7.3 BUTCHERKNIFE CREEK CONCEPTUAL DESIGN 
As discussed in Sections 4.6 and 4.9, improvements to Butcherknife Creek are intended to improve 
conveyance capacity along the entire channel reach.  The alternatives evaluation discussed in Section 6.5 
provides the basis for preliminary design and specifically, Alternatives D and E are both evaluated 
specifically to reduce flooding impacts along Butcherknife Creek. The hydraulic model was first revised to 
reflect a 200 cfs diversion at the upstream limits near Missouri Avenue.  This reduced the design flow to 125 
cfs along Butcherknife Creek.  The floodplain exhibit located in the Appendix shows the net floodplain 
reduction to Butcherknife Creek as a result of the diversion.  Comparing the corrected effective and 
proposed conditions floodplains shows modest improvement but significant roadway overtopping persists.   
 
The hydraulic model was further modified to provide culvert improvements at Oak Street, Pine Street, Short 
Street, Butcherknife Alley and Spruce Street consisting of three barrel ~ 36” culvert crossings, or two barrel 
6’ (w) x 3’ (h) RCBC in the case of Short Street. It is difficult to develop sufficient headwater along 
Butcherknife Creek at these locations and so a low water configuration is required.  As such, minor grading 
may also be required along the right bank of Butcherknife Creek upstream of Short Street so that sufficient 
head is developed.  Conceptual grading in the proposed conditions model includes approximately six to 
twelve additional inches of embankment along the right stream bank.  The floodplain exhibit located in the 
Appendix shows the net floodplain reduction to Butcherknife Creek as a result of the diversion and culvert 
improvements. Comparing the corrected effective and proposed conditions floodplains shows significant 
improvements and the roadway overtopping is fully eliminated.  The primary benefit to these improvements 
is the significant reduction of homes within the floodplain, the elimination of roadway overtopping, and the 

reduction of associated flood damage that occurs when a channel overtops its banks.  Again, it should be 
noted that final design of any of these improvements should include a detailed hydraulic investigation 
incorporating detailed survey information. 
 

7.4 CHALLENGES 
One challenge with the preliminary design is developing a configuration that fits within available physical 
limits, including available cover, channel width, utilities, community character, etc. Every attempt was made 
to propose solutions that are conceptually feasible.  However, final design may reveal constraints which will 
require a modification to the preliminary design.  In these instances, structures should be designed with an 
equivalent hydraulic capacity to the best extent possible as provided herein.  For example, a 32 foot clear 
span bridge at 11th Street will likely require property acquisition and even then, may be difficult to construct 
due to the tight configuration.  A better option may be to construct a 32 foot large diameter arch culvert. This 
would change structure hydraulics and would need to be investigated.  Another option is to lower the 
channel to develop more head and reduce the span dimension.  Additionally, downstream improvements to 
widen the channel so that bridge abutments can be constructed would be required. 
 
Another challenge as mentioned earlier is overall accuracy in the corrected effective and proposed 
conditions hydraulic models.  Existing structures were modeled without the benefit of detailed survey and so 
the resultant water surface profile may have differed from a more detailed model.  However, it does appear 
that the corrected effective model is accurately reflecting the overtopping of roadways, but the exact depth 
is difficult to determine without additional detail.  Furthermore, recommended improvements may need to be 
downsized or upsized to optimize hydraulic performance.   
 
Utility coordination needs to be completed with the final design of the infrastructure.  Several utilities with 
differing service owners are present within the Study Area.  Those utilities include water, sanitary and storm 
infrastructure maintained and operated by the City. Dry utilities such as electric, gas, and phone were not 
included in the coordination. Utility locations presented in this document were based on the detailed survey 
provided by Landmark Consultants, Inc. and the City GIS department and are approximate. Before any final 
design and construction activities occur, the Utility Notification Center of Colorado should be contacted to 
physically locate and identify utilities in the field.  
 

7.5 COST ESTIMATES 
Cost estimates for all structural improvements were determined by estimating the quantity and installation 
cost.  Unit cost for each item was evaluated from the 2007 Colorado Department of Transportation Cost 
Data (Reference 16) and current prices reflected in today’s marketplace to provide reasonable estimates.  
However, there is considerable volatility in the economic arena and prices of materials and labor are 
constantly changing.  Therefore, the estimate provided is conceptual in nature.  Table 9 summarizes the 
unit prices utilized for the cost estimates: 
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Table 9:  Unit Costs 
 

Item Unit Unit Cost

18" CMP LF $60.00
24" CMP LF $88.00
30" CMP LF $110.00
36" CMP LF $130.00
42" RCP LF $160.00
60" RCP LF $220.00
24" FES EA $975.00
30" FES EA $1,050.00
36" FES EA $1,115.00
42" FES EA $3,000.00
Inlets EA $5,000.00
Manhole, Box Base EA $10,000.00
Manhole, 7' Diameter EA $5,000.00
Manhole, 6' Diameter EA $3,400.00
Manhole, 5' Diameter EA $2,500.00
Manhole, 4' Diameter EA $2,150.00
Riprap Outlet Protection EA $2,000.00
Connection to Existing Infrastructure EA $3,000.00
Heawall, Pipe Penetration EA $5,000.00
Diversion Structure EA $50,000.00
Channel Improvements LF $400.00
32' Wide Bridge Crossing (Lincoln Avenue) LF $10,000.00
32' Wide Bridge Crossing LF $7,500.00
4' (H) by 8' (W) RCBC LF $725.00
3' (H) by 6' (W) RCBC LF $475.00
Precast 4' (H) by 8' (W) RCBC 22.5 Bends EA $2,500.00
Grouted Boulder Stacked Wall Edge LF $125.00
Channel Riprap Outlet Protection (Lincoln Avenue) EA $10,000.00
Channel Riprap Outlet Protection (11th Street) EA $10,000.00
Channel Riprap Outlet Protection (Oak Street) EA $20,000.00

 
 
The cost estimate is divided into manageable segments to assist the City with prioritization of improvements 
as funding becomes available.  The plan divides each drainageway into reaches and costs are applied per 
reach.  Typically, reaches were defined from culvert crossing to culvert crossing unless the distance was 
deemed too short.   Drainage improvement costs include channel restoration, culverts, storm sewer, inlets, 
stream stabilization measures, and a diversion.  Due to the limited survey information for utilities, a 5% 

contingency was added to the construction costs.  In addition, a 35% contingency has been added to 
account for administration, contingencies, legal review and engineering. Due to the difficulty in assessing 
land acquisition costs, right-of-way acquisition costs were excluded from the estimates and should be 
anticipated with some of the improvements. 
 
Please refer to Appendix D, Figures D1 through D12 with the associated Commentary that provides a 
description and breakdown of the estimated costs for each portion of the Master Plan.  Table 10 below 
summarizes the costs associated with the Master Plan. 
  

Table 10:  Master Plan Conceptual Cost Estimates 
 

IMPROVEMENT TOTAL ESTIMATED COST

Soda Creek Channel Improvements $3,431,236
Butcherknife Creek Channel Improvements $1,231,063
Butcherknife Creek Diversion $1,159,515
SO - STM Lateral 1 $237,006
SO - STM Lateral 2 $228,898
SO - STM Lateral 3 $349,626
SO - STM Lateral 4 $576,008
SO - STM Lateral 5 with DFA-Yampa Improvements between 8th - 12th $402,237
DFA-Yampa Improvements $256,454

TOTAL MASTERPLAN ESTIMATED COSTS $7,872,043  
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8.0 CONCLUSIONS AND RECOMMENDATIONS 
The Old Town Drainage Study and Floodplain Masterplan for Soda, Butcherknife and Spring Creeks 
assesses the pressing drainage issues within the Old Town Steamboat Springs Study Area, provides basin-
wide hydrologic data for the 5-year, 10-year, 25-year, and 100-year storm events and recommends 
proposed drainage improvements to address local flooding issues as well as 100-year. 

8.1 GENERAL RECOMMENDATIONS 
The Old Town Drainage Study and Floodplain Masterplan for Soda, Butcherknife and Spring Creeks 
provides the City with a document that allows for planning and implementation of future stormwater 
infrastructure that will address several of the drainage problems within the area.  The plan recommends 
stream crossing improvements within the major drainageways, a diversion for Butcherknife Creek to convey 
higher snowmelt runoff and peak flood events, installation of storm sewer laterals to convey flow once street 
capacity is exceeded, and increasing existing infrastructure to adequately convey storm events. 
 
The following are additional recommendations: 
 
• Inlets shown in this report are conceptually located.  For the purpose of this study, inlets are located at 

design points where street capacity is exceeded or where a proposed storm sewer makes it 
convenient to add an inlet rather than conveying flows across intersections with culverts.  The reader 
should not assume that the locations depicted or that the number of inlets shown is final.  All 
recommended improvements shown herein will require a detailed analysis, final design, and a 
drainage report to be submitted to and approved by the City. 

• Continue to require developers to adhere to the engineering standards established by the City for 
redevelopment, especially within the floodplain.  Continue to promote smart, sustainable development 
within or adjacent to the floodplain in order to reduce risk to loss of life and property damage. 

• Procure easements or the necessary right-of-way to gain access for maintenance and construction, or 
to sustain and promote adequate hydraulic conveyance along the stream corridors. 

• Develop a program that collects stormwater impact fees which are collected as new development or 
redevelopment occurs within the Study Area, which help fund the public improvements necessary for 
implementation of the Masterplan. 

• Prior to detailed design and construction documents, multiple disciplines should be consulted for 
valuable input necessary for sustainable channel improvements, protecting the riparian corridor, and 
integrating the improvements with the environment.  Successful restoration projects typically require 
multiple disciplines including geotechnical engineers, landscape architects, biologist, wetland 
ecologist, etc. 

• Collect detailed survey data to update the hydraulic model. 

• Prepare a Conditional Letter of Map Revision Application (CLOMR) for proposed improvements in 
floodplains.  

• Project bid items should be provided to contractors for “real” costs due to fluctuations in material, 
labor, and installation costs and current volatility within the overall financial environment. 

• A supplemental detailed survey of the utilities such as sanitary, water, and dry utilities should occur 
prior to detailed construction plans. 

• Minimize development and encroachment within the floodplain. 
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Old Town Drainage Study
Rational Calculations Summary ~ SODA CREEK AND PORTIONS OF DFA - YAMPA

Design Tributary Tributary 5 -Year 10 -Year 25 -Year 100 -Year
Point Drainage Area Runoff Runoff Runoff Runoff
(SO) Basins (acres) (cfs) (cfs) (cfs) (cfs)
A1 A1 9.41 5.38 8.10 11.51 18.40
A2 A2 7.41 3.73 5.93 8.74 14.45
A3 A3 4.02 2.66 3.85 5.32 8.26
A4 A4 6.48 2.83 5.35 7.70 12.47

B1 B1 40.58 14.96 27.79 44.67 79.51
B2 B2 16.31 6.68 11.59 17.97 31.08
B3 B3 7.88 5.41 7.92 11.03 17.29
B3 B1, B2 & B3 64.77 24.62 43.05 67.08 116.44
B4 B4 13.57 4.64 8.05 12.49 21.62
B4 B1, B2, B3 & B4 78.34 26.40 46.10 71.78 124.53
B5 B5 12.33 5.34 8.80 13.14 22.21
B5 B1, B2, B3, B4 & B5 90.67 29.46 50.99 78.91 136.41
B6 B6 12.33 9.61 13.87 19.05 29.58
B6 B1, B2, B3, B4, B5 & B6 103.00 35.62 59.78 90.88 154.82
B7 B7 6.17 4.17 6.03 8.32 12.93
B8 B8 2.64 2.37 3.43 4.73 7.35
B8 B1, B2, B3, B4, B5, B6, B7 & B8 111.81 38.93 64.30 96.84 163.65
B9 B9 5.32 3.55 5.14 7.10 11.02

B10 B10 2.31 1.61 2.32 3.21 4.98
B10 B1, B2, B3, B4, B5, B6, B7, B8, B9 &B10 119.44 41.47 67.74 101.34 170.24
B11 B11 7.30 4.78 6.91 9.54 14.82
B11 B1, B2, B3, B4, B5, B6, B7, B8, B9, B10 & B11 126.74 43.81 70.91 105.50 176.35

C1 C1 40.20 15.21 26.71 41.65 72.68
C2 C2 8.00 3.74 6.39 9.82 16.96
C2 C1 & C2 48.20 18.36 32.10 49.93 86.97
C3 C3 14.17 9.35 15.82 21.39 33.15
C3 C1, C2, C6 & C3 70.72 28.33 47.82 70.69 118.19
C4 C4 9.25 5.66 10.58 14.69 23.27
C5 C5 4.06 4.25 5.77 7.55 11.26
C5 C1, C2, C3, C4, C5 & C6 84.03 33.97 57.09 83.08 137.10
C7 C7 2.78 2.43 3.52 4.86 7.55
C7 C1, C2, C3, C4, C5, C6 & C7 86.81 34.44 57.54 83.57 137.64
C6 C6 8.35 5.07 7.39 10.27 16.07

D1 D1 3.57 1.58 2.92 4.19 6.78
D2 D2 4.70 3.71 5.32 7.14 11.07
D2 D1 & D2 8.27 4.58 7.21 9.95 15.69
D3 D3 2.68 1.99 3.27 4.52 7.17
D4 D4 1.99 1.84 2.66 3.68 5.72



Old Town Drainage Study
Rational Calculations Summary ~ SODA CREEK AND PORTIONS OF DFA - YAMPA

Design Tributary Tributary 5 -Year 10 -Year 25 -Year 100 -Year
Point Drainage Area Runoff Runoff Runoff Runoff
(SO) Basins (acres) (cfs) (cfs) (cfs) (cfs)

E1 E1 17.13 12.56 18.69 26.33 41.83
E2 E2 4.90 3.30 4.98 6.92 10.84

F1 F1 18.38 11.02 16.41 23.13 36.71
F2 F2 11.85 5.67 9.48 14.41 24.49
F3 F3 2.42 2.05 2.97 4.10 6.37
F3 F1 & F3 20.80 12.33 18.29 25.72 40.72
F4 F4 3.12 3.76 4.90 6.17 8.92
F5 F5 11.26 6.72 9.64 13.03 20.20
F5 F1, F2, F3, F4 , F5 & F6 52.09 26.70 39.47 55.01 87.14
F6 F6 5.06 3.29 4.71 6.34 9.82
F7 F7 5.70 3.67 5.27 7.24 11.22
F7 F1, F2, F3, F4, F5, F6 & F7 57.79 29.50 43.47 60.51 95.63
F8 F8 2.56 1.86 2.66 3.58 5.55
F8 F1, F2, F3, F4, F5, F6, F7 & F8 60.35 29.28 43.10 59.90 94.59
F9 F9 3.60 2.82 3.96 5.30 8.11

G1 G1 10.55 6.79 5.93 12.64 19.22
G2 G2 6.22 4.25 8.88 7.93 12.08
G3 G3 6.48 6.81 7.91 11.12 16.08
G4 G4 5.93 5.94 27.13 10.03 14.73
G4 G3 & G4 12.41 18.84 0.00 37.14 58.90

H1 H1 2.30 5.19 6.25 7.25 9.71
H2 H2 2.56 5.74 6.92 8.02 10.74
H2 H1 & H2 4.86 10.19 12.28 14.24 19.07
H3 H3 2.86 6.81 8.21 9.52 12.75
H3 H1 , H2, H3 7.72 15.14 18.25 21.16 28.35
H4 H4 0.40 0.95 1.15 1.33 1.78



Old Town Drainage Study
Rational Calculations Summary ~ SODA CREEK AND PORTIONS OF DFA - YAMPA

Design Tributary Tributary 5 -Year 10 -Year 25 -Year 100 -Year
Point Drainage Area Runoff Runoff Runoff Runoff
(SO) Basins (acres) (cfs) (cfs) (cfs) (cfs)

(DFA)
Y1 Y1 2.72 6.00 7.39 8.76 11.98
Y2 Y2 0.27 0.64 0.79 0.94 1.28
Y2 Y2 & Y3 0.85 1.94 2.39 2.83 3.87
Y3 Y3 0.58 1.38 1.70 2.02 2.76
Y4 Y4 2.90 6.11 7.52 8.91 12.19
Y2 Y2, Y3 & Y4 3.75 7.90 9.52 11.04 14.78
Y5 Y5 3.39 7.72 9.51 11.27 15.41
Y6 Y6 0.12 0.29 0.35 0.42 0.57
Y6 Y6 & Y7 1.85 4.06 4.89 5.67 7.59
Y7 Y7 1.73 3.87 4.77 5.65 7.73
Y8 Y8 0.11 0.26 0.32 0.37 0.49
Y8 Y6, Y7 & Y8 1.96 3.90 4.70 5.45 7.30
Y9 Y9 1.71 3.87 4.77 5.65 7.72
Y9 Y6, Y7, Y8 & Y9 3.67 7.15 8.62 10.00 13.39

Y10 Y10 2.98 6.79 8.19 9.49 12.72
Y10 Y6, Y7, Y8, Y9 & Y10 6.65 12.09 14.57 16.90 22.63
Y11 Y11 2.62 5.63 6.78 7.86 10.53
Y12 Y12 0.33 0.79 0.95 1.10 1.47
Y12 Y11 & Y12 2.95 6.23 7.50 8.70 11.65
Y13 Y13 0.11 0.26 0.32 0.37 0.49
Y13 Y11, Y12 & Y13 3.06 6.16 7.42 8.61 11.53
Y14 Y14 0.29 0.69 0.85 1.01 1.38
Y14 Y11, Y12, Y13 & Y14 4.87 9.40 11.32 13.13 17.59
Y15 Y15 1.52 3.62 4.36 5.06 6.77
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Parcel Data Table
Soda Creek and Portions of DFA - Yampa `

Job No.: 50500101
Date: 2/27/2009

Calculated By: JDM
Checked By: KSC

Parcel Data Table `

Area Land Use Category Density         
(DU/acre) C5 C10 C25 C100 I (%) Comments

Undeveloped Undeveloped --- 0.18 0.28 0.39 0.52 5 Undeveloped Land ~ Historic Flow Analysis
Commercial (on- & off-site) Commercial --- 0.90 0.92 0.94 0.96 100 Commercial Areas

Schools / Churches Schools & Churches  --- 0.40 0.46 0.53 0.60 50 Schools & Churches
Residential 1 Single Family Detached  --- 0.35 0.42 0.50 0.58 40 Low Density
Residential 2 Single Family Detached  --- 0.37 0.44 0.51 0.59 45 Medium Density
Residential 3 Single Family Detached  --- 0.40 0.46 0.53 0.60 50 High Density
Open Space Open Space, Park and Landscape Tracts --- 0.02 0.28 0.39 0.52 5 Open Space, parks and landscape tracts

*Percent Impervious values for the Residential land uses were generated off three sample blocks.  Please see the attached exhibits for location and methodology.
**Runoff Coefficients are from the City of Steamboat Springs Engineering Standards, Table 5.6.1 Design Runoff Coefficients
***Percent Impervious Values for Undeveloped and Open Space have been increased to 5%
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Composite Imperviousness Calculations

Soda Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC
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Soda Creek

A
A1 9.41 2.24 0.00 0.00 7.17 0.00 0.00 0.00 31.7
A2 7.41 3.67 0.00 0.00 3.74 0.00 0.00 0.00 22.7
A3 4.02 0.00 0.00 0.00 4.02 0.00 0.00 0.00 40.0
A4 6.48 0.00 0.00 0.00 4.28 0.00 0.00 2.20 28.1

Sum 27.32 5.91 0.00 0.00 19.21 0.00 0.00 2.20 29.6

B
B1 40.58 39.73 0.00 0.00 0.85 0.00 0.00 0.00 5.7
B2 16.31 13.03 0.00 0.00 3.28 0.00 0.00 0.00 12.0
B3 7.88 0.58 0.00 0.00 7.30 0.00 0.00 0.00 37.4
B4 13.57 10.88 0.00 0.00 2.69 0.00 0.00 0.00 11.9
B5 12.33 8.11 0.00 0.00 0.00 4.22 0.00 0.00 18.7
B6 12.33 0.00 0.00 0.00 9.92 2.41 0.00 0.00 41.0
B7 6.17 0.00 0.00 0.00 6.17 0.00 0.00 0.00 40.0
B8 2.64 0.00 0.00 0.00 2.64 0.00 0.00 0.00 40.0
B9 5.32 0.00 0.00 0.00 5.32 0.00 0.00 0.00 40.0
B10 2.31 0.00 0.00 0.00 2.31 0.00 0.00 0.00 40.0
B11 7.30 0.00 0.00 0.00 7.30 0.00 0.00 0.00 40.0

Sum 126.74 72.33 0.00 0.00 47.78 6.63 0.00 0.00 20.3

Parcel Imperviousness



Composite Imperviousness Calculations

Soda Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC
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Parcel Imperviousness

C
C1 40.20 38.40 1.70 0.10 0.00 0.00 0.00 0.00 9.1
C2 8.00 7.49 0.51 0.00 0.00 0.00 0.00 0.00 11.1
C3 14.17 0.00 3.17 0.00 5.24 0.00 0.00 5.76 39.2
C4 9.25 0.00 1.25 1.43 2.22 0.00 0.00 4.35 33.2
C5 4.06 0.00 0.86 0.00 3.20 0.00 0.00 0.00 52.7
C6 8.35 0.48 0.00 0.00 7.87 0.00 0.00 0.00 38.0
C7 2.78 0.00 0.00 0.00 2.78 0.00 0.00 0.00 40.0

Sum 86.81 46.37 7.49 1.53 21.31 0.00 0.00 10.11 22.6

D
D1 3.57 0.00 0.00 0.00 2.43 0.00 0.00 1.14 28.8
D2 4.70 0.00 0.00 0.00 0.00 4.70 0.00 0.00 45.0
D3 2.68 0.00 0.00 0.00 0.00 2.14 0.00 0.54 36.9
D4 1.99 0.00 0.00 0.00 0.00 1.99 0.00 0.00 45.0

Sum 12.94 0.00 0.00 0.00 2.43 8.83 0.00 1.68 38.9

E
E1 17.13 3.79 0.00 2.72 10.62 0.00 0.00 0.00 33.8
E2 4.90 0.00 0.00 0.00 4.58 0.00 0.00 0.32 37.7

Sum 22.03 3.79 0.00 2.72 15.20 0.00 0.00 0.32 34.7



Composite Imperviousness Calculations

Soda Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC
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Parcel Imperviousness

F
F1 18.38 3.25 0.00 0.00 15.13 0.00 0.00 0.00 33.8
F2 11.85 8.13 0.00 0.00 3.72 0.00 0.00 0.00 16.0
F3 2.42 0.00 0.00 0.00 2.42 0.00 0.00 0.00 40.0
F4 3.12 0.00 1.16 1.35 0.61 0.00 0.00 0.00 66.6
F5 11.26 0.00 0.00 0.00 2.23 9.03 0.00 0.00 44.0
F6 5.06 0.00 0.00 0.00 0.00 5.06 0.00 0.00 45.0
F7 5.70 0.00 0.00 0.75 4.95 0.00 0.00 0.00 41.3
F8 2.56 0.00 0.00 0.00 0.00 2.56 0.00 0.00 45.0
F9 3.60 0.00 0.00 0.00 0.00 1.39 2.21 0.00 48.1

Sum 63.95 11.38 1.16 2.10 29.06 18.04 2.21 0.00 36.9

G
G1 10.55 0.00 0.00 0.00 0.00 1.45 9.10 0.00 49.3
G2 6.22 0.00 0.00 1.66 0.00 1.27 3.29 0.00 49.0
G3 6.48 0.00 2.58 1.02 0.00 2.88 0.00 0.00 67.7
G4 5.93 0.00 1.79 0.00 0.00 4.14 0.00 0.00 61.6

Sum 29.18 0.00 4.37 2.68 0.00 9.74 12.39 0.00 55.8

H
H1 2.30 0.00 2.30 0.00 0.00 0.00 0.00 0.00 100.0
H2 2.56 0.00 2.56 0.00 0.00 0.00 0.00 0.00 100.0
H3 2.86 0.00 2.86 0.00 0.00 0.00 0.00 0.00 100.0
H4 0.40 0.00 0.40 0.00 0.00 0.00 0.00 0.00 100.0

Sum 8.12 0.00 8.12 0.00 0.00 0.00 0.00 0.00 100.0



Composite Imperviousness Calculations

Soda Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC
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Parcel Imperviousness

Y
Y1 2.72 0.00 2.72 0.00 0.00 0.00 0.00 0.00 100.0
Y2 0.27 0.00 0.27 0.00 0.00 0.00 0.00 0.00 100.0
Y3 0.58 0.00 0.58 0.00 0.00 0.00 0.00 0.00 100.0
Y4 2.90 0.00 2.90 0.00 0.00 0.00 0.00 0.00 100.0
Y5 3.39 0.00 3.39 0.00 0.00 0.00 0.00 0.00 100.0
Y6 0.12 0.00 0.12 0.00 0.00 0.00 0.00 0.00 100.0
Y7 1.73 0.00 1.73 0.00 0.00 0.00 0.00 0.00 100.0
Y8 0.11 0.00 0.11 0.00 0.00 0.00 0.00 0.00 100.0
Y9 1.71 0.00 1.71 0.00 0.00 0.00 0.00 0.00 100.0

Y10 2.98 0.00 2.98 0.00 0.00 0.00 0.00 0.00 100.0
Y11 2.62 0.00 2.62 0.00 0.00 0.00 0.00 0.00 100.0
Y12 0.33 0.00 0.33 0.00 0.00 0.00 0.00 0.00 100.0
Y13 0.11 0.00 0.11 0.00 0.00 0.00 0.00 0.00 100.0
Y14 0.29 0.00 0.29 0.00 0.00 0.00 0.00 0.00 100.0
Y15 1.52 0.00 1.52 0.00 0.00 0.00 0.00 0.00 100.0

Sum 21.38 0.00 21.38 0.00 0.00 0.00 0.00 0.00 100.0

TOTAL Sum 398.47 139.78 42.52 9.03 134.99 43.24 14.60 14.31 34.0
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Composite "C" Calculations

Soda Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date:

Calculated By: JDM
Checked By: KSC
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C100

0.08 0.89 0.34 0.28 0.31 0.34 0.08 0.18 0.90 0.40 0.35 0.37 0.40 0.02 0.28 0.92 0.46 0.42 0.44 0.46 0.28 0.39 0.94 0.53 0.50 0.51 0.53 0.39 0.52 0.96 0.60 0.58 0.59 0.60 0.52

A

A1 9.41 2.24 0.00 0.00 7.17 0.00 0.00 0.00 0.23 2.24 0.00 0.00 7.17 0.00 0.00 0.00 0.31 2.24 0.00 0.00 7.17 0.00 0.00 0.00 0.39 2.24 0.00 0.00 7.17 0.00 0.00 0.00 0.47 2.24 0.00 0.00 7.17 0.00 0.00 0.00 0.57

A2 7.41 3.67 0.00 0.00 3.74 0.00 0.00 0.00 0.18 3.67 0.00 0.00 3.74 0.00 0.00 0.00 0.27 3.67 0.00 0.00 3.74 0.00 0.00 0.00 0.35 3.67 0.00 0.00 3.74 0.00 0.00 0.00 0.45 3.67 0.00 0.00 3.74 0.00 0.00 0.00 0.55

A3 4.02 0.00 0.00 0.00 4.02 0.00 0.00 0.00 0.28 0.00 0.00 0.00 4.02 0.00 0.00 0.00 0.35 0.00 0.00 0.00 4.02 0.00 0.00 0.00 0.42 0.00 0.00 0.00 4.02 0.00 0.00 0.00 0.50 0.00 0.00 0.00 4.02 0.00 0.00 0.00 0.58

A4 6.48 0.00 0.00 0.00 4.28 0.00 0.00 2.20 0.21 0.00 0.00 0.00 4.28 0.00 0.00 2.20 0.24 0.00 0.00 0.00 4.28 0.00 0.00 2.20 0.37 0.00 0.00 0.00 4.28 0.00 0.00 2.20 0.46 0.00 0.00 0.00 4.28 0.00 0.00 2.20 0.56

B

B1 40.58 39.73 0.00 0.00 0.85 0.00 0.00 0.00 0.08 39.73 0.00 0.00 0.85 0.00 0.00 0.00 0.18 39.73 0.00 0.00 0.85 0.00 0.00 0.00 0.28 39.73 0.00 0.00 0.85 0.00 0.00 0.00 0.39 39.73 0.00 0.00 0.85 0.00 0.00 0.00 0.52

B2 16.31 13.03 0.00 0.00 3.28 0.00 0.00 0.00 0.12 13.03 0.00 0.00 3.28 0.00 0.00 0.00 0.21 13.03 0.00 0.00 3.28 0.00 0.00 0.00 0.31 13.03 0.00 0.00 3.28 0.00 0.00 0.00 0.41 13.03 0.00 0.00 3.28 0.00 0.00 0.00 0.53

B3 7.88 0.58 0.00 0.00 7.30 0.00 0.00 0.00 0.27 0.58 0.00 0.00 7.30 0.00 0.00 0.00 0.34 0.58 0.00 0.00 7.30 0.00 0.00 0.00 0.41 0.58 0.00 0.00 7.30 0.00 0.00 0.00 0.49 0.58 0.00 0.00 7.30 0.00 0.00 0.00 0.58

B4 13.57 10.88 0.00 0.00 2.69 0.00 0.00 0.00 0.12 10.88 0.00 0.00 2.69 0.00 0.00 0.00 0.21 10.88 0.00 0.00 2.69 0.00 0.00 0.00 0.31 10.88 0.00 0.00 2.69 0.00 0.00 0.00 0.41 10.88 0.00 0.00 2.69 0.00 0.00 0.00 0.53

B5 12.33 8.11 0.00 0.00 0.00 4.22 0.00 0.00 0.16 8.11 0.00 0.00 0.00 4.22 0.00 0.00 0.25 8.11 0.00 0.00 0.00 4.22 0.00 0.00 0.33 8.11 0.00 0.00 0.00 4.22 0.00 0.00 0.43 8.11 0.00 0.00 0.00 4.22 0.00 0.00 0.54

B6 12.33 0.00 0.00 0.00 9.92 2.41 0.00 0.00 0.29 0.00 0.00 0.00 9.92 2.41 0.00 0.00 0.35 0.00 0.00 0.00 9.92 2.41 0.00 0.00 0.42 0.00 0.00 0.00 9.92 2.41 0.00 0.00 0.50 0.00 0.00 0.00 9.92 2.41 0.00 0.00 0.58

B7 6.17 0.00 0.00 0.00 6.17 0.00 0.00 0.00 0.28 0.00 0.00 0.00 6.17 0.00 0.00 0.00 0.35 0.00 0.00 0.00 6.17 0.00 0.00 0.00 0.42 0.00 0.00 0.00 6.17 0.00 0.00 0.00 0.50 0.00 0.00 0.00 6.17 0.00 0.00 0.00 0.58

B8 2.64 0.00 0.00 0.00 2.64 0.00 0.00 0.00 0.28 0.00 0.00 0.00 2.64 0.00 0.00 0.00 0.35 0.00 0.00 0.00 2.64 0.00 0.00 0.00 0.42 0.00 0.00 0.00 2.64 0.00 0.00 0.00 0.50 0.00 0.00 0.00 2.64 0.00 0.00 0.00 0.58

B9 5.32 0.00 0.00 0.00 5.32 0.00 0.00 0.00 0.28 0.00 0.00 0.00 5.32 0.00 0.00 0.00 0.35 0.00 0.00 0.00 5.32 0.00 0.00 0.00 0.42 0.00 0.00 0.00 5.32 0.00 0.00 0.00 0.50 0.00 0.00 0.00 5.32 0.00 0.00 0.00 0.58

B10 2.31 0.00 0.00 0.00 2.31 0.00 0.00 0.00 0.28 0.00 0.00 0.00 2.31 0.00 0.00 0.00 0.35 0.00 0.00 0.00 2.31 0.00 0.00 0.00 0.42 0.00 0.00 0.00 2.31 0.00 0.00 0.00 0.50 0.00 0.00 0.00 2.31 0.00 0.00 0.00 0.58

B11 7.30 0.00 0.00 0.00 7.30 0.00 0.00 0.00 0.28 0.00 0.00 0.00 7.30 0.00 0.00 0.00 0.35 0.00 0.00 0.00 7.30 0.00 0.00 0.00 0.42 0.00 0.00 0.00 7.30 0.00 0.00 0.00 0.50 0.00 0.00 0.00 7.30 0.00 0.00 0.00 0.58

C

C1 40.20 38.40 1.70 0.10 0.00 0.00 0.00 0.00 0.11 38.40 1.70 0.10 0.00 0.00 0.00 0.00 0.21 38.40 1.70 0.10 0.00 0.00 0.00 0.00 0.31 38.40 1.70 0.10 0.00 0.00 0.00 0.00 0.41 38.40 1.70 0.10 0.00 0.00 0.00 0.00 0.54

C2 8.00 7.49 0.51 0.00 0.00 0.00 0.00 0.00 0.13 7.49 0.51 0.00 0.00 0.00 0.00 0.00 0.23 7.49 0.51 0.00 0.00 0.00 0.00 0.00 0.32 7.49 0.51 0.00 0.00 0.00 0.00 0.00 0.43 7.49 0.51 0.00 0.00 0.00 0.00 0.00 0.55

C3 14.17 0.00 3.17 0.00 5.24 0.00 0.00 5.76 0.34 0.00 3.17 0.00 5.24 0.00 0.00 5.76 0.34 0.00 3.17 0.00 5.24 0.00 0.00 5.76 0.47 0.00 3.17 0.00 5.24 0.00 0.00 5.76 0.55 0.00 3.17 0.00 5.24 0.00 0.00 5.76 0.64

C4 9.25 0.00 1.25 1.43 2.22 0.00 0.00 4.35 0.28 0.00 1.25 1.43 2.22 0.00 0.00 4.35 0.28 0.00 1.25 1.43 2.22 0.00 0.00 4.35 0.43 0.00 1.25 1.43 2.22 0.00 0.00 4.35 0.51 0.00 1.25 1.43 2.22 0.00 0.00 4.35 0.61

C5 4.06 0.00 0.86 0.00 3.20 0.00 0.00 0.00 0.41 0.00 0.86 0.00 3.20 0.00 0.00 0.00 0.47 0.00 0.86 0.00 3.20 0.00 0.00 0.00 0.53 0.00 0.86 0.00 3.20 0.00 0.00 0.00 0.59 0.00 0.86 0.00 3.20 0.00 0.00 0.00 0.66

C7 2.78 0.00 0.00 0.00 2.78 0.00 0.00 0.00 0.28 0.00 0.00 0.00 2.78 0.00 0.00 0.00 0.35 0.00 0.00 0.00 2.78 0.00 0.00 0.00 0.42 0.00 0.00 0.00 2.78 0.00 0.00 0.00 0.50 0.00 0.00 0.00 2.78 0.00 0.00 0.00 0.58

C6 8.35 0.48 0.00 0.00 7.87 0.00 0.00 0.00 0.27 0.48 0.00 0.00 7.87 0.00 0.00 0.00 0.34 0.48 0.00 0.00 7.87 0.00 0.00 0.00 0.41 0.48 0.00 0.00 7.87 0.00 0.00 0.00 0.49 0.48 0.00 0.00 7.87 0.00 0.00 0.00 0.58

2/27/09

100 Year Calculation
Area Type

2 Year Calculation
Area Type

5 Year Calculation
Area Type

10 Year Calculation
Area Type

25 Year Calculation
Area Type



Composite "C" Calculations

Soda Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date:

Calculated By: JDM
Checked By: KSC

Ba
si

n

Su
b-

Ba
si

n

Ar
ea

 (a
cr

es
)

U
nd

ev
el

op
ed

C
om

m
er

ci
al

 (o
n-

 &
 o

ff-
si

te
)

Sc
ho

ol
s 

/ C
hu

rc
he

s

R
es

id
en

tia
l 1

R
es

id
en

tia
l 2

R
es

id
en

tia
l 3

O
pe

n 
Sp

ac
e

C2 U
nd

ev
el

op
ed

C
om

m
er

ci
al

 (o
n-

 &
 o

ff-
si

te
)

Sc
ho

ol
s 

/ C
hu

rc
he

s

R
es

id
en

tia
l 1

R
es

id
en

tia
l 2

R
es

id
en

tia
l 3

O
pe

n 
Sp

ac
e

C5 U
nd

ev
el

op
ed

C
om

m
er

ci
al

 (o
n-

 &
 o

ff-
si

te
)

Sc
ho

ol
s 

/ C
hu

rc
he

s

R
es

id
en

tia
l 1

R
es

id
en

tia
l 2

R
es

id
en

tia
l 3

O
pe

n 
Sp

ac
e

C10 U
nd

ev
el

op
ed

C
om

m
er

ci
al

 (o
n-

 &
 o

ff-
si

te
)

Sc
ho

ol
s 

/ C
hu

rc
he

s

R
es

id
en

tia
l 1

R
es

id
en

tia
l 2

R
es

id
en

tia
l 3

O
pe

n 
Sp

ac
e

C10 U
nd

ev
el

op
ed

C
om

m
er

ci
al

 (o
n-

 &
 o

ff-
si

te
)

Sc
ho

ol
s 

/ C
hu

rc
he

s

R
es

id
en

tia
l 1

R
es

id
en

tia
l 2

R
es

id
en

tia
l 3

O
pe

n 
Sp

ac
e

C100

0.08 0.89 0.34 0.28 0.31 0.34 0.08 0.18 0.90 0.40 0.35 0.37 0.40 0.02 0.28 0.92 0.46 0.42 0.44 0.46 0.28 0.39 0.94 0.53 0.50 0.51 0.53 0.39 0.52 0.96 0.60 0.58 0.59 0.60 0.52

2/27/09

100 Year Calculation
Area Type

2 Year Calculation
Area Type

5 Year Calculation
Area Type

10 Year Calculation
Area Type

25 Year Calculation
Area Type

D

D1 3.57 0.00 0.00 0.00 2.43 0.00 0.00 1.14 0.22 0.00 0.00 0.00 2.43 0.00 0.00 1.14 0.24 0.00 0.00 0.00 2.43 0.00 0.00 1.14 0.38 0.00 0.00 0.00 2.43 0.00 0.00 1.14 0.46 0.00 0.00 0.00 2.43 0.00 0.00 1.14 0.56

D2 4.70 0.00 0.00 0.00 0.00 4.70 0.00 0.00 0.31 0.00 0.00 0.00 0.00 4.70 0.00 0.00 0.37 0.00 0.00 0.00 0.00 4.70 0.00 0.00 0.44 0.00 0.00 0.00 0.00 4.70 0.00 0.00 0.51 0.00 0.00 0.00 0.00 4.70 0.00 0.00 0.59

D3 2.68 0.00 0.00 0.00 0.00 2.14 0.00 0.54 0.26 0.00 0.00 0.00 0.00 2.14 0.00 0.54 0.30 0.00 0.00 0.00 0.00 2.14 0.00 0.54 0.41 0.00 0.00 0.00 0.00 2.14 0.00 0.54 0.49 0.00 0.00 0.00 0.00 2.14 0.00 0.54 0.58

D4 1.99 0.00 0.00 0.00 0.00 1.99 0.00 0.00 0.31 0.00 0.00 0.00 0.00 1.99 0.00 0.00 0.37 0.00 0.00 0.00 0.00 1.99 0.00 0.00 0.44 0.00 0.00 0.00 0.00 1.99 0.00 0.00 0.51 0.00 0.00 0.00 0.00 1.99 0.00 0.00 0.59

E

E1 17.13 3.79 0.00 2.72 10.62 0.00 0.00 0.00 0.25 3.79 0.00 2.72 10.62 0.00 0.00 0.00 0.32 3.79 0.00 2.72 10.62 0.00 0.00 0.00 0.40 3.79 0.00 2.72 10.62 0.00 0.00 0.00 0.48 3.79 0.00 2.72 10.62 0.00 0.00 0.00 0.57

E2 4.90 0.00 0.00 0.00 4.58 0.00 0.00 0.32 0.27 0.00 0.00 0.00 4.58 0.00 0.00 0.32 0.33 0.00 0.00 0.00 4.58 0.00 0.00 0.32 0.41 0.00 0.00 0.00 4.58 0.00 0.00 0.32 0.49 0.00 0.00 0.00 4.58 0.00 0.00 0.32 0.58

F

F1 18.38 3.25 0.00 0.00 15.13 0.00 0.00 0.00 0.24 3.25 0.00 0.00 15.13 0.00 0.00 0.00 0.32 3.25 0.00 0.00 15.13 0.00 0.00 0.00 0.40 3.25 0.00 0.00 15.13 0.00 0.00 0.00 0.48 3.25 0.00 0.00 15.13 0.00 0.00 0.00 0.57

F2 11.85 8.13 0.00 0.00 3.72 0.00 0.00 0.00 0.14 8.13 0.00 0.00 3.72 0.00 0.00 0.00 0.23 8.13 0.00 0.00 3.72 0.00 0.00 0.00 0.32 8.13 0.00 0.00 3.72 0.00 0.00 0.00 0.42 8.13 0.00 0.00 3.72 0.00 0.00 0.00 0.54

F3 2.42 0.00 0.00 0.00 2.42 0.00 0.00 0.00 0.28 0.00 0.00 0.00 2.42 0.00 0.00 0.00 0.35 0.00 0.00 0.00 2.42 0.00 0.00 0.00 0.42 0.00 0.00 0.00 2.42 0.00 0.00 0.00 0.50 0.00 0.00 0.00 2.42 0.00 0.00 0.00 0.58

F4 3.12 0.00 1.16 1.35 0.61 0.00 0.00 0.00 0.53 0.00 1.16 1.35 0.61 0.00 0.00 0.00 0.58 0.00 1.16 1.35 0.61 0.00 0.00 0.00 0.62 0.00 1.16 1.35 0.61 0.00 0.00 0.00 0.68 0.00 1.16 1.35 0.61 0.00 0.00 0.00 0.73

F5 11.26 0.00 0.00 0.00 2.23 9.03 0.00 0.00 0.30 0.00 0.00 0.00 2.23 9.03 0.00 0.00 0.37 0.00 0.00 0.00 2.23 9.03 0.00 0.00 0.44 0.00 0.00 0.00 2.23 9.03 0.00 0.00 0.51 0.00 0.00 0.00 2.23 9.03 0.00 0.00 0.59

F6 5.06 0.00 0.00 0.00 0.00 5.06 0.00 0.00 0.31 0.00 0.00 0.00 0.00 5.06 0.00 0.00 0.37 0.00 0.00 0.00 0.00 5.06 0.00 0.00 0.44 0.00 0.00 0.00 0.00 5.06 0.00 0.00 0.51 0.00 0.00 0.00 0.00 5.06 0.00 0.00 0.59

F7 5.70 0.00 0.00 0.75 4.95 0.00 0.00 0.00 0.29 0.00 0.00 0.75 4.95 0.00 0.00 0.00 0.36 0.00 0.00 0.75 4.95 0.00 0.00 0.00 0.43 0.00 0.00 0.75 4.95 0.00 0.00 0.00 0.50 0.00 0.00 0.75 4.95 0.00 0.00 0.00 0.58

F8 2.56 0.00 0.00 0.00 0.00 2.56 0.00 0.00 0.31 0.00 0.00 0.00 0.00 2.56 0.00 0.00 0.37 0.00 0.00 0.00 0.00 2.56 0.00 0.00 0.44 0.00 0.00 0.00 0.00 2.56 0.00 0.00 0.51 0.00 0.00 0.00 0.00 2.56 0.00 0.00 0.59

F9 3.60 0.00 0.00 0.00 0.00 1.39 2.21 0.00 0.33 0.00 0.00 0.00 0.00 1.39 2.21 0.00 0.39 0.00 0.00 0.00 0.00 1.39 2.21 0.00 0.45 0.00 0.00 0.00 0.00 1.39 2.21 0.00 0.52 0.00 0.00 0.00 0.00 1.39 2.21 0.00 0.60

G

G1 10.55 0.00 0.00 0.00 0.00 1.45 9.10 0.00 0.34 0.00 0.00 0.00 0.00 1.45 9.10 0.00 0.40 0.00 0.00 0.00 0.00 1.45 9.10 0.00 0.46 0.00 0.00 0.00 0.00 1.45 9.10 0.00 0.53 0.00 0.00 0.00 0.00 1.45 9.10 0.00 0.60

G2 6.22 0.00 0.00 1.66 0.00 1.27 3.29 0.00 0.33 0.00 0.00 1.66 0.00 1.27 3.29 0.00 0.39 0.00 0.00 1.66 0.00 1.27 3.29 0.00 0.46 0.00 0.00 1.66 0.00 1.27 3.29 0.00 0.53 0.00 0.00 1.66 0.00 1.27 3.29 0.00 0.60

G3 6.48 0.00 2.58 1.02 0.00 2.88 0.00 0.00 0.55 0.00 2.58 1.02 0.00 2.88 0.00 0.00 0.59 0.00 2.58 1.02 0.00 2.88 0.00 0.00 0.63 0.00 2.58 1.02 0.00 2.88 0.00 0.00 0.68 0.00 2.58 1.02 0.00 2.88 0.00 0.00 0.74

G4 5.93 0.00 1.79 0.00 0.00 4.14 0.00 0.00 0.49 0.00 1.79 0.00 0.00 4.14 0.00 0.00 0.53 0.00 1.79 0.00 0.00 4.14 0.00 0.00 0.58 0.00 1.79 0.00 0.00 4.14 0.00 0.00 0.64 0.00 1.79 0.00 0.00 4.14 0.00 0.00 0.70



Composite "C" Calculations

Soda Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date:

Calculated By: JDM
Checked By: KSC
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C100

0.08 0.89 0.34 0.28 0.31 0.34 0.08 0.18 0.90 0.40 0.35 0.37 0.40 0.02 0.28 0.92 0.46 0.42 0.44 0.46 0.28 0.39 0.94 0.53 0.50 0.51 0.53 0.39 0.52 0.96 0.60 0.58 0.59 0.60 0.52

2/27/09

100 Year Calculation
Area Type

2 Year Calculation
Area Type

5 Year Calculation
Area Type

10 Year Calculation
Area Type

25 Year Calculation
Area Type

H

H1 2.30 0.00 2.30 0.00 0.00 0.00 0.00 0.00 0.89 0.00 2.30 0.00 0.00 0.00 0.00 0.00 0.90 0.00 2.30 0.00 0.00 0.00 0.00 0.00 0.92 0.00 2.30 0.00 0.00 0.00 0.00 0.00 0.94 0.00 2.30 0.00 0.00 0.00 0.00 0.00 0.96

H2 2.56 0.00 2.56 0.00 0.00 0.00 0.00 0.00 0.89 0.00 2.56 0.00 0.00 0.00 0.00 0.00 0.90 0.00 2.56 0.00 0.00 0.00 0.00 0.00 0.92 0.00 2.56 0.00 0.00 0.00 0.00 0.00 0.94 0.00 2.56 0.00 0.00 0.00 0.00 0.00 0.96

H3 2.86 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.89 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.90 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.92 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.94 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.96

H4 0.40 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.96

Y

Y1 2.72 0.00 2.72 0.00 0.00 0.00 0.00 0.00 0.89 0.00 2.72 0.00 0.00 0.00 0.00 0.00 0.90 0.00 2.72 0.00 0.00 0.00 0.00 0.00 0.92 0.00 2.72 0.00 0.00 0.00 0.00 0.00 0.94 0.00 2.72 0.00 0.00 0.00 0.00 0.00 0.96

Y2 0.27 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.96

Y3 0.58 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.58 0.00 0.00 0.00 0.00 0.00 0.96

Y4 2.90 0.00 2.90 0.00 0.00 0.00 0.00 0.00 0.89 0.00 2.90 0.00 0.00 0.00 0.00 0.00 0.90 0.00 2.90 0.00 0.00 0.00 0.00 0.00 0.92 0.00 2.90 0.00 0.00 0.00 0.00 0.00 0.94 0.00 2.90 0.00 0.00 0.00 0.00 0.00 0.96

Y5 3.39 0.00 3.39 0.00 0.00 0.00 0.00 0.00 0.89 0.00 3.39 0.00 0.00 0.00 0.00 0.00 0.90 0.00 3.39 0.00 0.00 0.00 0.00 0.00 0.92 0.00 3.39 0.00 0.00 0.00 0.00 0.00 0.94 0.00 3.39 0.00 0.00 0.00 0.00 0.00 0.96

Y6 0.12 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.96

Y7 1.73 0.00 1.73 0.00 0.00 0.00 0.00 0.00 0.89 0.00 1.73 0.00 0.00 0.00 0.00 0.00 0.90 0.00 1.73 0.00 0.00 0.00 0.00 0.00 0.92 0.00 1.73 0.00 0.00 0.00 0.00 0.00 0.94 0.00 1.73 0.00 0.00 0.00 0.00 0.00 0.96

Y8 0.11 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.96

Y9 1.71 0.00 1.71 0.00 0.00 0.00 0.00 0.00 0.89 0.00 1.71 0.00 0.00 0.00 0.00 0.00 0.90 0.00 1.71 0.00 0.00 0.00 0.00 0.00 0.92 0.00 1.71 0.00 0.00 0.00 0.00 0.00 0.94 0.00 1.71 0.00 0.00 0.00 0.00 0.00 0.96

Y10 2.98 0.00 2.98 0.00 0.00 0.00 0.00 0.00 0.89 0.00 2.98 0.00 0.00 0.00 0.00 0.00 0.90 0.00 2.98 0.00 0.00 0.00 0.00 0.00 0.92 0.00 2.98 0.00 0.00 0.00 0.00 0.00 0.94 0.00 2.98 0.00 0.00 0.00 0.00 0.00 0.96

Y11 2.62 0.00 2.62 0.00 0.00 0.00 0.00 0.00 0.89 0.00 2.62 0.00 0.00 0.00 0.00 0.00 0.90 0.00 2.62 0.00 0.00 0.00 0.00 0.00 0.92 0.00 2.62 0.00 0.00 0.00 0.00 0.00 0.94 0.00 2.62 0.00 0.00 0.00 0.00 0.00 0.96

Y12 0.33 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.96

Y13 0.11 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.96

Y14 0.29 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.96

Y15 1.52 0.00 1.52 0.00 0.00 0.00 0.00 0.00 0.89 0.00 1.52 0.00 0.00 0.00 0.00 0.00 0.90 0.00 1.52 0.00 0.00 0.00 0.00 0.00 0.92 0.00 1.52 0.00 0.00 0.00 0.00 0.00 0.94 0.00 1.52 0.00 0.00 0.00 0.00 0.00 0.96

P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\2nd Submittal\[SO_Old-Town_Rational.xls]Tc



TIME OF CONCENTRATION
Soda Creek and Portions of DFA - Yampa 2/27/2009

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC

SUB-BASIN DATA INITIAL/OVERLAND Rational
TIME (Tc) Tc CONVEYANCE

DESIG: AREA C5 LENGTH SLOPE Ti LENGTH     AVG. SLOPE Conv. VEL Tt COMP TOTAL Tc=(L/180)+10 REMARKS
(acres)  (ft) (ft/ft) (min) (ft) DY (%) Type* (fps) (min) Tc (min) LENGTH (ft) (min) (min)

A A1 9.41 0.31 300 0.220 8.9 1220 98.0 8.0 5 4.3 4.8 13.7 1520 18.4 13.7 Grass Swale

A2 7.41 0.27 300 0.260 8.9 708 76.0 10.7 5 4.9 2.4 11.3 1008 15.6 11.3 Grass Swale

A3 4.02 0.35 242 0.050 12.4 290 9.0 3.1 5 2.6 1.8 14.2 532 13.0 13.0 Grass Swale

A4 6.48 0.24 285 0.028 18.7 320 31.0 9.7 3 2.2 2.4 21.2 605 13.4 13.4 Pasture

B B1 40.58 0.18 300 0.300 9.3 1323 140.0 10.6 5 4.9 4.5 13.8 1623 19.0 13.8 Grass Swale

B2 16.31 0.21 300 0.260 9.5 1029 131.0 12.7 5 5.4 3.2 12.7 1329 17.4 12.7 Grass Swale

B3 7.88 0.34 255 0.280 7.3 904 70.0 7.7 5 4.2 3.6 10.9 1159 16.4 10.9 Grass Swale

B4 13.57 0.21 300 0.083 13.8 1446 172.0 11.9 5 5.2 4.7 18.4 1746 19.7 18.4 Grass Swale

B5 12.33 0.25 256 0.129 10.6 1240 121.0 9.8 5 4.7 4.4 15.0 1496 18.3 15.0 Grass Swale

B6 12.33 0.35 100 0.120 5.9 720 51.0 7.1 5 4.0 3.0 8.9 820 14.6 8.9 Grass Swale

B7 6.17 0.35 203 0.108 8.8 681 30.0 4.4 5 3.1 3.6 12.4 884 14.9 12.4 Grass Swale

B8 2.64 0.35 151 0.395 4.9 246 43.0 17.5 5 6.3 0.7 5.6 397 12.2 5.6 Grass Swale

B9 5.32 0.35 90 0.040 8.1 782 28.0 3.6 5 2.8 4.6 12.7 872 14.8 12.7 Grass Swale

B10 2.31 0.35 80 0.040 7.7 584 16.0 2.7 5 2.5 3.9 11.6 664 13.7 11.6 Grass Swale

B11 7.30 0.35 107 0.033 9.4 491 40.0 8.1 3 2.0 4.1 13.5 598 13.3 13.3 Pasture

BA
SI

N

TRAVEL TIME
(Tt) FINAL TcTc Check for Urban Catchments



TIME OF CONCENTRATION
Soda Creek and Portions of DFA - Yampa 2/27/2009

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC

SUB-BASIN DATA INITIAL/OVERLAND Rational
TIME (Tc) Tc CONVEYANCE

DESIG: AREA C5 LENGTH SLOPE Ti LENGTH     AVG. SLOPE Conv. VEL Tt COMP TOTAL Tc=(L/180)+10 REMARKS
(acres)  (ft) (ft/ft) (min) (ft) DY (%) Type* (fps) (min) Tc (min) LENGTH (ft) (min) (min)

BA
SI

N

TRAVEL TIME
(Tt) FINAL TcTc Check for Urban Catchments

C C1 40.20 0.21 300 0.330 8.8 2188 379.0 17.3 5 6.2 5.8 14.6 2488 23.8 14.6 Grass Swale

C2 8.00 0.23 193 0.254 7.5 1036 153.0 14.8 5 5.8 3.0 10.5 1229 16.8 10.5 Grass Swale

C3 14.17 0.34 259 0.386 6.6 1352 102.0 7.5 5 4.1 5.5 12.1 1611 19.0 12.1 Grass Swale

C4 9.25 0.28 44 0.409 2.9 1538 130.0 8.5 5 4.4 5.9 8.8 1582 18.8 8.8 Grass Swale

C5 4.06 0.47 111 0.234 4.3 822 38.0 4.6 5 3.2 4.2 8.5 933 15.2 8.5 Grass Swale

C6 8.35 0.34 185 0.250 6.4 1978 138.0 7.0 5 4.0 8.3 14.8 2163 22.0 14.8 Grass Swale

C7 2.78 0.35 119 0.303 4.8 315 22.0 7.0 5 4.0 1.3 6.1 434 12.4 6.1 Grass Swale

D D1 3.57 0.24 300 0.040 16.9 480 38.0 7.9 5 4.2 1.9 18.8 780 14.3 14.3 Grass Swale

D2 4.70 0.37 50 0.020 7.4 728 50.0 6.9 6 5.2 2.3 9.7 778 14.3 9.7 Paved Gutter

D3 2.68 0.30 106 0.260 5.1 423 38.0 9.0 6 6.0 1.2 6.3 529 12.9 6.3 Paved Gutter

D4 1.99 0.37 50 0.120 4.1 135 22.0 16.3 6 8.1 0.3 4.4 185 11.0 5.0 Paved Gutter

E E1 17.13 0.32 101 0.277 4.7 940 94.0 10.0 5 4.7 3.3 8.0 1041 15.8 8.0 Grass Swale

E2 4.90 0.33 56 0.020 8.3 363 10.0 2.8 5 2.5 2.4 10.7 419 12.3 10.7 Grass Swale



TIME OF CONCENTRATION
Soda Creek and Portions of DFA - Yampa 2/27/2009

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC

SUB-BASIN DATA INITIAL/OVERLAND Rational
TIME (Tc) Tc CONVEYANCE

DESIG: AREA C5 LENGTH SLOPE Ti LENGTH     AVG. SLOPE Conv. VEL Tt COMP TOTAL Tc=(L/180)+10 REMARKS
(acres)  (ft) (ft/ft) (min) (ft) DY (%) Type* (fps) (min) Tc (min) LENGTH (ft) (min) (min)

BA
SI

N

TRAVEL TIME
(Tt) FINAL TcTc Check for Urban Catchments

F F1 18.38 0.32 216 0.100 9.7 1012 100.0 9.9 5 4.7 3.6 13.3 1228 16.8 13.3 Grass Swale

F2 11.85 0.23 165 0.150 8.2 762 85.0 11.2 5 5.0 2.5 10.8 927 15.2 10.8 Grass Swale

F3 2.42 0.35 20 0.030 4.2 540 30.0 5.6 5 3.5 2.5 6.8 560 13.1 6.8 Grass Swale

F4 3.12 0.58 106 0.085 4.8 753 18.0 2.4 5 2.3 5.4 10.2 859 14.8 10.2 Grass Swale

F5 11.26 0.37 120 0.025 10.7 1282 24.0 1.9 6 2.7 7.8 18.5 1402 17.8 17.8 Paved Gutter

F6 5.06 0.37 56 0.020 7.8 1202 22.0 1.8 6 2.7 7.4 15.3 1258 17.0 15.3 Paved Gutter

F7 5.70 0.36 250 0.104 9.8 543 6.0 1.1 5 1.6 5.7 15.5 793 14.4 14.4 Grass Swale

F8 2.56 0.37 100 0.020 10.5 250 6.0 2.4 5 2.3 1.8 12.3 350 11.9 11.9 Grass Swale

F9 3.60 0.39 101 0.051 7.5 240 6.0 2.5 3 1.1 3.6 11.2 341 11.9 11.2 Pasture

G G1 10.55 0.40 71 0.020 8.5 1382 21.0 1.5 6 2.5 9.3 17.9 1453 18.1 17.9 Paved Gutter

G2 6.22 0.39 103 0.020 10.3 913 17.0 1.9 6 2.7 5.6 15.9 1016 15.6 15.6 Paved Gutter

G3 6.48 0.59 126 0.024 7.8 872 10.0 1.1 6 2.1 6.8 14.6 998 15.5 14.6 Paved Gutter

G4 5.93 0.53 116 0.015 9.7 520 9.0 1.7 6 2.6 3.3 13.0 636 13.5 13.0 Paved Gutter

H H1 2.30 0.90 98 0.015 3.1 422 6.0 1.4 6 2.4 2.9 6.1 520 12.9 6.1 Paved Gutter

H2 2.56 0.90 105 0.010 3.7 355 5.0 1.4 6 2.4 2.5 6.2 460 12.6 6.2 Paved Gutter

H3 2.86 0.90 30 0.010 2.0 472 8.0 1.7 6 2.6 3.0 5.0 502 12.8 5.0 Paved Gutter

H4 0.40 0.90 60 0.015 2.4 201 2.0 1.0 6 2.0 1.7 4.1 261 11.5 5.0 Paved Gutter



TIME OF CONCENTRATION
Soda Creek and Portions of DFA - Yampa 2/27/2009

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC

SUB-BASIN DATA INITIAL/OVERLAND Rational
TIME (Tc) Tc CONVEYANCE

DESIG: AREA C5 LENGTH SLOPE Ti LENGTH     AVG. SLOPE Conv. VEL Tt COMP TOTAL Tc=(L/180)+10 REMARKS
(acres)  (ft) (ft/ft) (min) (ft) DY (%) Type* (fps) (min) Tc (min) LENGTH (ft) (min) (min)

BA
SI

N

TRAVEL TIME
(Tt) FINAL TcTc Check for Urban Catchments

Y Y1 2.72 0.90 78 0.010 3.2 459 6.0 1.3 6 2.3 3.3 6.5 537 13.0 6.5 Paved Gutter

Y2 0.27 0.90 20 0.010 1.6 257 6.0 2.3 6 3.1 1.4 3.0 277 11.5 5.0 Paved Gutter

Y3 0.58 0.90 55 0.010 2.7 425 12.0 2.8 6 3.4 2.1 4.8 480 12.7 5.0 Paved Gutter

Y4 2.90 0.90 40 0.010 2.3 620 6.0 1.0 6 2.0 5.3 7.5 660 13.7 7.5 Paved Gutter

Y5 3.39 0.90 55 0.010 2.7 605 15.0 2.5 6 3.1 3.2 5.9 660 13.7 5.9 Paved Gutter

Y6 0.12 0.90 10 0.010 1.1 160 2.0 1.3 6 2.2 1.2 2.3 170 10.9 5.0 Paved Gutter

Y7 1.73 0.90 81 0.010 3.2 426 6.0 1.4 6 2.4 3.0 6.2 507 12.8 6.2 Paved Gutter

Y8 0.11 0.90 10 0.010 1.1 160 2.0 1.3 6 2.2 1.2 2.3 170 10.9 5.0 Paved Gutter

Y9 1.71 0.90 40 0.010 2.3 464 5.0 1.1 6 2.1 3.7 6.0 504 12.8 6.0 Paved Gutter

Y10 2.98 0.90 55 0.010 2.7 615 16.0 2.6 6 3.2 3.2 5.9 670 13.7 5.9 Paved Gutter

Y11 2.62 0.90 79 0.010 3.2 478 5.0 1.0 6 2.0 3.9 7.1 557 13.1 7.1 Paved Gutter

Y12 0.33 0.90 40 0.010 2.3 278 4.0 1.4 6 2.4 1.9 4.2 318 11.8 5.0 Paved Gutter

Y13 0.11 0.90 30 0.010 2.0 140 4.0 2.9 6 3.4 0.7 2.7 170 10.9 5.0 Paved Gutter

Y14 0.29 0.90 30 0.010 2.0 210 11.0 5.2 6 4.6 0.8 2.7 240 11.3 5.0 Paved Gutter

Y15 1.52 0.90 55 0.010 2.7 285 12.0 4.2 6 4.1 1.2 3.8 340 11.9 5.0 Paved Gutter
* Note:    Conveyance Coefficients - Type 1-Heavy Meadow, Type 2-Tillage/field, Type 3-Short Pasture & Lawn, J3 Engineering Consultants, Inc.

 Type 4-Nearly Bare Ground, Type 5-Grassed Waterway, Type 6-Paved Areas & Shallow Paved Swales.
P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\2nd Submittal\[SO_Old-Town_Rational.xls]Tc



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 5-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

Sub-basin A

A1 A1 9.41 0.31 13.7 2.91 1.85 5.38 Direct runoff to DP A1 & Soda Creek

A2 A2 7.41 0.27 13.0 1.97 1.89 3.73 Direct Runoff to DP A2 & Soda Creek

A3 A3 4.02 0.35 13.0 1.41 1.89 2.66 Direct Runoff to DP A3 & Soda Creek

A4 A4 6.48 0.24 13.8 1.54 1.84 2.83 Direct Runoff to DP A4 & Soda Creek

B1 B1 40.58 0.18 11.3 7.45 2.01 14.96 7.7 14.96 1001.0 5.5 3.0 Direct runoff to DP B1
Ditch flow to DP B3

B2 B2 16.31 0.21 12.7 3.49 1.91 6.68 6.0 6.68 398.0 4.9 1.4 Direct runoff to DP B2
Ditch flow to DP B3

B3 B3 7.88 0.34 10.9 2.66 2.04 5.41 Direct runoff to DP B3

B3 B1, B2 & B3 64.77 0.21 14.3 13.60 1.81 24.62 3.9 24.62 285.0 3.9 1.2 Combine flow at DP B3
Ditch Flow to DP B4

B4 B4 13.57 0.21 18.4 2.90 1.60 4.64 Direct Runoff to DP B4

B4 B1, B2, B3 & B4 78.34 0.21 18.4 16.50 1.60 26.40 5.9 26.40 640.0 4.9 2.2 Combine flow at DP B4
Ditch Flow to DP B7

B5 B5 12.33 0.25 15.0 3.02 1.77 5.34 Direct Runoff to DP B5

B5 B1, B2, B3, B4 & B5 90.67 0.22 20.6 19.52 1.51 29.46 4.4 29.46 118.0 4.2 0.5 Combine flow at DP B5
Ditch Flow to DP B6

B6 B6 12.33 0.35 8.9 4.36 2.20 9.61 Direct runoff to DP B6

B6 103.00 0.23 21.1 23.89 1.49 35.62 4.4 35.62 332.0 4.2 1.3 Combine flow at DP B6
Ditch Flow to DP B8

B7 B7 6.17 0.35 12.4 2.16 1.93 4.17 Direct runoff to DP B7
Ditch Flow to DP B10

B8 B8 2.64 0.35 5.6 0.92 2.57 2.37 Direct runoff to DP B8

B8 111.81 0.24 22.4 26.97 1.44 38.93 6.9 38.93 412.0 5.3 1.3 Combine flow at DP B8
Ditch Flow to DP B10

B9 B9 5.32 0.35 12.7 1.86 1.91 3.55 Direct runoff to DP B9

B10 B10 2.31 0.35 11.6 0.81 1.99 1.61 Direct runoff to DP B10

B10 119.44 0.25 23.7 29.64 1.40 41.47 6.1 41.47 360.0 4.9 1.2 Combine flow at DP B10
Ditch Flow to DP B11

B11 B11 7.30 0.35 13.3 2.56 1.87 4.78 Direct runoff to DP B11

B11 126.74 0.25 24.9 32.20 1.36 43.81 Combine flow at DP B11

50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

Sub-basin B

B1, B2, B3, B4, B5, B6, B7 & 
B8

B1, B2, B3, B4, B5 & B6

B1, B2, B3, B4, B5, B6, B7, 
B8, B9 &B10

B1, B2, B3, B4, B5, B6, B7, 
B8, B9, B10 & B11



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 5-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
LO

C
A

TI
O

N

D
ES

IG
N

 P
O

IN
T

A
R

EA
 D

ES
IG

.

A
R

EA
 (A

cr
es

)

R
U

N
O

FF
 C

O
EF

F

Tc
 (m

in
)

C
 A

 (A
cr

es
)

I (
in

/h
ou

r)

Q
 (c

fs
)

Tc
 (m

in
)

 (C
 A

) (
A

cr
es

)

I (
in

/h
ou

r)

Q
 (c

fs
)

SL
O

PE
 (%

)

ST
R

EE
T 

FL
O

W
 (c

fs
)

D
ES

IG
N

 F
LO

W
 (c

fs
)

SL
O

PE
 (%

)

PI
PE

 S
IZ

E

LE
N

G
TH

 (f
t)

VE
LO

C
IT

Y 
(fp

s)

Tt
 (m

in
)

REMARKS

50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

C1 C1 40.20 0.21 14.6 8.48 1.79 15.21 7.5 15.21 50.0 5.5 0.2 Direct runoff to DP C1
Ditch flow to DP C2

C2 C2 8.00 0.23 10.5 1.81 2.07 3.74 Direct runoff to DP C2

C2 C1 & C2 48.20 0.21 14.8 10.29 1.78 18.36 7.5 18.36 1352.0 5.5 4.1 Combine flow at DP C2
Ditch flow to DP C3

C3 C3 14.17 0.34 12.1 4.79 1.95 9.35 Direct runoff to DP C3

C3 C1, C2, C6 & C3 70.72 0.25 18.9 17.92 1.58 28.33 5.6 28.33 430.0 4.7 1.5 Combine flow at DP C3
Ditch flow to DP C4

C4 C4 9.25 0.28 8.8 2.55 2.22 5.66 Direct runoff to DP C4

C5 C5 4.06 0.47 8.5 1.89 2.24 4.25 Direct runoff to DP C5

C5 84.03 0.27 20.4 22.37 1.52 33.97 7.1 33.97 365.0 5.3 1.1 Combine flow at DP C5
Ditch flow to DP C7

C7 C7 2.78 0.35 6.1 0.97 2.50 2.43 Direct runoff to DP C7

C7 86.81 0.27 21.5 23.34 1.48 34.44 Combine flow at DP C7
Pipe outfall to Soda Creek

C6 C6 8.35 0.34 14.8 2.84 1.78 5.07 8.0 5.07 30.0 5.7 0.1 Direct runoff at DP C6

D1 D1 3.57 0.24 14.3 0.87 1.81 1.58 9.3 1.6 343.0 6.1 0.9 Direct runoff at DP D1
Ditch flow to DP D2

D2 D2 4.70 0.37 9.7 1.74 2.13 3.71 Direct runoff at DP D2

D2 D1 & D2 8.27 0.32 15.3 2.61 1.76 4.58 Combine flow at DP D2
Outfall to Soda Creek

D3 D3 2.68 0.30 6.3 0.80 2.48 1.99 Direct runoff at DP D3
Outfall to Soda Creek

D4 D4 1.99 0.35 5.0 0.70 2.65 1.84 Direct runoff at DP D4

E1 E1 17.13 0.32 8.0 5.49 2.29 12.56 Direct runoff at DP E1
Direct Discharge to Soda Creek

E2 E2 4.90 0.33 10.7 1.61 2.05 3.30 Direct runoff at DP E2

Sub-basin C

Sub-basin D

Sub-basin E

C1, C2, C3, C4, C5, C6 & C7

C1, C2, C3, C4, C5 & C6



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 5-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
LO

C
A

TI
O

N

D
ES

IG
N

 P
O

IN
T

A
R

EA
 D

ES
IG

.

A
R

EA
 (A

cr
es

)

R
U

N
O

FF
 C

O
EF

F

Tc
 (m

in
)

C
 A

 (A
cr

es
)

I (
in

/h
ou

r)

Q
 (c

fs
)

Tc
 (m

in
)

 (C
 A

) (
A

cr
es

)

I (
in

/h
ou

r)

Q
 (c

fs
)

SL
O

PE
 (%

)

ST
R

EE
T 

FL
O

W
 (c

fs
)

D
ES

IG
N

 F
LO

W
 (c

fs
)

SL
O

PE
 (%

)

PI
PE

 S
IZ

E

LE
N

G
TH

 (f
t)

VE
LO

C
IT

Y 
(fp

s)

Tt
 (m

in
)

REMARKS

50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

F1 F1 18.38 0.32 13.3 5.88 1.87 11.02 9.6 11.02 249.0 6.2 0.7 Direct runoff at DP F1
Pipe flow to DP F3

F2 F2 11.85 0.23 10.8 2.77 2.05 5.67 2.0 5.67 1380.0 2.8 8.1 Direct runoff at DP F2
Ditch flow to DP F5

F3 F3 2.42 0.35 6.8 0.85 2.42 2.05 Direct runoff at DP F3

F3 F1 & F3 20.80 0.32 13.9 6.73 1.83 12.33 2.4 12.33 1081.0 3.1 5.8 Combine flow at DP F3
Pipe flow to DP F5

F4 F4 3.12 0.58 10.2 1.80 2.09 3.76 3.4 3.76 485.0 3.7 2.2 Direct runoff at DP F4
Pipe flow to DP F5

F5 F5 11.26 0.37 17.8 4.12 1.63 6.72 Direct runoff at DP F5

F5 F1, F2, F3, F4 , F5 & F6 52.09 0.33 19.7 17.28 1.54 26.70 1.0 26.70 53.0 2.0 0.4 Combine flow at DP F5
Pipe flow to DP F7

F6 F6 5.06 0.37 15.3 1.87 1.76 3.29 Direct runoff at DP F6

F7 F7 5.70 0.36 14.4 2.03 1.80 3.67 Direct runoff at DP F7

F7 57.79 0.33 20.2 19.32 1.53 29.50 1.7 29.50 343.0 2.6 2.2 Combine flow at DP F7
Ditch flow to DP F8

F8 F8 2.56 0.37 11.9 0.95 1.96 1.86 Direct runoff at DP F8

F8 60.35 0.34 22.4 20.26 1.45 29.28 Combine flow at DP F8
Direct Discharge to Soda Creek

F9 F9 3.60 0.39 11.2 1.40 2.02 2.82 Direct runoff at DP F9

G1 G1 10.55 0.40 17.9 4.18 1.63 6.79 Direct runoff at DP G1
Direct Discharge to Soda Creek

G2 G2 6.22 0.39 15.6 2.45 1.74 4.25 Direct runoff at DP G2
Direct Discharge to Soda Creek

G3 G3 6.48 0.59 14.6 3.80 1.79 6.81 1.5 6.81 635.0 2.4 4.3 Direct runoff to DP G3
Curb flow to DP G4

G4 G4 5.93 0.53 13.0 3.14 1.89 5.94 Direct runoff to DP G4

G4 G3 & G4 12.41 0.96 18.9 11.93 1.58 18.84 Combine flow at DP G4

Sub-basin F

Sub-basin G

F1, F2, F3, F4, F5, F6 & F7

F1, F2, F3, F4, F5, F6, F7 & 
F8



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 5-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

H1 H1 2.30 0.90 6.1 2.07 2.51 5.19 3.5 5.2 350.0 3.7 1.6 Direct runoff at DP H1
Pipe Flow to DP H2

H2 H2 2.56 0.90 6.2 2.30 2.49 5.74 Direct runoff at DP H2

H2 H1 & H2 4.86 0.90 7.6 4.37 2.33 10.19 3.5 10.2 350.0 3.7 1.6 Combine Flow at DP H2
Pipe flow to DP H3

H3 H3 2.86 0.90 5.0 2.57 2.65 6.81 Direct runoff at DP H3

H3 H1 , H2, H3 7.72 0.90 9.2 6.95 2.18 15.14 Combine Flow at DP H3
Direct Discharge to Soda Creek

H4 H4 0.40 0.90 5.0 0.36 2.65 0.95

Y1 Y1 2.72 0.90 6.5 2.45 2.45 6.00 Direct Runoff at DP Y1

Y2 Y2 0.27 0.90 5.0 0.24 2.65 0.64 Direct Runoff at DP Y2

Y2 Y2 & Y3 0.85 0.90 5.8 0.77 2.53 1.94

Y3 Y3 0.58 0.90 5.0 0.52 2.65 1.38 2.5 1.4 160.0 3.2 0.8 Direct Runoff at DP Y3
Pipe flow to Y2

Y4 Y4 2.90 0.90 7.5 2.61 2.34 6.11 Direct Runoff at DP Y4

Y2 Y2, Y3 & Y4 3.75 0.90 7.5 3.38 2.34 7.90 Combine Flow at DP Y2
Direct Discharge to Yampa River

Y5 Y5 3.39 0.90 5.9 3.05 2.53 7.72 Direct Runoff at DP Y5

Y6 Y6 0.12 0.90 5.0 0.11 2.65 0.29 Direct Runoff at DP Y6

Y6 Y6 & Y7 1.85 0.90 6.7 1.67 2.44 4.06 0.8 4.1 240.0 1.8 2.2 Combine flow at DP Y6
Pipe flow to DP Y8

Y7 Y7 1.73 0.90 6.2 1.56 2.49 3.87 1.0 3.9 50.0 2.0 0.4 Direct Runoff at DP Y7
Pipe flow to DP Y6

Y8 Y8 0.11 0.90 5.0 0.10 2.65 0.26 Direct Runoff at DP Y8

Y8 Y6, Y7 & Y8 1.96 0.90 8.9 1.76 2.21 3.90 1.0 3.9 60.0 2.0 0.5 Combine Flow at DP Y8
Pipe flow to DP Y9

Y9 Y9 Y9 1.71 0.90 6.0 1.54 2.51 3.87 Direct Runoff at DP Y9

Y9 Y6, Y7, Y8 & Y9 3.67 0.90 9.4 3.30 2.17 7.15 3.3 7.2 390.0 3.6 1.8 Combine Flow at DP Y9
Pipe flow to DP Y10

Y10 Y10 2.98 0.90 5.9 2.68 2.53 6.79 Direct runoff to DP Y10

Y10 Y6, Y7, Y8, Y9 & Y10 6.65 0.90 11.1 5.99 2.02 12.09 Combine Flow at DP Y10
Direct Discharge to Yampa River

Sub-basin Y

Sub-basin H



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 5-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

Y11 Y11 2.62 0.90 7.1 2.36 2.39 5.63 2.0 5.6 65.0 2.8 0.4 Direct Runoff at DP Y11
Pipe flow to DP Y12

Y12 Y12 0.33 0.90 5.0 0.30 2.65 0.79 Direct Flow to DP Y12

Y12 Y11 & Y12 2.95 0.90 7.5 2.66 2.35 6.23 2.1 6.2 190.0 2.9 1.1 Combine flow at DP Y12
Pipe flow to DP Y13

Y13 Y13 0.11 0.90 5.0 0.10 2.65 0.26 Direct runoff to DP Y13

Y13 Y11, Y12 & Y13 3.06 0.90 8.6 2.75 2.24 6.16 4.6 6.2 263.0 4.3 1.0 Combine flow at DP Y13
Pipe flow to DP Y14

Y14 Y14 Y14 0.29 0.90 5.0 0.26 2.65 0.69 Direct Runoff at DP Y14

Y14 Y11, Y12, Y13 & Y14 4.87 0.90 9.6 4.38 2.14 9.40 Combine flow at DP Y14
Direct Discharge to Yampa River

Y15 Y15 1.52 0.90 5.0 1.37 2.65 3.62 1.0 3.6 50.0 2.0 0.4 Direct flow at DP Y15
Pipe flow to DP Y14

P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\2nd Submittal\[SO_Old-Town_Rational.xls]Tc J3 Engineering Consultants, Inc.

Notes: Intensity -Duration Curve for Rational Method per equation RA-3 (Urban Drainage)
I = (28.5*P1) / (10+Tc)^.786



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 10-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: Soda Creek and Portions of DFA - Yampa

100-year P1 = 1.46
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REMARKS

Sub-basin A

A1 A1 9.41 0.39 13.7 3.64 2.23 8.10 Direct runoff to DP A1 & Soda Creek

A2 A2 7.41 0.35 13.0 2.60 2.28 5.93 Direct Runoff to DP A2 & Soda Creek

A3 A3 4.02 0.42 13.0 1.69 2.28 3.85 Direct Runoff to DP A3 & Soda Creek

A4 A4 6.48 0.37 13.8 2.41 2.21 5.35 Direct Runoff to DP A4 & Soda Creek

B1 B1 40.58 0.28 11.3 11.48 2.42 27.79 7.7 27.79 1001.0 5.5 3.0 Direct runoff to DP B1
Ditch flow to DP B3

B2 B2 16.31 0.31 12.7 5.03 2.31 11.59 6.0 11.59 398.0 4.9 1.4 Direct runoff to DP B2
Ditch flow to DP B3

B3 B3 7.88 0.41 10.9 3.23 2.45 7.92 Direct runoff to DP B3

B3 B1, B2 & B3 64.77 0.30 14.3 19.74 2.18 43.05 3.9 43.05 285.0 3.9 1.2 Combine flow at DP B3
Ditch Flow to DP B4

B4 B4 13.57 0.31 18.4 4.18 1.93 8.05 Direct Runoff to DP B4

B4 B1, B2, B3 & B4 78.34 0.31 18.4 23.91 1.93 46.10 5.9 46.10 640.0 4.9 2.2 Combine flow at DP B4
Ditch Flow to DP B7

B5 B5 12.33 0.33 15.0 4.13 2.13 8.80 Direct Runoff to DP B5

B5 B1, B2, B3, B4 & B5 90.67 0.31 20.6 28.04 1.82 50.99 4.4 50.99 118.0 4.2 0.5 Combine flow at DP B5
Ditch Flow to DP B6

B6 B6 12.33 0.42 8.9 5.23 2.65 13.87 Direct runoff to DP B6

B6 103.00 0.32 21.1 33.27 1.80 59.78 4.4 59.78 332.0 4.2 1.3 Combine flow at DP B6
Ditch Flow to DP B8

B7 B7 6.17 0.42 12.4 2.59 2.33 6.03 Direct runoff to DP B7
Ditch Flow to DP B10

B8 B8 2.64 0.42 5.6 1.11 3.09 3.43 Direct runoff to DP B8

B8 111.81 0.33 22.4 36.97 1.74 64.30 6.9 64.30 412.0 5.3 1.3 Combine flow at DP B8
Ditch Flow to DP B10

B9 B9 5.32 0.42 12.7 2.23 2.30 5.14 Direct runoff to DP B9

B10 B10 2.31 0.42 11.6 0.97 2.40 2.32 Direct runoff to DP B10

B10 119.44 0.34 23.7 40.17 1.69 67.74 6.1 67.74 360.0 4.9 1.2 Combine flow at DP B10
Ditch Flow to DP B11

B11 B11 7.30 0.42 13.3 3.07 2.25 6.91 Direct runoff to DP B11

B11 126.74 0.34 24.9 43.24 1.64 70.91 Combine flow at DP B11

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

Sub-basin B

B1, B2, B3, B4, B5 & B6

B1, B2, B3, B4, B5, B6, B7 & 
B8

B1, B2, B3, B4, B5, B6, B7, 
B8, B9 &B10

B1, B2, B3, B4, B5, B6, B7, 
B8, B9, B10 & B11



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 10-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: Soda Creek and Portions of DFA - Yampa

100-year P1 = 1.46
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50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

C1 C1 40.20 0.31 14.6 12.36 2.16 26.71 7.5 26.71 50.0 5.5 0.2 Direct runoff to DP C1
Ditch flow to DP C2

C2 C2 8.00 0.32 10.5 2.57 2.49 6.39 Direct runoff to DP C2

C2 C1 & C2 48.20 0.31 14.8 14.93 2.15 32.10 7.5 32.10 1352.0 5.5 4.1 Combine flow at DP C2
Ditch flow to DP C3

C3 C3 14.17 0.47 12.1 6.73 2.35 15.82 Direct runoff to DP C3

C3 C1, C2, C6 & C3 70.72 0.35 18.9 25.10 1.91 47.82 5.6 47.82 430.0 4.7 1.5 Combine flow at DP C3
Ditch flow to DP C4

C4 C4 9.25 0.43 8.8 3.96 2.67 10.58 Direct runoff to DP C4

C5 C5 4.06 0.53 8.5 2.14 2.70 5.77 Direct runoff to DP C5

C5 84.03 0.37 20.4 31.19 1.83 57.09 7.1 57.09 365.0 5.3 1.1 Combine flow at DP C5
Ditch flow to DP C7

C7 C7 2.78 0.42 6.1 1.17 3.01 3.52 Direct runoff to DP C7

C7 86.81 0.37 21.5 32.36 1.78 57.54 Combine flow at DP C7
Pipe outfall to Soda Creek

C6 C6 8.35 0.41 14.8 3.44 2.15 7.39 8.0 7.39 30.0 5.7 0.1 Direct runoff at DP C6

D1 D1 3.57 0.38 14.3 1.34 2.18 2.92 9.3 2.9 343.0 6.1 0.9 Direct runoff at DP D1
Ditch flow to DP D2

D2 D2 4.70 0.44 9.7 2.07 2.57 5.32 Direct runoff at DP D2

D2 D1 & D2 8.27 0.41 15.3 3.41 2.12 7.21 Combine flow at DP D2
Outfall to Soda Creek

D3 D3 2.68 0.41 6.3 1.09 2.99 3.27 Direct runoff at DP D3
Outfall to Soda Creek

D4 D4 1.99 0.42 5.0 0.84 3.19 2.66 Direct runoff at DP D4

E1 E1 17.13 0.40 8.0 6.77 2.76 18.69 Direct runoff at DP E1
Direct Discharge to Soda Creek

E2 E2 4.90 0.41 10.7 2.01 2.47 4.98 Direct runoff at DP E2

Sub-basin C

C1, C2, C3, C4, C5 & C6

C1, C2, C3, C4, C5, C6 & C7

Sub-basin D

Sub-basin E



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 10-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: Soda Creek and Portions of DFA - Yampa

100-year P1 = 1.46
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50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

F1 F1 18.38 0.40 13.3 7.26 2.26 16.41 9.6 16.41 249.0 6.2 0.7 Direct runoff at DP F1
Pipe flow to DP F3

F2 F2 11.85 0.32 10.8 3.84 2.47 9.48 2.0 9.48 1380.0 2.8 8.1 Direct runoff at DP F2
Ditch flow to DP F5

F3 F3 2.42 0.42 6.8 1.02 2.92 2.97 Direct runoff at DP F3

F3 F1 & F3 20.80 0.40 13.9 8.28 2.21 18.29 2.4 18.29 1081.0 3.1 5.8 Combine flow at DP F3
Pipe flow to DP F5

F4 F4 3.12 0.62 10.2 1.94 2.52 4.90 3.4 4.90 485.0 3.7 2.2 Direct runoff at DP F4
Pipe flow to DP F5

F5 F5 11.26 0.44 17.8 4.91 1.96 9.64 Direct runoff at DP F5

F5 F1, F2, F3, F4 , F5 & F6 52.09 0.41 19.7 21.20 1.86 39.47 1.0 39.47 53.0 2.0 0.4 Combine flow at DP F5
Pipe flow to DP F7

F6 F6 5.06 0.44 15.3 2.23 2.12 4.71 Direct runoff at DP F6

F7 F7 5.70 0.43 14.4 2.42 2.17 5.27 Direct runoff at DP F7

F7 57.79 0.41 20.2 23.62 1.84 43.47 1.7 43.47 343.0 2.6 2.2 Combine flow at DP F7
Ditch flow to DP F8

F8 F8 2.56 0.44 11.9 1.13 2.36 2.66 Direct runoff at DP F8

F8 60.35 0.41 22.4 24.75 1.74 43.10 Combine flow at DP F8
Direct Discharge to Soda Creek

F9 F9 3.60 0.45 11.2 1.63 2.43 3.96 Direct runoff at DP F9

G1 G1 10.55 0.46 17.9 4.82 1.96 9.45 Direct runoff at DP G1
Direct Discharge to Soda Creek

G2 G2 6.22 0.46 15.6 2.84 2.09 5.93 Direct runoff at DP G2
Direct Discharge to Soda Creek

G3 G3 6.48 0.63 14.6 4.11 2.16 8.88 1.5 8.88 635.0 2.4 4.3 Direct runoff to DP G3
Curb flow to DP G4

G4 G4 5.93 0.58 13.0 3.47 2.28 7.91 Direct runoff to DP G4

G4 G3 & G4 12.41 1.15 18.9 14.26 1.90 27.13 Combine flow at DP G4

Sub-basin G

Sub-basin F

F1, F2, F3, F4, F5, F6 & F7

F1, F2, F3, F4, F5, F6, F7 & 
F8



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 10-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: Soda Creek and Portions of DFA - Yampa

100-year P1 = 1.46
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REMARKS

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

H1 H1 2.30 0.90 6.1 2.07 3.02 6.25 3.5 6.3 350.0 3.7 1.6 Direct runoff at DP H1
Pipe Flow to DP H2

H2 H2 2.56 0.90 6.2 2.30 3.00 6.92 Direct runoff at DP H2

H2 H1 & H2 4.86 0.90 7.6 4.37 2.81 12.28 3.5 12.3 350.0 3.7 1.6 Combine Flow at DP H2
Pipe flow to DP H3

H3 H3 2.86 0.90 5.0 2.57 3.19 8.21 Direct runoff at DP H3

H3 7.72 0.90 9.2 6.95 2.63 18.25 Combine Flow at DP H3
Direct Discharge to Soda Creek

H4 H4 0.40 0.90 5.0 0.36 3.19 1.15

Y1 Y1 2.72 0.92 6.5 2.50 2.95 7.39 Direct Runoff at DP Y1

Y2 Y2 0.27 0.92 5.0 0.25 3.19 0.79 Direct Runoff at DP Y2

Y2 Y2 & Y3 0.85 0.92 5.8 0.78 3.05 2.39

Y3 Y3 0.58 0.92 5.0 0.53 3.19 1.70 2.5 1.7 160.0 3.2 0.8 Direct Runoff at DP Y3
Pipe flow to Y2

Y4 Y4 2.90 0.92 7.5 2.67 2.82 7.52 Direct Runoff at DP Y4

Y2 Y2, Y3 & Y4 3.75 0.90 7.5 3.38 2.82 9.52 Combine Flow at DP Y2
Direct Discharge to Yampa River

Y5 Y5 3.39 0.92 5.9 3.12 3.05 9.51 Direct Runoff at DP Y5

Y6 Y6 0.12 0.92 5.0 0.11 3.19 0.35 Direct Runoff at DP Y6

Y6 Y6 & Y7 1.85 0.90 6.7 1.67 2.94 4.89 0.8 4.9 240.0 1.8 2.2 Combine flow at DP Y6
Pipe flow to DP Y8

Y7 Y7 1.73 0.92 6.2 1.59 3.00 4.77 1.0 4.8 50.0 2.0 0.4 Direct Runoff at DP Y7
Pipe flow to DP Y6

Y8 Y8 0.11 0.90 5.0 0.10 3.19 0.32 Direct Runoff at DP Y8

Y8 Y6, Y7 & Y8 1.96 0.90 8.9 1.76 2.66 4.70 1.0 4.7 60.0 2.0 0.5 Combine Flow at DP Y8
Pipe flow to DP Y9

Y9 Y9 Y9 1.71 0.92 6.0 1.57 3.03 4.77 Direct Runoff at DP Y9

Y9 Y6, Y7, Y8 & Y9 3.67 0.90 9.4 3.30 2.61 8.62 3.3 8.6 390.0 3.6 1.8 Combine Flow at DP Y9
Pipe flow to DP Y10

Y10 Y10 2.98 0.90 5.9 2.68 3.05 8.19 Direct runoff to DP Y10

Y10 Y6, Y7, Y8, Y9 & Y10 6.65 0.90 11.1 5.99 2.43 14.57 Combine Flow at DP Y10
Direct Discharge to Yampa River

Y11 Y11 2.62 0.90 7.1 2.36 2.88 6.78 2.0 6.8 65.0 2.8 0.4 Direct Runoff at DP Y11

Sub-basin H

Sub-basin Y



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 10-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: Soda Creek and Portions of DFA - Yampa

100-year P1 = 1.46
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50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

Pipe flow to DP Y12
Y12 Y12 0.33 0.90 5.0 0.30 3.19 0.95 Direct Flow to DP Y12

Y12 Y11 & Y12 2.95 0.90 7.5 2.66 2.83 7.50 2.1 7.5 190.0 2.9 1.1 Combine flow at DP Y12
Pipe flow to DP Y13

Y13 Y13 0.11 0.90 5.0 0.10 3.19 0.32 Direct runoff to DP Y13

Y13 Y11, Y12 & Y13 3.06 0.90 8.6 2.75 2.69 7.42 4.6 7.4 263.0 4.3 1.0 Combine flow at DP Y13
Pipe flow to DP Y14

Y14 Y14 Y14 0.29 0.92 5.0 0.27 3.19 0.85 Direct Runoff at DP Y14

Y14 Y11, Y12, Y13 & Y14 4.87 0.90 9.6 4.38 2.58 11.32 Combine flow at DP Y14
Direct Discharge to Yampa River

Y15 Y15 1.52 0.90 5.0 1.37 3.19 4.36 1.0 4.4 50.0 2.0 0.4 Direct Runoff at DP Y15
Pipe flow to DP Y14

P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\2nd Submittal\[SO_Old-Town_Rational.xls]Tc J3 Engineering Consultants, Inc.

Notes: Intensity -Duration Curve for Rational Method per equation RA-3 (Urban Drainage)
I = (28.5*P1) / (10+Tc)^.786



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 25-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

Sub-basin A

A1 A1 9.41 0.47 13.7 4.46 2.58 11.51 Direct runoff to DP A1 & Soda Creek

A2 A2 7.41 0.45 13.0 3.30 2.65 8.74 Direct Runoff to DP A2 & Soda Creek

A3 A3 4.02 0.50 13.0 2.01 2.65 5.32 Direct Runoff to DP A3 & Soda Creek

A4 A4 6.48 0.46 13.8 3.00 2.57 7.70 Direct Runoff to DP A4 & Soda Creek

B1 B1 40.58 0.39 11.3 15.92 2.81 44.67 7.7 44.67 1001.0 5.5 3.0 Direct runoff to DP B1
Ditch flow to DP B3

B2 B2 16.31 0.41 12.7 6.72 2.67 17.97 6.0 17.97 398.0 4.9 1.4 Direct runoff to DP B2
Ditch flow to DP B3

B3 B3 7.88 0.49 10.9 3.88 2.85 11.03 Direct runoff to DP B3

B3 B1, B2 & B3 64.77 0.41 14.3 26.52 2.53 67.08 3.9 67.08 285.0 3.9 1.2 Combine flow at DP B3
Ditch Flow to DP B4

B4 B4 13.57 0.41 18.4 5.59 2.24 12.49 Direct Runoff to DP B4

B4 B1, B2, B3 & B4 78.34 0.41 18.4 32.11 2.24 71.78 5.9 71.78 640.0 4.9 2.2 Combine flow at DP B4
Ditch Flow to DP B7

B5 B5 12.33 0.43 15.0 5.32 2.47 13.14 Direct Runoff to DP B5

B5 B1, B2, B3, B4 & B5 90.67 0.41 20.6 37.42 2.11 78.91 4.4 78.91 118.0 4.2 0.5 Combine flow at DP B5
Ditch Flow to DP B6

B6 B6 12.33 0.50 8.9 6.19 3.08 19.05 Direct runoff to DP B6

B6 103.00 0.42 21.1 43.61 2.08 90.88 4.4 90.88 332.0 4.2 1.3 Combine flow at DP B6
Ditch Flow to DP B8

B7 B7 6.17 0.50 12.4 3.09 2.70 8.32 Direct runoff to DP B7
Ditch Flow to DP B10

B8 B8 2.64 0.50 5.6 1.32 3.58 4.73 Direct runoff to DP B8

B8 111.81 0.43 22.4 48.02 2.02 96.84 6.9 96.84 412.0 5.3 1.3 Combine flow at DP B8
Ditch Flow to DP B10

B9 B9 5.32 0.50 12.7 2.66 2.67 7.10 Direct runoff to DP B9

B10 B10 2.31 0.50 11.6 1.16 2.78 3.21 Direct runoff to DP B10

B10 119.44 0.43 23.7 51.83 1.96 101.34 6.1 101.34 360.0 4.9 1.2 Combine flow at DP B10
Ditch Flow to DP B11

B11 B11 7.30 0.50 13.3 3.65 2.61 9.54 Direct runoff to DP B11

B11 126.74 0.44 24.9 55.48 1.90 105.50 Combine flow at DP B11

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

Sub-basin B

B1, B2, B3, B4, B5 & B6

B1, B2, B3, B4, B5, B6, B7 & 
B8

B1, B2, B3, B4, B5, B6, B7, 
B8, B9 &B10

B1, B2, B3, B4, B5, B6, B7, 
B8, B9, B10 & B11



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 25-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

C1 C1 40.20 0.41 14.6 16.63 2.51 41.65 7.5 41.65 50.0 5.5 0.2 Direct runoff to DP C1
Ditch flow to DP C2

C2 C2 8.00 0.43 10.5 3.40 2.89 9.82 Direct runoff to DP C2

C2 C1 & C2 48.20 0.42 14.8 20.03 2.49 49.93 7.5 49.93 1352.0 5.5 4.1 Combine flow at DP C2
Ditch flow to DP C3

C3 C3 14.17 0.55 12.1 7.85 2.73 21.39 Direct runoff to DP C3

C3 C1, C2, C6 & C3 70.72 0.45 18.9 32.00 2.21 70.69 5.6 70.69 430.0 4.7 1.5 Combine flow at DP C3
Ditch flow to DP C4

C4 C4 9.25 0.51 8.8 4.74 3.10 14.69 Direct runoff to DP C4

C5 C5 4.06 0.59 8.5 2.41 3.13 7.55 Direct runoff to DP C5

C5 84.03 0.47 20.4 39.14 2.12 83.08 7.1 83.08 365.0 5.3 1.1 Combine flow at DP C5
Ditch flow to DP C7

C7 C7 2.78 0.50 6.1 1.39 3.49 4.86 Direct runoff to DP C7

C7 86.81 0.47 21.5 40.53 2.06 83.57 Combine flow at DP C7
Pipe outfall to Soda Creek

C6 C6 8.35 0.49 14.8 4.12 2.49 10.27 8.0 10.27 30.0 5.7 0.1 Direct runoff at DP C6

D1 D1 3.57 0.46 14.3 1.66 2.53 4.19 9.3 4.2 343.0 6.1 0.9 Direct runoff at DP D1
Ditch flow to DP D2

D2 D2 4.70 0.51 9.7 2.40 2.98 7.14 Direct runoff at DP D2

D2 D1 & D2 8.27 0.49 15.3 4.06 2.45 9.95 Combine flow at DP D2
Outfall to Soda Creek

D3 D3 2.68 0.49 6.3 1.30 3.47 4.52 Direct runoff at DP D3
Outfall to Soda Creek

D4 D4 1.99 0.50 5.0 1.00 3.70 3.68 Direct runoff at DP D4

E1 E1 17.13 0.48 8.0 8.23 3.20 26.33 Direct runoff at DP E1
Direct Discharge to Soda Creek

E2 E2 4.90 0.49 10.7 2.41 2.87 6.92 Direct runoff at DP E2

Sub-basin D

Sub-basin E

Sub-basin C

C1, C2, C3, C4, C5 & C6

C1, C2, C3, C4, C5, C6 & C7



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 25-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

F1 F1 18.38 0.48 13.3 8.83 2.62 23.13 9.6 23.13 249.0 6.2 0.7 Direct runoff at DP F1
Pipe flow to DP F3

F2 F2 11.85 0.42 10.8 5.03 2.86 14.41 2.0 14.41 1380.0 2.8 8.1 Direct runoff at DP F2
Ditch flow to DP F5

F3 F3 2.42 0.50 6.8 1.21 3.39 4.10 Direct runoff at DP F3

F3 F1 & F3 20.80 0.48 13.9 10.04 2.56 25.72 2.4 25.72 1081.0 3.1 5.8 Combine flow at DP F3
Pipe flow to DP F5

F4 F4 3.12 0.68 10.2 2.11 2.92 6.17 3.4 6.17 485.0 3.7 2.2 Direct runoff at DP F4
Pipe flow to DP F5

F5 F5 11.26 0.51 17.8 5.72 2.28 13.03 Direct runoff at DP F5

F5 F1, F2, F3, F4 , F5 & F6 52.09 0.49 19.7 25.49 2.16 55.01 1.0 55.01 53.0 2.0 0.4 Combine flow at DP F5
Pipe flow to DP F7

F6 F6 5.06 0.51 15.3 2.58 2.46 6.34 Direct runoff at DP F6

F7 F7 5.70 0.50 14.4 2.87 2.52 7.24 Direct runoff at DP F7

F7 57.79 0.49 20.2 28.36 2.13 60.51 1.7 60.51 343.0 2.6 2.2 Combine flow at DP F7
Ditch flow to DP F8

F8 F8 2.56 0.51 11.9 1.31 2.74 3.58 Direct runoff at DP F8

F8 60.35 0.49 22.4 29.66 2.02 59.90 Combine flow at DP F8
Direct Discharge to Soda Creek

F9 F9 3.60 0.52 11.2 1.88 2.82 5.30 Direct runoff at DP F9

G1 G1 10.55 0.53 17.9 5.56 2.27 12.64 Direct runoff at DP G1
Direct Discharge to Soda Creek

G2 G2 6.22 0.53 15.6 3.27 2.43 7.93 Direct runoff at DP G2
Direct Discharge to Soda Creek

G3 G3 6.48 0.68 14.6 4.43 2.51 11.12 1.5 11.12 635.0 2.4 4.3 Direct runoff to DP G3
Curb flow to DP G4

G4 G4 5.93 0.64 13.0 3.79 2.64 10.03 Direct runoff to DP G4

G4 G3 & G4 12.41 1.36 18.9 16.82 2.21 37.14 Combine flow at DP G4

F1, F2, F3, F4, F5, F6 & F7

Sub-basin F

F1, F2, F3, F4, F5, F6, F7 & 
F8

Sub-basin G



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 25-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

H1 H1 2.30 0.90 6.1 2.07 3.50 7.25 3.5 7.2 350.0 3.7 1.6 Direct runoff at DP H1
Pipe Flow to DP H2

H2 H2 2.56 0.90 6.2 2.30 3.48 8.02 Direct runoff at DP H2

H2 H1 & H2 4.86 0.90 7.6 4.37 3.26 14.24 3.5 14.2 350.0 3.7 1.6 Combine Flow at DP H2
Pipe flow to DP H3

H3 H3 2.86 0.90 5.0 2.57 3.70 9.52 Direct runoff at DP H3

H3 7.72 0.90 9.2 6.95 3.05 21.16 Combine Flow at DP H3
Direct Discharge to Soda Creek

H4 H4 0.40 0.90 5.0 0.36 3.70 1.33

Y1 Y1 2.72 0.94 6.5 2.56 3.42 8.76 Direct Runoff at DP Y1

Y2 Y2 0.27 0.94 5.0 0.25 3.70 0.94 Direct Runoff at DP Y2

Y2 Y2 & Y3 0.85 0.94 5.8 0.80 3.54 2.83

Y3 Y3 0.58 0.94 5.0 0.55 3.70 2.02 2.5 2.0 160.0 3.2 0.8 Direct Runoff at DP Y3
Pipe flow to Y2

Y4 Y4 2.90 0.94 7.5 2.73 3.27 8.91 Direct Runoff at DP Y4

Y2 Y2, Y3 & Y4 3.75 0.90 7.5 3.38 3.27 11.04 Combine Flow at DP Y2
Direct Discharge to Yampa River

Y5 Y5 3.39 0.94 5.9 3.19 3.54 11.27 Direct Runoff at DP Y5

Y6 Y6 0.12 0.94 5.0 0.11 3.70 0.42 Direct Runoff at DP Y6

Y6 Y6 & Y7 1.85 0.90 6.7 1.67 3.40 5.67 0.8 5.7 240.0 1.8 2.2 Combine flow at DP Y6
Pipe flow to DP Y8

Y7 Y7 1.73 0.94 6.2 1.63 3.47 5.65 1.0 5.6 50.0 2.0 0.4 Direct Runoff at DP Y7
Pipe flow to DP Y6

Y8 Y8 0.11 0.90 5.0 0.10 3.70 0.37 Direct Runoff at DP Y8

Y8 Y6, Y7 & Y8 1.96 0.90 8.9 1.76 3.09 5.45 1.0 5.4 60.0 2.0 0.5 Combine Flow at DP Y8
Pipe flow to DP Y9

Y9 Y9 Y9 1.71 0.94 6.0 1.61 3.51 5.65 Direct Runoff at DP Y9

Y9 Y6, Y7, Y8 & Y9 3.67 0.90 9.4 3.30 3.03 10.00 3.3 10.0 390.0 3.6 1.8 Combine Flow at DP Y9
Pipe flow to DP Y10

Y10 Y10 2.98 0.90 5.9 2.68 3.54 9.49 Direct runoff to DP Y10

Y10 Y6, Y7, Y8, Y9 & Y10 6.65 0.90 11.1 5.99 2.82 16.90 Combine Flow at DP Y10
Direct Discharge to Yampa River

Y11 Y11 2.62 0.90 7.1 2.36 3.33 7.86 2.0 7.9 65.0 2.8 0.4 Direct Runoff at DP Y11

Sub-basin H

Sub-basin Y



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 25-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

Pipe flow to DP Y12
Y12 Y12 0.33 0.90 5.0 0.30 3.70 1.10 Direct Flow to DP Y12

Y12 Y11 & Y12 2.95 0.90 7.5 2.66 3.28 8.70 2.1 8.7 190.0 2.9 1.1 Combine flow at DP Y12
Pipe flow to DP Y13

Y13 Y13 0.11 0.90 5.0 0.10 3.70 0.37 Direct runoff to DP Y13

Y13 Y11, Y12 & Y13 3.06 0.90 8.6 2.75 3.12 8.61 4.6 8.6 263.0 4.3 1.0 Combine flow at DP Y13
Pipe flow to DP Y14

Y14 Y14 Y14 0.29 0.94 5.0 0.27 3.70 1.01 Direct Runoff at DP Y14

Y14 Y11, Y12, Y13 & Y14 4.87 0.90 9.6 4.38 3.00 13.13 Combine flow at DP Y14
Direct Discharge to Yampa River

Y15 Y15 1.52 0.90 5.0 1.37 3.70 5.06 1.0 5.1 50.0 2.0 0.4 Direct Runoff at DP Y15
Pipe flow to DP Y14

P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\2nd Submittal\[SO_Old-Town_Rational.xls]Tc J3 Engineering Consultants, Inc.

Notes: Intensity -Duration Curve for Rational Method per equation RA-3 (Urban Drainage)
I = (28.5*P1) / (10+Tc)^.786



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 100-YEAR (major storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

Sub-basin A

A1 A1 9.41 0.57 13.7 5.32 3.46 18.40 Direct runoff to DP A1 & Soda Creek

A2 A2 7.41 0.55 13.0 4.08 3.54 14.45 Direct Runoff to DP A2 & Soda Creek

A3 A3 4.02 0.58 13.0 2.33 3.54 8.26 Direct Runoff to DP A3 & Soda Creek

A4 A4 6.48 0.56 13.8 3.63 3.44 12.47 Direct Runoff to DP A4 & Soda Creek

B1 B1 40.58 0.52 11.3 21.15 3.76 79.51 7.7 79.51 1001.0 5.5 3.0 Direct runoff to DP B1
Ditch flow to DP B3

B2 B2 16.31 0.53 12.7 8.68 3.58 31.08 6.0 31.08 398.0 4.9 1.4 Direct runoff to DP B2
Ditch flow to DP B3

B3 B3 7.88 0.58 10.9 4.54 3.81 17.29 Direct runoff to DP B3

B3 B1, B2 & B3 64.77 0.53 14.3 34.37 3.39 116.44 3.9 116.44 285.0 3.9 1.2 Combine flow at DP B3
Ditch Flow to DP B4

B4 B4 13.57 0.53 18.4 7.22 2.99 21.62 Direct Runoff to DP B4

B4 B1, B2, B3 & B4 78.34 0.53 18.4 41.58 2.99 124.53 5.9 124.53 640.0 4.9 2.2 Combine flow at DP B4
Ditch Flow to DP B7

B5 B5 12.33 0.54 15.0 6.71 3.31 22.21 Direct Runoff to DP B5

B5 B1, B2, B3, B4 & B5 90.67 0.53 20.6 48.29 2.82 136.41 4.4 136.41 118.0 4.2 0.5 Combine flow at DP B5
Ditch Flow to DP B6

B6 B6 12.33 0.58 8.9 7.18 4.12 29.58 Direct runoff to DP B6

B6 103.00 0.54 21.1 55.47 2.79 154.82 4.4 154.82 332.0 4.2 1.3 Combine flow at DP B6
Ditch Flow to DP B8

B7 B7 6.17 0.58 12.4 3.58 3.61 12.93 Direct runoff to DP B7
Ditch Flow to DP B10

B8 B8 2.64 0.58 5.6 1.53 4.80 7.35 Direct runoff to DP B8

B8 111.81 0.54 22.4 60.58 2.70 163.65 6.9 163.65 412.0 5.3 1.3 Combine flow at DP B8
Ditch Flow to DP B10

B9 B9 5.32 0.58 12.7 3.09 3.57 11.02 Direct runoff to DP B9

B10 B10 2.31 0.58 11.6 1.34 3.72 4.98 Direct runoff to DP B10

B10 119.44 0.54 23.7 65.00 2.62 170.24 6.1 170.24 360.0 4.9 1.2 Combine flow at DP B10
Ditch Flow to DP B11

B11 B11 7.30 0.58 13.3 4.23 3.50 14.82 Direct runoff to DP B11

B11 126.74 0.55 24.9 69.24 2.55 176.35 Combine flow at DP B11

Sub-basin B

B1, B2, B3, B4, B5 & B6

B1, B2, B3, B4, B5, B6, B7 & 
B8

B1, B2, B3, B4, B5, B6, B7, 
B8, B9, B10 & B11

B1, B2, B3, B4, B5, B6, B7, 
B8, B9 &B10

50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 100-YEAR (major storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

C1 C1 40.20 0.54 14.6 21.66 3.36 72.68 7.5 72.68 50.0 5.5 0.2 Direct runoff to DP C1
Ditch flow to DP C2

C2 C2 8.00 0.55 10.5 4.38 3.87 16.96 Direct runoff to DP C2

C2 C1 & C2 48.20 0.54 14.8 26.04 3.34 86.97 7.5 86.97 1352.0 5.5 4.1 Combine flow at DP C2
Ditch flow to DP C3

C3 C3 14.17 0.64 12.1 9.08 3.65 33.15 Direct runoff to DP C3

C3 C1, C2, C6 & C3 70.72 0.56 18.9 39.94 2.96 118.19 5.6 118.19 430.0 4.7 1.5 Combine flow at DP C3
Ditch flow to DP C4

C4 C4 9.25 0.61 8.8 5.61 4.15 23.27 Direct runoff to DP C4

C5 C5 4.06 0.66 8.5 2.68 4.20 11.26 Direct runoff to DP C5

C5 84.03 0.57 20.4 48.23 2.84 137.10 7.1 137.10 365.0 5.3 1.1 Combine flow at DP C5
Ditch flow to DP C7

C7 C7 2.78 0.58 6.1 1.61 4.68 7.55 Direct runoff to DP C7

C7 86.81 0.57 21.5 49.84 2.76 137.64 Combine flow at DP C7
Pipe outfall to Soda Creek

C6 C6 8.35 0.58 14.8 4.81 3.34 16.07 8.0 16.07 30.0 5.7 0.1 Direct runoff at DP C6

D1 D1 3.57 0.56 14.3 2.00 3.39 6.78 9.3 6.8 343.0 6.1 0.9 Direct runoff at DP D1
Ditch flow to DP D2

D2 D2 4.70 0.59 9.7 2.77 3.99 11.07 Direct runoff at DP D2

D2 D1 & D2 8.27 0.58 15.3 4.78 3.29 15.69 Combine flow at DP D2
Outfall to Soda Creek

D3 D3 2.68 0.58 6.3 1.54 4.65 7.17 Direct runoff at DP D3
Outfall to Soda Creek

D4 D4 1.99 0.58 5.0 1.15 4.95 5.72 Direct runoff at DP D4

E1 E1 17.13 0.57 8.0 9.76 4.29 41.83 Direct runoff at DP E1
Direct Discharge to Soda Creek

E2 E2 4.90 0.58 10.7 2.82 3.84 10.84 Direct runoff at DP E2

Sub-basin D

Sub-basin C

C1, C2, C3, C4, C5 & C6

C1, C2, C3, C4, C5, C6 & C7

Sub-basin E



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 100-YEAR (major storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

F1 F1 18.38 0.57 13.3 10.47 3.51 36.71 9.6 36.71 249.0 6.2 0.7 Direct runoff at DP F1
Pipe flow to DP F3

F2 F2 11.85 0.54 10.8 6.39 3.84 24.49 2.0 24.49 1380.0 2.8 8.1 Direct runoff at DP F2
Ditch flow to DP F5

F3 F3 2.42 0.58 6.8 1.40 4.54 6.37 Direct runoff at DP F3

F3 F1 & F3 20.80 0.57 13.9 11.87 3.43 40.72 2.4 40.72 1081.0 3.1 5.8 Combine flow at DP F3
Pipe flow to DP F5

F4 F4 3.12 0.73 10.2 2.28 3.92 8.92 3.4 8.92 485.0 3.7 2.2 Direct runoff at DP F4
Pipe flow to DP F5

F5 F5 11.26 0.59 17.8 6.62 3.05 20.20 Direct runoff at DP F5

F5 F1, F2, F3, F4 , F5 & F6 52.09 0.58 19.7 30.14 2.89 87.14 1.0 87.14 53.0 2.0 0.4 Combine flow at DP F5
Pipe flow to DP F7

F6 F6 5.06 0.59 15.3 2.99 3.29 9.82 Direct runoff at DP F6

F7 F7 5.70 0.58 14.4 3.32 3.38 11.22 Direct runoff at DP F7

F7 57.79 0.58 20.2 33.46 2.86 95.63 1.7 95.63 343.0 2.6 2.2 Combine flow at DP F7
Ditch flow to DP F8

F8 F8 2.56 0.59 11.9 1.51 3.67 5.55 Direct runoff at DP F8

F8 60.35 0.58 22.4 34.97 2.70 94.59 Combine flow at DP F8
Direct Discharge to Soda Creek

F9 F9 3.60 0.60 11.2 2.15 3.78 8.11 Direct runoff at DP F9

G1 G1 10.55 0.60 17.9 6.32 3.04 19.22 Direct runoff at DP G1
Direct Discharge to Soda Creek

G2 G2 6.22 0.60 15.6 3.72 3.25 12.08 Direct runoff at DP G2
Direct Discharge to Soda Creek

G3 G3 6.48 0.74 14.6 4.79 3.36 16.08 1.5 16.08 635.0 2.4 4.3 Direct runoff to DP G3
Curb flow to DP G4

G4 G4 5.93 0.70 13.0 4.16 3.54 14.73 Direct runoff to DP G4

G4 G3 & G4 12.41 1.61 18.9 19.92 2.96 58.90 Combine flow at DP G4

Sub-basin F

F1, F2, F3, F4, F5, F6 & F7

F1, F2, F3, F4, F5, F6, F7 & 
F8

Sub-basin G



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 100-YEAR (major storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

H1 H1 2.30 0.90 6.1 2.07 4.69 9.71 3.5 9.7 350.0 3.7 1.6 Direct runoff at DP H1
Pipe Flow to DP H2

H2 H2 2.56 0.90 6.2 2.30 4.66 10.74 Direct runoff at DP H2

H2 H1 & H2 4.86 0.90 7.6 4.37 4.36 19.07 3.5 19.1 350.0 3.7 1.6 Combine Flow at DP H2
Pipe flow to DP H3

H3 H3 2.86 0.90 5.0 2.57 4.95 12.75 Direct runoff at DP H3

H3 7.72 0.90 9.2 6.95 4.08 28.35 Combine Flow at DP H3
Direct Discharge to Soda Creek

H4 H4 0.40 0.90 5.0 0.36 4.95 1.78

Y1 Y1 2.72 0.96 6.5 2.61 4.59 11.98 Direct Runoff at DP Y1

Y2 Y2 0.27 0.96 5.0 0.26 4.95 1.28 Direct Runoff at DP Y2

Y2 Y2 & Y3 0.85 0.96 5.8 0.82 4.74 3.87

Y3 Y3 0.58 0.96 5.0 0.56 4.95 2.76 2.5 2.8 160.0 3.2 0.8 Direct Runoff at DP Y3
Pipe flow to Y2

Y4 Y4 2.90 0.96 7.5 2.78 4.38 12.19 Direct Runoff at DP Y4

Y2 Y2, Y3 & Y4 3.75 0.90 7.5 3.38 4.38 14.78 Combine Flow at DP Y2
Direct Discharge to Yampa River

Y5 Y5 3.39 0.96 5.9 3.25 4.74 15.41 Direct Runoff at DP Y5

Y6 Y6 0.12 0.96 5.0 0.12 4.95 0.57 Direct Runoff at DP Y6

Y6 Y6 & Y7 1.85 0.90 6.7 1.67 4.56 7.59 0.8 7.6 240.0 1.8 2.2 Combine flow at DP Y6
Pipe flow to DP Y8

Y7 Y7 1.73 0.96 6.2 1.66 4.65 7.73 1.0 7.7 50.0 2.0 0.4 Direct Runoff at DP Y7
Pipe flow to DP Y6

Y8 Y8 0.11 0.90 5.0 0.10 4.95 0.49 Direct Runoff at DP Y8

Y8 Y6, Y7 & Y8 1.96 0.90 8.9 1.76 4.14 7.30 1.0 7.3 60.0 2.0 0.5 Combine Flow at DP Y8
Pipe flow to DP Y9

Y9 Y9 Y9 1.71 0.96 6.0 1.64 4.71 7.72 Direct Runoff at DP Y9

Y9 Y6, Y7, Y8 & Y9 3.67 0.90 9.4 3.30 4.05 13.39 3.3 13.4 390.0 3.6 1.8 Combine Flow at DP Y9
Pipe flow to DP Y10

Y10 Y10 2.98 0.90 5.9 2.68 4.74 12.72 Direct runoff to DP Y10

Y10 Y6, Y7, Y8, Y9 & Y10 6.65 0.90 11.1 5.99 3.78 22.63 Combine Flow at DP Y10

Sub-basin Y

Sub-basin H



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 100-YEAR (major storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Soda Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

Direct Discharge to Yampa River
Y11 Y11 2.62 0.90 7.1 2.36 4.47 10.53 2.0 10.5 65.0 2.8 0.4 Direct Runoff at DP Y11

Pipe flow to DP Y12
Y12 Y12 0.33 0.90 5.0 0.30 4.95 1.47 Direct Flow to DP Y12

Y12 Y11 & Y12 2.95 0.90 7.5 2.66 4.39 11.65 2.1 11.7 190.0 2.9 1.1 Combine flow at DP Y12
Pipe flow to DP Y13

Y13 Y13 0.11 0.90 5.0 0.10 4.95 0.49 Direct runoff to DP Y13

Y13 Y11, Y12 & Y13 3.06 0.90 8.6 2.75 4.19 11.53 4.6 11.5 263.0 4.3 1.0 Combine flow at DP Y13
Pipe flow to DP Y14

Y14 Y14 Y14 0.29 0.96 5.0 0.28 4.95 1.38 Direct Runoff at DP Y14

Y14 Y11, Y12, Y13 & Y14 4.87 0.90 9.6 4.38 4.01 17.59 Combine flow at DP Y14
Direct Discharge to Yampa River

Y15 Y15 1.52 0.90 5.0 1.37 4.95 6.77 1.0 6.8 50.0 2.0 0.4 Direct Runoff at DP Y15
Pipe flow to DP Y14

P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\2nd Submittal\[SO_Old-Town_Rational.xls]Tc J3 Engineering Consultants, Inc.

Notes: Intensity -Duration Curve for Rational Method per equation RA-3 (Urban Drainage)
I = (28.5*P1) / (10+Tc)^.786



Old Town Drainage Study
Rational Calculations Summary ~ BUTCHERKNIFE CREEK AND PORTIONS OF DFA - YAMPA

Design Tributary Tributary 5 -Year 10 -Year 25 -Year 100 -Year
Point Drainage Area Runoff Runoff Runoff Runoff

Basins (acres) (cfs) (cfs) (cfs) (cfs)
A1 A1 5.92 3.7 6.1 9.2 15.6
A2 A2 5.53 4.7 7.0 9.8 15.6
A3 A3 3.08 2.5 3.8 5.4 8.6
A4 A4 2.42 1.7 2.4 3.3 5.1

B1 B1 2.95 2.1 3.4 4.9 8.1
B2 B2 4.06 2.9 4.0 5.4 8.2
B3 B3 3.93 2.7 3.9 5.2 8.1

C1 C1 5.67 3.4 4.9 6.6 10.2
C2 C2 6.48 4.6 6.4 8.5 12.9
C2 C1 & C2 12.15 7.3 10.2 13.7 20.9
C3 C3 4.69 3.4 4.7 6.3 9.6
C3 C1, C2 & C3 16.84 9.2 12.9 17.3 26.5
C4 C4 6.57 4.3 6.2 8.6 13.3

D1 D1 4.89 3.3 4.8 6.5 10.2

E1 E1 3.23 2.5 3.4 4.6 7.0
E2 E2 1.59 1.5 2.1 2.9 4.3
E2 E1 & E2 4.82 3.7 5.1 6.8 10.3

F1 F1 3.52 5.1 6.6 8.2 11.8
F2 F2 0.78 1.9 2.3 2.7 3.7
F3 F3 3.38 5.4 7.0 8.6 12.3
F3 F1, F2 & F3 7.68 11.3 14.4 17.8 25.3
F4 F4 3.48 7.5 9.3 11.2 15.6
F4 F1, F2, F3 & F4 11.16 17.3 22.0 26.8 37.8
F5 F5 3.10 7.4 9.1 10.8 14.7



Old Town Drainage Study
Rational Calculations Summary ~ BUTCHERKNIFE CREEK AND PORTIONS OF DFA - YAMPA

Design Tributary Tributary 5 -Year 10 -Year 25 -Year 100 -Year
Point Drainage Area Runoff Runoff Runoff Runoff

Basins (acres) (cfs) (cfs) (cfs) (cfs)

Y20 Y20 2.07 4.9 6.0 7.1 9.7
Y21 Y21 1.26 3.0 3.7 4.4 6.0
Y22 Y22 3.26 7.7 9.5 11.3 15.4
Y22 Y20 & Y22 5.33 11.7 14.1 16.3 21.9
Y23b Y23b 7.85 5.5 7.9 10.7 16.7
Y23a Y23a 4.59 3.6 5.1 6.8 10.6
Y23a Y23a and Y23b 12.44 8.2 11.7 15.8 24.5
Y23 Y23 3.14 3.0 4.1 5.5 8.3
Y23 Y23, Y23a and Y23b 15.58 10.3 14.6 19.7 30.4
Y24 Y24 1.00 1.0 1.2 1.4 1.8
Y25 Y25 0.32 0.8 0.9 1.1 1.4
Y24 Y24 & Y25 1.32 1.7 2.0 2.3 3.1
Y26 Y26 3.41 8.1 9.8 11.3 15.2
Y26 Y21, Y23 & Y26 20.25 17.3 23.2 29.6 43.7
Y27 Y27 3.32 7.9 9.5 11.0 14.8
Y27 Y21, Y23, Y26 & Y27 23.57 22.1 28.9 36.2 52.4
Y28 Y28 1.68 4.0 4.8 5.6 7.5
Y28 Y24, Y25 & Y28 3.00 5.1 6.2 7.2 9.6
Y29 Y29 1.79 4.3 5.1 6.0 8.0
Y29 Y24, Y25, Y28 & Y29 4.79 8.8 10.6 12.3 16.4
Y30 Y30 1.37 3.3 3.9 4.6 6.1
Y30 Y30 6.16 11.5 13.9 16.1 21.6

P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]Tc



Parcel Data Table
Butcherknife Creek and Portions of DFA - Yampa `

Job No.: 50500101
Date: 4/16/2009

Calculated By: JDM
Checked By: KSC

Parcel Data Table `

Area Land Use Category Density         
(DU/acre) C5 C10 C25 C100 I (%) Comments

Undeveloped Undeveloped --- 0.18 0.28 0.39 0.52 5 Undeveloped Land ~ Historic Flow Analysis
Commercial (on- & off-site) Commercial --- 0.90 0.92 0.94 0.96 100 Commercial Areas

Schools/Churches Schools & Churches  --- 0.40 0.46 0.53 0.60 50 Schools & Churches
Residential 1 Single Family Detached  --- 0.35 0.42 0.50 0.58 40 Low Density
Residential 2 Single Family Detached  --- 0.37 0.44 0.51 0.59 45 Medium Density
Residential 3 Single Family Detached  --- 0.40 0.46 0.53 0.60 50 High Density
Open Space Open Space, Park and Landscape Tracts --- 0.18 0.28 0.39 0.52 5 Open Space, parks and landscape tracts

*Percent Impervious values for the Residential land uses were generated off three sample blocks.  Please see the attached exhibits for location and methodology.
**Runoff Coefficients are from the City of Steamboat Springs Engineering Standards, Table 5.6.1 Design Runoff Coefficients
***Percent Impervious Values for Undeveloped and Open Space have been increased to 5%
P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]Tc



Composite Imperviousness Calculations
Butcherknife Creek and Portions of DFA - Yampa

City of Steamboat Springs, Colorado

Job No.: 50500101
Date: 4/16/09

Calculated By: JDM
Checked By: KSC
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(acres) 5 100 50 40 45 50 5 (%)

A
A1 5.92 0.00 0.00 0.00 2.10 0.00 0.00 3.82 17.4
A2 5.53 0.00 0.00 0.00 1.07 3.10 0.00 1.36 34.2
A3 3.08 0.00 0.00 0.00 0.85 1.31 0.00 0.92 31.7
A4 2.42 0.00 0.00 0.00 1.58 0.84 0.00 0.00 41.7

Sum 16.95 0.00 0.00 0.00 5.60 5.25 0.00 6.10 29.0

B
B1 2.95 0.00 0.00 0.00 0.23 1.24 0.00 1.48 24.5
B2 4.06 0.00 0.00 0.00 0.00 0.00 4.06 0.00 50.0
B3 3.93 0.00 0.00 0.00 0.00 3.93 0.00 0.00 45.0

Sum 10.94 0.00 0.00 0.00 0.23 5.17 4.06 1.48 41.3

C
C1 5.67 0.00 0.00 0.00 0.00 5.67 0.00 0.00 45.0
C2 6.48 0.00 0.00 0.00 0.00 0.00 6.48 0.00 50.0
C3 4.69 0.00 0.00 0.00 0.00 0.00 4.69 0.00 50.0
C4 6.57 0.00 0.00 0.00 5.03 1.54 0.00 0.00 41.2

Sum 23.41 0.00 0.00 0.00 5.03 7.21 11.17 0.00 46.3

D
Y23b 7.85 0.00 0.00 0.00 2.04 5.81 0.00 0.00 43.7
Y23a 4.59 0.00 0.00 0.00 0.00 4.59 0.00 0.00 45.0
D1 4.89 0.00 0.00 0.00 0.00 4.44 0.00 0.45 41.3

Sum 17.33 0.00 0.00 0.00 2.04 14.84 0.00 0.45 43.4

Parcel Imperviousness



Composite Imperviousness Calculations
Butcherknife Creek and Portions of DFA - Yampa

City of Steamboat Springs, Colorado

Job No.: 50500101
Date: 4/16/09

Calculated By: JDM
Checked By: KSC
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Parcel Imperviousness

E
E1 3.23 0.00 0.00 1.24 0.00 0.00 1.99 0.00 50.0
E2 1.59 0.00 0.00 0.00 0.00 0.00 1.59 0.00 50.0

Sum 4.82 0.00 0.00 1.24 0.00 0.00 3.58 0.00 50.0

F
F1 3.52 0.00 1.55 0.65 0.00 0.00 1.32 0.00 72.0
F2 0.78 0.00 0.78 0.00 0.00 0.00 0.00 0.00 100.0
F3 3.38 0.00 1.73 0.00 0.00 1.65 0.00 0.00 73.2
F4 3.48 0.00 3.05 0.00 0.00 0.00 0.00 0.43 88.3
F5 3.10 0.00 3.10 0.00 0.00 0.00 0.00 0.00 100.0

Sum 14.26 0.00 10.21 0.65 0.00 1.65 1.32 0.43 83.9

Y
Y20 2.07 0.00 2.07 0.00 0.00 0.00 0.00 0.00 100.0
Y21 1.26 0.00 1.26 0.00 0.00 0.00 0.00 0.00 100.0
Y22 3.26 0.00 3.26 0.00 0.00 0.00 0.00 0.00 100.0
Y23 3.14 0.00 0.00 0.00 0.00 0.00 3.14 0.00 50.0
Y23a 4.59 0.00 0.00 0.00 0.00 4.59 0.00 0.00 45.0
Y23b 7.85 0.00 0.00 0.00 2.04 5.81 0.00 0.00 43.7
Y24 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 50.0
Y25 0.32 0.00 0.32 0.00 0.00 0.00 0.00 0.00 100.0
Y26 3.41 0.00 3.41 0.00 0.00 0.00 0.00 0.00 100.0
Y27 3.32 0.00 3.32 0.00 0.00 0.00 0.00 0.00 100.0
Y28 1.68 0.00 1.68 0.00 0.00 0.00 0.00 0.00 100.0
Y29 1.79 0.00 1.79 0.00 0.00 0.00 0.00 0.00 100.0
Y30 1.37 0.00 1.37 0.00 0.00 0.00 0.00 0.00 100.0

Sum 35.06 0.00 18.48 0.00 2.04 10.40 4.14 0.00 74.3

TOTAL Sum 122.77 0.00 28.69 1.89 14.94 44.52 24.27 8.46 55.6
P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]Tc



Composite "C" Calculations

Butcherknife Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date:

Calculated By: JDM
Checked By: KSC
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C100

0.08 0.89 0.34 0.28 0.31 0.34 0.08 0.18 0.90 0.40 0.35 0.37 0.40 0.18 0.28 0.92 0.46 0.42 0.44 0.46 0.28 0.39 0.94 0.53 0.50 0.51 0.53 0.39 0.52 0.96 0.60 0.58 0.59 0.60 0.52

A

A1 5.92 0.00 0.00 0.00 2.10 0.00 0.00 3.82 0.15 0.00 0.00 0.00 2.10 0.00 0.00 3.82 0.24 0.00 0.00 0.00 2.10 0.00 0.00 3.82 0.33 0.00 0.00 0.00 2.10 0.00 0.00 3.82 0.43 0.00 0.00 0.00 2.10 0.00 0.00 3.82 0.54

A2 5.53 0.00 0.00 0.00 1.07 3.10 0.00 1.36 0.25 0.00 0.00 0.00 1.07 3.10 0.00 1.36 0.32 0.00 0.00 0.00 1.07 3.10 0.00 1.36 0.40 0.00 0.00 0.00 1.07 3.10 0.00 1.36 0.48 0.00 0.00 0.00 1.07 3.10 0.00 1.36 0.57

A3 3.08 0.00 0.00 0.00 0.85 1.31 0.00 0.92 0.23 0.00 0.00 0.00 0.85 1.31 0.00 0.92 0.31 0.00 0.00 0.00 0.85 1.31 0.00 0.92 0.39 0.00 0.00 0.00 0.85 1.31 0.00 0.92 0.47 0.00 0.00 0.00 0.85 1.31 0.00 0.92 0.57

A4 2.42 0.00 0.00 0.00 1.58 0.84 0.00 0.00 0.29 0.00 0.00 0.00 1.58 0.84 0.00 0.00 0.36 0.00 0.00 0.00 1.58 0.84 0.00 0.00 0.43 0.00 0.00 0.00 1.58 0.84 0.00 0.00 0.50 0.00 0.00 0.00 1.58 0.84 0.00 0.00 0.58

B

B1 2.95 0.00 0.00 0.00 0.23 1.24 0.00 1.48 0.19 0.00 0.00 0.00 0.23 1.24 0.00 1.48 0.27 0.00 0.00 0.00 0.23 1.24 0.00 1.48 0.36 0.00 0.00 0.00 0.23 1.24 0.00 1.48 0.45 0.00 0.00 0.00 0.23 1.24 0.00 1.48 0.55

B2 4.06 0.00 0.00 0.00 0.00 0.00 4.06 0.00 0.34 0.00 0.00 0.00 0.00 0.00 4.06 0.00 0.40 0.00 0.00 0.00 0.00 0.00 4.06 0.00 0.46 0.00 0.00 0.00 0.00 0.00 4.06 0.00 0.53 0.00 0.00 0.00 0.00 0.00 4.06 0.00 0.60

B3 3.93 0.00 0.00 0.00 0.00 3.93 0.00 0.00 0.31 0.00 0.00 0.00 0.00 3.93 0.00 0.00 0.37 0.00 0.00 0.00 0.00 3.93 0.00 0.00 0.44 0.00 0.00 0.00 0.00 3.93 0.00 0.00 0.51 0.00 0.00 0.00 0.00 3.93 0.00 0.00 0.59

C

C1 5.67 0.00 0.00 0.00 0.00 5.67 0.00 0.00 0.31 0.00 0.00 0.00 0.00 5.67 0.00 0.00 0.37 0.00 0.00 0.00 0.00 5.67 0.00 0.00 0.44 0.00 0.00 0.00 0.00 5.67 0.00 0.00 0.51 0.00 0.00 0.00 0.00 5.67 0.00 0.00 0.59

C2 6.48 0.00 0.00 0.00 0.00 0.00 6.48 0.00 0.34 0.00 0.00 0.00 0.00 0.00 6.48 0.00 0.40 0.00 0.00 0.00 0.00 0.00 6.48 0.00 0.46 0.00 0.00 0.00 0.00 0.00 6.48 0.00 0.53 0.00 0.00 0.00 0.00 0.00 6.48 0.00 0.60

C3 4.69 0.00 0.00 0.00 0.00 0.00 4.69 0.00 0.34 0.00 0.00 0.00 0.00 0.00 4.69 0.00 0.40 0.00 0.00 0.00 0.00 0.00 4.69 0.00 0.46 0.00 0.00 0.00 0.00 0.00 4.69 0.00 0.53 0.00 0.00 0.00 0.00 0.00 4.69 0.00 0.60

C4 6.57 0.00 0.00 0.00 5.03 1.54 0.00 0.00 0.29 0.00 0.00 0.00 5.03 1.54 0.00 0.00 0.35 0.00 0.00 0.00 5.03 1.54 0.00 0.00 0.42 0.00 0.00 0.00 5.03 1.54 0.00 0.00 0.50 0.00 0.00 0.00 5.03 1.54 0.00 0.00 0.58

D

Y23b 7.85 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.30 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.36 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.43 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.51 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.59

Y23a 4.59 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.31 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.37 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.44 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.51 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.59

D1 4.89 0.00 0.00 0.00 0.00 4.44 0.00 0.45 0.29 0.00 0.00 0.00 0.00 4.44 0.00 0.45 0.35 0.00 0.00 0.00 0.00 4.44 0.00 0.45 0.43 0.00 0.00 0.00 0.00 4.44 0.00 0.45 0.50 0.00 0.00 0.00 0.00 4.44 0.00 0.45 0.58

E

E1 3.23 0.00 0.00 1.24 0.00 0.00 1.99 0.00 0.34 0.00 0.00 1.24 0.00 0.00 1.99 0.00 0.40 0.00 0.00 1.24 0.00 0.00 1.99 0.00 0.46 0.00 0.00 1.24 0.00 0.00 1.99 0.00 0.53 0.00 0.00 1.24 0.00 0.00 1.99 0.00 0.60

E2 1.59 0.00 0.00 0.00 0.00 0.00 1.59 0.00 0.34 0.00 0.00 0.00 0.00 0.00 1.59 0.00 0.40 0.00 0.00 0.00 0.00 0.00 1.59 0.00 0.46 0.00 0.00 0.00 0.00 0.00 1.59 0.00 0.53 0.00 0.00 0.00 0.00 0.00 1.59 0.00 0.60

2 Year Calculation
Area Type

5 Year Calculation
Area Type

4/16/09

10 Year Calculation
Area Type

100 Year Calculation
Area Type

25 Year Calculation
Area Type



Composite "C" Calculations

Butcherknife Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date:

Calculated By: JDM
Checked By: KSC
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C100

0.08 0.89 0.34 0.28 0.31 0.34 0.08 0.18 0.90 0.40 0.35 0.37 0.40 0.18 0.28 0.92 0.46 0.42 0.44 0.46 0.28 0.39 0.94 0.53 0.50 0.51 0.53 0.39 0.52 0.96 0.60 0.58 0.59 0.60 0.52

2 Year Calculation
Area Type

5 Year Calculation
Area Type

4/16/09

10 Year Calculation
Area Type

100 Year Calculation
Area Type

25 Year Calculation
Area Type

F

F1 3.52 0.00 1.55 0.65 0.00 0.00 1.32 0.00 0.58 0.00 1.55 0.65 0.00 0.00 1.32 0.00 0.62 0.00 1.55 0.65 0.00 0.00 1.32 0.00 0.66 0.00 1.55 0.65 0.00 0.00 1.32 0.00 0.71 0.00 1.55 0.65 0.00 0.00 1.32 0.00 0.76

F2 0.78 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.96

F3 3.38 0.00 1.73 0.00 0.00 1.65 0.00 0.00 0.61 0.00 1.73 0.00 0.00 1.65 0.00 0.00 0.64 0.00 1.73 0.00 0.00 1.65 0.00 0.00 0.69 0.00 1.73 0.00 0.00 1.65 0.00 0.00 0.73 0.00 1.73 0.00 0.00 1.65 0.00 0.00 0.78

F4 3.48 0.00 3.05 0.00 0.00 0.00 0.00 0.43 0.79 0.00 3.05 0.00 0.00 0.00 0.00 0.43 0.81 0.00 3.05 0.00 0.00 0.00 0.00 0.43 0.84 0.00 3.05 0.00 0.00 0.00 0.00 0.43 0.87 0.00 3.05 0.00 0.00 0.00 0.00 0.43 0.91

F5 3.10 0.00 3.10 0.00 0.00 0.00 0.00 0.00 0.89 0.00 3.10 0.00 0.00 0.00 0.00 0.00 0.90 0.00 3.10 0.00 0.00 0.00 0.00 0.00 0.92 0.00 3.10 0.00 0.00 0.00 0.00 0.00 0.94 0.00 3.10 0.00 0.00 0.00 0.00 0.00 0.96

Y

Y20 2.07 0.00 2.07 0.00 0.00 0.00 0.00 0.00 0.89 0.00 2.07 0.00 0.00 0.00 0.00 0.00 0.90 0.00 2.07 0.00 0.00 0.00 0.00 0.00 0.92 0.00 2.07 0.00 0.00 0.00 0.00 0.00 0.94 0.00 2.07 0.00 0.00 0.00 0.00 0.00 0.96

Y21 1.26 0.00 1.26 0.00 0.00 0.00 0.00 0.00 0.89 0.00 1.26 0.00 0.00 0.00 0.00 0.00 0.90 0.00 1.26 0.00 0.00 0.00 0.00 0.00 0.92 0.00 1.26 0.00 0.00 0.00 0.00 0.00 0.94 0.00 1.26 0.00 0.00 0.00 0.00 0.00 0.96

Y22 3.26 0.00 3.26 0.00 0.00 0.00 0.00 0.00 0.89 0.00 3.26 0.00 0.00 0.00 0.00 0.00 0.90 0.00 3.26 0.00 0.00 0.00 0.00 0.00 0.92 0.00 3.26 0.00 0.00 0.00 0.00 0.00 0.94 0.00 3.26 0.00 0.00 0.00 0.00 0.00 0.96

Y23 3.14 0.00 0.00 0.00 0.00 0.00 3.14 0.00 0.34 0.00 0.00 0.00 0.00 0.00 3.14 0.00 0.40 0.00 0.00 0.00 0.00 0.00 3.14 0.00 0.46 0.00 0.00 0.00 0.00 0.00 3.14 0.00 0.53 0.00 0.00 0.00 0.00 0.00 3.14 0.00 0.60

Y23a 4.59 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.31 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.37 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.44 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.51 0.00 0.00 0.00 0.00 4.59 0.00 0.00 0.59

Y23b 7.85 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.30 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.36 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.43 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.51 0.00 0.00 0.00 2.04 5.81 0.00 0.00 0.59

Y24 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.34 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.46 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.53 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.60

Y25 0.32 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.96

Y26 3.41 0.00 3.41 0.00 0.00 0.00 0.00 0.00 0.89 0.00 3.41 0.00 0.00 0.00 0.00 0.00 0.90 0.00 3.41 0.00 0.00 0.00 0.00 0.00 0.92 0.00 3.41 0.00 0.00 0.00 0.00 0.00 0.94 0.00 3.41 0.00 0.00 0.00 0.00 0.00 0.96

Y27 3.32 0.00 3.32 0.00 0.00 0.00 0.00 0.00 0.89 0.00 3.32 0.00 0.00 0.00 0.00 0.00 0.90 0.00 3.32 0.00 0.00 0.00 0.00 0.00 0.92 0.00 3.32 0.00 0.00 0.00 0.00 0.00 0.94 0.00 3.32 0.00 0.00 0.00 0.00 0.00 0.96

Y28 1.68 0.00 1.68 0.00 0.00 0.00 0.00 0.00 0.89 0.00 1.68 0.00 0.00 0.00 0.00 0.00 0.90 0.00 1.68 0.00 0.00 0.00 0.00 0.00 0.92 0.00 1.68 0.00 0.00 0.00 0.00 0.00 0.94 0.00 1.68 0.00 0.00 0.00 0.00 0.00 0.96

Y29 1.79 0.00 1.79 0.00 0.00 0.00 0.00 0.00 0.89 0.00 1.79 0.00 0.00 0.00 0.00 0.00 0.90 0.00 1.79 0.00 0.00 0.00 0.00 0.00 0.92 0.00 1.79 0.00 0.00 0.00 0.00 0.00 0.94 0.00 1.79 0.00 0.00 0.00 0.00 0.00 0.96

Y30 1.37 0.00 1.37 0.00 0.00 0.00 0.00 0.00 0.89 0.00 1.37 0.00 0.00 0.00 0.00 0.00 0.90 0.00 1.37 0.00 0.00 0.00 0.00 0.00 0.92 0.00 1.37 0.00 0.00 0.00 0.00 0.00 0.94 0.00 1.37 0.00 0.00 0.00 0.00 0.00 0.96

P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]Tc



TIME OF CONCENTRATION
Butcherknife Creek and Portions of DFA - Yampa 4/16/2009

Job No.: 50500101
Date: 4/16/09

Calculated By: JDM
Checked By: KSC

SUB-BASIN DATA INITIAL/OVERLAND Rational
TIME (Tc) Tc CONVEYANCE

DESIG: AREA C5 LENGTH SLOPE Ti LENGTH     AVG. SLOPE Conv. VEL Tt COMP TOTAL Tc=(L/180)+10 REMARKS
(acres)  (ft) (ft/ft) (min) (ft) DY (%) Type* (fps) (min) Tc (min) LENGTH (ft) (min) (min)

A A1 5.92 0.24 82 0.300 4.6 359 96.0 26.7 5 7.8 0.8 5.3 441 12.5 5.3 Grass Swale

A2 5.53 0.32 54 0.220 3.7 370 69.0 18.6 5 6.5 1.0 4.7 424 12.4 5.0 Grass Swale

A3 3.08 0.31 54 0.300 3.4 190 51.0 26.8 5 7.8 0.4 3.8 244 11.4 5.0 Grass Swale

A4 2.42 0.36 55 0.030 6.9 571 62.0 10.9 5 4.9 1.9 8.8 626 13.5 8.8 Grass Swale

B B1 2.95 0.27 76 0.020 10.4 357 8.0 2.2 5 2.2 2.6 13.0 433 12.4 12.4 Grass Swale

B2 4.06 0.40 116 0.025 10.1 720 9.0 1.3 5 1.7 7.2 17.2 836 14.6 14.6 Grass Swale

B3 3.93 0.37 115 0.020 11.2 493 7.0 1.4 5 1.8 4.6 15.8 608 13.4 13.4 Grass Swale

C C1 5.67 0.37 122 0.020 11.6 1274 23.0 1.8 5 2.0 10.5 22.1 1396 17.8 17.8 Grass Swale

C2 6.48 0.40 102 0.020 10.2 790 12.0 1.5 5 1.8 7.1 17.3 892 15.0 15.0 Grass Swale

C3 4.69 0.40 61 0.020 7.9 727 12.0 1.7 5 1.9 6.3 14.1 788 14.4 14.1 Grass Swale

C4 6.57 0.35 70 0.030 7.8 805 11.0 1.4 6 2.3 5.7 13.6 875 14.9 13.6 Paved Gutter

D Y23b 7.85 0.36 123 0.057 8.3 982 39.0 4.0 6 4.0 4.1 12.4 1105 16.1 12.4 Paved Gutter

Y23a 4.59 0.37 85 0.059 6.8 895 42.0 4.7 6 4.3 3.4 10.2 980 15.4 10.2 Paved Gutter

D1 4.89 0.35 80 0.100 5.6 868 10.0 1.2 6 2.1 6.7 12.4 948 15.3 12.4 Paved Gutter

E E1 3.23 0.40 108 0.028 9.4 423 5.0 1.2 6 2.2 3.2 12.6 531 13.0 12.6 Paved Gutter

E2 1.59 0.40 22 0.020 4.7 265 3.0 1.1 6 2.1 2.1 6.8 287 11.6 6.8 Paved Gutter

B
A

S
IN

TRAVEL TIME
(Tt) FINAL TcTc Check for Urban Catchments



TIME OF CONCENTRATION
Butcherknife Creek and Portions of DFA - Yampa 4/16/2009

Job No.: 50500101
Date: 4/16/09

Calculated By: JDM
Checked By: KSC

SUB-BASIN DATA INITIAL/OVERLAND Rational
TIME (Tc) Tc CONVEYANCE

DESIG: AREA C5 LENGTH SLOPE Ti LENGTH     AVG. SLOPE Conv. VEL Tt COMP TOTAL Tc=(L/180)+10 REMARKS
(acres)  (ft) (ft/ft) (min) (ft) DY (%) Type* (fps) (min) Tc (min) LENGTH (ft) (min) (min)

B
A

S
IN

TRAVEL TIME
(Tt) FINAL TcTc Check for Urban Catchments

F F1 3.52 0.62 43 0.020 4.5 453 8.0 1.8 6 2.7 2.8 7.4 496 12.8 7.4 Paved Gutter

F2 0.78 0.90 15 0.020 1.1 300 5.0 1.7 6 2.6 1.9 3.0 315 11.8 5.0 Paved Gutter

F3 3.38 0.64 98 0.030 5.7 117 5.0 4.3 6 4.1 0.5 6.2 215 11.2 6.2 Paved Gutter

F4 3.48 0.81 82 0.030 3.3 210 7.0 3.3 6 3.7 1.0 4.2 292 11.6 5.0 Paved Gutter

F5 3.10 0.90 23 0.030 1.2 338 15.0 4.4 6 4.2 1.3 2.5 361 12.0 5.0 Paved Gutter

Y Y20 2.07 0.90 40 0.020 1.8 491 7.0 1.4 6 2.4 3.4 5.2 531 13.0 5.2 Paved Gutter

Y21 1.26 0.90 30 0.010 2.0 415 6.0 1.4 6 2.4 2.9 4.9 445 12.5 5.0 Paved Gutter

Y22 3.26 0.90 28 0.020 1.5 478 6.0 1.3 6 2.2 3.6 5.1 506 12.8 5.1 Paved Gutter

Y23 3.14 0.40 28 0.020 5.3 580 30.0 5.2 6 4.5 2.1 7.4 608 13.4 7.4 Paved Gutter

Y23a 4.59 0.37 85 0.059 6.8 895 42.0 4.7 6 4.3 3.4 10.2 980 15.4 10.2 Paved Gutter

Y23b 7.85 0.36 123 0.057 8.3 982 39.0 4.0 6 4.0 4.1 12.4 1105 16.1 12.4 Paved Gutter

Y24 1.00 0.40 70 0.060 5.9 290 18.0 6.2 6 5.0 1.0 6.8 360 12.0 6.8 Paved Gutter

Y25 0.32 0.90 40 0.020 1.8 330 2.0 0.6 6 1.6 3.5 5.3 370 12.1 5.3 Paved Gutter

Y26 3.41 0.90 50 0.080 1.3 380 12.0 3.2 6 3.6 1.8 3.1 430 12.4 5.0 Paved Gutter

Y27 3.32 0.90 57 0.020 2.2 517 12.0 2.3 6 3.0 2.8 5.0 574 13.2 5.0 Paved Gutter

Y28 1.68 0.90 26 0.020 1.5 302 2.0 0.7 6 1.6 3.1 4.6 328 11.8 5.0 Paved Gutter

Y29 1.79 0.90 15 0.020 1.1 176 2.0 1.1 6 2.1 1.4 2.5 191 11.1 5.0 Paved Gutter

Y30 1.37 0.90 20 0.020 1.3 200 4.0 2.0 6 2.8 1.2 2.5 220 11.2 5.0 Paved Gutter
* Note:    Conveyance Coefficients - Type 1-Heavy Meadow, Type 2-Tillage/field, Type 3-Short Pasture & Lawn, J3 Engineering Consultants, Inc.

 Type 4-Nearly Bare Ground, Type 5-Grassed Waterway, Type 6-Paved Areas & Shallow Paved Swales.
P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]Tc



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 5-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Butcherknife Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

Sub-basin A

A1 A1 5.92 0.24 5.3 1.42 2.60 3.70 Direct runoff to DP A1 & ButcherKnife Creek

A2 A2 5.53 0.32 5.0 1.77 2.65 4.67 Direct Runoff to DP A2 & ButcherKnife Creek

A3 A3 3.08 0.31 5.0 0.95 2.65 2.51 Direct Runoff to DP A3 & ButcherKnife Creek

A4 A4 2.42 0.36 12.4 0.86 1.93 1.67 Direct Runoff to DP A4 & ButcherKnife Creek

B1 B1 2.95 0.27 5.0 0.81 2.65 2.13 Direct runoff to DP B1 & ButcherKnife Creek

B2 B2 4.06 0.40 14.6 1.62 1.79 2.91 Direct runoff to DP B2 & ButcherKnife Creek

B3 B3 3.93 0.37 13.4 1.45 1.87 2.71 Direct runoff to DP B3 & ButcherKnife Creek

C1 C1 5.67 0.37 17.8 2.10 1.63 3.42 1.5 3.42 286.0 2.4 1.9 Direct runoff to DP C1
Ditch flow to DP C2

C2 C2 6.48 0.40 15.0 2.59 1.77 4.60 Direct runoff to DP C2

C2 C1 & C2 12.15 0.39 19.7 4.69 1.55 7.25 1.5 7.25 560.0 2.4 3.8 Combine flow at DP C2
Ditch flow to DP C3

C3 C3 4.69 0.40 14.1 1.88 1.82 3.41 Direct runoff to DP C3

C3 C1, C2 & C3 16.84 0.39 23.5 6.57 1.41 9.23 Combine flow at DP C3
Outfall to ButcherKnife Creek

C4 C4 6.57 0.35 13.6 2.33 1.85 4.32 Direct runoff to DP C4ButcherKnife Creek
Outfall to ButcherKnife Creek

D1 D1 4.89 0.35 12.6 1.72 1.92 3.31 Direct runoff at DP D3
Outfall to ButcherKnife Creek

E1 E1 3.23 0.40 12.6 1.29 1.92 2.48 2.48 1.0 18 55.0 5.9 0.2 Direct runoff at DP E1
Pipe Flow to DP E2

E2 E2 1.59 0.40 6.8 0.64 2.42 1.54 Direct runoff at DP E2

E2 4.82 0.40 12.7 1.93 1.91 3.68 Combine Flow at DP E2
Outfall to ButcherKnife Creek

Sub-basin B

Sub-basin C

Sub-basin D

Sub-basin E

50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 5-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Butcherknife Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

50500101

STREETDIRECT RUNOFF    TOTAL RUNOFF PIPE TRAVEL TIME

F1 F1 3.52 0.62 7.4 2.18 2.36 5.15 5.15 1.0 18 441.0 5.9 1.2 Direct runoff at DP F1
Pipe Flow to DP F3

F2 F2 0.78 0.90 5.0 0.70 2.65 1.86 1.86 1.0 18 55.0 5.9 0.2 Direct runoff at DP F2
Pipe Flow to DP F3

F3 F3 3.38 0.64 6.2 2.17 2.49 5.40 Direct runoff at DP F3

F3 F1, F2, & F3 7.68 0.66 8.6 5.05 2.23 11.29 11.29 1.0 36 220.0 9.1 0.4 Combine Flow at DP F3
Pipe Flow to DP F4

F4 F4 3.48 0.81 5.0 2.82 2.65 7.47 Direct runoff at DP F4

F4 F1, F2, F3 & F4 11.16 0.71 9.0 7.87 2.20 17.30 Combine Flow at DP F4
Pipe outfall to ButcherKnife Creek

F5 F5 3.10 0.90 5.0 2.79 2.65 7.38 7.38 1.0 18 55.0 5.9 0.2 Direct runoff to DP C4ButcherKnife Creek

Y20 Y20 2.07 0.90 5.2 1.86 2.61 4.87 4.87 1.0 12 395.0 4.6 1.4 Direct runoff at DP Y20
Pipe Flow to DP Y22

Y21 Y21 1.26 0.90 5.0 1.13 2.65 3.00 3.00 1.0 12 70.0 4.6 0.3 Direct runoff at DP Y21
Pipe Flow to DP Y26

Y22 Y22 3.26 0.90 5.1 2.93 2.64 7.73 Direct runoff at  DP Y22

Y22 Y20 & Y22 5.33 0.90 6.7 4.80 2.43 11.67 Combine Flow at DP Y22
Direct Discharge to Yampa River

Y23b Y23b 7.85 0.36 12.4 2.86 1.93 5.53 4.2 5.53 550.0 4.1 2.2 Direct runoff at DP Y23b
Curb flow to DP Y23a

Y23a Y23a 4.59 0.37 10.2 1.70 2.09 3.55 Direct runoff at DP Y23a

Y23a Y23a and Y23b 12.44 0.37 14.6 4.56 1.79 8.17 8.17 3.0 18 330.0 10.7 0.5 Combine runoff to DP 23a
Pipe flow to DP 23

Y23 Y23 3.14 0.40 7.4 1.26 2.35 2.95 Direct Runoff at DP Y23

Y23 Y23, Y23a and Y23b 15.58 0.37 15.1 5.82 1.76 10.26 10.26 3.0 18 380.0 10.7 0.6 Combine runoff at DP Y23
Pipe Flow to DP Y26

Y24 Y24 1.00 0.40 6.8 0.40 2.42 0.97 Direct Runoff at DP Y24

Y25 Y25 0.32 0.90 5.0 0.29 2.65 0.76 0.76 1.0 12 50.0 4.6 0.2 Direct Runoff at DP Y25
Pipe Flow to DP Y28

Y24 Y24 & Y25 1.32 0.52 6.8 0.69 2.42 1.66 1.66 2.1 18 380.0 8.8 0.7
Pipe Flow to DP Y27

Y26 Y26 3.41 0.90 5.0 3.07 2.65 8.12 Direct Runoff at DP Y26

Y26 Y21, Y23 & Y26 20.25 0.49 15.7 10.02 1.73 17.34 17.34 3.1 18 380.0 10.9 0.6 Combine Flow at DP Y26
Pipe Flow to DP Y27

Y27 Y27 3.32 0.90 5.0 2.99 2.65 7.91 Direct Flow at DP Y27

Y27 Y21, Y23, Y26 & Y27 23.57 0.55 16.3 13.01 1.70 22.12 Combine Flow at DP Y27
Direct Discharge to Yampa River

Y28 Y28 1.68 0.90 5.0 1.51 2.65 4.00 Direct Runoff at DP Y28

Y28 Y24, Y25 & Y28 3.00 0.73 7.5 2.20 2.34 5.15 5.15 2.4 18 210.0 9.5 0.4 Combine Flow at DP Y28
Pipe Flow to DP Y29

Y29 Y29 1.79 0.90 5.0 1.61 2.65 4.26 Direct Runoff at DP Y29

Y29 Y24, Y25, Y28 & Y29 4.79 0.80 7.9 3.81 2.30 8.77 8.77 5.9 18 170.0 15.4 0.2 Combine Flow at DP Y29
Pipe Flow to DP Y30

Y30 Y30 1.37 0.90 5.0 1.23 2.65 3.26 Direct Runoff to DP Y30
Combine Flow at DP Y30

Y30 6.16 0.82 8.1 5.04 2.28 11.52 Direct Discharge to Yampa River
P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]R100-Butcherknife Cree J3 Engineering Consultants, Inc.

Notes: Intensity -Duration Curve for Rational Method per equation RA-3 (Urban Drainage)
I = (28.5*P1) / (10+Tc)^.786

Y24, Y25, Y28, Y29 & Y30

Sub-basin F

Sub-basin Y



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 10-YEAR

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Butcherknife Creek and Portions of DFA - Yampa LOCATION: Butcherknife Creek and Portions of DFA - Yampa

100-year P1 = 1.46
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REMARKS

Sub-basin A

A1 A1 5.92 0.33 5.3 1.95 3.13 6.11 Direct runoff to DP A1 & ButcherKnife Creek

A2 A2 5.53 0.40 5.0 2.19 3.19 7.00 Direct Runoff to DP A2 & ButcherKnife Creek

A3 A3 3.08 0.39 5.0 1.19 3.19 3.80 Direct Runoff to DP A3 & ButcherKnife Creek

A4 A4 2.42 0.43 12.4 1.03 2.33 2.40 Direct Runoff to DP A4 & ButcherKnife Creek

B1 B1 2.95 0.36 5.0 1.06 3.19 3.37 Direct runoff to DP B1 & ButcherKnife Creek

B2 B2 4.06 0.46 14.6 1.87 2.16 4.03 Direct runoff to DP B2 & ButcherKnife Creek

B3 B3 3.93 0.44 13.4 1.73 2.25 3.89 Direct runoff to DP B3 & ButcherKnife Creek

C1 C1 5.67 0.44 17.8 2.49 1.97 4.90 1.5 4.90 286.0 2.4 1.9 Direct runoff to DP C1
Ditch flow to DP C2

C2 C2 6.48 0.46 15.0 2.98 2.14 6.37 Direct runoff to DP C2

C2 C1 & C2 12.15 0.45 19.7 5.48 1.86 10.20 1.5 10.20 560.0 2.4 3.8 Combine flow at DP C2
Ditch flow to DP C3

C3 C3 4.69 0.46 14.1 2.16 2.19 4.73 Direct runoff to DP C3

C3 C1, C2 & C3 16.84 0.45 23.5 7.63 1.69 12.94 Combine flow at DP C3
Outfall to ButcherKnife Creek

C4 C4 6.57 0.42 13.6 2.79 2.23 6.24 Direct runoff to DP C4ButcherKnife Creek

D1 D1 4.89 0.43 12.6 2.08 2.31 4.81 Direct runoff at DP D1
Outfall to ButcherKnife Creek

E1 E1 3.23 0.46 12.6 1.49 2.31 3.43 3.43 1.0 18 55.0 5.9 0.2 Direct runoff at DP E1
Pipe Flow to DP E2

E2 E2 1.59 0.46 6.8 0.73 2.92 2.13 Direct runoff at DP E2

E2 4.82 0.46 12.7 2.22 2.30 5.10 Combine Flow at DP E2
Outfall to ButcherKnife Creek

Sub-basin B

Sub-basin C

Sub-basin D

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

Sub-basin E



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 10-YEAR

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Butcherknife Creek and Portions of DFA - Yampa LOCATION: Butcherknife Creek and Portions of DFA - Yampa

100-year P1 = 1.46
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REMARKS

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

F1 F1 3.52 0.66 7.4 2.33 2.84 6.63 6.63 1.0 18 441.0 5.9 1.2 Direct runoff at DP F1
Pipe Flow to DP F3

F2 F2 0.78 0.92 5.0 0.72 3.19 2.29 2.29 1.0 18 55.0 5.9 0.2 Direct runoff at DP F2
Pipe Flow to DP F3

F3 F3 3.38 0.69 6.2 2.32 3.00 6.96 Direct runoff at DP F3

F3 F1, F2, & F3 7.68 0.70 8.6 5.37 2.69 14.45 14.45 1.0 36 220.0 9.1 0.4 Combine Flow at DP F3
Pipe Flow to DP F4

F4 F4 3.48 0.84 5.0 2.93 3.19 9.33 Direct runoff at DP F4

F4 F1, F2, F3 & F4 11.16 0.74 9.0 8.29 2.65 21.96 Combine Flow at DP F4
Pipe outfall to ButcherKnife Creek

F5 F5 3.10 0.92 5.0 2.85 3.19 9.09 9.09 1.0 18 55.0 5.9 0.2 Direct runoff to DP C4ButcherKnife Creek

Y20 Y20 2.07 0.92 5.2 1.90 3.15 6.00 6.00 1.0 12 395.0 4.6 1.4 Direct runoff at DP Y20
Pipe Flow to DP Y22

Y21 Y21 1.26 0.92 5.0 1.16 3.19 3.70 3.70 1.0 12 70.0 4.6 0.3 Direct runoff at DP Y21
Pipe Flow to DP Y26

Y22 Y22 3.26 0.92 5.1 3.00 3.18 9.52 Direct runoff at  DP Y22
Direct Discharge to Yampa River

Y22 Y20 & Y22 5.33 0.90 6.7 4.80 2.93 14.07 Combine Flow at DP Y22

Y23b Y23b 7.85 0.43 12.4 3.41 2.33 7.94 4.2 7.94 550.0 4.1 2.2 Direct runoff at DP Y23b
Curb flow to DP Y23a

Y23a Y23a 4.59 0.44 10.2 2.02 2.52 5.09 Direct runoff at DP Y23a

Y23a Y23a and Y23b 12.44 0.44 14.6 5.43 2.16 11.73 11.73 3.0 18 330.0 10.7 0.5 Combine runoff to DP Y23a
Pipe Flow to DP Y23

Y23 Y23 3.14 0.46 7.4 1.44 2.83 4.09 Direct Runoff at DP Y23

Y23 Y23, Y23a and Y23b 15.58 0.44 15.1 6.88 2.12 14.61 14.61 3.0 18 380.0 10.7 0.6 Combine runoff to DP Y23a
Pipe Flow to DP Y26

Y24 Y24 1.00 0.40 6.8 0.40 2.91 1.17 Direct Runoff at DP Y24

Y25 Y25 0.32 0.90 5.0 0.29 3.19 0.92 0.92 1.0 12 50.0 4.6 0.2 Direct Runoff at DP Y25
Pipe Flow to DP Y28

Y24 Y24 & Y25 1.32 0.52 6.8 0.69 2.91 2.00 2.00 2.1 18 380.0 8.8 0.7
Pipe Flow to DP Y27

Y26 Y26 3.41 0.90 5.0 3.07 3.19 9.79 Direct Runoff at DP Y26

Y26 Y21, Y23 & Y26 20.25 0.55 15.7 11.11 2.09 23.16 23.16 3.1 18 380.0 10.9 0.6 Combine Flow at DP Y26
Pipe Flow to DP Y27

Y27 Y27 3.32 0.90 5.0 2.99 3.19 9.53 Direct Flow at DP Y27

Y27 Y21, Y23, Y26 & Y27 23.57 0.60 16.3 14.09 2.05 28.88 Combine Flow at DP Y27
Direct Discharge to Yampa River

Y28 Y28 1.68 0.90 5.0 1.51 3.19 4.82 Direct Runoff at DP Y28

Y28 Y24, Y25 & Y28 3.00 0.73 7.5 2.20 2.82 6.20 6.20 2.4 18 210.0 9.5 0.4 Combine Flow at DP Y28
Pipe Flow to DP Y29

Y29 Y29 1.79 0.90 5.0 1.61 3.19 5.14 Direct Runoff at DP Y29

Y29 Y24, Y25, Y28 & Y29 4.79 0.80 7.9 3.81 2.77 10.57 10.57 5.9 18 170.0 15.4 0.2 Combine Flow at DP Y29
Pipe Flow to DP Y30

Y30 Y30 1.37 0.90 5.0 1.23 3.19 3.93 Direct Runoff to DP Y30
Combine Flow at DP Y30

Y30 6.16 0.82 8.1 5.04 2.75 13.88 Direct Discharge to Yampa River
P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]R100-Butcherknife Cree J3 Engineering Consultants, Inc.

Notes: Intensity -Duration Curve for Rational Method per equation RA-3 (Urban Drainage)
I = (28.5*P1) / (10+Tc)^.786

Sub-basin F

Sub-basin Y

Y24, Y25, Y28, Y29 & Y30



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 25-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Butcherknife Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

Sub-basin A

A1 A1 5.92 0.43 5.3 2.54 3.63 9.22 Direct runoff to DP A1 & ButcherKnife Creek

A2 A2 5.53 0.48 5.0 2.65 3.70 9.78 Direct Runoff to DP A2 & ButcherKnife Creek

A3 A3 3.08 0.47 5.0 1.45 3.70 5.37 Direct Runoff to DP A3 & ButcherKnife Creek

A4 A4 2.42 0.50 12.4 1.22 2.70 3.29 Direct Runoff to DP A4 & ButcherKnife Creek

B1 B1 2.95 0.45 5.0 1.32 3.70 4.90 Direct runoff to DP B1 & ButcherKnife Creek

B2 B2 4.06 0.53 14.6 2.15 2.50 5.38 Direct runoff to DP B2 & ButcherKnife Creek

B3 B3 3.93 0.51 13.4 2.00 2.61 5.23 Direct runoff to DP B3 & ButcherKnife Creek

C1 C1 5.67 0.51 17.8 2.89 2.28 6.59 1.5 6.59 286.0 2.4 1.9 Direct runoff to DP C1
Ditch flow to DP C2

C2 C2 6.48 0.53 15.0 3.43 2.48 8.51 Direct runoff to DP C2

C2 C1 & C2 12.15 0.52 19.7 6.33 2.16 13.67 1.5 13.67 560.0 2.4 3.8 Combine flow at DP C2
Ditch flow to DP C3

C3 C3 4.69 0.53 14.1 2.49 2.54 6.32 Direct runoff to DP C3

C3 C1, C2 & C3 16.84 0.52 23.5 8.81 1.97 17.32 Combine flow at DP C3
Outfall to ButcherKnife Creek

C4 C4 6.57 0.50 13.6 3.30 2.59 8.55 Direct runoff to DP C4ButcherKnife Creek

D1 D1 4.89 0.50 12.6 2.44 2.68 6.54 Direct runoff at DP D1

E1 E1 3.23 0.53 12.6 1.71 2.68 4.59 4.59 1.0 18 55.0 5.9 0.2 Direct runoff at DP E1
Pipe Flow to DP E2

E2 E2 1.59 0.53 6.8 0.84 3.38 2.85 Direct runoff at DP E2

E2 4.82 0.53 12.7 2.55 2.67 6.81 Combine Flow at DP E2
Pipe outfall to ButcherKnife Creek

Sub-basin B

Sub-basin C

Sub-basin D

Sub-basin E

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 25-YEAR 

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Butcherknife Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

F1 F1 3.52 0.71 7.4 2.50 3.30 8.24 8.24 1.0 18 441.0 5.9 1.2 Direct runoff at DP F1
Pipe Flow to DP F3

F2 F2 0.78 0.94 5.0 0.73 3.70 2.71 2.71 1.0 18 55.0 5.9 0.2 Direct runoff at DP F2
Pipe Flow to DP F3

F3 F3 3.38 0.73 6.2 2.47 3.48 8.60 Direct runoff at DP F3

F3 F1, F2, & F3 7.68 0.74 8.6 5.70 3.12 17.80 17.80 1.0 36 220.0 9.1 0.4 Combine Flow at DP F3
Pipe Flow to DP F4

F4 F4 3.48 0.87 5.0 3.03 3.70 11.22 Direct runoff at DP F4

F4 F1, F2, F3 & F4 11.16 0.78 9.0 8.74 3.07 26.82 Combine Flow at DP F4
Pipe outfall to ButcherKnife Creek

F5 F5 3.10 0.94 5.0 2.91 3.70 10.77 10.77 1.0 18 55.0 5.9 0.2 Direct runoff to DP C4ButcherKnife Creek

Y20 Y20 2.07 0.94 5.2 1.95 3.65 7.10 7.10 1.0 12 395.0 4.6 1.4 Direct runoff at DP Y20
Pipe Flow to DP Y22

Y21 Y21 1.26 0.94 5.0 1.18 3.70 4.38 4.38 1.0 12 70.0 4.6 0.3 Direct runoff at DP Y21
Pipe Flow to DP Y26

Y22 Y22 3.26 0.94 5.1 3.06 3.68 11.28 Direct runoff at  DP Y22

Y22 Y20 & Y22 5.33 0.90 6.7 4.80 3.40 16.31 Combine Flow at DP Y22
Direct Discharge to Yampa River

Y23b Y23b 7.85 0.51 12.4 3.98 2.70 10.75 4.2 10.75 550.0 4.1 2.2 Direct runoff at DP Y23b
Curb flow to DP Y23a

Y23a Y23a 4.59 0.51 10.2 2.34 2.93 6.85 Direct runoff at DP D2

Y23a Y23a and Y23b 12.44 0.51 14.6 6.32 2.50 15.83 15.83 3.0 18 330.0 10.7 0.5 Combine runoff to DP D2
Pipe flow to DP Y23

Y23 Y23 3.14 0.53 7.4 1.66 3.28 5.46 Direct Runoff at DP Y23

Y23 Y23a and Y23b 15.58 0.51 15.1 7.99 2.46 19.68 19.68 3.0 18 380.0 10.7 0.6 Combine runoff to DP D2
Pipe Flow to DP Y26

Y24 Y24 1.00 0.40 6.8 0.40 3.38 1.35 Direct Runoff at DP Y24

Y25 Y25 0.32 0.90 5.0 0.29 3.70 1.06 1.06 1.0 12 50.0 4.6 0.2 Direct Runoff at DP Y25
Pipe Flow to DP Y28

Y24 Y24 & Y25 1.32 0.52 6.8 0.69 3.38 2.32 2.32 2.1 18 380.0 8.8 0.7
Pipe Flow to DP Y27

Y26 Y26 3.41 0.90 5.0 3.07 3.70 11.35 Direct Runoff at DP Y26

Y26 Y21, Y23 & Y26 20.25 0.60 15.7 12.24 2.42 29.61 29.61 3.1 18 380.0 10.9 0.6 Combine Flow at DP Y26
Pipe Flow to DP Y27

Y27 Y27 3.32 0.90 5.0 2.99 3.70 11.05 Direct Flow at DP Y27

Y27 Y21, Y23, Y26 & Y27 23.57 0.65 16.3 15.23 2.38 36.19 Combine Flow at DP Y27
Direct Discharge to Yampa River

Y28 Y28 1.68 0.90 5.0 1.51 3.70 5.59 Direct Runoff at DP Y28

Y28 Y24, Y25 & Y28 3.00 0.73 7.5 2.20 3.27 7.19 7.19 2.4 18 210.0 9.5 0.4 Combine Flow at DP Y28
Pipe Flow to DP Y29

Y29 Y29 1.79 0.90 5.0 1.61 3.70 5.96 Direct Runoff at DP Y29

Y29 Y24, Y25, Y28 & Y29 4.79 0.80 7.9 3.81 3.22 12.26 12.26 5.9 18 170.0 15.4 0.2 Combine Flow at DP Y29
Pipe Flow to DP Y30

Y30 Y30 1.37 0.90 5.0 1.23 3.70 4.56 Direct Runoff to DP Y30
Combine Flow at DP Y30

Y30 6.16 0.82 8.1 5.04 3.19 16.09 Direct Discharge to Yampa River
P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]R100-Butcherknife Cree J3 Engineering Consultants, Inc.

Notes: Intensity -Duration Curve for Rational Method per equation RA-3 (Urban Drainage)
I = (28.5*P1) / (10+Tc)^.786

Y24, Y25, Y28, Y29 & Y30

Sub-basin F

Sub-basin Y



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 100-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Butcherknife Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

Sub-basin A

A1 A1 5.92 0.54 5.3 3.20 4.86 15.59 Direct runoff to DP A1 & ButcherKnife Creek

A2 A2 5.53 0.57 5.0 3.16 4.95 15.63 Direct Runoff to DP A2 & ButcherKnife Creek

A3 A3 3.08 0.57 5.0 1.74 4.95 8.64 Direct Runoff to DP A3 & ButcherKnife Creek

A4 A4 2.42 0.58 12.4 1.41 3.61 5.10 Direct Runoff to DP A4 & ButcherKnife Creek

B1 B1 2.95 0.55 5.0 1.63 4.95 8.09 Direct runoff to DP B1 & ButcherKnife Creek

B2 B2 4.06 0.60 14.6 2.44 3.35 8.17 Direct runoff to DP B2 & ButcherKnife Creek

B3 B3 3.93 0.59 13.4 2.32 3.49 8.10 Direct runoff to DP B3 & ButcherKnife Creek

C1 C1 5.67 0.59 17.8 3.35 3.05 10.21 1.5 10.21 286.0 2.4 1.9 Direct runoff to DP C1
Ditch flow to DP C2

C2 C2 6.48 0.60 15.0 3.89 3.32 12.90 Direct runoff to DP C2

C2 C1 & C2 12.15 0.60 19.7 7.23 2.89 20.94 1.5 20.94 560.0 2.4 3.8 Combine flow at DP C2
Ditch flow to DP C3

C3 C3 4.69 0.60 14.1 2.81 3.41 9.59 Direct runoff to DP C3

C3 C1, C2 & C3 16.84 0.60 23.5 10.05 2.63 26.45 Combine flow at DP C3
Outfall to ButcherKnife Creek

C4 C4 6.57 0.58 13.6 3.83 3.47 13.28 Direct runoff to DP C4ButcherKnife Creek

D1 D1 4.89 0.58 12.6 2.85 3.59 10.24 Direct runoff at DP D1

E1 E1 3.23 0.60 12.6 1.94 3.59 6.96 6.96 1.0 18 55.0 5.9 0.2 Direct runoff at DP E1
Pipe Flow to DP E2

E2 E2 1.59 0.60 6.8 0.95 4.53 4.32 Direct runoff at DP E2

E2 4.82 0.60 12.7 2.89 3.57 10.32 Combine Flow at DP E2
Pipe Outfall to Butcherknife Creek

Sub-basin B

Sub-basin C

Sub-basin D

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

Sub-basin E



STANDARD FORM SF-2
STORM DRAINAGE SYSTEM DESIGN

5-year P1 = 0.78 (RATIONAL METHOD PROCEDURE)     DESIGN STORM: 100-YEAR (minor storm)

10-year P1 = 0.94 CALCULATED BY: JDM PROJECT: Old Town Drainage Study    JOB NO:

25-year P1 = 1.09 CHECKED BY: KSC MAJOR BASIN: Butcherknife Creek and Portions of DFA - Yampa LOCATION: City of Steamboat Springs, Colorado

100-year P1 = 1.46
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REMARKS

50500101

DIRECT RUNOFF    TOTAL RUNOFF STREET PIPE TRAVEL TIME

F1 F1 3.52 0.76 7.4 2.67 4.41 11.79 11.79 1.0 18 441.0 5.9 1.2 Direct runoff at DP F1
Pipe Flow to DP F3

F2 F2 0.78 0.96 5.0 0.75 4.95 3.71 3.71 1.0 18 55.0 5.9 0.2 Direct runoff at DP F2
Pipe Flow to DP F3

F3 F3 3.38 0.78 6.2 2.63 4.67 12.29 Direct runoff at DP F3

F3 F1, F2, & F3 7.68 0.79 8.6 6.05 4.18 25.31 25.31 1.0 36 220.0 9.1 0.4 Combine Flow at DP F3
Pipe Flow to DP F4

F4 F4 3.48 0.91 5.0 3.15 4.95 15.61 Direct runoff at DP F4

F4 F1, F2, F3 & F4 11.16 0.82 9.0 9.20 4.11 37.85 Combine Flow at DP F4
Pipe outfall to ButcherKnife Creek

F5 F5 3.10 0.96 5.0 2.98 4.95 14.74 14.74 1.0 18 55.0 5.9 0.2 Direct runoff to DP C4ButcherKnife Creek

Y20 Y20 2.07 0.96 5.2 1.99 4.89 9.72 9.72 1.0 12 395.0 4.6 1.4 Direct runoff at DP Y20
Pipe Flow to DP Y22

Y21 Y21 1.26 0.96 5.0 1.21 4.95 5.99 5.99 1.0 12 70.0 4.6 0.3 Direct runoff at DP Y21
Pipe Flow to DP Y26

Y22 Y22 3.26 0.96 5.1 3.13 4.93 15.44 Direct runoff at  DP Y22

Y22 Y20 & Y22 5.33 0.90 6.7 4.80 4.56 21.85 Combine Flow at DP Y22
Direct Discharge to Yampa River

Y23b Y23b 7.85 0.59 12.4 4.61 3.61 16.66 4.2 16.66 550.0 4.1 2.2 Direct runoff at DP Y23b
Curb flow to DP Y23a

Y23a Y23a 4.59 0.59 10.2 2.71 3.92 10.61 Direct runoff at DP Y23a

Y23a Y23a and Y23b 12.44 0.59 14.6 7.32 3.35 24.54 24.54 3.0 18 330.0 10.7 0.5 Combine runoff to DP Y23a
Pipe flow to DP Y23

Y23 Y23 3.14 0.60 7.4 1.88 4.40 8.29 Direct Runoff at DP Y23

Y23 Y23, Y23a and Y23b 15.58 0.59 15.1 9.20 3.30 30.36 30.36 3.0 18 380.0 10.7 0.6 Combine runoff to DP Y23
Pipe Flow to DP Y26

Y24 Y24 1.00 0.40 6.8 0.40 4.52 1.81 Direct Runoff at DP Y24

Y25 Y25 0.32 0.90 5.0 0.29 4.95 1.43 1.43 1.0 12 50.0 4.6 0.2 Direct Runoff at DP Y25
Pipe Flow to DP Y28

Y24 Y24 & Y25 1.32 0.52 6.8 0.69 4.52 3.11 3.11 2.1 18 380.0 8.8 0.7
Pipe Flow to DP Y27

Y26 Y26 3.41 0.90 5.0 3.07 4.95 15.20 Direct Runoff at DP Y26

Y26 Y21, Y23 & Y26 20.25 0.67 15.7 13.48 3.24 43.67 43.67 3.1 18 380.0 10.9 0.6 Combine Flow at DP Y26
Pipe Flow to DP Y27

Y27 Y27 3.32 0.90 5.0 2.99 4.95 14.80 Direct Flow at DP Y27

Y27 Y21, Y23, Y26 & Y27 23.57 0.70 16.3 16.47 3.18 52.43 Combine Flow at DP Y27
Direct Discharge to Yampa River

Y28 Y28 1.68 0.90 5.0 1.51 4.95 7.49 Direct Runoff at DP Y28

Y28 Y24, Y25 & Y28 3.00 0.73 7.5 2.20 4.38 9.63 9.63 2.4 18 210.0 9.5 0.4 Combine Flow at DP Y28
Pipe Flow to DP Y29

Y29 Y29 1.79 0.90 5.0 1.61 4.95 7.98 Direct Runoff at DP Y29

Y29 Y24, Y25, Y28 & Y29 4.79 0.80 7.9 3.81 4.31 16.42 16.42 5.9 18 170.0 15.4 0.2 Combine Flow at DP Y29
Pipe Flow to DP Y30

Y30 Y30 1.37 0.90 5.0 1.23 4.95 6.11 Direct Runoff to DP Y30
Combine Flow at DP Y30

Y30 6.16 0.82 8.1 5.04 4.27 21.55 Direct Discharge to Yampa River
P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\3rd Submittal\[BK_Old-Town_Rational.xls]R100-Butcherknife Creek J3 Engineering Consultants, Inc.

Notes: Intensity -Duration Curve for Rational Method per equation RA-3 (Urban Drainage)
I = (28.5*P1) / (10+Tc)^.786

Sub-basin F

Sub-basin Y

Y24, Y25, Y28, Y29 & Y30



Composite Imperviousness Calculations
Old Town Drainage Study

Soda Creek and Portions of DFA - Yampa
City of Steamboat Springs, Colorado

Job No.: 50500101
Date: 2/27/09

Calculated By: JDM
Checked By: KSC
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(sq-ft) 100 90 0 (%)

Block 1 Lot 1 11062 2727 2110 6225 41.8
Lot 2 10632 3037 2090 5505 46.3
Lot 3 12695 4223 2897 5575 53.8
Lot 4 16575 3059 1695 11821 27.7
Lot 5 24999 2973 5874 16152 33.0

Block 1 Sum 75963 16019 14666 45278 38.5

Block 2 Lot 1 9295 2223 1305 5767 36.6
Lot 2 8793 1933 1711 5149 39.5
Lot 3 9418 2311 2348 4759 47.0
Lot 4 8937 2524 3215 3198 60.6

Block 2 Sum 36443 8991 8579 18873 45.9

Block 3 Lot 1 6981 1549 3012 2420 61.0
Lot 2 9045 1941 2021 5083 41.6
Lot 3 9524 2411 2941 4172 53.1
Lot 4 9656 2918 1606 5132 45.2
Lot 5 9337 2117 2411 4809 45.9

Block 3 Sum 44543 10936 11991 21616 48.8

P:\Jobs\Steamboat Springs\Old Town Masterplan\MasterPlan\Drainage Calculations\2nd Submittal\[SO_Old-Town_Rational.xls]Tc
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Old Town Drainage Study and Floodplain Masterplan for Soda, Butcherknife and Spring Creeks 

 
 
 
 
 
 
 
 
 

APPENDIX D:   
STORM SEWER HYDRAULIC ANALYSIS AND SUPPORTING DOCUMENTATION  

 









DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

Channel Improvements 300 LF $400.00 $120,000
32' (W) Bridge Crossing (Lincoln Avenue) 120 LF $10,000.00 $1,200,000
32' (W) Culvert Crossing (11th and Oak Street) 125 LF $7,500.00 $937,500
Grouted Boulder Stacked Wall Edge 985 LF $125.00 $123,125
Channel Riprap Outlet Protection (Lincoln Avenue) 1 EA $10,000.00 $10,000
Channel Riprap Outlet Protection (11th Street) 1 EA $10,000.00 $10,000
Channel Riprap Outlet Protection (Oak Street) 1 EA $20,000.00 $20,000

Total Estimated Construction Cost $2,420,625
Utility Relocation (5% of Construction Cost) $121,031
Engineering and Contingency (35% of Construction and Utility) $889,580

TOTAL ESTIMATED COST $3,431,236

COMMENTARY FIGURES D2 AND D3
SODA CREEK CHANNEL IMPROVEMENTS

The Soda Creek channel improvements include stream restoration from the confluence of
the Yampa River through Oak Street. The improvements include realigning the channel
downstream of Lincoln Avenue for hydraulic efficiency and removing and replacing the
existing deteriorated walls adjacent to the Warner Library and park. The improvements
also include replacing the existing culvert under Lincoln Avenue with a conceptually sized
32-foot wide bridge crossing. The existing culverts located under 11th and Oak Street are
also hydraulically undersized and would be replaced with 32-foot wide culverts or
potentially an open-span bridge. Final design and hydraulic analysis of these crossings
will ultimately determine the configuration and width of the structures. Ideally, the final
design will include improvements to the culvert alignment, channel profile, entrance and
exit conditions and channel stability to improve hydraulic performance and to
optimize/minimize structure size. The open channel between the 11th Street and Oak
Street culverts could likely be designed as one continuous culvert to reduce energy loses th







DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

4' (H) by 8' (W) RCBC 795 LF $725.00 $576,375
3' (H) by 6' (W) RCBC 70 LF $475.00 $33,250
Precast 4' (H) by 8' (W) RCBC 22.5 Bends 11 EA $2,500.00 $27,500
36" RCP 630 LF $145.00 $91,350
Grouted Boulder Stacked Wall Edge 80 FF $125.00 $10,000
Channel Riprap Outfall Protection 7 EA $10,000.00 $70,000
Channel Improvements 150 LF $400.00 $60,000

Total Estimated Construction Cost $868,475
Utility Relocation (5% of Construction Cost) $43,424
Engineering and Contingency (35% of Construction and Utility) $319,165

TOTAL ESTIMATED COST $1,231,063

COMMENTARY FIGURES D4 AND D5
BUTCHERKNIFE CREEK CHANNEL IMPROVEMENTS

The Butcherknife Creek channel improvements includes the segment of stream from the 
diversion located at Stehley Park to the confluence with the Yampa River.  The 100-year 
storm event documented in the 2005 FIS estimates the peak flow to be 325 cfs through 
the City of Steamboat Springs.  The preliminary design and associated cost estimate 
assumes construction of the diversion pipe, which reduces the main channel flow by 
approximately 200 cfs.  The costs associated with the diversion pipe are estimated in the 
commentary in Figure D11 and are not included with this sheet.  Downstream of Oak 
Street, Butcherknife Creek is conveyed within a 4' (H) by 8' (W) RCBC.  Upstream of Oak 
Street, the existing channel crossings are hydraulically inadequate and require 
improvements.  Crossings under the alley between Oak Street and Pine Street, Pine 
Street, Butcherknife Alley and Spruce Street are estimated to comprise of 3-36" RCP.  
Due to limited head available and the channel not being able to convey the flow, the 
crossing under Short Street should comprise of 2 - 3' (H) by 6' (W) RCBC and some 
upstream channel improvements to increase hydraulic efficiency.

Note: 157 LF of this is currently designed and planned for construciton as part of a CDOT
US-40 Highway Improvement Project. These costs are currently being refined as part of a
cost sharing agreement between the City of Steamboat Springs and CDOT and so that
quantity is within this estimate. 





DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

18" CMP 140 LF $60.00 $8,400
30" CMP 935 LF $110.00 $102,850
Inlets 6 EA $5,000.00 $30,000
Manhole, 6' Diameter 2 EA $3,400.00 $6,800
Manhole, 5' Diameter 6 EA $2,500.00 $15,000
Manhole, 4' Diameter 1 EA $2,150.00 $2,150
Riprap Outlet Protection 1 EA $2,000.00 $2,000
Connection to Existing Infrastructure EA $3,000.00 $0

Total Estimated Construction Cost $167,200
Utility Relocation (5% of Construction Cost) $8,360
Engineering and Contingency (35% of Construction and Utility) $61,446

TOTAL ESTIMATED COST $237,006

Street capacity is exceeded at the intersection of Bob Adams Drive and The Boulevard at
Design Point SO-C3. Therefore, the storm sewer was extended to that intersection
location for the necessary inlets. Inlets were added along the storm sewer lateral to
capture additional surface flow to take advantage of the proposed storm sewer. Final
design will need to determine final location of inlets and storm sewer and the number of
inlets. SO - Storm Lateral 1 will discharge into Soda Creek upstream of the bridge /
culvert located at Lincoln Avenue.

COMMENTARY FIGURE D6
SO - STM LATERAL 1





DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

36" CMP 315 LF $130.00 $40,950
24" CMP 410 LF $88.00 $36,080
18" CMP 595 EA $60.00 $35,700
Inlets 3 EA $5,000.00 $15,000
Manhole, 5' Diameter 4 EA $2,500.00 $10,000
Manhole, 4' Diameter 5 EA $2,150.00 $10,750
Riprap Outlet Protection 1 EA $2,000.00 $2,000
Connection to Existing Infrastructure 2 EA $3,000.00 $6,000
Head Wall, Pipe Penetration 1 EA $5,000.00 $5,000

Total Estimated Construction Cost $161,480
Utility Relocation (5% of Construction Cost) $8,074
Engineering and Contingency (35% of Construction and Utility) $59,344

TOTAL ESTIMATED COST $228,898

COMMENTARY FIGURE D7
SO - STM LATERAL 2

Street capacity for the minor storm event is exceeded for the tributary area along Oak
Street. SO - Lateral 2 extends from Soda Creek to 8th Street. The lateral was extended
northeast along 8th Street to a proposed inlet near the church to capture and convey the
surface discharge from a sump pump. Groundwater causes a nuisance surface flow that
begins at this location and persisted along Oak Street to Soda Creek. Several existing
inlets and roadside ditches are present along Oak Street. The existing inlets will be
connected to the proposed line and it is recommended that the roadside ditches remain in
place to convey snowmelt runoff and portions of the 100-year storm event.

Final design will need to determine final location of inlets and storm sewer and the number
of inlets.





DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

42" RCP 1,120 LF $160.00 $179,200
36" CMP 1,050 LF $130.00 $136,500
18" CMP 225 EA $60.00 $13,500
Inlets 10 EA $5,000.00 $50,000
Manhole, 7' Diameter 3 EA $5,000.00 $15,000
Manhole, 6' Diameter 5 EA $3,400.00 $17,000
Manhole, 5' Diameter 3 EA $2,500.00 $7,500
Manhole, 4' Diameter 1 EA $2,150.00 $2,150
Riprap Outfall Protection 1 EA $2,000.00 $2,000
42" FES 1 EA $3,000.00 $3,000

Total Estimated Construction Cost $246,650
Utility Relocation (5% of Construction Cost) $12,333
Engineering and Contingency (35% of Construction and Utility) $90,644

TOTAL ESTIMATED COST $349,626

COMMENTARY FIGURE D8
SO - STM LATERAL 3

Street capacity is exceeded higher in this basin at the intersection of Thornberg Street and
Uncochief Street at Design Point SO-B3. Therefore, storm sewer was extended to the
location for necessary inlets. Several areas along Yahmonite Road were identified as
problematic with localized flooding and nuisance flows. As a result, inlets were added
along the storm sewer lateral to capture additional surface flow and help minimize the
problematic nuisance flows. The existing roadside ditches are recommended to remain in
place to convey the 100-year storm event. SO - Storm Lateral 3 will discharge into Soda
Creek directly downstream of Yahmonite Bridge.

Final design will need to determine final location of inlets and storm sewer and the number
of inlets.





DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

36" CMP 1,585 LF $130.00 $206,050
30" CMP 335 LF $110.00 $36,850
24" CMP 830 LF $88.00 $73,040
18" CMP 65 EA $60.00 $3,900
Inlets 1 EA $5,000.00 $5,000
Manhole, 7' Diameter 2 EA $5,000.00 $10,000
Manhole, 6' Diameter 6 EA $3,400.00 $20,400
Manhole, 5' Diameter 6 EA $2,500.00 $15,000
Riprap Outlet Protection 1 EA $2,000.00 $2,000
Connection to Existing Infrastructure 11 EA $3,000.00 $33,000
36" FES 1 EA $1,115.00 $1,115

Total Estimated Construction Cost $406,355
Utility Relocation (5% of Construction Cost) $20,318
Engineering and Contingency (35% of Construction and Utility) $149,335

TOTAL ESTIMATED COST $576,008

COMMENTARY FIGURE D9
SO - STM LATERAL 4

Street capacity is exceeded at Design Point SO-F1, which is located at the intersection of
Broad Street and Nob Street. Existing inlets are present at this location and an existing
storm sewer lateral conveys flow past the school to Soda Creek. Pipe diameter and
conditions of the existing infrastructure in the upper portions of the basin are unknown.
Sizes of the existing storm sewer infrastructure adjacent to the recently redeveloped
school were provided based on the design report. The recently installed storm sewer main
that conveys flow to Soda Creek adjacent to the school is undersized for conveyance of
the entire watershed. Therefore, SO - Storm Lateral 4 recommends upsizing the main
conveyance line from Soda Creek to the intersection of Broad Street and Nob Street.
Existing inlets and the infrastructure conveying flows will have to be evaluated at final
design and may be adequate to convey runoff to the proposed main lateral.

Final design will need to determine final location of inlets and storm sewer and the number
of inlets.





DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

30" CMP 880 LF $110.00 $96,800
24" CMP 780 LF $88.00 $68,640
18" CMP 430 EA $60.00 $25,800
Manhole, 5' Diameter 13 EA $2,500.00 $32,500
Riprap Outfall Protection 4 EA $2,000.00 $8,000
Connection to Existing Infrastructure 15 EA $3,000.00 $45,000
Head Wall, Pipe Penetration 1 EA $5,000.00 $5,000
24" FES 1 EA $975.00 $975
30" FES 1 EA $1,050.00 $1,050

Total Estimated Construction Cost $283,765
Utility Relocation (5% of Construction Cost) $14,188
Engineering and Contingency (35% of Construction and Utility) $104,284

TOTAL ESTIMATED COST $402,237

COMMENTARY FIGURE D10
SO - STM LATERAL 5

SO - Storm Lateral 5 comprises of the storm sewer alignment along Lincoln Avenue. An
existing storm line conveys flow but is inadequate for the design storm and required
upsizing. The outfall of Storm Lateral 5 into Soda Creek is downstream of the
bridge/culvert crossing under Lincoln Avenue. 

In addition to the main Storm Lateral 5, minor storm infrastructure improvements are also
shown within Figure D10. These improvements comprise of increasing the storm sewer at
the intersection of 12th Street and Yampa Street, adding an inlet for local nuisance
drainage at the southeast corner of the intersection of 11th Street and Yampa Street,
realigning the outfall under the Steamboat Yacht Club and combining and upsizing the
storm outfall along 9th Street, and increasing size of the existing storm sewer along 9th
Avenue between Lincoln Avenue and the alley to the northeast.

Final design will need to determine final location of inlets and storm sewer and the number
of inlets.





DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

60" RCP 3,085 LF $220.00 $678,700
18" CMP 55 LF $60.00 $3,300
Manhole, Box Base 8 EA $10,000.00 $80,000
Connect to Existing Infrastructure 2 EA $3,000.00 $6,000
Diversion Structure 1 EA $50,000.00 $50,000

Total Estimated Construction Cost $818,000
Utility Relocation (5% of Construction Cost) $40,900
Engineering and Contingency (35% of Construction and Utility) $300,615

TOTAL ESTIMATED COST $1,159,515
Final design will need to determine final location of inlets and storm sewer and the number
of inlets.

The price of the diversion structure may vary greatly depending on the how sophisticated
the City wishes the structure to be. It is possible to incorporate telemetry, SCADA, and/or
automatic controls that regulate the peak flow within Butcherknife Creek. For this reason,
a middle of the road unit cost was selected.

The diversion pipe also provides conveyance for some local drainage along 7th Avenue.

COMMENTARY FIGURE D11
BUTCHERKNIFE CREEK DIVERSION

To reduce the 100-year flows in Butcherknife Creek, an in-channel diversion structure and
diversion pipe are proposed. The Butcherknife Creek Diversion Pipe is modeled and
priced as a 60" RCP. The improvements will reduce the peak storm event and snowmelt
runoff within the main channel of Butcherknife Creek. The main channel of Butcherknife
Creek has limited flow capacity so the overflow pipe helps to minimize nuisance flooding
along the channel corridor and flooding caused by storm events. The 60" diversion pipe
was conceptually designed to convey approximately 200 cfs and is aligned along Missouri
Avenue to 7th Street. Near the intersection of 7th Street and Oak Street, the diversion
would connect to the 4-foot high by 8-foot wide reinforced concrete box culvert discussed
in commentary Figure D4 for the recombined full flow along Butcherknife Creek.

The City specifies CMP, but due to the large diameter of this diversion pipe, it may be
necessary to select a pipe material with improved hydraulic performance. A price
competitive alternative may include steel reinforced HDPE, which combines many of the
distinct benefits found individually with RCP and CMP.





DESCRIPTION PRELIMINARY DESIGN COST ESTIMATE

Improvement Quantity Unit Unit Cost  Total Cost

36" CMP 65 LF $130.00 $8,450
30" CMP 390 LF $110.00 $42,900
24" CMP 935 LF $88.00 $82,280
18" CMP 65 LF $60.00 $3,900
Manhole, 6' Diameter 2 EA $3,400.00 $6,800
Manhole, 5' Diameter 5 EA $2,500.00 $12,500
Riprap Outfall Protection 2 EA $2,000.00 $4,000
Connection to Existing Infrastructure 6 EA $3,000.00 $18,000
24" FES 1 EA $975.00 $975
36" FES 1 EA $1,115.00 $1,115

Total Estimated Construction Cost $180,920
Utility Relocation (5% of Construction Cost) $9,046
Engineering and Contingency (35% of Construction and Utility) $66,488

TOTAL ESTIMATED COST $256,454

COMMENTARY FIGURE D12
DFA - Yampa Storm Improvements

DFA Yampa Storm Improvements include the lateral improvements along 5th Street and
6th Street. The lateral line along 5th Street needs to improved to provide additional
drainage conveyance capacity between the outfall at the Yampa River to Lincoln Avenue.
Along 6th Avenue the storm sewer from the outfall at the Yampa River to the inlet on the
upstream side (northeast) of Yampa Street.

Final design will need to determine final location of inlets and storm sewer and the number
of inlets.
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DESIGN EQUATION:

Intial storm sewer size and design is based on Equation 5.9.2 of the Steamboat Springs Engineering Standards.  It states:

Where: n = Manning's Roughness Coefficient
Q = Peak Discharge (cfs)
S = Slope (ft/ft)

ASSUMPTIONS:

1.  Corrugated Metal Pipe will be utilized for storm conveyance (n = 0.027)
2.  Slope of the storm sewer is approximated by the controlling roadway slope (i.e. the mildest slope)
3.  Storm sewer designed for minor storm event (5-year)
4.  Due to the conceptual nature of the study, a factor of safety was added

DESIGN:

Mannings n 0.027
Factor of Safety 10%

Design Point Design Discharge (cfs) Estimated Slope of Pipe (ft/ft) Initial Pipe Diameter (ft) Applying Factor of Safety Selected Pipe Diameter (ft)

B3 24.62 0.020 2.38 2.62 3.00
B4 26.4 0.050 2.06 2.27 2.50
B5 29.46 0.020 2.55 2.81 3.00
B6 35.62 0.020 2.74 3.01 3.50
B8 38.93 0.030 2.62 2.89 3.00
B10 41.47 0.015 3.06 3.37 3.50
C3 28.33 0.03 2.33 2.56 3.00
C5 33.97 0.06 2.19 2.41 2.50
C7 34.44 0.02 2.70 2.98 3.00
F1 11.02 0.06 1.44 1.58 2.00
F2 5.67 0.01 1.57 1.72 2.00
F3 12.33 0.01 2.10 2.31 2.50
F4 3.76 0.05 0.99 1.09 1.25
F5 26.70 0.015 2.59 2.85 3.00
F7 29.50 0.015 2.69 2.96 3.00
G3 6.81 0.01 1.68 1.85 2.00
G4 18.84 0.01 2.46 2.70 3.00
H1 5.19 0.02 1.33 1.46 1.50
H2 10.19 0.01 1.95 2.15 2.50
H3 15.14 0.01 2.26 2.49 2.50

COMMENTS:
1.  Due to the conceptual nature of the pipe calculations, a final design report should required and include detail information such as hydraulic design, plan and profiles, etc.  
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DESIGN EQUATION:

Intial storm sewer size and design is based on Equation 5.9.2 of the Steamboat Springs Engineering Standards.  It states:

Where: n = Manning's Roughness Coefficient
Q = Peak Discharge (cfs)
S = Slope (ft/ft)

ASSUMPTIONS:

1.  Corrugated Metal Pipe will be utilized for storm conveyance (n = 0.027)
2.  Slope of the storm sewer is approximated by the controlling roadway slope (i.e. the mildest slope)
3.  Storm sewer designed for minor storm event (5-year)
4.  Due to the conceptual nature of the study, a factor of safety was added

DESIGN:

Mannings n 0.027
Factor of Safety 10%

Design Point Design Discharge (cfs) Estimated Slope of Pipe (ft/ft) Initial Pipe Diameter (ft) Applying Factor of Safety Selected Pipe Diameter (ft)

Y1 6.00 0.010 1.60 1.76 2.00
Y2 0.64 0.010 0.69 0.76 1.25
Y3 1.40 0.020 0.81 0.90 1.25
Y4 6.11 0.020 1.41 1.56 2.00
Y5 7.72 0.030 1.43 1.57 2.00
Y6 4.06 0.010 1.38 1.52 2.00
Y7 3.87 0.010 1.36 1.49 1.50
Y8 4.06 0.010 1.38 1.52 2.00
Y9 7.15 0.010 1.71 1.88 2.00

Y10 12.09 0.010 2.08 2.29 2.50
Y11 5.60 0.010 1.56 1.71 2.00
Y12 6.23 0.010 1.62 1.78 2.00
Y13 6.16 0.020 1.42 1.56 2.00
Y14 9.40 0.020 1.66 1.83 2.00
Y15 13.02 0.010 2.14 2.35 2.50

Y20 4.87 0.020 1.30 1.43 1.50
Y21 3.00 0.020 1.08 1.19 1.25
Y22 11.67 0.010 2.05 2.26 2.50

STORM SEWER DESIGN
Direct Flow Area - Yampa River
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DESIGN EQUATION:

Intial storm sewer size and design is based on Equation 5.9.2 of the Steamboat Springs Engineering Standards.  It states:

Where: n = Manning's Roughness Coefficient
Q = Peak Discharge (cfs)
S = Slope (ft/ft)

ASSUMPTIONS:

1.  Corrugated Metal Pipe will be utilized for storm conveyance (n = 0.027)
2.  Slope of the storm sewer is approximated by the controlling roadway slope (i.e. the mildest slope)
3.  Storm sewer designed for minor storm event (5-year)
4.  Due to the conceptual nature of the study, a factor of safety was added

DESIGN:

Mannings n 0.027
Factor of Safety 10%

Design Point Design Discharge (cfs) Estimated Slope of Pipe (ft/ft) Initial Pipe Diameter (ft) Applying Factor of Safety Selected Pipe Diameter (ft)

STORM SEWER DESIGN
Direct Flow Area - Yampa River
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Y23a 8.20 0.030 1.46 1.61 2.00
Y23 10.30 0.020 1.72 1.89 2.00
Y24 1.66 0.020 0.87 0.95 1.25
Y25 0.76 0.010 0.74 0.81 1.25
Y26 17.30 0.020 2.09 2.30 2.50
Y27 22.10 0.010 2.61 2.87 3.00
Y28 5.15 0.010 1.51 1.66 2.00
Y29 8.77 0.020 1.62 1.78 2.00
Y30 11.52 0.020 1.79 1.97 2.00

COMMENTS:
1.  Due to the conceptual nature of the pipe calculations, a final design report should required and include detail information such as hydraulic design, plan and profiles, etc.  
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Old Town Drainage Study and Floodplain Masterplan for Soda, Butcherknife and Spring Creeks 

 
 
 
 
 
 
 
 
 
 
 

HEC-RAS OUTPUT FOR BUTCHERKNIFE CREEK – PROPOSED CONDITIONS MODEL 
 
 
 
 
 
 
 
 
 
 
 
 
 



Reach River Sta Flood Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach‐1 13 200 CFS DIV 125 6769.8 6770.37 6770.43 0.01439 1.95 65.5 213.4 0.54

Reach‐1 12.5 200 CFS DIV 125 6761.55 6764.49 6764.09 6764.84 0.01937 4.75 26.3 20.4 0.74

Reach‐1 12.25 Culvert

Reach‐1 12.1 200 CFS DIV 125 6761.35 6763.15 6763.34 0.01546 3.49 35.8 38.8 0.64

Reach‐1 12 200 CFS DIV 125 6760.32 6761.94 6761.94 6762.39 0.03890 5.39 23.2 26.1 1.01

Reach‐1 11.5 200 CFS DIV 125 6755.25 6759.15 6757.55 6759.21 0.00206 1.97 63.5 181.3 0.26

Reach‐1 11.25 Culvert

Reach‐1 11 200 CFS DIV 125 6755 6758.31 6757.57 6758.55 0.01033 3.92 31.9 178.6 0.55

Reach‐1 10 200 CFS DIV 125 6752 6753.02 6753.02 6753.39 0.04136 4.90 25.5 54.0 1.01

Reach‐1 9.5 200 CFS DIV 125 6746 6749.68 6746.85 6749.69 0.00003 0.33 474.0 241.0 0.03

Reach‐1 9.25 Culvert

Reach‐1 9 200 CFS DIV 125 6745.83 6747.01 6747.01 6747.37 0.04245 4.83 25.9 115.2 1.02

Reach‐1 8 200 CFS DIV 125 6742 6743.24 6743.34 0.01528 2.52 49.6 86.8 0.59

Reach‐1 7 200 CFS DIV 125 6738 6738.89 6738.99 0.01471 2.64 49.0 173.5 0.59

Reach‐1 6 200 CFS DIV 125 6732.19 6734.43 6734.39 6734.77 0.03371 4.69 27.1 40.2 0.92

Reach‐1 5.5 200 CFS DIV 125 6730 6733.58 6731.63 6733.62 0.00168 1.62 77.2 462.9 0.23

Reach‐1 5 200 CFS DIV 125 6730 6733.32 6731.98 6733.55 0.00613 3.80 32.9 465.4 0.42

Reach‐1 4.5 Culvert

Reach‐1 4.25 200 CFS DIV 125 6728 6728.97 6728.97 6729.35 0.04058 4.93 25.4 33.9 1

Reach‐1 4 200 CFS DIV 125 6726 6727.69 6727.77 0.00497 2.34 53.5 45.3 0.38

Reach‐1 3 200 CFS DIV 125 6724.46 6725.81 6725.81 6726.24 0.03832 5.31 23.5 61.4 1

Reach‐1 2.75 200 CFS DIV 125 6721.5 6723.49 6722.67 6723.62 0.00554 2.87 43.5 28.8 0.41

Reach‐1 2.5 Culvert

Reach‐1 2.25 200 CFS DIV 125 6719.5 6720.87 6720.33 6720.95 0.00669 2.30 54.3 58.9 0.42

Reach‐1 2 200 CFS DIV 125 6718 6718.83 6718.83 6719.21 0.04090 4.92 25.4 102.7 1.01

Reach‐1 1 200 CFS DIV 125 6706.94 6709 6707.77 6709.00 0.00013 0.43 311.1 229.2 0.06

Butcherknife Creek ‐ Proposed Conditions Model (200 CFS Diverion & Culvert Improvements)
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   RS = 2      Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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   RS = 2.25      Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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Geom: Proposed

   RS = 2.5      Culv    Oak Street Bridge - 8' x 4' RCBC  Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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Geom: Proposed

   RS = 2.5      Culv    Oak Street Bridge - 8' x 4' RCBC  Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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   RS = 2.75      Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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   RS = 4      Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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   RS = 4.25      Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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Geom: Proposed

   RS = 4.5      Culv    Pine Street Bridge - 3 36" RCP  Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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   RS = 4.5      Culv    Pine Street Bridge - 3 36" RCP  Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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   RS = 5      Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

EG 200 CFS DIV

WS 200 CFS DIV

Crit 200 CFS DIV

Ground

Ineff

Bank Sta

.09 .05 .09



0 100 200 300 400 500 600
6730

6731

6732

6733

6734

6735

6736

6737

6738

Butcherknife Creek   
Geom: Proposed

   RS = 5.5      Proposed Conditions Model (200 CFS Diversion & Culvert Crossing Improvements)
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Old Town Drainage Study and Floodplain Masterplan for Soda, Butcherknife and Spring Creeks 

 
 
 
 
 
 
 
 
 
 

HEC-RAS OUTPUT FOR SODA CREEK – CORRECTED EFFECTIVE MODEL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Reach River Sta Flood Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Soda Creek    19 1300 CFS 1300 6752 6755.42 6755.78 0.00864 5.01 323.5 254.5 0.56

Soda Creek    18 1300 CFS 1300 6750 6752.85 6753.23 0.01120 4.99 282.0 191.6 0.62

Soda Creek    17 1300 CFS 1300 6746 6750.22 6749.66 6750.85 0.01280 6.49 227.1 167.2 0.69

Soda Creek    16 1300 CFS 1300 6741.5 6746.1 6745.19 6746.97 0.01170 7.47 174.1 46.9 0.68

Soda Creek    15 1300 CFS 1300 6738.94 6742.85 6742.85 6743.85 0.01863 8.21 197.5 151.2 0.85

Soda Creek    14 1300 CFS 1300 6736 6740.88 6741.30 0.00809 5.74 368.8 286.5 0.56

Soda Creek    13 1300 CFS 1300 6732.74 6736.86 6736.46 6737.73 0.01649 7.53 177.3 76.2 0.79

Soda Creek    12 1300 CFS 1300 6728.88 6732.66 6732.99 0.00798 5.35 409.0 308.5 0.55

Soda Creek    11 1300 CFS 1300 6725.55 6728.96 6728.96 6729.55 0.02360 7.56 288.1 222.8 0.9

Soda Creek    10 1300 CFS 1300 6719.01 6725.02 6725.29 0.00322 4.23 322.2 118.4 0.37

Soda Creek    9.5 1300 CFS 1300 6716.98 6722.06 6722.06 6724.27 0.02938 11.93 108.9 24.8 1

Soda Creek    9 1300 CFS 1300 6713.62 6718.41 6718.41 6720.08 0.02556 10.36 125.5 36.8 0.99

Soda Creek    8 1300 CFS 1300 6710 6716.06 6714.34 6716.52 0.00559 5.63 302.3 193.7 0.48

Soda Creek    7.5 Bridge

Soda Creek    7 1300 CFS 1300 6707.78 6712.65 6712.65 6713.99 0.02772 9.28 140.1 53.0 1.01

Soda Creek    6 1300 CFS 1300 6704.89 6711.79 6709.91 6712.10 0.00358 5.13 468.7 367.0 0.4

Soda Creek    5 1300 CFS 1300 6704 6710.18 6709.73 6711.03 0.01176 7.89 234.5 262.4 0.68

Soda Creek    4.6 Culvert

Soda Creek    4.4 1300 CFS 1300 6702 6709.44 6706.12 6709.85 0.00256 5.17 272.4 123.1 0.35

Soda Creek    4.2 Culvert

Soda Creek    4 1300 CFS 1300 6699.59 6705.26 6705.26 6707.22 0.02290 11.34 127.1 43.5 0.93

Soda Creek    3 1300 CFS 1300 6696 6703.17 6703.90 0.00757 7.02 220.7 80.6 0.55

Soda Creek    2 1300 CFS 1300 6695.02 6702.92 6699.73 6703.23 0.00224 4.63 338.0 164.4 0.33

Soda Creek    1.7 1300 CFS 1300 6694 6702.81 6698.34 6703.04 0.00152 3.95 369.7 130.2 0.27

Soda Creek    1.5 Culvert

Soda Creek    1 1300 CFS 1300 6691.59 6695.53 6695.53 6696.69 0.03793 10.11 165.2 81.5 1.15

Soda Creek  ‐ Corrected Effective Model (Approximates Routt County FIS)
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Old Town Drainage Study and Floodplain Masterplan for Soda, Butcherknife and Spring Creeks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

HEC-RAS OUTPUT FOR SODA CREEK – PROPOSED CONDITIONS MODEL 
 

 
 
 
 
 
 

 



Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach‐1 19 1300 CFS 1300 6752 6755.42 6755.78 0.00864 5.01 323.5 254.5 0.56

Reach‐1 18 1300 CFS 1300 6750 6752.85 6753.23 0.01120 4.99 282.0 191.6 0.62

Reach‐1 17 1300 CFS 1300 6746 6750.22 6749.66 6750.85 0.01280 6.49 227.1 167.2 0.69

Reach‐1 16 1300 CFS 1300 6741.5 6746.1 6745.19 6746.97 0.01170 7.47 174.1 46.9 0.68

Reach‐1 15 1300 CFS 1300 6738.94 6742.85 6742.85 6743.85 0.01863 8.21 197.5 151.2 0.85

Reach‐1 14 1300 CFS 1300 6736 6740.88 6741.30 0.00809 5.74 368.8 286.5 0.56

Reach‐1 13 1300 CFS 1300 6732.74 6736.86 6736.46 6737.73 0.01649 7.53 177.3 76.2 0.79

Reach‐1 12 1300 CFS 1300 6728.88 6732.66 6732.99 0.00798 5.35 409.0 308.5 0.55

Reach‐1 11 1300 CFS 1300 6725.55 6728.96 6728.96 6729.55 0.02360 7.56 288.1 222.8 0.9

Reach‐1 10 1300 CFS 1300 6719.01 6725.02 6725.29 0.00322 4.23 322.2 118.4 0.37

Reach‐1 9.5 1300 CFS 1300 6716.98 6722.06 6722.06 6724.27 0.02938 11.93 108.9 24.8 1

Reach‐1 9 1300 CFS 1300 6713.62 6718.41 6718.41 6720.08 0.02556 10.36 125.5 36.8 0.99

Reach‐1 8 1300 CFS 1300 6710 6716.06 6714.34 6716.52 0.00559 5.63 302.3 193.7 0.48

Reach‐1 7.5 Bridge

Reach‐1 7 1300 CFS 1300 6707.78 6712.65 6712.65 6713.99 0.02772 9.28 140.1 53.0 1.01

Reach‐1 6 1300 CFS 1300 6704.89 6711.84 6709.91 6712.14 0.00336 5.01 483.3 367.0 0.38

Reach‐1 5 1300 CFS 1300 6704 6709.73 6709.73 6710.92 0.01812 9.16 184.9 207.1 0.83

Reach‐1 4.6 Culvert

Reach‐1 4.4 1300 CFS 1300 6702 6706.12 6706.12 6707.83 0.02572 10.52 123.6 44.2 1

Reach‐1 4.2 Culvert

Reach‐1 4 1300 CFS 1300 6699.59 6705.67 6705.26 6707.26 0.01679 10.28 146.2 49.1 0.81

Reach‐1 3 1300 CFS 1300 6696 6702.32 6701.27 6703.50 0.01376 8.74 156.3 56.8 0.72

Reach‐1 2 1300 CFS 1300 6695.02 6700.44 6699.73 6701.47 0.01366 8.16 163.6 120.2 0.74

Reach‐1 1.7 1300 CFS 1300 6694 6699.45 6698.34 6700.37 0.01085 7.72 170.5 44.9 0.66

Reach‐1 1.5 Culvert

Reach‐1 1 1300 CFS 1300 6691.59 6695.53 6695.53 6696.69 0.03795 10.12 165.2 81.5 1.15

Soda Creek ‐ Proposed Conditions Model (Culvert / Bridge Improvements)
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