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ES. Executive Summary 
Purpose and Scope 
This Major Drainageway Planning Study was prepared as part of the South Boulder Creek Flood Mitigation Study (Study) 
authorized by the City of Boulder (Boulder) through Purchase Order 98 2009 DP005380 on December 23, 2009. The 
Urban Drainage and Flood Control District (District) was a financial participant in the project and provided oversight 
during the project execution.  

South Boulder Creek is a major drainageway that conveys stormwater runoff from Eldorado Canyon west of the City of 
Boulder through the eastern portions of the City of Boulder. After leaving Eldorado Canyon and crossing Hwy 93 and US‐
36, South Boulder Creek follows several flow paths before reaching Boulder Creek. Development and other 
anthropogenic features subject the lower parts of the basin to periodic flooding because of overflows that propagate to 
one of the various flow paths. These overflows contribute to the flood hazard at areas far removed from the mainstem. 
In particular, much of the area known as the West Valley of South Boulder Creek (West Valley) lies along one of the 
historic low points and is subject to periodic flooding because of spills out of the main channel. The focus of this study is 
to address flooding problems in the lower portions of the basin within the City of Boulder, with a particular emphasis on 
the flooding problems through the area of the West Valley. 

The project builds on the Flood Mapping Study (Mapping Study) completed by HDR Engineering, Inc. (HDR) in late 2008. 
That study produced floodplain maps. A Risk Assessment Report (HDR, May 2009)  was also prepared that identified 
approximately $8.7 million dollars in annual damage from South Boulder Creek flooding and the addition of 
approximately 700 structures not previously identified as flood prone. 

The focus of the Study is to define alternatives that address the flood problems in the West Valley, an area generally 
bounded by US‐36 on the south, Mohawk Drive on the west, 55th Street on the east and Arapahoe Avenue on the North 
(Study Area). This area had been omitted from earlier flood maps prepared for the City. As such, much of the area was 
developed without consideration of the large flood threat from South Boulder Creek. The Study identifies drainage 
improvements that, in combination, provide the most beneficial means of addressing the identified flooding problems.  

Planning Process 
The process used to prepare the Study is to build a comprehensive master drainage plan using existing information, a 
suite of viable alternative elements and an evaluation of several alternative plans.  

Existing information regarding the South Boulder Creek watershed was reviewed and stakeholders were engaged and 
asked to provide concerns and constraints. This information was used to develop a screening matrix to assess the 
effectiveness of the suite of potential solution approaches to address the identified problems. Alternatives elements that 
were patently infeasible, either for reasons of technical issues, cost, environmental issues or public input were eliminated 
and the remaining elements were then assembled into alternative plans. 

Fifteen alternative plans were developed to address the identified problems in a holistic way, recognizing the benefits of 
certain upstream improvements to control downstream flood threats. These alternatives included a Status Quo 
alternative that proposed no improvements but did include the enforcement of the City’s floodplain management and 
development regulations. Other alternatives included various structural components that provided improved storage, 
collection or conveyance of the flood flows, thereby reducing the flood threat. Sizing, alignments and costs were 
determined for each of the alternatives for a variety of discharges. Benefits were estimated using information developed 
previously in the Risk Assessment. Other considerations important to the City, such as preservation of Open Space and 
habitat areas, minimizing disruption to the community or conforming to broader City Policies were included in the 
evaluation of the alternatives. This information allowed a direct comparison among the alternatives and provided a 
foundation for the selection of Best Alternative Plans. 

The nine Best Alternative Plans, described in Table ES‐1, represent those plans from among the studied alternative plans 
that were able to address the flood hazard the most effectively. In many cases, these plans were not necessarily the least 
costly or the ones with the fewest environmental or public issues; rather, they were the plans that provided the greatest 
benefit for the investment and were felt to have other issues that could be mitigated.  

TABLE ES‐1
Best Alternative Plans
Alternative   Description 

1  Status Quo  

2  High Hazard Zone containment with critical structure flood proofing  

3 
Regional Detention at US‐36 with downstream storage and conveyance improvements through West Valley and along Dry Creek 
No. 2 Ditch  

4 
Regional Detention near Hwy‐93 with downstream storage and conveyance improvements through West Valley and along Dry 
Creek No. 2 Ditch  

5 
Distributed Regional Detention with downstream storage and conveyance improvements through West Valley and along Dry 
Creek No. 2 Ditch 

6  Mainstem flow containment with local West Valley improvements 

7  Dry Creek No. 2 Ditch pipeline 

8  Bear Canyon Creek pipeline 

9  Nuisance – Level Flood Improvement Protection  

The evaluations conducted for these early alternatives were summarized and presented to key stakeholders representing 
major landowners and public infrastructure within the basin as well as the public, City Open Space and Mountain Parks 
(OSMP) Board, and the Water Resource Advisory Board (WRAB). 

Based on recommendations from the Water Resources Advisory Board (WRAB) and Open Space and Mountain Parks 
(OSMP) staff, the Best Alternative Plans were reduced to five Best Alternate Plans that were to be refined based on 
additional interests and issues that were identified as being important in the selection and implementation of a selected 
alternative. The five alternatives identified for further evaluation include: 

 Status Quo 
 High Hazard Zone Mitigation  
 Regional Detention at US‐36  
 Distributed Regional Detention  
 Bear Canyon Creek Pipeline  

The evaluation of each of the Best Alternative plans included many considerations. In addition to the financial and flood 
control elements implicit in the evaluation of the alternatives, the stakeholder involvement identified a number of other 
considerations that were assessed during the evaluation process. These issues are summarized below. Table ES‐2 
presents a summary of the findings of the Best Alternative Plan evaluation. 

Benefit‐Cost Analysis ‐ The aggregated costs for each of the Best Alternative Plans were compared to the computed 
flood reduction benefits to determine a Benefit‐Cost relationship for the alternative. This ratio provides a simple numeric 
measure of the return on investment but is not the sole basis for recommendation of a particular alternative. 

Water Quality ‐ All of the alternatives will continue to incorporate the ongoing measures already in place within the City 
to control impacts to water quality. In general, alternatives employing natural channels and detention storage will 
provide greater water quality benefits. 

Natural Environment ‐ Boulder has a longstanding tradition of nurturing, protecting and integrating greenways, Open 
Space lands, buffers, wetlands or other habitat areas. Areas containing high functioning wetlands have been avoided to 
the extent possible. In some cases, minor impacts to the fringes of these areas may have been unavoidable but the level 
of encroachment has been minimized. 
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Along South Boulder Creek, there are numerous areas where the groundwater table supplies an important water source 
for wetlands. Every effort was made to understand the nature of the groundwater near the proposed improvements and 
to avoid or minimize any potential adverse impacts. 

Threatened and Endangered Species – The locations of threatened and endangered species consisting primarily of the 
orchid and the Preble’s Meadow Jumping Mouse were investigated. The flood control measures proposed in the various 
Alternative Plans have been formulated to avoid these areas to the extent possible. 

Open Space Lands ‐ The alternatives identified in these plans were formulated to minimize the impacts to Open Space 
lands. However, since many of these lands fall in or near the conveyance areas of the channel, all impacts were 
unavoidable. The type and function of Open Space lands was considered in the layout of improvements associated with 
the Alternative Plans to limit physical improvements to the extent possible. 

Social Impacts ‐ Each of the projects, other than the Status Quo, has associated construction impacts that can generally 
be mitigated in the design and construction process. Efforts were made to minimize the potential permanent disruption 
to mature vegetation and existing sight lines. 

The alignments identified for the various alternative plans were chosen to try to minimize the impact on private 
properties. Unfortunately, not all impacts to private property could be avoided. The costs for each of the plans include 
provisions for the purchase of easements or outright purchase of the property. The estimates are based on costs derived 
from the City’s recent experience. 

City Policies ‐ During past studies of South Boulder Creek, the City identified guidelines that could be used as guidance in 
the development and evaluation of alternatives. Many of these reflect sound flood control principles while others reflect 
the collective interests of the community and its leadership. These issues, include avoiding channelization of South 
Boulder Creek, limiting the amount of private property necessary for the implementation of the alternatives, minimizing 
the use of large mainstem dams to control flooding, and a continued commitment to floodplain management are all 
incorporated to the extent possible.

TABLE ES‐2 
Best Alternative Plan Evaluation Summary 

Alternative 
Total Implementation Cost 

($millions) 
Present Worth of Benefits 

($millions)  Benefit‐to‐Cost Ratio  Plan Elements  Significant Considerations 
Status Quo  $0.00   $0.00   0  Maintains systems and processes as they are today.  Provides no enhanced flood protection anywhere in the system. 

High Hazard Mitigation  $0.14   $0.00   0  Includes grading changes to eliminate structures from the designated High 
Hazard Zone. 

Provides no substantive enhancement to level of flood protection anywhere in 
the system. 

Regional Detention at US‐36  $36.20   $77.30   2.14  Detention pond at US‐36 reduces US‐36 overtopping threat and eliminates 
100‐year floodplain within West Valley. 
Local improvements in West Valley and at Arapahoe Avenue address local 
flood issues. 

Meets defined objective of eliminating 100‐year floodplain in West Valley. 
Some encroachment of facilities onto City‐owned Open Space lands. 

Distributed Regional Detention  $48.10   $75.90   1.58  Three detention ponds reduce US‐36 overtopping threat to eliminate 100‐
year floodplain within West Valley and mitigate increased mainstem flows 
in channel downstream of US‐36. 
Local improvements in West Valley and at Arapahoe Avenue address local 
flood issues. 

Meets defined objective of eliminating 100‐year floodplain in West Valley. 
Significant encroachment of facilities onto Open Space lands and into identified 
habitat areas. 

Bear Canyon Creek Pipeline  $46.80   $58.00   1.24  Inlets and pipelines to capture and convey overflows from US‐36. 
Local improvements in West Valley and at Arapahoe Avenue address local 
flood issues. 

Generally addresses the objective of eliminating 100‐year floodplain in West 
Valley with the exception of Apache Drive. 
Nominal impact to Open Space lands and identified habitat areas. 
Significant disruption to residential properties is expected during construction. 
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Engineer’s Recommended Plan 
The agreed upon scope of work requires the Engineer to provide a recommendation for City staff consideration. The 
Engineer’s Recommended Plan is based on the described criteria and evaluations and represents the Engineer’s best 
judgment. However, the Engineer may not be aware of issues or objectives that transcend the flood control objectives 
defined at the project’s outset. As such, the Engineer’s Recommended Plan should be viewed as a starting point to help 
the City understand the flood control issues, objectives and solutions and to allow City decision makers to refine, revise 
and modify the plan as necessary to achieve the broader community interests of the project. 

Based on the refined analysis of the selected Best Alternative Plans, the Regional Detention at US‐36 Best Alternate Plan 
was selected as the Engineer’s Recommended Plan. The recommended plan includes a series of improvements to address 
the overtopping of US‐36 and the flood concerns through the West Valley. This plan was selected because it removes 
approximately 700 structures from the 100‐year floodplain, achieving the goals set at the onset of the project. In 
addition, this alternative has the highest Benefit‐Cost Ratio of any of the alternatives reviewed.  

The Engineer’s Recommended Plan includes the following Features. 

US‐36 Detention Pond 

The US‐36 detention pond captures water from South Boulder Creek’s west overbank south of US‐36 eliminating the 
overtopping of US 36 during the 100‐year event. The pond provides 560 AF of storage. The berm for the US‐36 Pond 
parallels US‐36, does have some impacts to OSMP land, and requires the inundation of a portion of the CU South 
Campus. The planned alignment and layout of the embankment features were designed to minimize the impacts to these 
areas to the extent possible.  

Arapahoe Avenue Detention 

The detention pond and associated outfall structures at Arapahoe Avenue take advantage of the Flatirons Golf Club golf 
course to provide 58 AF of storage that reduces the impact to downstream industrial and commercial properties. This 
facility also helps to collect shallow floodwaters that over top Arapahoe Road from the main stem of South Boulder Creek 
and the West Valley and convey them through two outlet channels below Arapahoe Avenue. The proposed west outfall 
will discharge flows to an existing flood channel that has adequate capacity while the east flood channel will require the 
construction of an outfall conveyance to return water to the South Boulder Creek mainstem. Both of these outfalls will 
work in tandem the detention to store and attenuate flows helping to alleviate flooding issues downstream of Arapahoe 
Road. There are some unavoidable impacts to City regulated wetlands that will require mitigation and the alternative 
requires the acquisition of some private property.  

 Improvements in the West Valley 

Although the detention at US‐36 eliminates the overtopping flooding from South Boulder Creek, facilities through the 
West Valley were still required to convey 100‐year storm flows generated through the West Valley and discharged from 
the US‐36 Detention outfalls. Improvements in the West Valley are either in the form of small detention facilities that are 
used to capture and attenuate flows or improvements to existing conveyance infrastructure. Alignments of all the 
facilities take full advantage of existing publically owned lands and minimize the number of individual property owners 
impacted and impacts to known utility lines.  

 25‐AF of detention at Manhattan Middle School ‐ Captures locally generated flows that can be discharged to the 
existing downstream infrastructure minimizing additional downstream system improvements.  

 9 AF Detention at the intersection of Foothills Parkway and Baseline Road ‐ Collects flood flows at this intersection 
and discharges them to the channel parallel to Baseline Road taking advantage of the capacity of the downstream 
system.  

 2' Extension of the concrete retaining wall of along Baseline Road east of Foothills Parkway ‐ Increase capacity of the 
channel and prevents overflows from entering the lower West Valley.  

 Conveyance improvements to the New Anderson Ditch ‐ Prevents overflows from entering the West Valley and 
conveys additional flow that results from the increased head generated by the storage above US‐36.  

 A wasteway structure for the Wellman Canal, east of Foothills Parkway ‐ This will allow flood flows from Bear Canyon 
Creek that enter the Wellman canal to be discharged back into the Bear Canyon Creek historic channel. This 
improvement is required to help eliminate flood flows overtopping the Wellman Canal from causing additional flood 
hazards through the West Valley.  

 72 ‐ Inch diameter pipe along Dry Creek No. 2 Ditch ‐ This will convey 420 cfs of flows down the Dry Creek No. 2 Ditch 
corridor.  

Engineer’s Recommended Phasing 
Implementation of the Recommended Plan will require the resolution of some issues that were outside the scope of the 
current Mitigation Planning Study. The study team believes these issues are not insurmountable and does not impose 
any fatal flaws on the Recommended Plan. Coordination with the University on the layout of the facilities associated with 
the US‐36 Detention should continue. The proposed layout reflects early discussions but some further refinement may be 
desirable to optimize the use of the area while minimizing impacts from the berm. Similar refinements may be possible to 
further reduce the impact to Open Space lands. Working in concert with both CU and OSMP may provide further 
refinements that further optimize the use of the space. 

Phasing of the elements of the Recommended Plan provides an opportunity to distribute the cost of implementation 
over a longer time and allows the community to reap benefits from the individual aspects of the improvements without 
full plan implementation. The elements of the Recommended Plan do allow for a phased implementation. The discussion 
below summarizes a possible Recommended Plan phased implementation recommendation. 

Priority 1 – US‐36 detention:  

US‐36 Detention is the recommended first element to be implemented. This project element fulfils the defined purpose 
of the project (reduce the flood hazard due to US‐36 overtopping in the West Valley) without the need for further 
investment. In doing so, the flood insurance burden associated with the South Boulder Creek 100‐year flood for those 
properties in the West Valley is eliminated and the real flood threat reduced to that of locally generated runoff flooding. . 
The proposed US‐36 Detention facility has an element benefit‐cost ratio of approximately 2.0 and an approximate capital 
cost of $13.3 million. 

Priority 2 – Local West Valley Improvements 

The proposed improvements in the West Valley address a number of different issues and are comprised of several 
smaller elements, including: local detention at Manhattan Middle School, Dry Creek No. 2 Ditch pipeline improvements, 
local detention at Baseline Road and Foothills Parkway, floodwall improvements along Baseline Road, improvements to 
the New Anderson Ditch and improvements to the Wellman Canal. Implementation of these elements should generally 
follow broad drainage facility implementation guidance. That is, detention can and should be implemented early in the 
process to fully exploit the flow reduction realized through these facilities. Then the flood control measures such as the 
pipeline improvements along Dry Creek No. 2 Ditch and along Baseline Road should be implemented to provide adequate 
conveyance of the remaining flows. The improvements to the other irrigation ditches are intended to prevent overflows 
and contain those flows in the original system. These can often be done independently of any other improvements and 
can be implemented as need or opportunities arise. In aggregate, these improvements are expected to cost $11.0 million 
to implement and result in a benefit‐cost ratio of 3.2. 

Priority 3 – Arapahoe Avenue Detention 

The Arapahoe Avenue detention pond and associated downstream improvements provide considerable flood relief to 
those properties below Arapahoe Avenue however; the floodplain reduction associated with these improvements is 
relatively localized making this the last of the suggested implementation priorities. The improvements are estimated to 
cost $11.9 million and will result in a benefit‐cost ratio of 1.3. 
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I. Introduction 
The purpose of this report is to present the findings of the Major Drainageway Planning Study for South Boulder Creek. 
South Boulder Creek is a major drainageway that conveys stormwater runoff from Eldorado Canyon west of Boulder 
through the eastern portions of Boulder. The drainageway passes through areas outside the city limits within Boulder 
County. The focus of this study is to address flooding problems in the lower portions of the basin within the Boulder city 
limits, with a particular emphasis on the flooding problems through the area of the basin known as the West Valley. 

Authorization 
This Major Drainageway Planning Study was prepared as part of the South Boulder Creek Flood Mitigation Study (Study) 
authorized by the City of Boulder (Boulder) through a Purchase Order on December 23, 2009. The Urban Drainage and 
Flood Control District (District) was a financial participant in the project and provided oversight during the project 
execution. The Agreement authorizes CH2M HILL to develop a mitigation plan to address flooding along South Boulder 
Creek. 

Purpose and Scope 
The scope of the project builds on the Flood Mapping Study (Mapping Study) completed by HDR Engineering, Inc. (HDR) 
in late 2008. That project had a carefully developed scope that focused on the identification of flood issues along South 
Boulder Creek. Two important reports were developed during the Mapping Study, a Climatology/Hydrology Report (HDR, 
February 6, 2007) and a Hydraulic Modeling Report (HDR, December 30, 2008), both of which are important foundations 
for the development of the floodplain maps that were the ultimate product of the Mapping Study. In addition to the 
Mapping Study, HDR produced a Risk Assessment Report (HDR, May 2009) that assessed the flood risk caused by South 
Boulder Creek. This analysis identified approximately $8.7 million dollars average annual damage from South Boulder 
Creek flooding for all return periods studied and the addition of approximately 240 structures not previously identified as 
flood prone for a total of 700 individual structures located within the 100‐year floodplain. This Study builds on the 
previous effort, identifies, and evaluates a number of alternatives to address the flood problems. 

The focus of the Study is to define an alternative that will address the flood problems in the area known as the West 
Valley of South Boulder Creek (West Valley). This area is generally bounded by US‐36 on the south, Mohawk Drive on the 
west, 55th Street on the east and Arapahoe Avenue on the North (Study Area). This area is the focus of the study because 
earlier studies did not identify a flood threat. As such, much of the area was developed without consideration of the large 
flood threat from South Boulder Creek. The Study identifies drainage improvements that, in combination, provide the 
most beneficial means of addressing the identified flooding problems. In some cases, the improvements identified 
provide benefits that extend beyond the limits of the West Valley and provide a broader benefit to other properties 
impacted by South Boulder Creek. 

Planning Process 
The process used to prepare the Study is to build a comprehensive master drainage plan using existing information, a 
suite of viable alternative elements, and an evaluation of several alternative plans. Engineering, economic and public 
interest evaluations were then considered before arriving at a recommended plan. 

The planning process began with a careful review of the large body of existing information available regarding the South 
Boulder Creek watershed. Stakeholders were engaged and asked to provide concerns and constraints that they believed 
should be incorporated into the Study. This information provided a strong foundation of understanding of the flood 
hazard and its source. It also helped establish basic objectives against which all alternatives would be measured. 

A screening matrix was developed that was used to assess the effectiveness of a suite of potential solution approaches to 
address the identified problems. This screening matrix was used to eliminate from further consideration the alternatives 
that were patently infeasible, either for reasons of technical issues, cost, environmental issues, or public input. The 
alternative elements that remained after the screening process were then assembled into alternative plans. 

The alternative plans were built based on the screening process. The assembled elements were intended to address the 
identified problems in a holistic way, realizing the benefits of certain upstream improvements to control downstream 
flood threats. Sizing, alignments and costs were determined for each of the alternatives for a variety of discharges. 

Benefits were estimated using information developed previously in the Risk Assessment Report (HDR, May 2009). This 
information provided a foundation for the comparison of the various alternatives and the selection of Best Alternative 
Plans. 

The Best Alternative Plans represent those plans from among the studied alternative plans that were able to address the 
flood hazard the most effectively. In many cases, these plans were not necessarily the least costly or the ones with the 
fewest environmental or public issues; rather, they were the plans that provided the greatest benefit for the investment 
and were felt to have other issues that could be mitigated. These plans were refined to reflect a more detailed 
investigation of size, alignment, cost and potential mitigation requirements. Detailed hydraulic simulations were 
performed to generate a more refined estimate of the potential benefits associated with the various plans. 

Using this information, a Recommended Plan (Plan) was identified. This Plan represents the plan that was deemed the 
most appropriate approach for the city to address the flood threat, particularly in the West Valley. The plan does not 
address every problem but does provide significant benefit relative to the estimated investment. 

Public input was solicited and considered at each major step along the way. Key stakeholders representing major 
landowners and public infrastructure within the basin as well as Water Resources Advisory Board (WRAB) representatives 
were involved in periodic workshops that were used to review the various evaluation steps and support the selection of 
alternatives for future consideration. 

In addition to the input from the city and Stakeholders, two public meetings were conducted to gather input and better 
understand the interests of the community. During the first public meeting, conducted on March 3, 2010 and attended 
by approximately 50 people, problem areas were identified and potential solutions were brought forward by members of 
the public. These comments generally identified areas where recurring flood problems had been observed and potential 
solutions that should be considered in the alternative development phase. The areas of concern and the potential 
solutions were both considered in the Study. A detailed summary of the first public meeting can be found in Appendix A. 

The second public meeting was held on September 2, 2010. Staff presented a summary of the study progress to date and 
presented eight conceptual alternatives for public comment. Alternatives ranged from maintaining the status quo, 
constructing improvements to mitigate nuisance‐flooding, protection of High Hazard Zone structures and critical facilities 
to constructing improvements to provide 100‐year flood protection. Concept‐level costs along with estimated benefits 
for each alternative were presented but it was emphasized that none of the alternatives have been ranked and no one 
alternative is currently recommended. One hundred seven (107) members of the public attended the meeting and 63 
comment sheets were submitted. As a recommendation from this public meeting, a ninth alternative was introduced to 
include detention along the South Boulder Creek Mainstem from US‐36 to Baseline Road. This alternative was proposed 
to prevent the impacts to private property at Highway 93 and at the Cu South Campus. A summary of this meeting with 
attached comment sheets can be found in Appendix A.  

After the second public meeting and subsequent creation and refinement of the ninth alternative, identified in the 
second public meeting the first of Two WRAB meetings was conducted. At this meeting, the nine alternatives were 
presented to WRAB. After public comment and feedback from staff at the City of Boulder, WRAB recommended that four 
alternatives be moved forward for additional refinement before returning to WRAB with an Engineers recommended 
plan. The four alternatives selected for further refinement include: 

 Status Quo Alternative 

 High Hazard Mitigation and Flood Proofing 

 Regional Detention at US‐36 

 Distributed Regional Detention  

Upon the recommendations of OSMP a fifth alternative was added for additional refinement. This alternative is: 

 Bear Canyon Creek Pipeline 

OSMP wanted this alternative carried forward because it had the least impact to open space lands. 
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In response to public review and recommendations from WRAB, OSMP and city staff regarding the refinement of five 
alternatives, an additional Public Open House will be scheduled to review the five refined alternatives and the engineer’s 
recommendations. Once this meeting has been held and public comments have been incorporated as necessary, the 
results of the refinement will be presented at one additional WRAB meeting and two City Council meetings for formal 
adoption. 

Mapping 
The mapping used in this study builds on the mapping developed as part of the Flood Mapping Study. One foot contour 
interval mapping surveyed in the North American Vertical Datum of 1988 (NAVD88) and the North American Datum of 
1983 (NAD83) Colorado State Plane North Coordinates was developed in 2003 by Merrick and Company. Field surveys of 
major structures such as bridges and large culverts were provided by Merrick as part of the Mapping Study and were 
used in this work. Denver Regional Council of Governments (DRCOG) aerial photographs acquired in 2008 were used for 
this planning study. 

Data Collection 
Project data used for this study was provided by a number of different sources. Most of the data was obtained from the 
city’s GIS databases and proved very useful in identifying constraints. Much of the city’s data related to environmental 
overlays such as wetlands, Open Space and habitat areas. Similar data was obtained from Boulder County’s (County) GIS 
database and supported the understanding of environmental conditions and constraints on County lands. The city’s GIS 
databases were also used to obtain information related to the city’s infrastructure as well as to update the property 
information used to estimate the financial implications of floods.  

Other project stakeholders also provided information that was used in the formulation and evaluation of the various 
plans and plan elements. In particular, several past studies were reviewed as part of the flood Mapping Study. While 
some of these provided important background for the Flood Mapping Study, their application was limited for this project. 
However, the South Boulder Creek Major Drainageway Planning Phase A Report, (Taggert, 2001) completed by Taggert 
Engineering Associates (Taggert) in 2001 for the District provided important historical context for a better understanding 
of past planning efforts. Similarly, the US Army Corps of Engineers’ (USACE) Reconnaissance Study, Flood Risk 
Management and Ecosystem Restoration Study (USACE, January 2010), provided some background on potential 
alternatives to address flooding along South Boulder Creek’s mainstem and through the West Valley. Colorado 
Department of Transportation’s (CDOT) US‐36 Corridor Final Environmental Impact Statement/Final Section 4(f) 
Evaluation (EIS) (CDOT, October 2009), information related to the University of Colorado (CU) South campus planning 
efforts (South Campus Plan) were also provided and reviewed. A summary of data collected is given in Table 1‐1, List of 
Gathered Data. 

The collected data and information was used to understand the constraints that influence potential alternatives. In 
addition to the information described above that the city and the other Stakeholders provided, several meetings, 
primarily in the form of workshops, were conducted during which considerable discussion took place that was helpful in 
formulating plans and directing the project. These meetings proved to be invaluable in better understanding the 
information already collected and in securing additional information that supplemented the publically available 
information. Detailed summaries of these meetings are included in Appendix A. Several individual meetings were also 
held where project team members met with stakeholders to clarify and enhance the information provided. 

In response to feedback received about one of the alternatives (a flood detention alternative that used private property 
near Hwy‐93), staff was directed to develop and evaluate a ninth alternative for a flood detention facility that uses city 
Open Space property or private property with owners willing to sell. 

TABLE 1‐1 
List of Gathered Data 

Name  Author 

South Boulder Creek Climatology/Hydrology Report February 2007  HDR Engineering, Inc. 

South Boulder Creek Hydraulics Report 2008  HDR Engineering, Inc. 

TABLE 1‐1 
List of Gathered Data

Name  Author 

South Boulder Creek Risk Assessment 2009  HDR Engineering, Inc. 

City of Boulder Stormwater Master Plan 2007  HDR Engineering, Inc. 

1' Interval Topographic Map 2003  Merrick and Company 

Structure Field Surveys 2003  Merrick and Company 

Aerial Photography 2008  DRCOG 

City of Boulder Greenways master Plan 2001  City of Boulder 

City of Boulder Wetlands Maps  City of Boulder , GIS Mapping Services 

City of Boulder Habitat Areas  City of Boulder , GIS Mapping Services 

Critical Facilities  City of Boulder , GIS Mapping Services 

Storm and Sanitary Sewer System Maps  City of Boulder , GIS Mapping Services 

Boulder County Wetlands Maps  Boulder County , Geographic Information Services 

Boulder County Habitat Areas  Boulder County , Geographic Information Services 

Preble’s Meadow Jumping Mouse Critical Habitat  Boulder County, Land Use Department 

Cost Estimator for Master Planning 2010  Urban Drainage and Flood Control District 

FEMA Benefit‐Cost Analysis Software Version 4.5  Federal Emergency Management Agency 

South Boulder Creek Phase A 2001  Taggert Engineering Inc. 

South Boulder Reconnaissance Study 2010  USACE 

US‐36 Corridor EIS 2009  CDOT 

South Campus Conceptual Master Plan   CU – Facilities Management 

   

Planning Context, Laws, Regulations and Criteria 
Other plans, laws, regulations and criteria that governed the development of the proposed alternatives included the 
following: 

 Boulder Valley Comprehensive Plan 
 Boulder Revised Code 
 Comprehensive Flood and Stormwater Master Plan‐ 2004 
 Urban Drainage and Flood Control District (UDFCD) Urban Stormwater Drainage Criteria Manual (USDCM) (Volumes 

1, 2, and 3), 
 City of Boulder Comprehensive Flood and Stormwater Master Plan  
 City of Boulder Design and Construction Standards  
 City of Boulder Open Space and Mountain Parks Regulations 

South Boulder Creek and the riparian areas adjacent to the stream have been identified as having a number of wetland 
areas, many of which have been determined to be high functional. Work in these areas must be done in accordance with 
the city’s Stream, Wetland and Water Body Protection Ordinance. Any work done along drainages that result in fill being 
placed below the Ordinary High Water Mark (OHWM) is required to be permitted by the United States Army Corps of 
Engineers (USACE) under Section 404 of the Clean Water Act. Any impacts to threatened and endangered species are 
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governed by requirements from the U.S. Fish and Wildlife Service (USFWS), the Colorado Division of Wildlife (CDOW) and 
city. 

Finally, one of the Boulder Valley Comprehensive Plan (BVCP) general policies states that the City of Boulder is committed 
to the preservation of Open Space and the use of Open Space buffers to define the community. Lands owned by the City 
of Boulder Open Space and Mountain Parks (OSMP) include restrictions and requirements for improvements that will 
need to be carefully considered and incorporated in the alternatives analysis and conceptual design. 
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II. Study Area Description 
Study Area 
The South Boulder Creek basin is located in southern Boulder County and crosses the southern and eastern edges of the 
City of Boulder. The watershed covers approximately 136 square miles, starting at the Continental Divide, and extends 
over 27 miles to the confluence with Boulder Creek. Gross Reservoir lies in the basin and collects runoff from the upper 
90 square miles. The basin below Gross Reservoir does not contain a similar major control structure but is crossed by 
several roadway corridors and numerous active irrigation canals that affect the flow patterns in the basin. Figure 2‐1, 
Basin Delineation, depicts the watershed and the Study Area. 

The basin flows out of the mountains and foothills near Eldorado Springs and enters a broad alluvial valley. Here flows 
work their way to the north to the confluence with Boulder Creek. The channel has followed several historic flow paths 
before reaching its current alignment. Development and other anthropogenic features have resulted in less channel 
migration but have subjected the lower parts of the basin to periodic flooding because of overflows that propagate to 
one of the historic flow paths. These overflows contribute to the flood hazard at areas far removed from the mainstem. 
These areas are generally in the lower parts of the watershed and extend across much of the alluvial valley below US‐36. 
In particular, much of the area known as the West Valley lies along one of the historic low points and is subject to 
periodic flooding because of spills out of the main channel. 

South Boulder Creek lies adjacent to Bear Canyon Creek and is often impacted by overflows from that basin. Undersized 
infrastructure along Bear Canyon Creek results in flows spilling out of the channel and flowing along other flow paths to 
join South Boulder Creek. These flows, while not native to South Boulder Creek, do cause impacts. 

After the completion of the Flood Mapping study by HDR and subsequent delineation of the revised floodplain 
boundaries for South Boulder Creek, many additional residences were identified as being located within the Special Flood 
Hazard Area (SFHA). The delineation of the South Boulder Creek Floodplain indicated that over 1,200 dwelling units (700 
structures) along South Boulder Creek were being inundated by the revised 100‐year flood plain. Currently there are 
approximately 460 identified structures in the existing 100‐year floodplain (approximately 500 dwelling units). The South 
Boulder Creek Flood Study identified approximately 240 additional structures that were previously unidentified as being 
within the 100‐year floodplain. Figure 2‐2, Revised Regulatory Floodplain, depicts the 100‐year revised floodplain for 
South Boulder Creek and includes the structures impacted by the revised floodplain. 

The Mitigation Study focuses on the watershed below Hwy‐93 within the city limits and, in particular, the areas subjected 
to flooding through the West Valley.  

Land Use 
The upper parts of the South Boulder Creek basin are undeveloped and relatively rugged. Rocky outcrops, trees and 
forest vegetation dominate the watershed above Gross Reservoir. In fact, the area below Gross Reservoir but above 
Eldorado Springs has similar characteristics. 

Once below Eldorado Springs, the character of the watershed changes dramatically. Either large tracts of Open Space 
exist, in the form of agricultural lands or city owned Open Space, some of which is being leased for agricultural purposes. 
There are also areas of very low‐density residential development. 

Highway 93 marks a shift from agricultural and Open Space to more traditional urban development. The segment 
between Highway 93 and US‐36 is transitional with large areas of Open Space along the channel, more dense residential 
developments along the floodplain fringe and the University of Colorado South Campus immediately adjacent to US‐36. 
The channel has been generally left undisturbed but the overbanks exhibit the effects of past development. 

Downstream of US‐36, the floodplain is almost fully covered with residential properties or designated Open Space areas. 
The residential areas, with minor pockets of commercial and industrial development, are generally along the western 
portion of the floodplain and include the West Valley. This area has formal drainage conveyance via storm drain systems 
that are sized to convey local “nuisance” flows with major flood flows being conveyed along streets and irrigation canals 
such as the Dry Creek No. 2 Ditch. 

The areas adjacent to the mainstem of Boulder Creek have a much lower level of development and are dominated by 
publically owned Open Space lands. A few enclaves of development, largely in unincorporated areas of Boulder County, 
encroach into the mainstem floodplain. 

There is a shift from residential to commercial and industrial development near Arapahoe Avenue. Immediately upstream 
of Arapahoe Avenue is the Flatirons Golf Course and adjacent residential developments. On the downstream side (north) 
is an area of commercial and industrial development that extends across much of the floodplain and down to the 
confluence with Boulder Creek almost a mile downstream. 

The city and county have both made significant investments in acquisition of Open Space lands and the development of 
an extensive network of trails and other recreational facilities. While representing a small fraction of the overall lower 
basin area, these Open Space lands do dominate the floodplain near the mainstem. 

Figure 2‐3, Lower Basin Land Use, depicts the lands uses across the floodplain of South Boulder Creek through the Study 
Area. 

Reach Descriptions 
The Study Area has been subdivided into several reaches representing differing flood hazards and land use conditions. 
Figure 2‐4, Reach Designation, shows these various reaches in the Study Area. 

Reach 1 
The mainstem channel between Highway 93 and US‐36 is designated Reach M1. The overbanks of the floodplain are 
largely undeveloped with the exception of a small trailer park adjacent to Marshall Road downstream of Highway 93 and 
several single family homes around Marshall Road. Much of the land along this reach has been designated as Open 
Space. In the area immediately upstream of US‐36, the University of Colorado has a large parcel of land designated as the 
South Campus. The area sits on the reclaimed site of a former gravel mining operation and is protected from the 
mainstem by a currently Provisionally Accredited Levee (PAL). 

In addition, several threatened and endanger species have been identified on land south of US‐36. These include an 
important occurrence of the federally threatened plant species, Spiranthes diluvialis or Ute lady's tresses orchid; an 
important population of the federally threatened animal species, Preble’s Meadow Jumping Mouse (PMJM); a population 
of an amphibian under status review by the U.S. Fish and Wildlife Service for listing as a federally threatened species, 
Northern Leopard Frog; a population of two native fish species believed in decline in Colorado, Plains Topminnow and 
Orange‐Spotted Sunfish; and a population of a declining grassland nesting bird, Boblink.  

Finally, one of the Boulder Valley Comprehensive Plan (BVCP) general policies states that the City of Boulder’s 
commitment to the preservation of Open Space and the use of Open Space buffers to define the community. Lands south 
of US‐36 include lands with high ecological resources and land owned by the City of Boulder OSMP. These properties 
include an important remnant of the plains cottonwood riparian ecosystem; relicts of the tall grass prairie ecosystem; 
and wetlands that are considered to be among the best preserved and most ecologically significant in Boulder Valley. 
Careful design and restoration would be required to minimize environmental impacts and mitigate for impacts should an 
alternative that would affect these resources be selected. 

Reach 2 
Below US‐36, three parallel alignments convey flow to the confluence with Boulder Creek. These three alignments are 
acknowledged in the reach designation. Reach WV2 represents the West Valley flows from US‐36 to Baseline Road. This 
area is generally west of Foothills Parkway and is characterized by flow down existing residential streets. The primary 
conveyance is Thunderbird Drive where flow collects and is conveyed to the north. Numerous residential properties, both 
single and multifamily are subject to flooding because of flows in Reach WV2. 

Reach DC2 is centered on the Dry Creek No. 2 Ditch. This represents one of the historic flow paths and serves as both a 
collection for, and a source of, flooding in the area. The reach consists of both open channel sections and closed conduits 
and crosses several roadways, including South Boulder Road and Tenino Avenue. Flooding along this reach is primarily to 
single family residential structures and is caused by both mainstem South Boulder Creek flooding as well as overflows 
from Dry Creek No. 2 Ditch during more frequent local floods 
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The final alignment is the Mainstem, Reach M2. This reach is largely natural with a well‐defined main channel and a 
broad undeveloped overbank area. A crossing of South Boulder Road and the South Boulder Community Center are the 
only two material improvements along this reach. The floodplain, while broad through this area, has little impact on 
developed properties. 

Reach 3 
The area between Baseline Road and the Wellman Canal (approximately Colorado Avenue extended) also has three 
relatively distinct alignments. West Valley Reach 3 (WV3) crosses Foothills Parkway and Baseline Road near that 
intersection and flows to the north along McIntyre Street and Brooklawn Drive. There is limited flood conveyance 
infrastructure and the majority of the flow is conveyed on the surface of the street system. Structures along this reach 
are primarily single family residential. 

Reach DC3 follows the alignment of Dry Creek No. 2 Ditch through residential areas, eventually reaching Arapahoe 
Avenue to the north. The conveyance through this reach is primarily through an open channel with large culverts at 
major crossings such as 55th Street. Once again, the flood threat to the adjacent properties comes from both South 
Boulder Creek flows and local runoff captured and conveyed that exceed the available capacity in the ditch and local 
storm drain system. 

The channel through reach M3 is natural and areas of Open Space lands lie to the west of the main channel and provide 
considerable overbank conveyance. However, the area immediately to the east of the mainstem consists of residential 
structures along Gaptor Road that are subject to periodic flooding from even relatively small events with residences 
experiencing flooding during 10‐year storm events. Anecdotal evidence from residents of the area has indicated that 
damage from the 1969 flood occurred from both channel flooding and groundwater flooding. The South Boulder Creek 
channel through this area has a very limited capacity with homes located against the banks. 

Reach 4 
The channel between the Wellman Canal (approximately Colorado Avenue extended) and Arapahoe Avenue comprises 
Reach 4. In this reach, the three conveyance paths remain, but they tend to be less distinct and flooding from one path 
has a tendency to affect the others. 

Reach WV4 extends to the north and east, eventually reaching Eisenhower Drive and Arapahoe Avenue. Once again, 
there is limited infrastructure to convey flood flows, so they flow on the surface of the street and across grassed areas. 
The southern portion of the reach is dominated by single‐family residential properties while those areas closer to 
Arapahoe Avenue are generally multifamily. 

Reach DC4 follows 55th Street north to Centennial Trail and then extends northwest across Flatirons Golf Course to 
Arapahoe Avenue just west of the entrance to the golf course property. 

Flows in the mainstem, Reach M4, travel north following an alignment parallel to the eastern boundary of the golf course 
but between Old Tale Road and Cherryvale Road. Much of the flood hazard is contained within the golf course but 
properties along both Old Tale Road and Cherryvale Road are subject to periodic flooding from the 100‐year flood event. 

Reach 5 
Below Arapahoe, the West Valley Reach (WV5) extends north through commercial and industrial properties and joins 
Boulder Creek considerably upstream of the confluence of the South Boulder Creek mainstem with Boulder Creek. These 
flows follow an undersized conveyance and are largely conveyed across the surface of the ground on streets and paved 
parking areas. 

Reach DC5 is a well‐defined channel with mature vegetation that crosses the railroad track and several local roads along 
the western boundary of Flatirons Industrial Park before joining the mainstem of South Boulder Creek at the north end of 
the Flatirons Industrial Park. 

The mainstem of South Boulder Creek (Reach M5) crosses under the railroad track and then follows the west boundary of 
Flatirons Industrial Park before extending to the north under Valmont Road and then joining the floodplain of Boulder 
Creek. This channel is very well defined and has mature vegetation along the invert. 

Flood History 
Flooding along South Boulder Creek has not been common over the last 100 years. However, the floods that have 
occurred were widespread and had significant impacts ranging from structure damage in Eldorado Springs to residential 
flooding and roadway overtopping in the city and the West Valley. The three events that appear to have caused the most 
disruption occurred in 1938, in the 1950s and in 1969. Each has been attributed to a different source. 

The 1938 flood generated the highest recorded peak flow at the Eldorado Springs Stream gage. The HDR 
Climatology/Hydrology Report (HDR, February 6, 2007) characterized this storm as one with subtropical origins. This flood 
was the result of an estimated 5 – 7 inches of rainfall over a 6‐hour period. The resulting flood caused great damage in 
Eldorado Springs and resulted in flooding that damaged several bridges downstream through Boulder. 

The floods in the 1950s were described by Taggert in the South Boulder Creek Major Drainageway Planning Phase A 
Report. In that characterization, it was noted that no major flood events were recorded at the Eldorado Springs Stream 
gage, but that the West Valley experienced floods on numerous occasions. These floods were attributed to development 
in the lower basin and the impacts from the resulting flow increases on existing drainage infrastructure, including 
irrigation ditches serving as drainage channels. Large flows that overwhelmed drainage facilities on Bear Canyon Creek 
had similar impacts and caused localized flooding. 

In 1969, a flood resulting from what the HDR Climatology/Hydrology Report (HDR, February 6, 2007) described as a long 
duration, low intensity general rain. This storm was widespread across the basin and resulting in up to 13 inches of rain 
over 72 hours. Flood flows at US‐36 backed up and eventually overtopped the highway, spreading into the West Valley. 
Taggert, in the South Boulder Creek Major Drainageway Planning Phase A Report indicated that local drainage from many 
of the local tributaries to South Boulder Creek was likely to have contributed to the overflow and West Valley flooding. 

Wetland and Riparian Zones 

The Study Area has a number of designated wetland and riparian zones. These identified areas contain important 
functional values that warrant special consideration. It is the intent of the city to preserve, protect, restore and enhance 
the quality and diversity of wetlands and water bodies. Streams, wetlands and water bodies are indispensable and fragile 
natural resources with significant development constraints due to high groundwater, flooding, erosion and soil 
limitations. Development activities in and around these wetlands may pose a threat these resources. The preservation of 
streams, wetlands and water bodies under the Streams, Wetlands and Water Body Protection Ordinance (9‐3‐9) is 
consistent with the goal of wetland protection set forth in the Boulder Valley Comprehensive Plan.  

The city has defined two wetland and water body designations as adopted on regulatory maps. These two designations 
are High Functioning and Low Functioning and are defined below: 

 High Functioning: The additive value of all adopted functional value ratings, excluding recreation, equals twenty‐six 
or more; or at least one function, excluding recreation, is rated high or very high. 

 Low Functioning: The additive value of all adopted functional value ratings, excluding recreation, equals twenty‐five 
or below. 

The functions of all regulated stream, wetland and water bodies within the city limits have been evaluated and are 
described in the City of Boulder, Comprehensive Wetlands Remapping Project by Land Stewardship Consulting, October 
18, 2004. The Streams, Wetlands and Water Body Protection Ordinance (9‐3‐9) outlines buffer areas for all regulated 
streams, wetlands and water bodies. These buffer zones vary based on stream wetland or water body designation as 
defined above. Buffer widths for each designation are defined below: 

 The buffer area width for High Functioning streams, wetlands and water bodies shall be fifty feet and shall include an 
inner and outer buffer area. 

 The inner buffer area width shall be twenty‐five feet from each point on the stream, wetland or water body 
boundary. 
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 The outer buffer area width shall be twenty‐five feet from each point on the inner buffer area boundary. 

 The total buffer area width for Low Functioning streams, wetlands and water bodies shall be twenty‐five feet from 
each point on the stream, wetland or water body boundary and shall be considered an outer buffer area. 

High and low functioning wetlands are depicted on Figure 2‐5, Wetland and Riparian Zones, and specific requirements for 
projects involving these areas have been established. Wetlands identified on Figure 2‐5 impacted by any proposed 
alternative would have to provide the following:  

 The proposed alternative shall not result in a significant change to the hydrology affecting the stream, wetland or 
water body. Percolation of storm runoff on‐site through vegetated swales, permeable paving materials or other 
similar methods to slow and clean runoff being discharged directly into the wetland, stream or water body may be 
required. 

 The proposed activity shall demonstrate that the alternative is designed and located to minimize direct or indirect 
impacts to the adjacent wetland, stream or water body. 

 The alternative shall demonstrate that if unavoidable direct and indirect impacts to vegetation, pervious surface or 
hydrology affecting the adjacent stream, wetland or water body then the direct and indirect impacts can be 
successfully mitigated through design of the alternative or by compensating for the impact. Alternative shall 
demonstrate protection of species and demonstrate that the alternative will not jeopardize the continued existence 
of habitat for the following species: 

 Plant, animal or other wildlife species listed as threatened or endangered by the United States Fish and Wildlife 
Service; 

 Plant, animal or other wildlife species listed by the State of Colorado as rare, threatened or endangered, species 
of special concern; 

 Plant, animal or other wildlife species listed in the Boulder County Comprehensive Plan as critical; and 

 Plant, animal or other wildlife species listed in the Boulder Valley Comprehensive Plan as a Species of Local 
Concern. 

All wetlands within the Project Area are category A or category B and would be required to be mitigated or enhanced if 
disturbed by the recommended plan. 

Flora, Fauna and Threatened and Endangered Species 
South Boulder Creek has many areas that are identified as important habitat areas. In some cases, these areas have been 
formally designated. In others, these areas have been preserved and protected by Open Space through habitat 
conservation areas or habitat conservation easements as defined in Figure 2‐6, Identified Preble’s Jumping Meadow 
Mouse Habitat and Proposed Conservation Corridor and Figure 2‐7, Designated Habitat Conservation Areas.  

As discussed previously, many of the areas along the mainstem of South Boulder Creek have been identified as areas of 
known habitat for several threatened and endanger species. These species include Ute lady's tresses orchid; Preble’s 
Meadow Jumping Mouse (PMJM); Northern Leopard Frog; two native fish species believed in decline in Colorado, Plains 
Topminnow and Orange‐Spotted Sunfish; and a grassland nesting bird, the Boblink. Lands south of US‐36 include lands 
with high ecological resources and land owned by the City of Boulder OSMP. These properties include an important 
remnant of the plains cottonwood riparian ecosystem; relicts of the tall grass prairie ecosystem; and wetlands that are 
considered to be among the best preserved and most ecologically significant in Boulder Valley. Specific mapped areas for 
all of the endangered species are currently not available. However, an understanding of the presence of these habitat 
areas dictates that any potential improvements must carefully consider potential impacts. In many case, the city and 
County have been proactive and have identified general areas of critical habitat and has designated these for special 
oversight. These areas are shown in Figure 2‐7, Designated Habitat Conservation Areas. 

Both the city and County also recognize that lands within the Study Area offer great benefit for a number of other natural 
uses. This recognition has resulted in a considerable amount of land having an Open Space designation. These lands are 

commonly owned by the city and are intended to be left in their natural state to preserve the important natural functions 
already identified. These functions may range from providing a natural buffer between riparian corridors and adjacent 
developed properties to preserving important floodplain functions such as flood storage and providing habitat to 
important plant and animals. Open Space lands have been indentified in Figure 2‐8, Open Space Lands. 

In addition to the areas specifically designated as having important habitat or Open Space values, or even designated 
wetland areas, the Study Area has other amenities that are found to be of great value to the community. This area of 
Boulder has a long history of development and environmental stewardship by landowners and numerous aesthetic 
enhancements have been incorporated over the years. The most obvious among these is the mature vegetation that lines 
many of the area’s drainageways.  

Previous Studies 
The South Boulder Creek basin has been the subject of many studies. Most have focused on the definition of the flood 
threat. The most recent of these is the HDR Flood Mapping Study. Several studies have attempted to identify mitigation 
measures to address the flood threat along South Boulder Creek. 

US Army Corps of Engineers Boulder Creek and South Boulder Creek Floodplain Information, Volume II, Boulder 
Metropolitan Area 1969 was among the first to look at the watershed comprehensively. This proved to be the foundation 
for much of the early planning. This study acknowledges the broad floodplain and even notes that once flows leave the 
mainstem, they often flow in parallel channels that are below the elevation of the mainstem. However, the study failed 
to fully capture the high flow rates or the nature or extent of the threat to the West Valley. 

The Wright McLaughlin Engineers South Boulder Major Drainageways (1970) looked at drainageways in the South 
Boulder area but not at the South Boulder Creek mainstem. The report did look at Viele and Bear Canyon Creek. The Viele 
Channel is an important tributary to South Boulder Creek. The report included a number of recommended improvements 
to the channel. The report also included proposed improvements along Bear Canyon Creek. While not intentionally 
tributary to South Boulder Creek, Bear Canyon Creek overflows do affect Sought Boulder Creek flooding. 

R.W. Beck Major Drainageway Planning Study, South Boulder Creek Volume II, prepared for the District in 1973, defined 
the floodplain along the mainstem and proposed improvements, including several large detention ponds. This report also 
did not identify the significant flood threat through the West Valley. 

Simons Li & Associates Major Drainageway Planning Boulder Creek and South Boulder Creek Confluence Area, prepared in 
1983 focused on the area below Arapahoe Avenue. The report concluded there was little flood threat in this area based 
on improvements around the Flatirons Industrial Park area that were deemed adequate at the time. Subsequent 
interpretations of the adequacy of the facilities suggest a greater flood threat. 

The Greenhorne & O’Mara South Boulder Creek Flood Hazard Area Delineation 1996 was the basis for the regulatory 
floodplain until the recent HDR studies. This study correctly identified the overflows of Hwy‐93 and the limited capacity 
of the Dry Creek No. 2 Ditch system. They carefully delineated the resulting floodplain associated with these spills. 
However, the study did not include any overtopping of US‐36 and the subsequent flood hazard to the West Valley. The 
flow rates used for this study closely resemble those of previous studies but there were slight variations in the final flow 
rates. 

A Floodplain Analysis of South Boulder Creek at the Flatiron Property in Boulder County, Colorado 1996, prepared by Love 
and Associates was commissioned by the University of Colorado to provide a review of impacts on South Boulder Creek 
by the levee constructed to protect the property acquired by the University. This study was the first to identify and 
evaluate the significant spills that occur into the West Valley. 

Taggert Engineering Associates was engaged to conduct a comprehensive evaluation of the flood threat along South 
Boulder Creek and to prepare a series of alternative mitigation measures for consideration. The reports South Boulder 
Creek Interim Hydrology Study 2000 and South Boulder Creek Major Drainageway Planning Phase A Report 2001, present 
the findings of these studies. These documents identify the hazard along the mainstem as well as that in the West Valley. 
The studies also identified a number of alternatives to address the flood threat. The report was never fully accepted by 
the city and the recommendations were not implemented.  
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The recommended plan from the Taggert Study of South Boulder Creek Completed in January of 2012 included the 
following improvements. 

 Relocation of 90 Residences in Marshall out of the South Boulder Creek Floodplain 

 Stream restoration and spill stabilization above Highway 93 

 Culvert replacement with a multiple cell box at Highway 93 with drainage improvements to convey flow through the 
downstream property 

 South Boulder Creek Spill Structure upstream of U.S. 36 along the west bank of South Boulder Creek to force 
additional flows to remain in the South Boulder Creek channel 

 Flood storage at US 36 using a 10 ‐ 13 foot high embankment and excavation on the CU south campus property 

 Construction of a large stormsewer from Thunderbird Lane and discharging to an open waterway at Flatirons 
Crossing Golf Course 

 Construction of a 7,000 linear foot meandering wetlands waterway from South Boulder Creek at 1,500 feet upstream 
of Baseline Road to the Flatirons Crossing Golf course. This channel will be constructed primarily on City of Boulder 
Parks and Open Space property and would require multiple culverts under Baseline Road and a new flume at the 
Wellman Canal. 

The estimated total cost of the Taggert flood mitigation alternative was estimated at $135,600,000 in 2001. This included 
land purchase costs, residual flood damages, flood hazard management, operation and maintenance costs and capital 
costs. 

 HDR recently completed the comprehensive Flood Mapping Study that includes three reports, Climatology/Hydrology 
Report (HDR, February 6, 2007), Hydraulic Modeling Report (HDR, December 30, 2008) and Risk Assessment Report (HDR, 
May 2009). These studies provided a comprehensive summary of the most recent hydrologic studies and the resulting 
floodplain and are currently being accepted by the Federal Emergency Management Agency (FEMA) as the regulatory 
flood studies for South Boulder Creek. These reports affirmed some of the flood threat along the mainstem and further 
defined the flood threat in the West Valley described earlier by Taggert and Love. 

The US Army Corps of Engineers recently completed a Reconnaissance Study Section 905(b) Preliminary Analysis Report, 
South Boulder Creek Boulder, Colorado, Flood Risk Management and Ecosystem Restoration Study, 2010. This study 
focused on possible mitigation measures to address the flood issues along the mainstem and through the West Valley. 
This study was commissioned to determine the potential Federal interest in constructing one or more flood control 
projects along South Boulder Creek. This report heavily utilized the Taggert 2001 study as the primary source for 
evaluation alternatives and development of costs. The USACE evaluation of the Taggert report determined that 
Alternative 4 from the Taggert report could be economically feasible. This plan features the following flood control 
improvements: 

 Additional storage in Gross Reservoir 

 The construction of a 1,950 acre foot reservoir with a 54 foot high dam at Highway 93 

 Channel improvements to South Boulder Creek from  Highway 93 to downstream of Marshal Road 

 South Boulder Creek Spill Structure upstream of U.S. 36 along the west bank of South Boulder Creek to force 
additional flows to remain in the South Boulder Creek channel 

 A flood easement on the CU South Campus property for extreme floods 

 Construction of a large stormsewer from Thunderbird Lane and discharging to an open waterway at Flatirons 
Crossing Golf Course 

The total cost of Alternative 4 is $124,600,000. The USACE has completed an initial "Maximum Supportable Cost." This 
cost is estimated to be $185,000,000. This report concluded there would be a Federal interest in construction a flood 
control project focusing primarily on storage. 

 



FIGURE 2-1
Basin Delineation
South Boulder Creek Flood Mitigation Report
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FIGURE 2-2
Revised Regulatory Floodplain
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 2-3
Lower Basin Land Use
South Boulder Creek Flood Mitigation Report
From the Boulder Valley Comprehensive Plan, 2009
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FIGURE 2-4
Reach Designation
South Boulder Creek Flood Mitigation Report
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FIGURE 2-5
Wetland and Riparian Zones
South Boulder Creek Flood Mitigation Report
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FIGURE 2-6
Preble's Meadow Jumping Mouse 
Habitat Areas
South Boulder Creek Flood Mitigation Report

RDD  \\LOKI\APPS\ESRI\ARCMAPTEMPLATES\MXD\TABLOID_LANDSCAPE.MXD  9/19/2007 14:40:58

VICINITY MAP

Notes:
1.  Area of Interest

2.  PMJM Critical Habitat Area from the
     U.S. Fish and Wildlife Service
3.  PMJM Occupied Area from the
     Colorado Department of Wildlife
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FIGURE 2-7
Designated Habitat Conservation 
Areas
South Boulder Creek Flood Mitigation Report
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III. Hydrologic Analysis 
Overview 
An extensive hydrologic analysis for the Study Area was conducted as part of the Mapping Study. This analysis was based 
on a comprehensive scope of services developed by the city with the input of a number of city staff and members of the 
public. The Mapping Study included hydrologic analyses based on recorded stream gage data, paleohydrologic flood 
estimates and a comprehensive rainfall/runoff computer model.  

The rainfall/runoff computer model was developed using a proprietary software package developed by DHI called 
MIKEFLOOD. This model provided a vehicle to conduct exhaustive simulations of various basin conditions and various 
rainfall inputs to represent the complex hydrologic response of the watershed. The model incorporated a sophisticated 
algorithm to compute infiltration losses and simulates the runoff from a number of sub‐basins. The model assembles the 
runoff from these individual sub‐basins using a simplified routing algorithm that accounts for minor storage and 
attenuation of the individual hydrographs. The model also uses a sophisticated approach to routing and combining flow 
from individual sub‐basins by accounting for floodplain storage and the impacts of drainage features within the 
watershed.  

Another important differentiator between the hydrologic studies done for this study and the standard approach is the 
careful attention to calibration. The results of the stream gage analysis and the paleohydrologic flood study were used to 
adjust model parameters to assure that the simulated results reflected actual recorded basin responses.  

The Mapping Study included a Climatology/Hydrology Report (HDR, February 6, 2007) that looked at the nature of rainfall 
in the South Boulder Creek watershed. That study concluded that two distinct types of storms were common in the 
watershed, a general storm and a thunderstorm. The Mapping Study reported the thunderstorm resulted in the highest 
flows along the mainstem of South Boulder Creek. 

The focus of the hydrologic evaluation was on the flows in the mainstem of South Boulder Creek. The combination of 
rainfall and basin assumptions used in the Mapping Study produced the most critical conditions and resulted in the 
highest flows along the mainstem. However, that study, as well as the current Study, recognizes that other rainfall events 
may result in higher flood flows and a higher consequent hazard to areas within the tributary basin. This Study relies on 
other work to identify those other critical storms and the resulting flows and to assess the potential effectiveness of 
proposed improvements to address the flood threat associated with those flows. These other investigations include the 
flows reported in an HDR memorandum (Lower Storm Center memorandum) developed during the Mapping Study that 
addressed the lower basin storms. A subsequent study, also prepared by HDR that focused on the local stormwater 
collection system, the City of Boulder Stormwater Master Plan (Stormwater MP) was published in 2007. The Lower Storm 
Center Memorandum and the Stormwater MP provided estimates of local tributary flows for the South Boulder Creek 
Watershed that were utilized to complete initial sizing of stormwater and flood control facilities throughout the West 
Valley and to allow for the preliminary comparison of the various alternatives.  

Design Rainfall 
The South Boulder Creek Flood Mapping Study was unique among projects in the District in that a Basin Specific Design 
Storm (BSDS) was developed. The development of the storm is described in detail in the HDR Climatology/Hydrology 
Report (HDR, February 6, 2007). In fact, two such storms were developed that reflected differing climatologic conditions a 
thunderstorm and a general storm. The regulatory floodplain for South Boulder Creek is based on the BSDS 
Thunderstorm. 

Basin Specific Design Storm Thunderstorm 
An exhaustive evaluation of historic rainfall events was initiated as part of the Mapping Study. The evaluation concluded 
that climatologic conditions in South Boulder Creek are such that the typical assumption of a uniform spatial distribution 
of rainfall across the entire watershed was not appropriate. Rather, a rainfall event having a defined spatial footprint and 
with a defined spatial distribution of rainfall intensities and depth was more appropriate. The study defined three unique 
distributions based on the probabilities for a particular storm. In general, the footprint of the rainfall and the point 
precipitation values increased as the probability of the storm decreased.  

The adopted 100‐year BSDS Thunderstorm for South Boulder Creek had a spatial footprint of approximated 75 square 
miles, a six hour storm duration, and a maximum rainfall depth of 3.89 inches. Rainfall events smaller than the 100‐year 
design thunderstorm, had a smaller footprint and lower rainfall depths. Larger storms had larger footprints and depths. 
All thunderstorms were six hours in duration. Rainfall intensities over the six‐hour storm duration differed between the 
various storms events but generally followed a pattern similar to the distribution recommended by the District in the 
USDCM Volume 1 and 2. A summary of the size and maximum point precipitation for each of the study storms is 
presented in Table 3‐1, South Boulder Creek (SBC) Basin Specific Design Storm Return Frequency Values and Table 3‐2, 
South Boulder Creek Basin Specific Design Storm Thunderstorm Spatial Distribution summarize the important design 
thunderstorm characteristics that the flood hydrology is based upon.  

TABLE 3‐1
South Boulder Creek Basin Specific Design Storm Return Frequency Values 
Taken from Table 5, Climatology and Hydrology Report, HDR February 6, 2007 

Return frequency 
SBC 6‐hr 

Total Rainfall (in) 

2‐yr  1.65 

5‐yr  2.23 

10‐yr  2.57 

25‐yr  3.06 

50‐yr  3.46 

100‐yr  3.89 

200‐yr  4.25 

500‐yr  4.78 

 

 

TABLE 3‐2
South Boulder Creek Basin Specific Design Storm Thunderstorm Spatial Distribution 
Taken from Table 11, Climatology and Hydrology Report, HDR February 6, 2007 
Rainfall Depth1 (in)  0.00  0.50  1.00  1.50  2.00  2.50  3.00  3.50  4.00 

Spatial Distribution 
Area (Sq. MI.)  74.57  69.32  64.30  58.16  33.15  15.00  7.41  2.96  0.00 

1Note: Peak rainfall depth is 3.89” 

Another unique quality of the BSDS Thunderstorm adopted for the South Boulder Creek basin was its spatial orientation. 
The climatologic studies determined that wind patterns and other conditions would result in a storm location that was 
generally centered over the lower portion of the watershed. This location is shown in Figure 3‐1, 100‐year South Boulder 
Creek Basin Specific Design Thunderstorm Location. To assure that this storm resulted in the most critical flood threat, 
the storm was simulated in the hydrologic model in critical locations across the basin. The resulting analysis showed that 
the mainstem flows resulting from the BSDS Thunderstorm represented the highest predicted discharges. 

General Storm 
The evaluation of historic floods on South Boulder Creek noted there was also a flood threat from a large regional storm 
that had a longer duration but lower intensity than the BSDS Thunderstorm. Once again, the analysis described in the 
Climatology/Hydrology Report (HDR, February 6, 2007) indicated that the characteristics of this storm differed from the 
normal assumption of a uniformly distributed rainfall event lasting 24‐hours. Instead, the General Storm had a duration 
of 72‐hours with a maximum rainfall depth of 6.54 inches. The climatologic evaluations identified a spatial distribution of 
rainfall depths across the basin that reflected some decrease in peak intensity and depth farther away from the storm 
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center and recognized a similar decrease as elevation increased. Moreover, the evaluation concluded that precipitation 
falling above elevation 8000 feet was likely to fall as snow and not contribute directly to immediate storm runoff. 

Sub-watershed Characteristics 
Details of the sub‐watersheds comprising the South Boulder Creek basin can be found in the Climatology/Hydrology 
Report (HDR, February 6, 2007). In general terms, the watershed was sub‐divided into 27 sub‐basins as shown on Figure 
3‐2, South Boulder Creek Basin Delineation. The sub‐basins lower in the watershed are generally smaller to better 
capture the response to high intensity rainfall events. 

The upper portions of the watershed have minor development, few roads or structures, are generally above 10,000 feet 
in elevation, and extend to the continental divide. These basins (Sub‐watersheds C26 and C27) are characterized by HDR 
as Mountainous – High basins. Paleoflood studies conducted as part of the Mapping Study indicated that runoff from this 
area is characterized by snowmelt runoff and that there is minor potential for flooding. 

Below the upper watersheds described above, exist The Mountainous – Low the watershed that can be divided into two 
regions. The upper part of the watershed (that include Sub‐watersheds C18, C20‐25) lies at elevations above about 8000 
feet and  The lower part of the Mountainous – Low region (that include Sub‐watersheds C9‐C10, C13‐C15, C17, and C19) 
lie above Eldorado Springs and the mouth of Eldorado Canyon. These sub‐watersheds have minor development, few 
roads or structures and are tributary to Gross Reservoir. Heavy precipitation over these sub‐watersheds generally falls as 
snow and there is a minor danger of flooding. In addition, these sub‐watersheds also have an extensive network of 
irrigation ditches. This part of the watershed often includes steep, narrow tributary watersheds that have a high potential 
for flooding. Moreover, it is over this area of the watershed where the highest intensity precipitation occurs during the 
BSDS Thunderstorm. 

The plains portion of the watershed sits between Eldorado Canyon and the developed parts of the city. These sub‐
watersheds (C4 – C8) still have minor development although the extent of structural development immediately adjacent 
to the channel increases lower in the watershed. This area is subject to moderate to low intensity rainfall and does 
represent an increased flood hazard, although the limited extent of development minimizes the threat. 

The main channel of South Boulder Creek throughout the upper reaches of the basin as described above is generally 
capable of conveying flood flows. There may be localized areas where water gets out of the main channel and enters the 
overbank, but these are limited and flow quickly returns to the channel. 

The lower portion of the watershed (Sub‐watersheds C1 – C3) is the area of the watershed that is most highly developed. 
Sub‐watersheds C1 and C2 in particular are fully developed with much urban land. At the western edge of these sub‐
watersheds, major roadways such as Hwy‐93 and US‐36 cross South Boulder Creek. There is considerable development 
adjacent to and downstream of the crossing of these roadways over the creek. A number of diversion channels divert 
water from the creek and cross the floodplain, often influencing the flow characteristics of the channel and the 
overbanks.  

The channel through the lower portion of the basin is often overtopped with water entering the overbank floodplain. The 
broad nature of the floodplain causes the flood flows to inundate property and roadways not in the immediate vicinity of 
the channel. The extensive network of irrigation ditches furthers the spread of the water away from the channel. The 
channel through this area is perched on an alluvial floodplain and the channel is often higher than the land adjacent to 
the channel. As such, water leaving the channel sometimes travels great distances downstream along Alternative flow 
paths before it reenters the mainstem. These Alternative flow paths are often down residential streets or through 
developments for which no significant flood control facilities exist.  

Table 3‐3, South Boulder Creek Sub‐watershed Characteristics, contains the important basin characteristics that define 
the runoff characteristics input in to the hydrologic model to determine the rainfall runoff response of the South Boulder 
Creek watershed. 

 

 

 

TABLE 3‐3
South Boulder Creek Sub‐watershed Characteristics
Taken from Table 18, Climatology and Hydrology Report, HDR February 6, 2007 
Sub‐basin ID  Sub‐basin 

Area (Acres) 
Elevation Zone 

Range (ft)  
Predominant Land Cover   Sub‐basin 

Slope (%)  

C1  1,800  5,000‐5,500  Highly developed, urbanized land use  0.88 

C2  2,700  5,000‐6,000  Highly developed, urbanized land use  2.48 

C3  1,710  5,500‐6,000  Moderate development, borders the City of Boulder  3.56 

C4  2,300  5,500‐6,000  Minor development, a large pond comprises majority of sub‐basin  1.35 

C5  1,330  5,500‐6,000  Moderate development, homes in floodplain of South Boulder Creek  4.28 

C6  480  5,500‐8,500  Minor development present, roads, isolated homes and structures  19.30 

C7  630  5,500‐8,500  Minor development present, roads, isolated homes and structures  23.66 

C8  230  5,500‐7,000  Minor development present, roads, isolated homes and structures  15.11 

C9  480  5,500‐8,500  Minor development present, roads, isolated homes and structures  20.18 

C10  1,060  5,500‐8,000  Minor development present, roads, isolated homes and structures  23.48 

C11  1,070  5,500‐8,500  Minor development present, roads, isolated homes and structures  14.76 

C12  630  5,500‐6,500  Minor development present, roads, isolated homes and structures  4.49 

C13  2,400  6,500‐8,500  Minor development present, roads, isolated homes and structures  8.48 

C14  3,380  6,000‐9,000  Minor development present, roads, isolated homes and structures  2.48 

C15  1,850  6,000‐9,000  Minor development present, roads, isolated homes and structures  10.31 

C16  1,490  6,000‐9,000  Minor development present, roads, isolated homes and structures  15.94 

C17  2,430  6,500‐8,500  Minor development present, roads, isolated homes and structures  9.66 

C18  2,320  7,000‐9,000  Predominately Gross Reservoir, almost no development  9.88 

C19  1,330  7,000‐8,500  Minor development present, roads, isolated homes and structures  12.39 

C20  4,550  7,500‐9,000  Minor development present, roads, isolated homes and structures  5.72 

C21  1,680  7,500‐8,500  Minor development present, roads, isolated homes and structures  6.76 

C22  1,730  7,500‐9,000  Minor development present, roads, isolated homes and structures  10.83 

C23  1,980  8,000‐10,500  Minor development present, roads, isolated homes and structures  14.99 

C24  14,280  8,000‐11,000  Minor development present, roads, single homes, alpine lakes  6.35 

C25  5,600  8,000‐10,500  Minor development present, roads, single homes, alpine lakes  6.07 

C26  21,820  8,500‐13,500  Undeveloped alpine terrain, presence of alpine lakes  6.32 

C27  5,710  9,000‐13,500  Undeveloped alpine terrain, presence of alpine lakes  12.67 

 

Hydrograph Routing 
Hydrology for this project was developed as part of the Mapping Study. Details of that work effort are described in the 
Climatology/Hydrology Report (HDR, February 6, 2007). The hydrologic analysis consisted of three distinct approaches, a 
statistical evaluation, a paleoflood analysis, and a rainfall/runoff modeling effort. The statistical evaluation and the 
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paleoflood analysis both were used to support the model development and were not directly a part of the regulatory 
hydrologic model. The hydrologic modeling was performed using DHI’s software MIKEFLOOD, but in two distinct phases. 

The initial hydrologic model development was conducted using the MIKE 11 model. This model is described by HDR as: 

“MIKE 11 is a conceptual model in that it represents the watershed with a series of sub-basins each represented 
by basin specific topography, soils and ground cover. The model applies rainfall to each sub-basin, computes 
losses resulting from vegetation evapotranspiration and infiltration, and estimates the water reaching the stream 
through a combination of surface flows and base flows. The model combines the runoff from various sub-basins 
to generate a complete representation of flow in the overall watershed. Flow is combined and routed down the 
channel in a series of channel segments each defined by specific cross sectional geometry, longitudinal channel 
slope, and surface roughness.” 

MIKE 11 is a fully dynamic, 1‐D hydrologic model. That is, the model generates and routes the full hydrograph through 
the watershed considering backwater effects from culverts and undersized channels but it does so using the assumption 
of one‐dimensional flow. This approach differs from the District’s prevailing standard of practice that generally assumes 
no backwater effects and less flood peak attenuation. The results of this modeling effort provided a preliminary estimate 
of the flood peaks and hydrograph that was used for calibration and verification for both the BSDS Thunderstorm and 
General Storm.  

An updated hydrologic analysis was incorporated into the two‐dimensional floodplain analysis using MIKEFLOOD. In this 
package, MIKE 11 runoff results are routed using both the 1‐D channels captured by MIKE 11 and a 2‐D representation of 
the flow in the floodplain using the MIKE 21 capability of MIKEFLOOD. HDR described the linked capability as follows: 

“The MIKE 11 computer model is a part of an even more comprehensive package called MIKEFLOOD. 
MIKEFLOOD uses the information developed in the MIKE 11 model and combines it with a sophisticated two-
dimensional floodplain model (MIKE 21) to provide a detailed representation of the watershed reflecting where 
water is generated, how it travels down well-defined channels, and how it moves out of the channel and across 
the broad floodplain. Flows move down the channel and are attenuated because of hydraulic features within the 
channel. The MIKE 11 model accounts for channel backwater and other localized phenomena, but cannot 
represent floodplain storage. However, the impacts of floodplain storage are obvious along South Boulder 
Creek and will be addressed within the MIKE 21 model that has the capability to simulate these conditions.” 

The use of an approach with this kind of detail and resolution is uncommon in the District. However, the Mapping Study 
scope and execution were directed by the city and done to address specific concerns expressed by the community 
regarding the accuracy and detail of past studies. The Mapping Study and the MIKEFLOOD based hydrology has been 
adopted as the regulatory floodplain delineation document. FEMA anticipates the formal adoption of the revised 
mapping study through the Digital Flood Insurance Rate Map Modification (DFIRM) process in mid to late 2012. 

While the use of the MIKEFLOOD model to generate flood flows is well founded and provides an uncharacteristic level of 
understanding of the development and propagation of the flood wave, it does present some complications for floodplain 
managers and administrators. Any physical changes in the upstream watershed, whether on channel or in the overbank 
areas, have the potential to significantly alter the flood flows because of the models sensitivity to not only peak flow but 
also flow volume. This complication requires extreme diligence when assessing the impacts of proposed improvements 
along the drainageway or in the floodplain. 

Results of Analysis 
The hydrologic study conducted as part of the Mapping Study generated two sets of results, related but with entirely 
different application. The first results were derived from the MIKE 11 analysis that generated runoff hydrographs from 
the sub‐watersheds. These values were very important and became the hydrologic input into the MIKEFLOOD hydraulic 
model and were useful in some of the initial calibration and validation efforts. In particular, the MIKE 11 analysis allowed 
a comparison of the BSDS Thunderstorm and General Storm to be compared with the statistical peak flow rates and 
volumes at the Eldorado Springs Stream gage calculated by the USACE Hydrologic Engineering Center (HEC)‐Flood 
Frequency Analysis (FFA) program. A summary of the results of the MIKE 11 analysis and the statistical analysis of the 
stream gages computed by FFA are presented in Tables 3‐4, MIKE 11 Model Peak Flow Results, and 3‐5, MIKE 11 Model 
Volume Comparison. 
 

TABLE 3‐4
Mike 11 Peak Flow Results
Taken from Table 22, Climatology/Hydrology Report, (HDR February 6, 2007) 

    Simulated Discharge (cfs)  

Event   FFA 
Discharge  

Eldorado Gage   Hwy‐93   US‐36  Baseline Road   Confluence  

TStorm   GStorm   TStorm   GStorm   TStorm   GStorm   TStorm   GStorm   TStorm   GStorm  

2‐yr  550  670  1000  870  1350  910  1420  1020  1580  1020  1610 

5‐yr  952  1060  1330  1300  1930  1390  2040  1680  2260  1680  2310 

10‐yr  1360  1310  1520  1770  2270  1950  2400  2400  2660  2440  2720 

25‐yr  1910  2280  1800  3270  2760  3510  2930  3980  3240  4020  3320 

50‐yr  2910  2640  2020  3770  3130  4030  3330  4560  3690  4620  3780 

100‐yr  3970  4520  2230  7120  3490  7690  3710  8770  4120  8910  4220 

200‐yr  5360  6210  2450  9520  3870  10090  4120  11090  4580  11100  4690 

500‐yr  7930  7400  2735  11360  4360  12030  4640  13170  5160  13130  5290 

 

 

TABLE 3‐5
Mike 11 Model Volume Comparison 
Taken from Table 21, Climatology/Hydrology Report, (HDR February 6, 2007) 

Recurrence Interval   Thunderstorm Volume (million cubic 
feet)  

General Storm Volume (million 
cubic feet)  

FFA Volume (million cubic feet)  

2‐yr   46.8   66.0   38.2  

5‐yr   58.2   81.0   56.7  

10‐yr   64.7   90.6   69.5  

20‐yr   NA   NA   81.9  

25‐yr   81.9   105.5   NA  

50‐yr   89.4   117.1   98.5  

100‐yr   121.6   128.3   111.0  

200‐yr   143.7   139.5   124.0  

500‐yr   163.0   154.2   142.0  

 

The hydrologic analysis was refined using MIKE 21 within MIKEFLOOD to route the sub‐watershed hydrographs and to 
reflect overland and floodplain storage. This was deemed important in the South Boulder Creek watershed because of 
the unique alluvial character of the drainageway below Eldorado Canyon and because of the public’s demand for a 
comprehensive hydrologic study that reflected “actual” conditions in the watershed. As one would expect, the MIKE 21 
representation resulted in a significant attenuation of flows. The MIKE 21 hydrologic analysis results are summarized in 
Table 3‐6, 100‐year Routed Flow Summary Table. These flows reflect the regulatory flood flows and are the basis for 
planning studies.  
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TABLE 3‐6 
100 Year Thunderstorm Peak Hydrologic Discharges vs. Routed Hydraulic Peak Discharges (cfs) 
Taken from Table 2, Hydraulic Modeling Report,( HDR December 30, 2008) 

100 Year Thunderstorm Peak Hydrologic Discharges vs. Routed Hydraulic Peak Discharges (cfs)  

Location   MIKE11 

Hydrologic Model  

MIKE21 

Hydraulic Model  

Eldorado Springs   4520   4520  

HWY‐93   7120   6630  

US‐36  7690   7250  

Baseline Road   8770   5010  

Confluence   8910   4570  

 

Alternate Hydrology 
There have been several other studies completed recently that have developed hydrology for the West Valley. Because 
this Flood Mitigation Study focused on the West Valley flood problems, the focus of the review of these additional 
hydrologic studies was to compile flow rates for the C2 Basin. The C2 Basin is a large sub‐basin to South Boulder Creek 
that primarily drains flow through the West Valley. Figure 3‐2, South Boulder Creek Basin Delineation, displays the sub‐
basin location and shows the significance of the C2 Basin on the West Valley. The goal of reviewing the studies was to 
determine the most conservative flow rates for infrastructure design throughout the West Valley for storm flows ranging 
from the 5‐year to the 500‐year recurrence interval storms. The reports reviewed are listed below. 

 South Boulder Creek, Climatology/Hydrology Report, HDR, CH2M HILL and DHI, February 6, 2007. 

 Technical Memorandum: South Boulder Creek Lower Urbanized Storm Center ‐ 100 Year Flood Impacts, HDR, March 
2007. 

 City of Boulder Stormwater Master Plan, HDR Engineering, June 2007 

The South Boulder Creek Climatology/Hydrology Report (SBC Hydrology Report) developed a Basin Specific Design Storm 
(BSDS) thunderstorm centered over the South Boulder Creek watershed below Gross Reservoir in Eldorado Canyon that 
was used in the Flood Mapping Study. The location of the BSDS thunderstorm maximized the peak flow rates along the 
mainstem of South Boulder Creek. These flows were the focus of the alternatives outlined in this Master Plan Report. 
Flows in the C2 Basin for the BSDS Thunderstorm are relatively low because of the rainfall distribution pattern. 

The Technical Memorandum: South Boulder Creek Lower Urbanized Storm Center ‐ 100 Year Flood Impacts, (Lower Storm 
Center TM) presents a "Lower Storm Center" Design thunderstorm that moved an earlier iteration of the BSDS 
thunderstorm described above and centered it over the West Valley. This storm was only run for the 100‐year storm 
event and was created to understand the impacts of a thunderstorm centered over the West Valley of South Boulder 
Creek and West Valley Neighborhoods. In general, the flow rates along the South Boulder Creek Mainstem generated by 
the Lower Storm Center Design Storm were less than the flows presented for the BSDS Thunderstorm. However, flow 
rates generated by the Lower Storm Center Design Storm were higher than the BSDS Thunderstorm for the C2 Basin. For 
the Lower Storm Center Design Storm, the C2 Basin flow rates were evaluated for use in this study.  

Finally, the City of Boulder Stormwater MP developed a design storm based on Urban Drainage and Flood Control District 
criteria for the water quality, 2–year, and 5‐year storms only. The Stormwater MP Design Storm was compared to the 
BSDS Thunderstorm. The design storms from both reports generally exhibited the same duration and developed similar 
runoff volumes to each other. However, the peak flows were different and the Stormwater MP flows were evaluated for 
use in this study. 

West Valley and C2 Basin Hydrograph Loading 
For the design of infrastructure improvements in the West Valley, the City has indicated that infrastructure needs to be 
adequately sized to convey the most conservative flow expected for the location. As described above, three studies were 
reviewed to determine the controlling hydrology specifically for the West Valley basin. This included the SBC Hydrology 
Study, the Stormwater MP, and the Lower Storm Center TM storms. Table 3‐7 below identifies the flood recurrence 
interval that each study focused on. 

TABLE 3‐7
Recurrence Intervals Studied by Hydrologic Reports for the South Boulder Creek Watershed

Study  Recurrence Interval Studied 

2‐year  5‐year  10‐year  25‐year  50‐year  100‐year  200‐year  500‐year 

SBC Hydrology Report  NA  NA  X  X  X  X  X  X 

Lower Storm Center TM  NA  NA  NA  NA  NA  X  NA  NA 

City of Boulder Stormwater Master Plan,  X  X  NA  NA  NA  NA  NA  NA 

 

Based on the review of the studies, the flow rates generated by the Regulatory MIKEFLOOD model, as reported in the 
SBC Hydrology Report, would control facilities related to mainstem flooding because there was insufficient information 
from the other studies to cover all the recurrence intervals required as part of this flood mitigation study. However, there 
were two additional specific conditions that were studied to determine the controlling flow rate. 

1. Did the 5‐year recurrence interval flow rates from the Stormwater MP exceed the flow rates from the Flood Mapping 
Study for the C2 Basin? 

2. Did the 100‐year recurrence interval flow rates from the Lower Storm Center TM exceed the 100‐year flow rates 
from the Flood Mapping Study for the C2 Basin. 

Comparable flow rates were taken directly from the Stormwater MP Hydrologic Models and the C2 Basin Loading points 
from the Flood Mapping Study. The Lower Storm Center TM developed one single flow for the entire C2 Basin. This flow 
was apportioned across the C2 Basin loading points utilizing ratios based on subwatershed areal contributions developed 
during the Flood Mapping Study. 

Based on the review of the hydrology from the three studies for the C2 Basin the following rules were developed 
determining the use of hydrology for this Flood Mitigation Project. 

1. If there was no overtopping of US‐36, the flows from the Lower Storm Center TM controlled the 100‐year flooding 
through the West Valley and C2 Basin. This essentially represented the local flood threat and was unrelated to the 
mainstem flows entering the West Valley. 

2.  If there was over topping of US‐36, then the BSDS Thunderstorm from the Flood Mapping Study controlled the 100‐
year flooding through the West Valley and C2 Basin. 

3.  For recurrence intervals less than the 50‐year flood, the 5‐year flow rate from the Stormwater MP was found to be 
the largest controlling flow. Because it was the only published flow for small events in the West Valley, this 5‐year 
recurrence interval C2 Basin flow loading was also used for the 10‐, 25‐ and 50‐year recurrence interval flows.  

Hydrologic inflows, regardless of the study in which they were defined, were not the singular basis for facility sizing 
decisions in the Flood Mitigation Study. The hydraulics of the South Boulder Creek System was also considered in 
addition to the subbasin hydrologic loading. The hydraulic calculations are further described in Section 4, however the 
interaction of floodwaters leaving the mainstem of South Boulder Creek and entering the West Valley can have a 
profound effect on the peak flow rates and the sizing of infrastructure throughout the basin. This hydrologic analysis 
provided a foundation on which the hydraulics could be built and hydraulics and infrastructure sizing could begin. 
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Rather than recreate the rainfall/runoff computations, tributary hydrographs developed in both the Mapping Study and 
Stormwater MP were input into the hydraulic model. This reduced the computation time and assured that the inflow 
from the tributaries would remain unchanged from previous studies. Hydrographs were loaded into the main channel 
upstream of Hwy‐93 and at five locations in the downstream watershed representing major sub‐watersheds within the 
C2 basin. In addition, the overflows from Bear Canyon Creek that enter the basin via the new Anderson Ditch and the 
Wellman Canal were input into the hydraulic model.  

An analysis of the tributary basin inflow hydrographs was completed to determine the most conservative peak flow 
loadings for each of the C2 Basin sub‐loading points and overflows from Bear Canyon Creek. It was determined that for 
storms less than the 50 – year design storm for South Boulder Creek, the Stormwater MP flows were greater than the 
flows from the Flood Mapping Study and represented the most conservative flow estimate. For storms greater than the 
50‐year return period, the Mapping Study and Lower Storm Center tributary inflows controlled through the C2 Basin and 
were used for the 100‐, 200‐ and 500‐year return period. Figure 4‐3, Tributary Basin Loading Points and Table 3‐8, 
Tributary Basin Discharge Loading present the location of the C2 basin inflows and the peak values for a variety of storm 
events.  

TABLE 3‐8 
Tributary Basin Discharge Loading 

Sub‐basin/ 
Loading Point  Intersection Location  1Q2 (cfs) 

1Q5 (cfs) 

2Q100 

With US‐36 
Overtopping 

(cfs) 

2Q100 

Without US‐36 
Overtopping 

(cfs) 
2Q200 
(cfs) 

2Q500 

(cfs) 

C2A  W. Moorehead Cir. and Viele Channel  70  110  700  920  700  700 

C2B  Foothills Parkway and Baseline Road  120  180  140  190  140  140 

C2C  Tenino Drive and Oneida Street  50  70  120  160  120  120 

C2D  Arapahoe Avenue at Dry Creek Ditch No. 2  110  140  230  300  230  230 

C2E 
Dry Creek Ditch No. 2 South of Flatiron 
Parkway  100  130  70  90  70  70 

Table Mesa Drive/ 
Bear Canyon Creek  Table Mesa Drive and South Loop Drive  50  80  110  110  110  110 

Wellman Canal/ 
Bear Canyon Creek  Foothills Parkway and Colorado Avenue  60  80  200  200  200  200 

C‐2 Basin Total     4503  6303  12303  16603  12303  12303 

1 Values obtained from the City of Boulder Stormwater Master Plan completed by HDR in June, 2007.  These flow rates control for designs storms 
less than the 50‐year recurrence interval for the West Valley. 
2 Values obtained from the Climatology and Hydrology Report, Completed by HDR, February 6, 2007 
3 Values do not include Bear Canyon Creek Discharges or any spills from the mainstem that will be considered in facility sizing 

 



FIGURE 3-1
South Boulder Creek
Basin Specific Design Storm
South Boulder Creek Flood Mitigation Report
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FIGURE 3-2
South Boulder Creek Basin Delineation
South Boulder Creek Flood Mitigation Report
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IV. Hydraulic Analysis 
Hydraulic analyses were conducted along South Boulder Creek to determine the extent of the flood threat, the source of 
the threat and the performance of the existing infrastructure in response to large flood events. Much of the existing 
understanding of the flood hazard was established in the Mapping Study. The objective of the Flood Mapping Study was 
to define the flood problem, not solve it and included the development of a comprehensive two‐dimensional floodplain 
model using MIKEFLOOD. This model is not only the basis of the regulatory floodplain but also serves as the foundation 
for the evaluations of various alternative flood mitigation measures. 

The MIKEFLOOD analysis conducted as part of the Mapping Study used a coupled combination of a MIKE 11 one‐
dimensional (1‐D) representation of major channels and culverts along the mainstem and its major tributaries and a MIKE 
21 two‐dimensional (2‐D) representation of the overbanks and floodplain. This coupled model enables water to move 
between the channel and the overbank floodplain, simulating the actual hydraulic performance of the complete system. 
A more traditional simulation would limit the analysis to a 1‐D representation of the channel and floodplain and may 
misrepresent the movement of water across the floodplain. 

The 1‐D analysis was limited to the channel and hydraulic structures along the mainstem and major tributaries where 
flow could reasonably be expected to flow parallel to the channel centerline. These areas were simulated using cross 
sections that were generally perpendicular to the direction of flow. While this approach is very consistent with the 
general standard of practice, the analysis in the Mapping Study did use the full hydrograph rather than the conventional 
steady state approach used in most studies. This was an important consideration along South Boulder Creek because of 
the significant interaction between the channel and the overbanks and the resulting floodplain storage. The more 
traditional steady state analysis does not consider the floodplain storage impacts that are so important in this watershed. 
The extent of the 1‐D hydraulic analyses is shown on Figure 4‐1, Area of Flood Mapping Study 1‐D Hydraulic Model 
Analysis.  

The 2‐D analysis differs from the 1‐D analysis in that it uses a network of pixels to represent the terrain rather than 
defining a series of predetermined flow paths. This 2‐D grid consisted of over two million pixels, each representing an 
area four meters square. Figure 4‐2, Graphic Extent of Flood Mapping Study 2‐D Hydraulic Simulation Area. The 2‐D 
hydraulic modeling approach addressed the concerns, expressed by the community during the Mapping Study, that the 
analysis not be skewed by preconceived notions of the problems and their cause. The use of the 2‐D pixels enabled the 
model to predict the movement of water across the floodplain based on hydraulic and topographic conditions rather 
than being based on predetermined assumptions of how the water moved. The resulting floodplain delineation 
demonstrated a far more complex interaction between channel and floodplain than might have been predicted using a 
more conventional 1‐D approach alone. The final MIKEFLOOD model used in the Mapping Study is commonly referred to 
as the Regulatory Model.  

The analysis in the Mapping Study focused on the overall floodplain impacts based on the drainage system response and 
included the response of both the major 1‐D elements that included drainage / irrigation ditches, streams and major 
culverts/bridges with a size greater than 36” in diameter, and the 2‐D overbank areas outside of the 1‐D elements. In 
addition, debris blockage was reviewed as part of the Mapping Study based on vegetative cover and potential for debris 
production for each stream reach. This was included in the MIKEFLOOD model and caused blockages of between  30% to 
75% depending on structure and upstream conditions.   

The city conducted a study of the existing drainage infrastructure to determine the ability of this system to handle minor 
floods. The Stormwater MP looked at minor storms and the capacity of the city’s infrastructure to handle these storms. 
The analyses and information provided in the Stormwater MP was not used directly in the hydraulic analysis but did 
provide a strong understanding of the minor system and the impacts on the larger flood events. 

Evaluation of Existing Facilities 
The hydraulic analysis used for this Study built on the foundation of the MIKEFLOOD analysis but limited the level of 
resolution and the geographic extent of the analysis. The details of the input necessary to execute a simulation are 
largely unchanged from the earlier study and are described in detail in the Flood Mapping Study Hydraulics Report. The 
primary change was to limit the extent of the analysis to that area included in the scope of this Study. The 1‐D model was 

modified to limit the extent of the channels being evaluated to those below Hwy‐93. The level of resolution and the 
details of the 1‐D analysis were unchanged beyond the geographic extent. The 2‐D simulation area was unchanged but 
the 2‐D grid resolution was changed from a 4‐meter grid to an 8‐meter grid. This reduced the computational 
requirements by a factor of four, from  nearly two‐weeks for the 4‐meter regulatory model to three days for the revised 
8‐meter grid model. Some minor changes in the linkage between the 1‐D and 2‐D models were required when the model 
gird was converted from the 4‐meter grid to the 8‐meter grid, but this did not materially affect the analysis. The resulting 
model (Coarse Grid Model) became the basis for all subsequent alternative evaluations including refinements to the 
recommended plan and creation of final benefit ‐ cost ratio.  

The hydraulic evaluation was initiated by using the Coarse Grid model to establish a new baseline flood condition that 
could be compared to the Regulatory Model. This assured that the difference in resolution between the 4‐meter 
Regulatory Model and the 8‐meter Coarse Grid model would not materially alter the representation of the floodplain. 
The reliability of the Coarse Grid model to represent the flood conditions was established. Some minor differences were 
noted but they generally tended to make the results of the Coarse Grid Model a bit more conservative. That is, the 
Coarse Grid model slightly overstated the flood hazard. This was determined to be appropriate for planning purposes. 

South Boulder Creek Master Plan Hydraulic Evaluations 
Hydraulic evaluations were conducted for each of the alternatives at each phase of project development. This included 
the Alternative Development Phase described in Section 5, the Conceptual Alternative Plan Development described in 
Section 6, and the development of the Best Alternative Plans described in Section 7. Given the varied nature of the 
alternatives and the different levels of evaluation used in each part of the planning process, a number of different 
techniques for conducting hydraulic analyses were used.  

At the foundation, the hydraulic analysis is built on the regulatory MIKEFLOOD model developed during the Flood 
Mapping Study. This model provides a high level of detail and a clear understanding of the types of flood problems, their 
source, and the extent of the problem. Unfortunately, this model is extremely complex and unwieldy for use as a 
planning tool. The simulation times necessary to execute the regulatory MIKEFLOOD model run with its 4‐meter gird size 
is approximately 2 weeks making the use of the tool for planning level evaluations impractical. The project team 
therefore developed alternative approaches to conduct hydraulic simulations of various stages of alternative evaluation.  

A process was developed upon which project elements could be sized and evaluated outside of the MIKEFLOOD model. 
For the initial sizing and evaluation of independent project elements (Section 5 of this report) and the initial 15 
Conceptual Alternative plans (Section 6 of this report), flows were obtained from the Regulatory 4‐meter MIKEFLOOD 
Model as reported in the Hydrology Report, the Lower Storm Center TM and the Stormwater MP. These flows were 
evaluated to determine the most conservative flow rate for each return period and peak flow estimates along each of the 
main tributaries were developed. These peak flows were a combination of reported flows or summations of inflow peaks 
to create estimates of flow for the preliminary sizing of facilities. These initial flow rates are conservative in nature, as 
they do not reflect floodplain storage or the interaction of flood control elements. Although these flows are conservative, 
they provide a quick methodology for sizing alternatives and evaluating system performance outside of MIKEFLOOD. It 
was concluded this approximate approach was sufficient for the preliminary evaluation of alternatives and that a 
reasonable comparison of the alternatives could be conducted using this information.  

A modified version of the MIKEFLOOD regulatory model was developed to support the analysis of the interaction 
between the various components of the 9 best alternative plans (Section 7 of this report). The regulatory MIKEFLOOD 
models used a 4‐meter grid cell for the analysis. The modified model, named herein as the “Coarse Grid Model,” used an 
8‐meter grid cell in its analysis. The Coarse Grid Model was used to simulate the residual floodplain resulting from the 
various alternatives because the runtimes for this model were less than three days which was significantly less than the 
two week run times required by the regulatory model. The results of the Coarse Grid Model were reviewed and  did not 
differ significantly from the flood plain depth and floodplain extents determined in the regulatory model. The Coarse Grid 
Model was also used to represent some of the other elements in the lower part of the watershed that might be 
influenced by flow from several sources including interchange between the mainstem and the West Valley that would 
have proven difficult to analyze using the more simplified tools. 
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Several alternatives rely on the storage and detention of floodwaters to control downstream flooding. A simplified 
version of MIKEFLOOD was developed to determine the volume of water required to be stored to eliminate the 
overtopping of US‐36. This model herein named as the “Cut off Model “, was based on the 8 meter Coarse Grid Model 
and simulated the benefits of storage by computing the change in the inflow hydrograph above Hwy‐93 as it moved 
downstream through the areas upstream of US 36 where regional detention might be practical. The model captured the 
complicated hydraulic flow pattern and timing and helped to size and refine possible storage locations but did not 
simulate flows below US 36. 

Alternative Development Hydraulic Evaluations 
In general, the flood control elements that were defined and sized as part of the Alternative Development were 
evaluated using simplified tools to establish the overall effectiveness of the alternative to address the flood threat in the 
West Valley. As such, specific elements of the alternative and the hydraulic performance and flow rates used to develop 
the alternatives might change with subsequent refinements and analyses. In fact, the complexity and interaction 
between some of the improvements and the floodplain suggest that further changes to specific assumed flow rates 
based on subsequent more detailed evaluations is inevitable. However, the level of the evaluation was determined to be 
sufficient to understand the overall element performance, to allow comparisons between alternatives and to make 
decisions about which alternatives should be taken forward for additional evaluation. 

The United States Environmental Protection Agency (EPA) Storm Water Management Model (SWMM) Version 5.0, 
Bentley CulvertMaster, and Bentley FlowMaster were used to conduct simplified hydraulic analyses of infrastructure 
downstream through the floodplain. SWMM and FlowMaster were used to simulate bridges and open channel systems 
that could be represented as simple 1‐D flow elements. CulvertMaster was used to understand the performance of 
culverts and other roadway crossings. These tools lacked the resolution of the MIKEFLOOD simulation but served to 
determine facility size and the relative impacts of localized capacity improvements on the overall system. 

The representation of underground conveyance systems and simple elements farther down in the watershed was 
accomplished using SWMM. SWMM has a similar hydraulic analysis engine to MIKEFLOOD. SWMM can simulate 
unsteady flow and provide the ability to link systems and elements and route flow more accurately than FlowMaster and 
CulvertMaster. SWMM also has the capability of routing flows through storage elements and determining the impacts to 
downstream flow that result. This capability in SWMM was used to test and evaluate some of the local detention 
facilities and proposed infrastructure identified. 

Together, these tools facilitated the evaluation of alternative elements relatively quickly and efficiently. Using the 
evaluations of the various plan elements to better understand the floodplain impacts, the various components were 
assembled into Alternative Plans. These Alternative Plans were eventually incorporated into the Coarse Grid Model 
version of MIKEFLOOD to confirm performance consistent with earlier assumptions. In some cases, refinement of the 
alternatives was necessary to achieve the level of performance desired. This refined Coarse Grid MIKEFLOOD model 
became the basis for the determination of project benefits and the visual representation of the residual floodplain.  

Conceptual Plan Hydraulic Evaluations 
In general, Conceptual Alternative Plans were evaluated using the previously developed MIKEFLOOD evaluations for 
existing conditions, as well as the simplified modeling tools discussed in Section 5. The understanding of the existing 
conditions allowed the team to identify more simplistic tools to size the facilities and to estimate residual flood extents. 
The Coarse Grid MIKEFLOOD Model was used to establish the flow distribution across the floodplain.  

Sizing of Conveyance Facilities 

Because of the complex nature of the flooding along South Boulder Creek, it was necessary to combine and sum flow 
rates from the Coarse Grid MIKEFLOOD Model grid cells along existing flood prone conveyance channels to define a flow 
along each of the established sub‐reaches. The results of this analysis are presented in Table 4‐1, Design Flows by Sub‐
Reach. This table provides a summary of the 100‐year design flow target for improvements along specific conveyance 
channels and corridors throughout the South Boulder Creek floodplain. 

 

TABLE 4‐1
Design Flow by Sub‐Reach
Profile  Reach  100‐Year Peak Flow 

West Valley  US‐36 to Baseline Road  1,259 

West Valley  Baseline Road to Wellman Canal  1,137 

West Valley  Wellman Canal to Arapahoe Avenue  1,350 

West Valley  Below Arapahoe Avenue  371 

Dry Creek No. 2 Ditch  US‐36 to Baseline Road  695 

Dry Creek No. 2 Ditch  Baseline Road to Wellman Canal  389 

Dry Creek No. 2 Ditch  Wellman Canal to Arapahoe Avenue  2,844 

Dry Creek No. 2 Ditch  Below Arapahoe Avenue  2,038 

 

Sizing of Storage Facilities 

Storage facilities were sized based on volume and discharge information determined during the development of the “Cut‐
off Model.” Storage facilities were evaluated for a variety of recurrence intervals. The Flow rates reported in Table 4‐2, 
West Valley Peak Flow Rates For Preliminary Sizing of Storage Facilities, differ from those reported in Section 3 because 
they represent the summation of overflows from US‐36, flows in Dry Creek No. 2 Ditch and overflows from the South 
Boulder Creek Channel that enter the West Valley between the Wellman Canal and Arapahoe Road. Overflows were 
estimated from the "Cut‐off Model", but because it did not include areas below US 36, needed to be combined with the  
C2 Basin loading points.  Both the overflows from the Cutoff Model and the Loading points from the C2 basin are 
summed in the downstream direction to produce conservative estimates of expected flows at the defined locations to 
size prospective detention facilities. 

TABLE 4‐2

West Valley Peak Flow Rates For Preliminary Sizing of Storage Facilities 
Peak Flow (cfs) 

Intersection Location  1Q2 (cfs) 
1Q5 (cfs) 

2Q100 (cfs) 
2Q200 (cfs) 

2Q500 (cfs) 

W. Moorehead Cir and Viele Channel  120  190  810  810  810 

Foothills Parkway and Baseline Road  120  180  1390  1810  2020 

Tenino Drive and Oneida Street  280  370  1410  1970  2280 

Arapahoe Avenue at Dry Creek No. 2 
Ditch  690  890  4100  5360  6230 

Dry Creek No. 2 Ditch South of 
Flatiron PKWY  790  1020  4170  5420  6300 
1 Values obtained from the 5‐year storm event from the City of Boulder Stormwater Master Plan completed by HDR in June, 2007 and are summed 
with flow rates from the "Cut‐Off Model". These produced conservative flow rates for detention facilities. 
2 Values obtained from the Climatology and Hydrology Report, Completed by HDR, February 6, 2007 and are summed with flow rates from the "Cut‐
Off Model." These produced conservative flow rates for detention facilities. 

Each Alternative plan was evaluated for the potential benefits associate with the proposed improvements. The nature of 
flooding along South Boulder Creek, particularly in the West Valley, which was the focus of the mitigation efforts, is such 
that minimal damages occur throughout the West Valley during more frequent flood events. It is not until US‐36 is 
overtopped that increased damages and flooding are experienced in the West Valley. Since this occurs around the 100‐
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year event, the sizing of infrastructure for control of events less than that resulted in very small facilities that provided 
little benefit during the larger storms. The resulting benefit to cost ratio was small and would render the improvements 
unattractive. As such, the Project Sponsors concluded that alternatives should be sized to control the 100‐year flood and 
evaluate the benefits and effects on the larger 500‐year storm, with the exception of the alternative specifically intended 
to provide the improvements identified in the Stormwater MP. 

At this stage in the evaluation, the distinction between open channel conveyance and underground conveyance was not 
critical unless some other constraint drove the determination. Preliminary alignments were chosen based on available 
corridors using parcel data provided by the city and the County. Every effort was made to define alignments down public 
rights of way so that public impacts would be minimized. 

The sizing of the flood storage facilities also relied on information derived from the Course Grid or Cut‐Off MIKEFLOOD 
model results. Here, rather than merely determining the peak flow, it was also necessary to determine a hydrograph and 
total volume of flow to the area in question. This was specifically necessary when considering the alternatives that had 
storage upstream of US‐36. 

Best Alternative Plan Hydraulics 
Best Alternative Plans were looked at more carefully than previous analysis of the alternatives described in the 
Alternative Development and Conceptual Alternative Analysis, both in terms of the refinement of system elements and in 
the hydraulic evaluations. The Best Alternative Plans utilize the MIKEFLOOD “Coarse Grid” model exclusively to model 
and optimize each plan. Using MIKEFLOOD analyses of the alternatives were more comprehensive and provided a more 
refined understanding of the system performance, flow rates expected for each flood mitigation system and the resulting 
floodplain extent. This proved to be particularly true for the detention alternatives where the MIKEFLOOD tool provided 
a much better understanding of the complex interaction between the South Boulder Creek channels, the floodplain, and 
the storage facilities. This more refined approach also provided data used to update and refine the size of facilities based 
on the routed flow rates from the model, refine the damage estimates, and allowed the team to refine and update the 
benefit cost analysis. 

Storage facilities were simulated in MIKEFLOOD with a relatively high level of resolution. This was necessary because of 
the complex interaction of flows between the various sub‐reaches of the system and because of the severe constraints 
that were identified around most of the storage options. While a conventional analysis of storage options would allow 
the simple development of stage, storage and discharge functions, MIKEFLOOD, and the site conditions around each of 
the storage elements made this typical evaluation process inadequate. Rather, a detailed grading plan was necessary at 
each site so that the facility could be adequately represented in the model. Grading plans for each site can be found in 
Appendix D 

The storage facilities near Hwy‐93 proved to be complex. These storage facilities capture overflows over Hwy‐93 and 
delay their return to the mainstem. While these storage facilities are of considerable size, the value of the detention 
comes from the impacts on hydrograph routing and timing more so than the actual storage of water. The flow passing 
through the storage facility during the early stage of the hydrograph is returned to South Boulder Creek through a large 
weir un‐detained. However, the storage facility near Hwy‐93 begins to detain flow during the peak of the South Boulder 
Creek hydrograph. This detention prevents the overtopping of US‐36 by reducing the peak flow at US‐36. This storage 
area consists of two areas, which, in combination, provide the necessary control. The layout of these storage areas was 
based on some, but minimal, excavation and the construction of relatively high embankments. Concept Plans for this 
detention alternative can be found in Appendix D 

Storage at US‐36 was more straightforward but had some unique complexities. The layout was intended to maximize the 
storage and minimize impacts to CU property and to Open Space land. A combination of excavation and fill were 
incorporated into the storage footprint. The existing Viele Pond was incorporated into the refinements made at this stage 
of the evaluation to attempt to maximize the existing storage areas. The operation of this system proved to be very 
sensitive to outflow and several refinements were necessary to achieve the desired performance. 

Lower basin storage such as the storage at Manhattan Middle School was incorporated into the MIKEFLOOD model with 
little difficulty. The outfall from these facilities was optimized to provide the maximum benefit and to minimize the need 
to replace existing downstream infrastructure. 

The storage associated with the Distributed Regional Detention presented challenges similar to Hwy‐93 storage. These 
facilities included a combination of mainstem and off channel storage that had complex interactions during flood events. 
A careful review of flood hydrographs from the Coarse Grid MIKEFLOOD model at key locations throughout the project 
area and a review of physical constraints allowed the modeling and optimization of the timing of capturing and releasing 
flows to downstream detention facilities. These facilities were used to mitigate and improve flooding conditions 
throughout the West Valley by preventing the overtopping of US‐36 and controlling and reducing peak flows along the 
mainstem of South Boulder Creek. 

The incorporation of underground pipes and large open channels into MIKEFLOOD is complex and time consuming. 
However, the benefits of these facilities needed to be characterized so that reasonable determinations of the reduction 
in flood threat could be conducted. The process for representing these facilities in the MIKEFLOOD model was to adjust 
the surface flow rate. This was done within MIKEFLOOD by creating a “sink” where flow leaves the system. A physical 
analogy for this would be that the “sinks” represent inlets that take flow from the surface of the model and into the pipe 
or large open channel. This simplification provided a realistic representation of the system and enabled the model to 
establish the character of residual overland flows that might cause flood damage. 

The results of the more detailed hydraulic evaluations for the Best Alternative Plans resulted in considerable refinement 
of the storage areas but only nominal changes to the conveyance facilities. The model did provide a better understanding 
of the nature and extent of the residual floodplain, particularly in areas in the lower part of the watershed along the 
mainstem. Figures 7‐1 through 7‐9 include the results of the hydraulic evaluations conducted for each of the Best 
Alternate Plans using MIKEFLOOD. 

Flood Hazards 
Flood hazards in the South Boulder Creek watershed are clearly articulated in the reports prepared as part of the 
Mapping Study. These hazards were confirmed using the Coarse Grid model. Only very small storms stay confined to the 
channel, storm drain systems or within the street right of way. Other events quickly exceeded the capacity of the 
conveyance areas and spread into the overbank. The 2‐D model effectively allowed the determination of how much 
water left the channel and where it went. 

The existing conveyance infrastructure throughout the West Valley includes both open channel conveyance and closed 
conduit conveyance. As described earlier the west valley can be broken down into three major flow profiles and existing 
irrigation ditch channels. During the flood mapping study, 1‐D channels were selected for modeling based on one or 
more of four criteria. 

1. channels with significant hydraulic capacity; in excess of 1,000 cfs, 

2. channels with hydraulic capacity that were wholly or partially outside of the 2D model domain 

3. channels which the resolution of the 2D topography did not resolve adequately or 

4. channels that had hydraulic structures on them, i.e., bridges, culverts, or diversion gates. 

For additional information on how 1‐D elements were selected for modeling for the South Boulder Creek Flood Mapping 
Study please see Appendix C of the South Boulder Creek Hydraulic Modeling Report, HDR, December 30, 2008. 

Irrigation Ditches/Channels 
Several irrigation ditches cross the South Boulder Creek floodplain. These irrigation ditches are hydraulically linked to the 
South Boulder Creek floodplain and are still in use delivering water to customers throughout the West Valley. Figure 4‐1 
displays the 1‐D modeling domain in MIKEFLOOD and the modeled 1‐D  channels. 

Anderson Extension Ditch 
This ditch parallels Table Mesa Drive and South Boulder Road to the south. The ditch originates on Bear Canyon Creek at 
the intersection of Table Mesa Drive and Broadway west of the project area. This ditch is currently operated by the 
Baseline Reservoir stakeholders and has an active decree flow of 50 cfs. This channel intercepts overflows from South 
Boulder Creek near the Table Mesa – Foothills Parkway Interchange for flood ranging from the 25‐year recurrence 



 

SECTION 4 HYDRAULIC ANALYSIS  IV‐4  DRAFT SOUTH BOULDER CREEK MITIGATION REPORT_062012 

interval through the 500‐year recurrence interval and again north of the interchange from the overtopping of US‐36 
during flood greater than the 100‐year flood. The capacity of the ditch is exceeded when the floodwaters enter the 
channel during the 100‐year flood. This channel was not modeled in the 1‐D model because it conveyed flow less than 
1,000 cfs, However the culverts along the Anderson Extension Ditch were determined to be hydraulically significant and 
were added to the 1‐D modeling domain for the Mapping Study MIKEFLOOD model. A loading point was used at the 
southeast corner of the Table Mesa Drive and US‐36 and was included in the 2‐D modeling domain. 

Dry Creek No. 2 Ditch 
This ditch runs south to north roughly parallel to 55th Street through the West Valley. This channel is a remnant of the 
South Boulder Creek alluvial fan channel system prior to development. Currently the ditch diverts water near Eldorado 
Springs south of the project area, runs north through Marshall and the South CU Campus. The ditch is conveyed through 
a 6’ x 4’ Reinforced Concrete Box Culvert (RCBC) under US‐36 and then enters the West Valley. Currently this ditch has 
three remaining shareholders north of US‐36 that include Manhattan Middle School, Flatirons Golf Course, and a private 
owner in the Flatirons Industrial Park. The active decree for the ditch is 69 cfs. This ditches’ capacity is overwhelmed 
during the 25 year and 50 year recurrence intervals due to local basin inflows including C2 basin loadings at Manhattan 
Middle School and inflows from the Wellman Canal. The 100‐year overflow of US‐36 by South Boulder Creek enters Dry 
Creek No. 2 Ditch and overwhelms the entire capacity of the ditch for storms greater than the 100‐year storm. 

Wellman Canal 
The Wellman Canal is owned by Xcel Energy and flows from west to east from Boulder Creek south of Arapahoe Road to 
Valmont Reservoir. This ditch delivers decreed flows to the Xcel operated Valmont Power plant for cooling processes. The 
Wellman Canal was not modeled in the 1‐D, due to the general lack of hydraulic structures and the low flow rates 
normally conveyed by the channel. This canal was captured in the 2‐D model domain.  

This ditch is aligned perpendicular to Bear Canyon Creek, South Boulder Creek, and Dry Creek No. 2 Ditch and intercepts 
flood flows from all of these channels, which quickly overwhelm the channel capacity from storms as small as the 25‐year 
storm. The total decreed flow for the Wellman Canal is 819.2 cfs, which is the sum of the decreed flows from South 
Boulder Creek, Skunk Creek, and Bear Canyon Creek. Much of this water does not enter into the Wellman Canal and is 
delivered to the Valmont Reservoir through flow exchanges with various water holders throughout the basin. The total 
decreed flow from all water sources would exceed the capacity of the existing channel, which has a current capacity of 
approximately 80 cfs maximum. Xcel energy would prefer that the existing capacity of the ditch be maintained in review 
of any alternatives that impact the Wellman Canal 

Viele Channel 
The Viele channel runs generally from west to east parallel to Table Mesa Drive, crosses through culverts through the 
Foothills Parkway interchange and then parallels South Boulder Road on its way to South Boulder Creek. This channel 
intercepts South Boulder Creek floodwaters near South Boulder Road but is also the source of local sub‐basin flows that 
contribute to the flooding of South Boulder Creek. This channel is not an irrigation channel but a natural conveyance 
channel and has an approximate capacity of 500 cfs. This channel did not meet the 1,000 cfs criteria for modeling in the 
1‐D MIKEFLOOD modeling domain. However, the culvert structures did meet the criteria and the Viele Channel culverts 
were added in as 1‐D elements for the MIKEFLOOD regulatory model. 

Enterprise Ditch  
The Enterprise ditch has its head gates at South Boulder Creek just downstream of South Boulder Road. This ditch carries 
water northeast north of Baseline Reservoir. This ditch Primarily crosses open space and is completely overwhelmed by 
the flood flows from South Boulder Creek. Flows that enter this ditch either spill from its banks back into South Boulder 
Creek or continue along the conveyance removing flow from the South Boulder Creek Floodplain. This ditch is primarily 
located in Boulder County and was not a focus of this current study. 

Scherer Ditch 
The Scherer Ditch runs generally northeast east of South Boulder Creek and crosses US‐36 near Cherry Vale Road. The 
head gates of this ditch are located just north of HWY ‐93. Flows that enter this ditch are conveyed away from South 
Boulder Creek and do not have a chance to re‐enter South Boulder Creek. Due to capacity‐limited culverts near US‐36 

Land adjacent to the highway is expected to see shallow flooding during a 100‐year event. This ditch is primarily located 
in Boulder County and was not a focus of this study. 

Local Storm Drainage 
Local storm drainage facilities through the West Valley generally flow from south to north and rely on existing irrigation 
ditches to help convey flood flows through the area. Below is a detailed description of the existing local storm drainage 
through each neighborhood within the Study Area as well as a reach‐by‐reach description of the local storm drainage 
infrastructure. For a detailed description of the local storm drainage infrastructure, please see the HDR Engineering, Inc. 
Volume 1 ‐ Final Report City of Boulder Stormwater Master Plan. Boulder (2007). 

Keewaydin Neighborhood 
In this neighborhood east of Foothills Parkway and north of South Boulder Road, the existing storm sewer infrastructure 
generally takes water from the neighborhood west to the storm sewer trunk line that parallels Thunderbird Lane west of 
Foothills Parkway. Storm sewer in the area is generally less than 27” in diameter and conveys nuisance flows. This 
stormsewer infrastructure was not included in the MIKEFLOOD model that was completed for the flood mapping study. 
The flood conveyance is generally south to north through this neighborhood and the existing storm sewer has little 
impact on the 100‐year flood. 

Frasier Meadows Neighborhood 
The Frasier Meadows Neighborhood lies just to the west of Foothills Parkway. This neighborhood is impacted by the 
overflow of US‐36 by South Boulder Creek. Existing storm sewer infrastructure leads to a trunk line under Thunderbird 
Lane. This trunk line accepts flows from both the Frasier Meadows Neighborhood and the Keewaydin Neighborhood. The 
maximum pipe diameter is 48” and discharges into detention ponds at the corner of Foothills Parkway and Baseline 
Road. These systems are overwhelmed by the overtopping flows from South Boulder Creek. This pipeline was not 
included the 1‐D MIKEFLOOD model due to the limit capacity of the pipe and the potential for debris blockage. 

Park East Neighborhood 
The Park East Neighborhood is north of Baseline Road and East of Foothills Parkway. This neighborhood is flooded by the 
West Valley flooding from Baseline Road. There is not any storm sewer through this neighborhood except along 
Pennsylvania Avenue on the north edge of the neighborhood. This storm sewer intercepts flow and takes it east to Dry 
Creek No. 2 Ditch and the Wellman Canal. The maximum size of the storm sewer is 36” in diameter and is overwhelmed 
by the 100‐year flood flows. This pipeline was not included the 1‐D MIKEFLOOD model due to the limit capacity of the 
pipe and the potential for debris blockage. 

Arapahoe Ridge Neighborhood 
The Arapahoe Ridge Neighborhood is located north of the Wellman Canal and East of Foothills Parkway. This 
neighborhood is flooded by the West Valley flooding from the Wellman Canal. Storm sewers in the area generally take 
flow north across Arapahoe Avenue and Boulder Creek or east to the Flatirons Golf Course and Dry Creek No. 2 Ditch 
Drainage. The maximum size of the storm sewer is 45” and is on average 24” in diameter. The storm sewer is 
overwhelmed by the 100‐year flood flows. This pipeline was not included the 1‐D MIKEFLOOD model due to the limit 
capacity of the pipe and the potential for debris blockage. 

Flatirons Industrial Park 
This is the final area prior to South Boulder Creek discharging to Boulder Creek. This area is north of Arapahoe Road and 
east of Foothills Parkway. Storm sewers in this area are generally small and drain most of the flow to Dry Creek No. 2 
Ditch that is the main stormwater conveyance through the area. Storm sewer mains can reach a maximum size of 60” x 
36” RCBC but are on average 24” in diameter. This system helps alleviate flooding through the Industrial Park but still is 
overwhelmed by flooding from South Boulder Creek. This pipeline was not included the 1‐D MIKEFLOOD model due to 
the limit capacity of the pipe and the potential for debris blockage. 

Flooding Problems  
Flooding problems through the West Valley are generally caused by uncontrolled overtopping of US‐36 into the West 
Valley as identified in the Flood Mapping Study. However, additional sources of flooding also occur within the West 
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Valley. A reach‐by‐reach description of flooding issues follows, and Figure 2‐4, Reach Description, graphically displays 
each reach described below. 

Reach 1 
South Boulder Creek exceeds the conveyance capacity of its channel at the very upstream of this study reach near Hwy‐
93. Here, both the channel and the Hwy‐93 crossing of the South Boulder Creek mainstem are undersized. Flood flows in 
excess of the 10‐year flood spread to the west and north behind Hwy‐93 and overtop the highway and inundate Marshall 
Road, eventually reaching the CU levee and being directed back toward the mainstem. The CU levee effectively protects 
the area of the South Campus and, in combination with the mainstem and Dry Creek No. 2 Ditch conveys flows toward 
US‐36. 

The channel upstream of US‐36 is inadequate to convey the full flood flows under US‐36. While the bridge is adequate to 
convey the full 100‐year flood, only a small fraction of that flow remains in the channel. Flows in excess of the upstream 
channel capacity spill to the west and flow along the south side of the US‐36 right of way toward the Viele Channel and 
the Foothills Parkway interchange. The water spreads out behind US‐36, inundating portions of the CU property and 
spilling into the pond on the Viele Channel. For storms smaller than the 50‐year event, the flood flows are generally 
confined to the upstream side of US‐36. Storms in excess of the 50‐year overtop US‐36 and spill into the West Valley, 
flowing north along Foothills Parkway. 

Reach 2 
Flows from the local tributary sub‐watershed contribute to the flood hazard along South Boulder Creek. The primary sub‐
watershed of concern (Sub‐watershed C2) is to the west of the mainstem and consists of highly urbanized areas of South 
Boulder. During the Mapping Study, the C2 sub‐watershed was further subdivided into five areas and the inflows were 
added into the hydraulic model at points that represent the natural drainage patterns as shown on Figure 4‐3. Inflows 
from the Bear Canyon Creek watershed are also accounted in the model. These tributary inflows create a flood hazard 
that is independent of the mainstem flood issues. It was the intent of this study to mitigate the effects of flooding from 
the South Boulder Creek mainstem only and not address localized flooding caused by local basin inflow flooding. While 
smaller in nature than the large floods associated with the mainstem, these have the potential to create damages. As is 
expected, the extent of the flooding associated with these tributary inflows increases as the storm intensity increases. 
Most of the flooding within the areas west of the mainstem associated with these inflows is localized and the result of 
undersized street and drainage system capacity. 

Reach WV2  
The flood threat in the West Valley is greatest when US‐36 overtops during events in excess of the 50‐year flood. The 
overflows from US‐36 generally follow the alignment of Foothills Parkway, initially concentrated on the west side of the 
Foothills Parkway roadway. These flows are significant and would cause extensive damage along Thunderbird Drive all 
the way to Baseline Road. In addition to the flooded areas, there are two structures located within the city’s designated 
High Hazard Zone in this reach. Some buildings and facilities designated by the city as critical are also in the floodplain in 
this reach. 

Reach DC2  
The Dry Creek No. 2 Ditch corridor is the source of considerable flooding below US‐36. This conveyance is part of the 
primary outlet for the ponded water above US‐36. As the water from larger floods passes under the highway through Dry 
Creek No. 2 Ditch, the Anderson Extension, and Viele Channel, it exceeds the combined capacity of these systems at 
South Boulder Road. Water overtops South Boulder Road and flows through the neighborhoods west of Dry Creek No. 2 
Ditch. Water generally follows the street corridors and causes some localized flooding when street and drainage system 
capacity are undersized. 

Reach M2  
Mainstem flows that make their way under the US‐36 crossing continue to exceed the capacity of the South Boulder 
Creek channel. This water spreads out above South Boulder Road and overtops the road, creating two flow paths, one 
along the mainstem and another along the alignment of the New Anderson Extension and Enterprise Ditch. These two 
flow paths recombine at Baseline Road. There are additional overflow paths from the mainstem just north of the East 

Boulder Recreation Center that continues to the north across undeveloped land. A portion of the flood flows are diverted 
out of the basin and flow toward Baseline Reservoir. The details of that flow are provided in the Mapping Study Hydraulic 
Modeling Report (HDR, December 30, 2008) 

Reach 3 
Between Baseline Road and the Wellman Canal (approximately Colorado Avenue extended) the flood hazard continues to 
be most significant for properties located along roadways used as the primary conveyance and for areas adjacent to the 
mainstem. 

Reach WV3  
The flows from the upstream reaches of the West Valley are exacerbated by inflows from portions of the C2 basin joining 
at Baseline Road and Foothills Parkway. The combined flows overtop Baseline Road and flow through the neighborhood 
along McIntyre Street and Brooklawn Drive. Homes along these streets and the adjacent and interconnecting roadways 
are subject to flood threats as the capacity of the street and drainage system is exceeded. A portion of the flow remains 
west of Foothills Parkway and is diverted over to the Bear Canyon Creek watershed. These flows are generally confined 
to the road right of way and do not pose a significant hazard to residential or commercial properties. 

Reach DC3  
Dry Creek No. 2 Ditch in this reach is generally adequate to convey all but the most extreme flows. There are a few 
locations where the ditch capacity is exceeded and minor inundation occurs adjacent to the channel. The lower part of 
the reach, there is an inflow from the West Valley overflow that occurs near 55th Street and Pennsylvania Avenue that 
cause flooding of Dry Creek No.2 Ditch into the surrounding neighborhood and the Wellman Canal. 

Reach M3  
The mainstem floodplain is broad in this reach extending from Gaptor Road on the east across Open Space land, almost 
reaching Meadow Glen Drive. Fortunately, with the exception of homes along Gaptor Road, there is very little hazard to 
properties other than Open Space. 

Reach 4 
Below the Wellman Canal (approximately Colorado Avenue extended) the floodplain from the various tributaries begins 
to converge. At Arapahoe Avenue, the minor storms continue to have distinct areas of flooding but as the flood events 
become more extreme, the flood flows join and form one large area of ponding above Arapahoe Avenue.  

Reach WV4  
There is limited infrastructure along this reach and flows quickly exceed the capacity of the roadway and the minor 
drainage system. Residential flooding along the street is common and the properties adjacent to Arapahoe Avenue are 
subject to considerable hazard for all but the smallest events. The portion of the flow that remains west of Foothills 
Parkway and is diverted over to the Bear Canyon Creek watershed begins to spread outside the right of way to the west 
before reaching Boulder Creek. Flood flows near the confluence of Bear Canyon Creek and Boulder Creek do not pose a 
significant hazard to residential or commercial properties. 

Reach DC4  
Dry Creek No. 2 Ditch in this reach enters the Flatirons Golf Course where flood flows spread out over the golf course in 
shallow overland flooding. These flood flows have limited impact to the structures on the property. The Clubhouse is 
elevated above the 100‐year flood. Minor damage and the resulting repair to the golf course would be expected during 
large floods. Flood flows spread out west of the channel and impact a few properties along Arapahoe Avenue. Once flows 
reach Arapahoe Avenue, they combine with flows from the West Valley and the mainstem to form a large pool upstream 
of the roadway. 

Reach M4  
The mainstem floodplain is broad in this reach extending from the back yards of homes along Gaptor Road across the 
Flatirons Golf Course to the west. Much of the flood flows are confined to the channel but also extend to the golf course 
and can begin doing damage to residences along Old Tale Road and Gaptor Road during the 10‐year flooding event. 
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Damages across the golf course are negligible. Once flow reaches Arapahoe Avenue, the floodwaters combine with the 
flow from the West Valley and Dry Creek No. 2 Ditch to form a large pool upstream of Arapahoe Avenue. 

Reach 5 
South Boulder Creek below Arapahoe Avenue is characterized by large tracts of commercial and industrial properties 
with a broad floodplain but significant conveyance capacity. Nevertheless, there is considerable flood hazard as flood 
waters flow overland before reaching these large channels.  

Reach WV5  
There is limited infrastructure along this reach and flows never return to South Boulder Creek. Rather, they flow north 
down roadways and through developed properties south of the railroad tracks. Once at the tracks, the flow diverts and 
flows directly to Boulder Creek west of the Roche property or along 55th before reaching Boulder Creek. 

Reach DC5  
Dry Creek No. 2 Ditch in this reach has a somewhat limited capacity between Arapahoe Avenue and the railroad. There is 
a relatively broad floodplain extending both east and west from the channel and inundating several properties. Once the 
Dry Creek Ditch No. 2 channel has crossed the Burlington Northern railroad, the channel capacity increases dramatically 
over upstream capacity and flood flows entering the channel are conveyed to Boulder Creek without exceeding the 
capacity of the channel. The railroad serves to concentrate and collect flow and the floodplain downstream is smaller. 
Areas within the Flatirons Industrial Park are subject to some elevated flood threat during events that exceed the 
capacity of the channel.  

Reach M5 
The mainstem of South Boulder Creek between Arapahoe Avenue and the railroad is similar to that of DC2 in that it has a 
limited capacity but there is limited impact because of undeveloped parcels. The overtopping of Arapahoe Avenue does 
create a broad flood threat to the business and industrial area to the north of Arapahoe Avenue. At the railroad, flow is 
once again concentrated and flows under the tracks and into the main channel. A cross channel between Dry Creek No. 2 
Ditch and the mainstem is undersized and cannot effectively balance flows between the two conveyance channels. This 
results in flows during larger events flowing into the Flatirons Industrial Park. At Valmont Road, South Boulder Creek, 
flows join those in Boulder Creek.



FIGURE 4-1
Graphic Extent of Flood 
Mapping Study 1-D
Hydraulic Simulation Channels
South Boulder Creek Flood Mitigation Report
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FIGURE 4-2
Graphic Extent of Flood 
Mapping Study 2-D
Hydraulic Simulation Area
South Boulder Creek Flood Mitigation Report
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FIGURE 4-3
Tributary Basin Loading Points
South Boulder Creek Flood Mitigation Report
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V. Alternative Development 
Sections V, VI, VII, VIII and IX describe the process of developing alternatives to address flooding issues through the West 
Valley from South Boulder Creek from initial problem identification through the selected plan.  

Section V presents the process for initial problem identification, identified problem solutions and screening of the initial 
identified problem solutions. This initial screening process was accomplished through interactive workshops with 
stakeholders, an initial public meeting, and with the use of basic hydrologic and hydraulic tools.  

Section VI presents the formulation of the 15 Conceptual Plans and the method of evaluation. This secondary screening 
process was accomplished through interactive workshops with stakeholders and was further screened by utilizing 
MIKEFLOOD to optimize the concept design, develop the alternative benefits and cost, and to estimate the benefit cost 
analysis of each alternative.  

Section VII presents the review and selection process for the 9 Best Alternative Plans from the 15 identified plans 
described in Section VI. These alternatives were further screened by utilizing MIKEFLOOD to optimize the concept design, 
develop the alternative benefits and cost, and to estimate the benefit cost analysis of each alternative. After presentation 
of the 9 Best Alternative Plans to WRAB on December 14, 2011, WRAB along with subsequent discussions with OSMP 
selected 5 Alternative Plans to be refined further. The 5 alternatives selected for further refinement were the: 

 Status Quo Alternative 
 High Hazard Zone Mitigation Alternative 
 Regional Detention at US‐36 Alternative 
 Distributed Regional Detention Alternative 
 Bear Canyon Creek Pipeline Alternative 

Section VIII presents the refinements to the 5 plans selected by WRAB and discussions with OSMP. This section presents 
a more detailed evaluation so that the elements of the plans could be refined with greater resolution and the plans could 
be more clearly communicated to the public.  

Section IX describes the process and reasoning behind the Engineers Recommended Plan that will be presented to city 
Staff for further review through public input, WRAB meetings and city Council meetings prior to ratification of the 
mitigation plan. This section includes the final benefit ‐ cost ratio and final configurations, and sizes of all flood control 
facilities recommended by the engineer. 

Alternative Development Process 
The development and evaluation of alternatives is a sequential process that takes a broad range of options and 
systematically reduces them into a manageable number of alternatives. The process defined by the District and 
articulated in the approved Scope of Work follows this approach. 

The initial screening of options builds on an understanding of the problems within the watershed and the identification of 
various types of improvements to address the identified problems. The general problem understanding builds on the 
insights gained in the Flood Mapping Study and Risk Assessment. In this, several broad issues that caused much of the 
flood threat within the West Valley were identified: 

 Overtopping of US‐36 – Overtopping creates a number of flood hazards downstream, including overwhelming 
the existing conveyance system, which, in many cases, consists exclusively of surface conveyance via roadways, 
or small undersized storm sewer systems. 

 Overflows from existing pipe and channel conveyance systems – The undersized systems often cause flooding 
along the channel banks or the pipe alignment due to overflows from the pipes and channels. However, in many 
cases, the undersized open channel conveyance systems often back up water behind existing structures and 
embankments causing additional flood damage because of upstream inundation and roadway overtopping. 

 Overflows from surcharged irrigation ditches – Similar to the undersized channels, undersized ditches present a 
flood hazard as the result of potential overtopping. When undersized ditches exceed their flow capacity and 

convey additional flood flows from South Boulder Creek, adjacent properties may be subjected to flooding. 
Moreover, irrigation ditches provide a means for flows from the South Boulder Creek drainageway to reach areas 
that may be isolated from the direct flooding effects of South Boulder Creek. In the case of ditches conveying 
flood flows from South Boulder Creek and other surrounding watersheds, these ditches exacerbate the flood 
hazard by conveying flows to flood prone properties. 

 Overflows from the mainstem that worked their way into the West Valley ‐ In areas where the mainstem of 
South Boulder Creek is inadequate, flow leaves the mainstem and flows overland toward the West Valley. These 
flows reach areas where the existing infrastructure is not intended to capture and convey those flows and quickly 
becomes surcharged, increasing the flood risk. 

 Transbasin inflows from Bear Canyon Creek – Flows from Bear Canyon Creek enter the South Boulder Creek 
watershed, in multiple locations, because of undersized drainage conveyance in the Bear Canyon Creek 
watershed. Control structures are subject to overtopping with the excess discharge flowing down streets or 
irrigation channels to South Boulder Creek. 

 Local C2 Basin Inflows – Flows originating from the local C2 basin within the South Boulder Creek watershed, in 
multiple locations, result in additional local flooding issues. The flows from the C2 basin, which enter the West 
Valley North of US‐36, fill the capacity of local drainage systems eventually overwhelming the local drainage 
systems prior to South Boulder Creek Flooding the West Valley. Excess discharge from the overwhelmed local 
drainage system ends up flowing down streets or irrigation channels to South Boulder Creek causing flooding 
damage through the West Valley. 

Within each of the above‐described identified flooding triggers, a number of more specific issues were identified within 
the various study reaches. Because of the preliminary nature of this evaluation, the study reaches were more generally 
defined into two reaches, one following the alignment through the West Valley and the other along the Dry Creek No. 2 
Ditch. Since the focus of the evaluation was limited to addressing problems in the West Valley, issues of concern along 
the mainstem were not explicitly addressed. Similarly, a detailed evaluation of the specific problems within each of the 
previously described sub‐reaches along both the West Valley and the Dry Creek No. 2 Ditch alignments was premature 
for screening purposes. 

The project also defined a number of potential mitigation measures that were included in the evaluation process. These 
alternatives formed the suite of potential options that would be considered to address the identified problems. The 
alternatives ranged from large structural improvements such as pipes, channels or detention ponds to flood‐proofing and 
non‐structural floodplain management measures to maintaining the status quo. Specific measures to be considered 
include: 

 Installation of Major Underground Conduits – Major underground conduits are those that have the capacity to 
convey large quantities of flow. For this analysis, they were assumed capable of conveying flows in excess of the 
10‐year flood. These conduits would generally follow existing street alignments but may, in some cases, follow 
other undeveloped corridors. 

 Limited Structural Improvements or Additions – Limited improvements are generally identified to address a 
specific problem that stems from a very well defined and isolated source. These may include the culvert 
enhancements that relieve an obstruction caused by an undersized bridge or culvert. In other cases, these 
improvements may consist of an addition of another conveyance element that improves the hydraulic conditions 
at the identified location. 

 Improvements to Existing Channels – These improvements generally consist of the expansion of existing 
channels to provide greater conveyance capacity. In many areas, this will require the widening of the existing 
channel because groundwater or grade constraints preclude the significant lowering of the channel bottom. 

 Regional Detention Facilities – These are large flood storage facilities that capture significant portions of the 
flood flows and store them for later release when there is available capacity in the downstream facilities. These 
facilities often consist of earthen embankments or excavated areas that capture floodwaters and relatively small 
outlet pipes that meter the water slowly back into the natural drainage course. 
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 Local Detention Facilities – In contrast to large regional detention facilities, these local detention facilities are 
much smaller and are intended to address inflows from a much smaller drainage basin. In many cases, properly 
located and sized local facilities can significantly reduce the infrastructure required to handle inflows from the 
lower tributary areas along South Boulder Creek. 

 Flood Proofing of Critical Facilities – In some cases, the nature of the flooding is so distributed that extensive 
stretches of the stream cannot be economically addressed. In these cases, it is sometimes advisable to focus on 
isolated structures to mitigate flood hazard. In the case of flood proofing, modifications to specific structures can 
be made to reduce the impacts of flood flows by preventing them from entering and damaging the structure or 
by reducing the expense to repair the structure after a flood. 

 Non‐Structural Methods – Non‐structural methods have long been embraced in Boulder. These include 
measures such as flood warning or floodplain management to the preservation of the natural flood storage found 
on Open Space lands.  

 Flow Diversion – Flow diversion takes advantage of the potential available capacity in adjacent waterways to 
convey flood flows out of the areas of greatest impact. Flow diversions allow the residual flow to be reduced and 
often significantly reduce the flood threat. 

A screening matrix approach was used to evaluate the suite of identified problems and identified solutions. The more 
specific problems defined one axis of the Potential Solutions Screening Matrix while the suite of potential mitigation 
measures defined the other axis. This screening matrix provides a quick summary of the full suite of potential solutions 
and allows a quick assessment of the viability of any solution to address the identified problem area. 

Alternative solution elements were screened by determining the viability of a particular option. In all cases, the options 
were generally assumed viable unless some particularly significant constraint was identified or the option was not 
applicable to the problem. Constraints were generally deemed significant if they would impose an extraordinary 
mitigation burden or that would require significant cost to address. These might include significant impacts to Open 
Space where the proposed uses were in direct conflict with known Open Space values. An example might be the 
construction of a large culvert that would drain an Open Space area acquired for its wetland habitat thereby changing the 
natural community, intended use of the land and ecological function. Similarly, an alternative that proposed the 
enlargement of a small, naturally vegetated open channel with a large, prismatic landscaped open channel might have 
unacceptable impacts to threatened and endangered species along the alignment. Alternative elements that were 
considered not applicable were ones, which would not address the identified flood hazard problem in any meaningful 
way. None of the evaluation standards were absolute and alternative elements were sometimes carried forward even in 
the face of substantial flaws if it was felt that they may be important elements of a future plan that would address the 
overall hazard in a meaningful way. 

Two Potential Solutions Screening matrices were developed, one for each of the two study reaches. Within the screening 
matrix, each potential solution was assessed to determine if it could be part of a broader solution effort that resolved 
each of the identified issues. A high‐level screening matrix was developed for each reach and is presented as Figure 5‐1, 
Potential Solutions Matrix. In this matrix, large dots represent feasible options that received further attention. 

The content of Figure 5‐1, Potential Solutions Matrix was discussed and developed during the first of several workshops 
conducted during the study. Workshop Number 1 focused on the identification of significant constraints that would 
render a particular solution element infeasible. The workshop, conducted on January 27, 2010, was attended by most of 
the project stakeholders. A number of other major constraints were identified during the workshop including the 
consideration of past public objection and the lack of an existing defined drainageway that would preclude the 
construction of a new open channel. 

Following Workshop Number 1, a second series of Potential Solutions Screening matrices were developed that looked 
more carefully at specific elements to address specific problem areas. In this matrix, presented as Figure 5‐2, Refined 
Potential Solutions Matrix, more detail regarding the specific elements that could be used to address a problem area is 
provided. 

The various elements presented in the refined matrix provide a better understanding of the type of improvements 
envisioned. For example, rather than merely identifying that channel improvements are reasonable, the refined matrix 
describes a general location and type of channel that will address the identified problem. All evaluations used to refine 
the matrix were qualitative and based on the input received during the Workshop and are located in Appendix A. In most 
cases, the capacity of the improvements, the specific alignment or the exact geometry was not specified. Sizing and 
specific alignments were defined in general terms. With this better understanding of potential elements that could 
address specific problems it was possible to begin a more detailed evaluation and then assemble the elements into viable 
plans.  

Constraints and Criteria 
In order to guide the evaluation of the various elements, several overlaying objectives were identified. These objectives 
provided some framework that would shape the formulation of plans. 

The primary focus of the study remained the protection of properties in the West Valley. This previously articulated 
objective is consistent with direction received subsequent to the past planning efforts and during the Flood Mapping 
Study. The protection of these properties that were constructed prior to a clear understanding of the flood threat 
remains the primary focus of the study. 

Constraints 
Containment of the High Hazard Zone so that no structures are impacted by this floodplain zone designation is a broad 
objective established by city Council during past planning studies. This past direction was imposed on this study. Efforts 
would be made to contain the High Hazard Zone so that future determinations would not include these structures. The 
existing defined High Hazard Zone includes a large area of street flow. While these areas pose a significant hazard during 
large floods, the focus of the containment measures would be limited to the removal of structures.  

During the course of discussion related to the High Hazard Zone, the city also indicated that it would be desirable to 
provide a greater level of protection to Critical Facilities within the 100‐ and 500‐year floodplain. These facilities are more 
distributed and do not generally lend themselves to economical removal using conveyance improvements. However, the 
desire to provide an enhanced level of protection demanded that some action be taken. The option of flood proofing 
these Critical Facilities will be incorporated into the alternative plan development process. 

In June of 2007, HDR published a Stormwater MP that described the types of improvements necessary to address 
localized flooding associated with minor floods (2‐ and 5‐year) and to provide guidance on water quality enhancement 
measures. The systems defined in the Stormwater MP establish a base level of protection against nuisance flooding 
problems but does not materially affect the threat associated with major floods. However, the consideration of the 
Stormwater MP recommendations also reiterated the potential of flood hazard throughout the watershed resulting from 
storms that were more localized than the design storm used to define the 100‐year flood theat. Therefore, additional 
objectives included the potential for any identified improvements to provide protection against the major flood threat 
associated with a localized storm falling over the lower watershed and to consider the value‐identified facilities would 
have to support the objectives of the Stormwater MP. 

The City of Boulder has a very well established system of Open Space lands. Many of these areas are within or adjacent to 
the delineated floodplain of South Boulder Creek. While many communities view flood control as a compatible use of 
Open Space land, the city has very specific guidelines that regulate the use of Open Space. In general, these regulations 
restrict the use of these lands to uses that are consistent with the intended function for that particular parcel. When 
looking at flood control options along South Boulder Creek, careful attention was given to assuring that any proposed 
actions would be compatible with the city’s Open Space regulations. 

The acquisition of land is frequently a necessity to successfully implement a particular alternative. Many of the elements 
identified in the screening matrix would require additional land to be effectively implemented. Past studies that looked at 
flood control raised the issue of land acquisition. During those earlier studies, the general direction was that only 
properties for which there are willing sellers should be considered as part of any specific alternative. When properties 
were identified, the fair market cost for that land, based on recent sales or assessments, should be the basis for the 
development of cost estimates. At the early stages of project, alternative formulation the availability of land was not yet 
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determined. Properties were all assumed available if fair market prices are paid. As the alternative plans become more 
refined, more site‐specific assessments of individual properties will be conducted to determine if alternative plans using 
private parcels remain desirable alternatives. 

Wetlands and habitat for threatened and endangered species are common along South Boulder Creek. Particular care 
needed to be exercised to assure that no unintended impacts to these areas resulted from any of the proposed 
improvements. Because of the abundance of wetlands and habitat areas along the corridor, it may not be possible to 
avoid all impacts. In cases where facilities cannot avoid impacts, mitigation measures, as defined by the City of Boulder’s 
Stream, Wetland and Waterbody Protection Ordinance, to minimize the adverse impacts on wetlands need to be 
considered. The specific nature of the disturbance will determine the type and extent of the mitigation approach. 

One of the most important constraints identified during the evaluation process was that of the public interest. This was 
qualitative at this stage of the evaluation and incorporated the past input gathered during public meetings on South 
Boulder Creek projects as well as other projects around the city. Much of what has been heard has already been 
incorporated into the other identified constraints, but several other issues were brought forward against which all 
alternatives would be measured. These included concerns related to construction impacts, aesthetics, use of eminent 
domain to secure land from unwilling sellers, and broader community development interests and policies. While too 
numerous to mention individually, whenever these constraints become the basis for an action related to a particular 
alternative, it will be identified and discussed in detail. 

Criteria 
The city has formally adopted a set of design standards for drainage related improvements. These include Chapter 7 of 
the City of Boulder Design and Construction Standards and Section 9‐3‐2 through 9‐3‐9 of the Boulder Revised Code. The 
city also relies on the requirements of the District as articulated in the Urban Storm Drainage Criteria Manual, Volumes 1 
– 3 for guidance in the layout and design of drainage and flood control facilities. The governing design criteria used in the 
design of the components making up the improvements in the alternative plans are summarized in Table 5‐1, Design 
Standards. Together, these tools facilitated the evaluation of alternative systems and elements relatively quickly and 
efficiently. Using the evaluations of the various plan elements to better understand the floodplain impacts, the various 
components were assembled into Alternative Plans. These Alternative Plans were eventually incorporated into the 
Coarse Grid Model version of MIKEFLOOD to confirm performance consistent with earlier assumptions. In some cases, 
refinement of the alternatives was necessary to achieve the level of performance desired. This refined Coarse Grid 
MIKEFLOOD model became the basis for the determination of project benefits and the visual representation of the 
residual floodplain. The alternatives assembled and evaluated as part of this process are depicted in figures located in 
Appendix B, Alternative Development Figures and listed in Table 5‐2. 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 5‐1
Design Standards

Regulation  Description 

Culvert Sizing Criteria  Manning's n for CMP, n = 0.024 

Culvert Sizing Criteria  Manning's n for concrete, n = 0.013 

Open Channel Criteria  Maximum velocity in open channels = 7 ft/s 

Open Channel Criteria  Maximum depth in open channels = 4 ft 

Open Channel Criteria  Slope = 0.4% 

Open Channel Criteria  Freeboard = 1 ft 

State Engineers Office Dam Criteria  Reservoir with a capacity greater than 100 Acre‐Feet 

State Engineers Office Dam Criteria  Reservoir with a surface area greater than 20 Acres 

State Engineers Office Dam Criteria  Reservoir with a berm higher than 10‐feet measured from the lowest point of the natural surface 
to the spillway crest. 

State Engineers Office Dam Criteria  Minor Dam, is a jurisdiction dam that does not exceed 20 feet in height and or 100 acre‐feet in 
capacity 

State Engineers Office Dam Criteria  Small Dam, is a jurisdiction height greater than 20 feet in height but less than 50 feet in height or 
a reservoir with greater than 100 acre‐feet in capacity but less than 4,000 acre‐feet in capacity. 

 

TABLE 5‐2

Appendix B: Alternative Development Figures 

Figure Number  Title 

5‐3  Summary of Flow Rates 

5‐4  High Hazard/Critical Facility Alternative 

5‐5  High Hazard Purchase/Critical Facility Alternative 

5‐6  Upstream Storage Dry Creek Ditch No. 2 Alternative 

5‐7  Upstream Storage Bear Canyon Creek Alternative 

5‐8  Upstream Storage Bear Canyon Creek Alternative 2 

5‐9  Upstream Storage Bear New Conveyance Alternative 

5‐10  Upstream Storage Bear New Conveyance Alternative 2 

5‐11  100‐Year Regulatory Dry Creek Ditch No. 2 Alternative 

5‐12  100‐Year Regulatory Bear Canyon Creek Alternative 

5‐13  100‐Year Regulatory Bear Canyon Creek Alternative 2 

5‐14  100‐Year Regulatory New Conveyance Alternative 

5‐15  100‐Year Regulatory New Conveyance Alternative 2 



 
  

   FIGURE 5-1  
      Potential Solutions Matrix 
       Reach 1 – 55th Street/ Dry Creek No. 2 Ditch 
     South Boulder Creek Flood Mitigation Report 

 

 

 



 
  

   FIGURE 5-1  
      Potential Solutions Matrix 
       Reach 2 – West Valley FIS Profile 
     South Boulder Creek Flood Mitigation Report 

 

 

 



 
  

   FIGURE 5-2  
      Refined Potential Solutions Matrix 
       Reach 1 – 55th Street / Dry Creek No. 2 Ditch 
     South Boulder Creek Flood Mitigation Report 

 

 

 



 
  

   FIGURE 5-2  
      Refined Potential Solutions Matrix 
       Reach 2 – West Valley FIS Profile 
     South Boulder Creek Flood Mitigation Report 
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VI. Conceptual Alternative Plans 
Conceptual Alternative Plan development came during the second workshop that was held on March 17, 2010 to present 
and discuss the Refined Potential Solutions Matrix. Based on the feedback from the first and second workshops and the 
Refined Potential Solutions Matrix, the plan elements were assembled into a series of Conceptual Alternative Plans. 

The plans were built using various combinations of several common elements. Using this approach provided an 
appropriately broad range of alternatives and resulted in a reasonable assurance that the best alternatives were 
considered. Common elements that were assembled into the plans included: 

 Regional Detention at US‐36 – This element included off‐channel storage along the upstream side of the 
embankment along US‐36 and considered storage on Open Space land, private property and CU property.  

 Regional Detention near Hwy‐93 – This element included off‐channel storage near Hwy‐93 and considered 
storage on both Open Space land and private property in the area. 

 Downstream conveyance along Dry Creek No. 2 Ditch – This element included a series of conveyance 
improvements along the Dry Creek No. 2 Ditch corridor and looked at both pipes and open channels for flow 
rates ranging from the 10‐year flood through the 100‐year flood. 

 Downstream conveyance through the West Valley – This element included a series of conveyance improvements 
through the West Valley generally along Foothills Parkway and then through utility easements and roads through 
the East Foothills Neighborhood to Boulder Creek. This alternative included both pipes and open channels for 
flow rates ranging from the 10‐year flood through the 100‐year flood. 

 Mainstem Containment – This element included measures to reduce the threat of overflows across US‐36 by 
constructing a series of improvements to contain flow within the channel above the US‐36 crossing. It also 
included various mitigation elements downstream of US‐36 to mitigate the impacts of increased flows in the 
mainstem including using Baseline Reservoir to store flood flows. 

 Diversion to Bear Canyon Creek/Boulder Creek – These elements convey excess flows from the West Valley to 
the adjacent watershed using a series of pipes and channels. 

 Downstream Storage – These elements were investigated to try to control flooding during both the US‐36 
overtopping events and those of lesser frequency that generate flooding below US‐36. Small‐localized 
downstream storage locations included Manhattan Middle School and the Flatirons Golf Course. 

These elements, in various combinations, were the basis for the formulation of alternative plans. The intent of the 
formulation process was to identify elements from the options above and combine them in ways that formed complete 
systems to address the identified problems. With this, it was possible to look at the lower basin holistically and determine 
if benefits were realized in areas beyond the specific issue the particular option addressed. 

Alternative Plan Formulation 
A total of 15 different alternative plans were developed for further consideration. These plans were intended to address 
the full suite of issues by defining a full system of improvements. For example, in this evaluation, the benefits of 
upstream detention configurations were seen in the required sizing of the downstream facilities. 

Not only was the analysis conducted using combinations of the various elements but the level of protection was also 
evaluated. For each alternative, all of the infrastructure elements were looked at across a broad range of flow rates so 
that the relative impact on benefits and cost could be considered. The determination of flow rates in the analysis was 
complicated by the 2‐D nature of the floodplain determination, the basin specific design storm and the impacts 
associated with the overtopping of US‐36. 

The 2‐D analysis used a process by which the flood hydrograph was routed through the stream system and overbanks 
and takes into account floodplain storage throughout the basin. While this represents a realistic determination of the 
flood hazard along South Boulder Creek, the model is very sensitive to change due to changes in floodplain storage. Any 
physical changes to the system, using culverts, detention or improved channels, were likely to result in a change to 

flooding depths, flow rates and inundation elsewhere in the system. For the purposes of this analysis, a simplified 
approach that added flow rates in the downstream direction was employed. If the improvements such as detention at an 
upstream location reduced the discharge, it was assumed that reduction would apply from that point downstream. 
Similarly, if an improvement such as a culvert enlargement increased a flow rate downstream, the resulting increase in 
discharge was assumed to apply to every other point downstream. This provided a simple and conservative methodology 
to quickly review the effectiveness of individual alternatives in solving flooding problems throughout the basin without 
employing MIKEFLOOD. 

The analysis conducted for this Study recognizes that the focus is on flooding generated from a flood that maximizes the 
flow along the mainstem of South Boulder Creek. During the Flood Mapping Study, it was noted that the potential for 
small‐localized storms falling below the Basin Specific Design Storm location could result in higher flows along some of 
the areas tributary to the mainstem. The area of the West Valley, because it is hydraulically disconnected from the 
mainstem flood for smaller events, may be one area where this potential exists. However, after considerable 
deliberation, it was concluded that the focus of this study should remain to address the flood threat associated with the 
mainstem and that localized events would not be explicitly evaluated. However, the improvements incorporated into the 
various alternative plans are sized to convey the lower storm center hydrology or Stormwater MP hydrology  if US‐36 
does not overtop, resulting in an increased level of protection for smaller localized storms. 

Finally, the overtopping of US‐36 dramatically influences the flood response in the West Valley. Unlike a typical riverine 
system where the flood threat increases in a general linear relationship with flow rates, the West Valley is generally free 
of a significant flood threat for all events until US‐36 overtops at around the 100‐year flood. At that time, a considerable 
hazard is created. While the benefit of the protection below the 100‐year flood is considerable, the result is that 
improvements in the West Valley intended to address local  floods more frequent than the 100‐year event will be 
overwhelmed by the overtopping of US‐36 and will not materially reduce the flooding impacts from the 100‐year storm.  

Alternative Plan Identification 
The 15 specific alternatives identified are described as follows. Figures for each Conceptual Alternative Plans can be 
found in Appendix C. 

 Status Quo – This option represents the existing condition. While the name suggests no additional actions are to 
be taken, the status quo actually reflects a considerable amount of attention to the control of flood hazards. The 
city has an extensive body of floodplain and floodway protections built into the zoning, land use and 
development regulations. Physical infrastructure to warn citizens of an impending flood threat exists through 
sirens and other warning mechanisms and an impressive body of master planning exists for many of the city’s 
drainageways. Figure 6‐1, Status Quo can be found in Appendix C. 

 High Hazard Zone containment with critical structure flood proofing – This option focuses on the control of the 
flood hazard to the two existing structures located in the High Hazard Zone. It is expected that there will be 
minor improvements required to remove structures located in the High Hazard Zone. Measures to address the 
flood threat to Critical Structures will largely be limited to flood proofing the existing structures., Figure 6‐2, High 
Hazard Zone Containment with Critical Structure Protection can be found in Appendix C. 

 US‐36 detention with downstream conveyance along Dry Creek No. 2 Ditch – Detention at US‐36 eliminates the 
overflow of US‐36 and provides a substantial benefit to downstream properties in the West Valley. The detention 
pond is configured to maximize the use of existing flood prone areas, to minimize the impacts to Open Space land 
and the University of Colorado South Campus and to minimize the potential visual impact by integrating into 
existing roadway improvements in the area. To address the flood threat downstream of US‐36, improvements 
are proposed along the alignment of Dry Creek No. 2 Ditch. These improvements will generally consist of 
enlarged channels or pipes to minimize the potential for residual flooding in the area. Figure 6‐3, US‐36 
Detention with Downstream Conveyance along Dry Creek No. 2 can be found in Appendix C. 

 US‐36 detention with downstream conveyance through West Valley – This alternative includes the detention 
facility at US‐36 described above and to address the flood threat downstream of US‐36, improvements are 
proposed along a new conveyance alignment through the West Valley. These improvements will generally consist 
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of enlarged channels or pipes to minimize the potential for residual flooding in the area. Figure 6‐4, US‐36 
Detention with Downstream Conveyance through West Valley can be found in Appendix C. 

 US‐36 detention with downstream storage and conveyance through West Valley and along Dry Creek No. 2 
Ditch –The cornerstone of this alternative is the detention at US‐36. To address the flood threat downstream of 
US‐36. This alternative differs from previous alternatives by handling downstream flood threats through both 
storage and conveyance improvements. The proposed improvements are located in the West Valley and along 
the alignment of Dry Creek No. 2 Ditch. The storage component of the downstream improvements allows for 
locally generate flood peaks to be attenuated and results in a decrease in the size of the required infrastructure 
downstream. The combination of conveyance improvements along both drainage corridors reduces the amount 
of overland flooding that poses a threat once floodwaters leave either corridor. These improvements will 
generally consist of enlarged channels or pipes to minimize the potential for residual flooding in the area. Figure 
6‐5, US‐36 Detention with Downstream Storage and Conveyance through West Valley can be found in Appendix 
C. 

 US‐36 detention with downstream diversion to Bear Canyon/Boulder Creek – This alternative again begins with 
the detention facility at US‐36. This alternative differs in the approach to addressing the flood threat downstream 
of US‐36. Improvements downstream of US‐36 are proposed that divert flows from the West Valley out of the 
South Boulder Creek System and move them along Foothills Parkway into the Bear Canyon Creek channel where 
they eventually outfall to Boulder Creek. These improvements will generally consist of enlarged channel with 
culvert improvements at roadway crossings. No improvements are proposed along the Dry Creek No. 2 Ditch 
corridor so some residual impacts may still be seen. Figure 6‐6, US‐36 Detention with Downstream Diversion to 
Bear Canyon/Boulder Creek can be found in Appendix C. 

 US‐36 detention with downstream diversion to mainstem – The focus on this alternative is diversion of 
floodwaters from the West Valley to the mainstem coupled with Detention at US‐36.. To address the flood threat 
downstream of US‐36, improvements are proposed that divert the excess flows through the West Valley back to 
the mainstem of South Boulder Creek. These improvements will generally consist of enlarged channels or pipes 
that carry water from the West Valley and the Dry Creek No. 2 Ditch corridor, east back to the mainstem. Figure 
6‐7, US‐36 Detention with Downstream Diversion Main Stem can be found in Appendix C. 

 Detention near Hwy‐93 with downstream conveyance along Dry Creek No. 2 Ditch – Detention near Hwy‐93 
provides an a similar benefit to that of detention closer to US‐36 but avoids the challenges associated with 
coordination with CU, CDOT and other stakeholders in the vicinity of the US‐36 corridor. The detention near Hwy‐
93 is an off‐stream facility that captures overflows from Hwy‐93 and releases them later during the flood. This 
delay allows the mainstem flows around US‐36 to decrease and reduces the overflows from the main channel 
that fill the existing inadvertent detention near US‐36 and Foothills Parkway. In doing so, overflows of US‐36 can 
be avoided. The detention facility near Hwy‐93 would require the purchase of two privately held properties from 
unwilling sellers. To address the flood threat downstream of US‐36, improvements are proposed along the 
alignment of Dry Creek No. 2 Ditch. These improvements will generally consist of enlarged channels or pipes to 
minimize the potential for residual flooding in the area. Figure 6‐8, Detention near Hwy‐93 with Downstream 
Conveyance along Dry Creek No. 2 Ditch can be found in Appendix C. 

 Detention near Hwy‐93 with downstream conveyance through West Valley – This alternative combines the 
detention near Hwy‐93  with the conveyance improvements through the West Valley that will consist of enlarged 
pipes or to minimize the potential for residual flooding in the area. Figure 6‐9, Detention near Hwy‐93 with 
Downstream Conveyance through West Valley can be found in Appendix C. 

 Detention near Hwy‐93 with downstream storage and conveyance through West Valley and along Dry Creek 
No. 2 Ditch – This alternative combines the detention near Hwy‐93 with, both storage and conveyance 
improvements  that would include enlarged pipes or channels through the West Valley and along the alignment 
of Dry Creek No. 2 Ditch. The storage component allows for locally generate flood peaks to be attenuated and 
results in a decrease in the size of the required infrastructure downstream. The combination of conveyance 
improvements along both drainage corridors reduces the amount of overland flooding that poses a threat once 

floodwaters leave either corridor. Figure 6‐10, Detention near Hwy‐93 with Downstream Storage and 
Conveyance through West Valley can be found in Appendix C. 

 Detention near Hwy‐93 with downstream diversion to Bear Canyon/Boulder Creek – Detention near Hwy‐93 
becomes a cornerstone for this alternative and is combined with improvements that divert flows from the West 
Valley along Foothills Parkway over to the Bear Canyon Creek channel where they eventually outfall to Boulder 
Creek. These improvements will generally consist of enlarged channel with culvert improvements at roadway 
crossings. No improvements are proposed along the Dry Creek No. 2 Ditch corridor so some residual impacts may 
still be seen. Figure 6‐11, Detention near Hwy‐93 with Downstream Diversion to Bear Canyon/Boulder Creek can 
be found in Appendix C. 

 Detention near Hwy‐93 with downstream diversion to mainstem – This alternative combines detention near 
Hwy‐93 with improvements that divert the excess flows back to the mainstem of South Boulder Creek. These 
improvements will generally consist of enlarged channels or pipes that carry water from the West Valley and the 
Dry Creek No. 2 Ditch corridor to the east back to the mainstem. Figure 6‐12, Detention near Hwy‐93 with 
Downstream Diversion Main Stem can be found in Appendix C. 

 No upstream detention with downstream conveyance along Dry Creek No. 2 Ditch – This alternative does not 
control the overflow of US‐36. The impacts upstream are relatively limited and the overflow of US‐36 does little 
immediate damage downstream of US‐36. However, as the flood wave progress to the north, considerable 
damage is seen. This alternative collects and captures the overflow  downstream of US‐36 and provides a large, 
stabilized conveyance to move those flows along the Dry Creek No. 2 Ditch corridor. The improvements are larger 
pipes or channels and the associated inlets. No improvements are proposed though the West Valley. As a result, 
some potential for damage during local floods remains. Figure 6‐13, No Upstream Detention with Downstream 
Conveyance along Dry Creek No. 2 Ditch can be found in Appendix C. 

 No upstream detention with downstream conveyance through West Valley – This alternative is similar to the 
alternative No upstream detention with downstream conveyance along Dry Creek No. 2 Ditch, but capture the 
overflow in a large, stabilized conveyance to move those flows through the West Valley along Foothills Parkway, 
Thunderbird Land and eventually 55th Street. The improvements are larger pipes or channels and the associated 
inlets. No improvements are proposed along the Dry Creek No. 2 Ditch corridor so some residual damage is 
expected as overflows from the mainstem work their way to the west. Figure 6‐14, No Upstream Detention with 
Downstream Conveyance along through West Valley can be found in Appendix C. 

 No upstream detention with downstream diversions – This alternative does not control the overflow of US‐36 
but  collects and captures the overflow and provides a large, stabilized conveyance to move those flows east to 
South Boulder Creek  or the west toward channels that have adequate capacity. In general, overflows reaching 
the West Valley will be captured and diverted north and west to the Bear Canyon Creek system along Foothills 
Parkway downstream of Baseline. Flows that reach the Dry Creek No. 2 Ditch corridor will be captured and 
moved east back toward the mainstem where adequate capacity exists. The improvements are larger pipes or 
channels and the associated inlets. Figure 6‐15, No Upstream Detention with Downstream Diversions can be 
found in Appendix C. 

Conceptual Alternative Plan Evaluation 
The evaluation process was a sequential effort that built on the earlier assessments by adding progressively more detail 
and filtering out projects or options that proved to be infeasible or otherwise flawed. The intent was to develop a 
common understanding of the different alternatives and compare them against one another. Subsequent evaluations 
built more detail into the alternative and allowed a more refined comparison. 

The intent of the evaluation of the Conceptual Alternative Plans was to provide a clearer understanding of the costs, 
benefits and constraints of the alternatives and to identify the most workable alternatives for further evaluation. Each of 
these plans was developed at a conceptual level reflecting this step in the overall process. 

Residual floodplains were not quantitatively determined during this phase of the evaluation. Rather, general estimates of 
the physical extent of the floodplain were determined using information from the earlier MIKEFLOOD Coarse Grid 
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simulations. Since the majority of the improvements were intended to provide protection from the 100‐year flood, the 
elimination of the 100‐year flood hazard was assumed. For those alternatives that had a different level of protection, the 
residual floodplain was estimated by determining the residual surface flow rate and correlating that to a modeled flood 
event from the Risk Assessment Report (HDR, May 2009). Figures depicting the residual floodplains are located in 
Appendix C. Table 6‐1 describes the location of each figure. 

TABLE 6‐1 
Summary of Conceptual Alternative Plans 
Alternative   Description  Figure Location 

1  Status Quo   Appendix C, Figure 6‐16 

2  High Hazard Zone containment with critical structure flood proofing  Appendix C, Figure 6‐17 

3  US‐36 detention with downstream conveyance through West Valley  Appendix C, Figure 6‐18 

4  Detention near Hwy‐93 with downstream storage and conveyance through West Valley  Appendix C, Figure 6‐19 

5  Mainstem Flow Containment With Distributed Regional Detention  Appendix C, Figure 6‐20 

6  Mainstem Flow Containment With Local West Valley Improvements  Appendix C, Figure 6‐21 

7  No upstream detention with Bear Canyon Creek Conveyance Improvements  Appendix C, Figure 6‐22 

8  No upstream detention with Dry Creek No. 2 Ditch Conveyance Improvements  Appendix C, Figure 6‐23 

9  Stormwater Master Plan Improvements   Appendix C, Figure 6‐24 

 

Flood Damages 
Flood damage assessments for both the existing condition and post flood conditions are necessary to determine the 
economic benefits of a particular alternative. The District has published guidelines that were used in the evaluations 
conducted for the study. It is also the city’s intention to look at alternative funding opportunities such as FEMA grants 
and all financial investigations were conducted in accordance with FEMA guidelines as described in FEMA’s Benefit Cost 
Analysis (BCA) Version 4.5.5 tool. This is a software tool that performs project financial benefit‐cost evaluations based on 
FEMA approved standards. Unfortunately, the tool was developed for more traditional riverine systems and did not lend 
itself to direct application to the information available using MIKEFLOOD. However, manual input methodologies 
embedded in the tool can be used to define flood damages based on the FEMA Hazards U.S. Multi Hazard (HAZUS‐MH) 
methodology that are consistent with the methodologies used in the South Boulder Creek Risk Assessment Report. 

A meeting was held with the Colorado Department of Emergency Management (CDEM) and FEMA. During this meeting, 
the FEMA representative accepted the proposal of calculating damages outside of the FEMA BCA tool by using the 
HAZUS‐MH methodology for flood damage estimation and manually importing those results into the BCA tool for further 
analysis.  

In addition to reviewing the BCA tool, the CDEM and FEMA representatives reviewed the Risk Assessment damage 
methodology, which utilized the HAZUS‐MH depth damage curves similar to the BCA tool, to determine if it is 
appropriate and acceptable for the purposes of applying for FEMA grants. It was decided that the Risk Assessment 
methodology for damage estimates would be carried forward into this planning phase. 

Most of the information necessary to determine the damages under existing conditions (baseline damages) was obtained 
using the information derived from the Risk Assessment. In that document, the damage for various recurrence interval 
storms was reported. The values were refined in this analysis to reflect updated assessed values and the depths reported 
in the Course Grid model. There were slight changes between the reported damages in the Risk Assessment and those 
computed as part of this analysis. These differences were investigated. The primary difference was attributed to a slight 
increase in the assessed value of the properties flooded since the Risk Assessment was completed. This difference was 
approximately 10%. A careful review of the damage spreadsheet in the Risk Assessment also identified duplication in the 

accounting of damages for some structures. This error was corrected and accounted for a decrease of approximately 5% 
in damage estimates from the Risk Assessment. Finally, the impact of the difference between the Regulatory 4 meter grid 
model and the Course Grid 8 meter model was investigated. It was found that the difference in computed water surface 
between the 4–meter grid model and the 8‐meter grid model showed a slight increase in the depth of flooding in the 8‐
meter grid model. The difference in computed damages based on the increased water surface elevations increased the 
damage estimates by approximately 7.5%. Overall, the current damage analysis is slightly higher when compared to the 
Risk Assessment due to the changes made to the analysis to make it FEMA compliant. 

The damages were also sub‐divided to provide estimates of the damages along the various project reaches. Specific 
structures were assigned to a particular reach and the damages for each storm were aggregated. The estimated damages 
for each storm were then integrated over the full spectrum of probabilities to compute an average annual damage 
estimate. Average annual damages were converted using the FEMA approved discount rate of 7% into an equivalent 
capital cost. This discount rate is higher than the discount rate reported in the Risk Assessment. The Risk Assessment 
utilized a discount rate of 3.5% and the effect of the increased discount rate was to decrease the average annual 
damages compared to the Risk Assessment Damages. These updated damage estimates are summarized in Table 6‐4, 
Baseline Damage Estimates. 

Project Benefits 
An estimation of conceptual alternate plan benefit calculations was necessary to allow a useful comparison between the 
alternatives. A relationship between flow rate and damages was established for each of the project study reaches 
reported in Table 6‐4. An example of these curves is presented as Figure 6‐1, Damage‐Discharge Relationship for Dry 
Creek No. 2 Ditch from the Wellman Canal to Arapahoe Avenue. As this curve demonstrates, when the flow rates 
increase, the overall damages increase. This information proved valuable in the sizing of facilities and the evaluation of 
the relative benefit of those sizing strategies.  

 

FIGURE 6-1: Damage Discharge Relationship for Dry Creek No. 2 Ditch, Wellman Canal to Arapahoe Avenue 

These curves were used to estimate the residual damages for each of the specific alternatives studied. Residual damages 
were not explicitly computed for any of the alternatives. Rather, an estimate of the residual surface flow (original flow 
rate minus alternative improvement flow capacity) was computed. This residual flow rate was then used to enter the 
Damage‐Discharge Relationship curve to determine the associated damage. A parallel curve was generated that 
represented the residual damages that would be expected with the incorporation of a specific alternative. 

Equation for best fit curve to 
Baseline Damages from Flood Mapping Study.

y = -0.2019x2 + 1835.6x + 70573
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The estimated residual damage formed the basis for the determination of project benefits. Project benefits were 
estimated for each of the alternatives by developing a damage estimate with the improvements in place for each 
recurrence interval storm and subtracting them from pre‐project damages. The reduction in damages was determined to 
be the project benefit. The estimated benefits for each storm return period were then integrated over the probability of 
recurrence for any given year, to compute an average annual project benefit. Average annual benefits were developed 
using the FEMA approved discount rate of 7% and converting the average annual benefits into an equivalent capital cost. 
Other potential project benefits such as the intangible benefit associated with peace of mind or the more tangible 
reduction in flood insurance premiums were not included at this stage of project formulation. This consistent estimate of 
the benefit of project implementation allowed for a direct comparison between the various alternatives. Table 6‐2 
reports the baseline damages reported in the Risk Assessment Report, the revised damage analysis based on the Flow 
Damage Curves and the estimated project benefit, which is the difference between the Baseline Damages (annual 
damages expected from the regulatory flood in today’s dollars) and the residual damages. 

TABLE 6‐2 
Baseline Damage Estimates 

Baseline Average Annual 
Damage1 

100‐Year Residual Average Annual 
Damage2 

Average Annual 
Benefit3 

Capital 
Equivalent4 

West Valley US‐36 to Baseline Road  $1,400,000   $400,000   $1,000,000   $14,000,000  

West Valley Baseline Road to 
Wellman Canal  $300,000   $50,000   $300,000   $4,100,000  

West Valley Wellman Canal to 
Arapahoe Avenue  $300,000   $40,000   $300,000   $4,100,000  

West Valley Below Arapahoe Avenue  $1,600,000   $0   $1,600,000   $22,500,000  

Dry Creek US‐36 to Baseline Road  $300,000   $100,000   $200,000   $2,700,000  

Dry Creek Baseline Road to Wellman 
Canal  $100,000   $10,000   $60,000   $900,000  

Dry Creek Wellman Canal to Arapahoe 
Avenue  $100,000   $20,000  $10,000   $1,700,000  

Dry Creek Below Arapahoe Avenue  $1,000,000   $70,000   $1,100,000   $14,900,000  

1. Baseline Average Annual Damages – Annual damages expected from the regulatory flood in today’s dollars. 

2. 100‐Year Residual Average Annual Damages – Annual damages expected from the proposed improvements in today’s dollars 

3. Average Annual Benefit – Difference between the Baseline and 100‐Year Residual Average Annual Damages 

4. Capital Equivalent – Estimated cost of the improvements justified by the reduction in annual average damages by implementing improvements 

 

Alternative Costs 
Once the alignments were established and general capacities for the elements understood, cost estimates were 
prepared. These estimates were developed based on general cost development information using cost estimating tools 
provided by the District and updated to reflect some critical site specific data such as Boulder area land costs. The various 
project elements were aggregated to develop an overall project implementation cost. 

Planning level cost data was developed to allow a comparison between the various alternatives. The costs were 
developed using a general estimating spreadsheet that incorporated some uniquely developed unit costs along with costs 
embedded in the District’s UD‐Cost tool. The combination was deemed appropriate because of the indeterminate nature 
of the work elements. Rather than estimating specific type, size and grade of the improvements, more general costs per 
unit discharge or size were used. These were based on summaries of past projects. Table 6‐3, Conceptual Unit Costs 
summarizes the major cost elements.  

The unit costs were combined with estimated facility sizes and quantities to develop an approximate cost for each of the 
identified alternatives. These costs use the District’s spreadsheet with the modifications described but also have some 
additional modifications that reflect the nature of this project. Of greatest significance is the incorporation of a higher 
contingency reflecting the uncertainties associated with the complex nature of flooding along South Boulder Creek. This 
complexity is likely to result in some additional refinement of project elements beyond what might ordinarily be 
expected on District projects. Other factors and standard allowances remain unchanged. 

TABLE 6‐3
Conceptual Unit Costs

Item  Unit Cost  Unit of Measurement 

36 ‐ 48" RCP  $126.81 ‐ $169.08  LF 

90 ‐ 120" RCP  $459.79 ‐ $865.20  LF 

Flared End Sections for 36 ‐ 48" RCP  $1,545 ‐ $2,060  EA 

Headwalls for 90 ‐ 120" RCP  $2,853 ‐ $3,777  EA 

Wingwalls for 90 ‐ 120" RCP  $19,294 ‐ $28,633  EA 

Manhole, 6' Diameter  $5,407.50   EA 

Type B Manhole  $10,300.00   EA 

Storm Inlet  $3,605   EA 

Box Culvert  $473.58 ‐ $1,443.57  LF 

Headwalls and Toewalls for Box Culvert  $454.92 ‐ $1,123.08  EA 

Wingwalls for Box Culvert  $6,865.01 ‐ $26,895.69  EA 

Sloping Drop Structures  $116,000.00   EA 

Detention Ponds  $46,968   AC‐FT 

Roadway Reconstruction  $50.00   SY 

Open Channel Improvements  $0.20   LF/Q 

Regional Detention Ponds  Cost ($M) = (1+0.00215*AC‐FT)  AC‐FT 

Channel O&M  $27.60   LF 

Pond O&M  $1,380.00   AC‐FT 

Utility Relocation Costs  0.32*Construction Total  LS 

Acquisition of Open Space Property  $0.83   SF 

Acquisition of Private Property in City of Boulder  $17   SF 

Acquisition of Private Property in Boulder County  Assessed Value  LS 

Mobilization  5% Capital Improvement Costs 

Stormwater Management/Erosion Control  5% Capital Improvement Costs 

Engineering  15% Capital Improvement Costs 

Legal/Administrative  5% Capital Improvement Costs 

Contract Administration/Construction Management  10% Capital Improvement Costs 

Contingency  50% Capital Improvement Costs 
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Benefit-Cost Analysis 
With both the costs for an alternative and the benefit expressed as a capital value, the benefit‐cost ratio could be 
determined. The aggregated costs for each of the Conceptual Alternative Plans were compared to the computed benefits 
to determine a Benefit‐Cost relationship for the alternative. This ratio provides a simple numeric measure of the 
approximate return on investment for a specific alternative. Ratios over one indicate the project benefits outweigh the 
necessary investment and are a financially justifiable use of public money. However, a ratio in excess of one does not 
necessarily suggest that the projects are the best use of public funds nor is a favorable ratio an indication that the project 
is not flawed in other ways. 

Other Considerations 
Other considerations such as environmental or community impacts, alignment with the city’s defined objectives or 
general financial viability were also considered. The evaluation of the various alignments was initially conducted to 
determine if any constraints existed that would render the alternative infeasible. This included consideration of land uses 
(both existing and anticipated future uses) that might render the alternative extremely costly or incompatible. Political 
constraints were generally defined as issues or concerns presented during past studies, and identified during stakeholder 
and public meetings that would not be compatible with public concerns or Council direction. Environmental factors were 
also considered and qualitative assessments were made on the impacts that might result from project implementation. 
Avoidance or mitigation was factored into the evaluation of the alternative plans. 

Field visits were conducted to validate the information and assumptions made during the screening and alternative 
development process. These visits were intended to define other considerations that may not be obvious from available 
data such as property owner improvements, mature vegetation or physical or topographic constraints. 

Table 6‐4, Summary of Conceptual Alternative Plans Evaluation presents the findings of the evaluation. In this table, each 
alternative cost, benefit, benefit‐cost ratio and some of the other considerations are presented for easy comparison and 
evaluation. This table provides the foundation for the decisions that were made in selecting the Best Alternative Plans. 
The results of this evaluation were presented at a workshop to the Project Sponsors and Stakeholders on May 11, 2010. 
During this workshop, the stakeholders discussed the elements of the various alternative plans and focused on the 
broader considerations and impacts associated with each of the plans. At the meeting, the stakeholders and Project 
Sponsors identified eight alternatives that were to be taken forward for further evaluation. These alternatives are 
collectively known as the Best Alternative Plans. 

During the evaluation and refinement of these alternatives it was determined that a ninth alternative should be 
considered among the Best Alternative Plans. This alternative was identified in late September 2010 and the project team 
was directed to conduct evaluations on this alternative in addition to the previously identified eight.
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TABLE 6‐4 

Summary of Conceptual Alternative Plans 

Alternative   Description 

Estimated 
Construction 

Cost 
Estimated 
Benefit 

Benefit to 
Cost Ratio  Environmental Impacts  Social Impacts 

1  Status Quo   $0  ‐  ‐   No Impacts   No reduction in flood risk 

2  High Hazard Zone containment with critical structure flood proofing   $11,500,000  $1,150,000  0.10   Limited Impacts 
 No reduction in flood risk 
 Flood proofing reliability concerns 

3  US‐36 detention with downstream conveyance along Dry Creek No. 2 Ditch   $24,600,000  $46,700,000  1.90 

 Habitat and wetland impacts 
 Periodic inundation of Open Space 

 Requires formal agreement with CU 
 Provides 100‐year protection in West Valley   

4  US‐36 detention with downstream conveyance through West Valley   $28,000,000  $46,700,000  1.67 

5  US‐36 detention with downstream storage and conveyance through West Valley 
and along Dry Creek No. 2 Ditch   $24,200,000  $46,700,000  1.93 

6  US‐36 detention with downstream diversion to Bear Canyon/Boulder Creek   $25,500,000  $46,700,000  1.83 

7  US‐36 detention with downstream diversion to mainstem   $25,600,000  $46,700,000  1.82 

8  Detention near Hwy‐93 with downstream conveyance along Dry Creek No. 2 Ditch   $24,100,000  $46,700,000  1.94 

 Habitat and wetland impacts 
 Periodic inundation of Open Space 

 Requires purchase of currently developed private property or OSMP 
 Provides 100‐year protection in West Valley   

9  Detention near Hwy‐93 with downstream conveyance through West Valley   $27,500,000  $46,700,000  1.70 

10  Detention near Hwy‐93 with downstream storage and conveyance through West 
Valley and along Dry Creek No. 2 Ditch   $23,700,000  $46,700,000  1.97 

11  Detention near Hwy‐93 with downstream diversion to Bear Canyon/Boulder Creek   $25,000,000  $46,700,000  1.87 

12  Detention near Hwy‐93 with downstream diversion to mainstem   $25,100,000  $46,700,000  1.86 

13  No upstream detention with downstream conveyance along Dry Creek No. 2 Ditch   $39,100,000  $46,700,000  1.19 
 No water quality enhancement opportunities 
 Limited wetland impacts 

 Construction traffic, road closures, and noise near homes 
 Traffic disruption on major roads including possible closures 
 Utility disruption during construction 
 Requires easement coordination with ditch companies 
 Provides 100‐year protection in West Valley  

14  No upstream detention with downstream conveyance through West Valley   $47,900,000  $46,700,000  0.97 

15  No upstream detention with downstream diversions   $38,900,000  $46,700,000  1.20 
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VII. Best Alternative Plans  
The Best Alternative Plans represent those that were felt to best achieve the project objectives while also having the most 
favorable return of the capital investment and the fewest undesirable community impacts. The alternatives spanned the 
range of the alternatives considered and included a Status Quo alternative, protection for high hazard and critical facilities, 
conveyance alternatives and storage alternatives. 

The original 15 alternatives were reviewed based on benefit ‐ cost analysis, staff and OSMP feedback and public meeting 
comments and feedback on alternatives. Based on this analysis, 6 of the 15 conceptual alternative plans from Section 6 
were moved forward. The alternatives moved forward are reported in Table 7‐1 and include Alternative 1 (Alternative 1 
from Section 6), 2 (Alternative 2 from Section 6), 3 (Alternative 5 from Section 6), 4 (Alternative 10 from Section 6), 7 
(Alternative 13 from Section 6), and 8 (Alternative 14 from Section 6).   

Based on recommendations from staff and public feedback three additional alternatives were added. These included 
looking at Baseline Reservoir as a potential storage facility to mitigate increased flood flows through the US‐36 bridge to 
avoid overtopping. In addition an alternative was added that looked at providing distributed detention storage at facilities 
near US‐36 east of the CU South campus, at South Boulder Road, and at Baseline Road, and providing local flood 
improvements along Dry Creek No. 2 Ditch to address the remaining hazard. These alternative detention facilities 
eliminated the need for detention on private property at Hwy‐93 or detention on the CU South Campus. Finally, a flood 
protection alternative to handle nuisance flows was added to address issues related with the flood threat generated by 
local runoff. This alternative was based on the recommendations included in the Stormwater MP completed by HDR. The 
nine alternatives selected as Best Alternative Plans are summarized in Table 7‐1, Best Alternative Plans and are presented 
as Figures 7‐1 through 7‐9.  

TABLE 7‐1 
Best Alternative Plans 

Alternative   Description 

1  Status Quo  

2  High Hazard Zone containment with critical structure flood proofing  

3  Regional Detention at US‐36 with downstream storage and conveyance improvements through West Valley and along Dry Creek 
No. 2 Ditch  

4  Regional Detention near Hwy‐93 with downstream storage and conveyance improvements through West Valley and along Dry 
Creek No. 2 Ditch  

5  Distributed Regional Detention with downstream storage and conveyance improvements through West Valley and along Dry 
Creek No. 2 Ditch 

6  Mainstem flow containment with local West Valley improvements 

7  Dry Creek No. 2 Ditch pipeline 

8  Bear Canyon Creek pipeline 

9  Nuisance – Level Flood Improvement Protection  

 

The alternatives are generally described as follows: 

1. Status Quo –. This alternative remains unchanged from the Conceptual Alternative Plan. Figure 7‐1 in Appendix D 
presents the existing floodplain conditions that would result from maintain the status quo. 

High Hazard Zone containment with critical structure flood proofing –25 structures are proposed to be flood 
proofed with this alternative and include hazardous materials facilities, schools, essential government offices, public 
safety and emergency medical facilities and at risk population facilities as outlined in the City of Boulder's Critical 
Facilities and Mobile Populations Ordinance. A facility was identified if it was within the 500‐ or 100‐year floodplain. 

The structures identified for flood proofing and the structures in the High Hazard Area are shown on Figure 7‐2, High 
Hazard Zone Containment with Critical Structure Flood Proofing in Appendix D. This alternative remains unchanged 
from the Conceptual Alternative Plan. 

3. Regional Detention at US‐36 detention with downstream storage and conveyance improvements through West 
Valley and along Dry Creek No. 2 Ditch – The proposed 560 AC‐FT Detention at US‐36 prevents the overflow of US‐36 
and provides 100‐year protection from the overtopping flows from South Boulder Creek to downstream properties in 
the West Valley. The detention pond combines excavation and fill to produce a configuration that minimizes the 
impacts to Open Space land and the University of Colorado South Campus and to minimize the potential visual 
impact by integrating into existing roadway improvements in the area. The Remainder f the alternative includes 
improvements along Dry Creek No. 2 as described in the Conceptual alternatives Plan.. Figure 7‐3 US‐36 Detention in 
Appendix D presents the proposed improvements. 

4. Regional Detention near Hwy‐93 with downstream storage and conveyance improvements through West Valley 
and along Dry Creek No. 2 Ditch – Detention near Hwy‐93 provides detention on approximately 40 acres of land (420 
acre‐feet of storage). This alternative reduces impacts of city owned Open Space and isolates the detention onto two 
large privately owned parcels, avoiding the challenges associated with coordination with CU South Campus, CDOT 
and other stakeholders in the vicinity of the US‐36 corridor but would require the purchase of currently developed 
private property from unwilling sellers.  

This alternative has other constraints that make its implementation difficult. This alternative relies on uncontrolled 
overflows of Hwy‐93 to function. There is no guarantee that the specific natural conditions that currently cause this 
overflow to occur would continue in perpetuity. These conditions include the geometry of Hwy‐93, which will likely 
change in the future, upstream conditions including irrigation diversions, changes to upstream vegetation and land 
use and the location of any specific design storm. If any of the above‐mentioned conditions change, it could affect 
the overflow at Hwy‐93 and the function of the proposed detention structure potentially changes the flow conditions 
and storage capacity of the alternative. 

The Remainder f the alternative includes improvements along Dry Creek No. 2 as described in the Conceptual 
alternatives Plan.. Figure 7‐3 US‐36 Detention in Appendix D presents the proposed improvements.. Figure 7‐4, 
Detention near Hwy‐93 in Appendix D presents the proposed improvements. 

5. Distributed Regional Detention with downstream storage and conveyance improvements through West Valley and 
along Dry Creek No. 2 Ditch – This alternative was developed in response to feedback opposing Alternative 4. The 
objective of this alternative is to provide 100‐year flood protection within the West Valley area using lands owned by 
the city OSMP or through the purchase of currently undeveloped private land. This represents a derivative of the 
Mainstem Containment option but incorporates some of the features of the detention alternatives. The intention of 
this plan is to provide mainstem containment but to mitigate the impacts associated with the increased flows 
through the US‐36 bridge by providing storage both upstream and downstream of US‐36. Detention to mitigate the 
impacts of increased flows through the US‐36 bridge were accomplished using the following detention locations: 

 Approximately 130 acre‐feet of detention storage (38 acres surface area) at US‐36. Floodwaters would be stored 
behind a berm constructed along the south side of US‐36 on the west side to South Boulder Creek. The berm 
would begin at the bridge, reach a maximum height of 13 feet near the Foothills Parkway interchange and be 
constructed entirely on OSMP lands, avoiding construction on CU property.  

 Approximately 130 acre‐feet of detention storage (49 acres surface area) at South Boulder Road. Flood waters 
would be stored behind a berm constructed along the south side of South Boulder Road, have a maximum height 
of six feet above South Boulder Road and be constructed entirely on OSMP lands.  

 Approximately 295 acre‐feet of detention storage (38 acres of surface area) at Baseline Road. The water would 
be stored behind a berm constructed along the south side of Baseline Road that would have a maximum height 
of approximately 13 feet above Baseline Road. The berm would be constructed on OSMP land but would also 
require the purchase of privately owned parcel. Construction of this detention facility would require relocating 
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an OSMP trail head and access parking lot from the south side of Baseline Road likely to the west side of 
Cherryvale Road. 

To address the flood threat downstream of US‐36, both storage and conveyance improvements are proposed 
through the West Valley and along the alignment of Dry Creek No. 2 Ditch. The storage component of the 
downstream improvements allows for locally generate flood peaks to be attenuated and results in a decrease in the 
size of the required infrastructure downstream. The combination of conveyance improvements along both drainage 
corridors reduces the amount of overland flooding that poses a threat once floodwaters leave either corridor. These 
improvements will generally consist of enlarged channels or pipes to minimize the potential for residual flooding in 
the area. Figure 7‐5, Mainstem Containment with Storage in Appendix D presents the elements of this alternative. 

6. Mainstem flow containment with local West Valley improvements – This alternative does not control the overflow 
of US‐36 using storage. Rather, it provides a berm parallel to the existing CU South Campus Berm to contain the flow 
in the main channel and forces more water through the US‐36 bridge. Localized improvements through the West 
Valley and along the Dry Creek No. 2 Ditch corridor are still required to manage locally generated flows. Both storage 
and conveyance improvements are proposed through the West Valley and along the alignment of Dry Creek No. 2 
Ditch. The storage component of the downstream improvements allows for locally generate flood peaks to be 
attenuated and results in a decrease in the size of the required infrastructure downstream. The combination of 
conveyance improvements along both drainage corridors reduces the amount of overland flooding that poses a 
threat once floodwaters leave either corridor. These improvements will generally consist of enlarged channels or 
pipes to minimize the potential for residual flooding in the area. The impacts associated with higher flows along the 
mainstem would be mitigated by providing additional storage capacity in Baseline Reservoir. Currently, some of the 
mainstem flows reach Baseline Reservoir. This alternative proposes to formalize this flow path and add additional 
flow capacity and storage in Baseline Reservoir to mitigate impacts to downstream properties. On July 30, 2010, the 
project team met with Staff from the Baseline Reservoir Company and City of Lafayette to discuss the use of Baseline 
Reservoir for storage of flood flows. From this meeting several issues regarding the alternative were brought to light. 

 Baseline Reservoir is a drinking water storage reservoir and Lafayette has concerns that adding additional flood 
flows to the reservoir could detrimentally affect the quality of the drinking water for Lafayette. The City of 
Lafayette would require water quality enhancements to mitigate the effect of the additional flood flows to the 
water quality in Baseline Reservoir. 

 There was concern that adding additional flood flows to the reservoir could affect the spillway and embankment 
of the reservoir requiring a lengthy and expensive retrofit or upgrade to the reservoir embankment and spillway 
to accept additional flood flow waters. 

These issues are significant factors to the successful implementation of this alternative and are reflected in the 
benefit cost ratio for the alternative. 

Figure 7‐6, Mainstem Flow Containment in Appendix D shows the proposed improvements. 

7. Dry Creek No. 2 Ditch pipeline –. This alternative remains the same as the alternative described in the Conceptual 
Alternative Plan. It should be noted however that no improvements are proposed though the West Valley. As a 
result, some potential for damage during local floods remains. Figure 7‐8, Dry Creek No. 2 Ditch Conveyance in 
Appendix D presents the proposed improvements. 

This alternative has the potential to create significant disruption to both local neighborhoods and arterial roadways 
throughout Boulder. Potential impacts could include disruption or closure of both local residential streets and major 
arterials including Baseline Road and 55th Street to accommodate the construction of the Pipelines. In addition, there 
could be additional disruptions to utilities as utility conflicts with water, sewer gas, electricity and 
telecommunications are resolved during construction. 

8. Bear Canyon Creek pipeline – This alternative remains the same as the alternative described in the Conceptual 
Alternative This alternative collects and captures the overflow and provides a large, conveyance to move those flows 
to the west toward channels that have adequate capacity. In general, overflows reaching the West Valley will be 

captured and diverted north and west to the Bear Canyon Creek system along Foothills Parkway downstream of 
Baseline Road. Remaining flows that reach the Dry Creek No. 2 Ditch corridor will be captured and moved east back 
toward the mainstem where adequate capacity exists. Improvements include larger pipes or channels and associated 
collection facilities and inlets. Figure 7‐7, Diversion to Bear Canyon Creek in Appendix D presents the proposed 
improvements. 

This alternative has the potential to create significant disruption to both local neighborhoods and arterial roadways 
throughout Boulder. Potential impacts could include disruption or closure of both local residential streets and major 
arterials including Baseline Road and 55th Street to accommodate the construction of the Pipelines. In addition, there 
could be additional disruptions to utilities as utility conflicts with water, sewer gas, electricity and 
telecommunications are resolved during construction. 

9. Nuisance – Level Flood Improvement Protection – This alternative considers the improvements proposed in the 
Stormwater MP. This alternative does not explicitly address the hazards of the 100‐year flood but focuses on the 
minor floods that cause considerable nuisance but little major damage. The primary purpose of this alternative was 
to assess the potential flood damage reduction if these lower events were controlled. The facilities proposed in the 
Stormwater MP are the basis for this alternative and are generally smaller pipes that collect local runoff. This 
alternative does not significantly alter or reduce the 100‐year floodplain as the proposed pipe systems will be 
surcharged during a 100‐year event. However, during smaller local basin storms this alternative will address local 
basin and small flooding events helping to eliminate repetitive damages in the basin during small storms. Figure 7‐9, 
Stormwater MP, in Appendix D shows the proposed facilities.  

Project Benefits 
Benefits associated with the various alternatives were derived directly from the results of MIKEFLOOD. Unlike the earlier 
evaluations that required an estimation of the damage to flooded structures, the MIKEFLOOD model results defined a 
depth of flooding at each structure in the floodplain for each recurrence interval event. Similar to the original estimate of 
the flood damages, it was possible to aggregate these damages estimates and determine the residual flood damage for 
each simulation. 

The resulting flood damages, when subtracted from the baseline flood damage, provide an estimate of the project 
benefits. Residual damages for each event were computed and average annual residual flood damage was determined. 
The difference between the baseline average annual flood damage and the residual average annual flood damage was 
the computed project benefit. Average annual benefits were converted to an equivalent capital cost using the processes 
defined by the District and FEMA using the FEMA approved discount rate of 7%. 

Alternative Costs 
The planning level cost estimating tools developed during Conceptual Alternative Plan evaluations were generally applied 
to develop costs for the Best Alternative Plans. The higher level of resolution of the alternatives allowed for an improved 
cost estimate for each of the alternatives. In particular, the resolution used to define the storage facilities provided a 
better understanding of the earthwork and of the outlet control structures. This greater level of resolution was 
incorporated into the planning cost estimates. 

Unit cost was not changed in the revised alternative evaluations. Land costs were reviewed and clarifications were 
added. Purchase or easements on property outside of the City of Boulder’s corporate limits were  valued based on the 
assessed value of both the land and structures as found in the Boulder County Assessors data. Land within the City of 
Boulder’s Corporate Limits was conservatively valued based on zoning designations within the city’s boundaries as shown 
in Table 7‐2. 
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TABLE 7‐2 
Land Value Data for South Boulder Creek Flood Mitigation Project 
Source: City of Boulder Utilities 

Zoning Code  Description  Price per Square Foot ($) 

AG  Agricultural  0.80 

PU  Public  19.00 

RB  Regional Business  180.00 

CB  Community Business  39.00 

HD  High Density Residential and Mobile Home  50.00 

MD  Medium and Mixed Density Residential  36.00 

LD  Low Density and Rural Residential  22.00 

IND  Industrial  15.00 

 

Benefit-Cost Analysis 
The refined aggregated costs for each of the Best Alternative Plans were compared to the refined computed benefits to 
determine a Benefit‐Cost relationship for the alternative. This ratio provides a simple numeric measure but does not 
necessarily suggest that the projects with the best ratios are the best use of public funds nor is a favorable ratio an 
indication that the project is the most favorable project without the consideration of social, political and environmental 
constraints. The results of this analysis are presented in Table 7‐3. 

Other Considerations 
Decisions regarding which alternatives should be taken forward for additional investigation and consideration are not 
made solely based on the financial impacts. While these financial impacts are an important consideration that will 
profoundly affect the implementation potential, many financially viable projects are in other ways flawed. The 
consideration of these other issues often drives decisions on the real potential for a project to successfully address the 
flood control objectives while conforming to other community standards. 

Water Quality 
The city has a strong history of efforts that demonstrate a commitment to water quality enhancement. All of the 
alternatives will continue to incorporate the ongoing measures already in place within the city such as the National 
Pollutant Discharge Elimination System (NPDES) Stormwater Discharge permit program. In this program, the city has 
identified and implemented measures that collectively will improve the quality of stormwater runoff within the city. 
While these control measures are generally focused on minor, first flush events that convey the majority of pollutants of 
interest, they provide broad benefit, and considerations for major floodwater quality were taken into account. 

Water quality impacts and the measures necessary to address those impacts generally fall into two categories, temporary 
and permanent. Temporary impacts are often associated with construction activities and focus primarily on the 
disturbance to natural ground cover during construction activities. While the general extent of these impacts often varies 
with the nature of the construction, mitigation measures required by the NPDES Stormwater Discharge Permits held by 
the city and Boulder County will be imposed on any construction activities. As such, there is not likely to be any 
difference in the temporary water quality impacts associated with the various improvements. 

Permanent impacts to water quality are likely to differ among the alternatives. In general, alternatives employing natural 
channels will provide greater water quality benefits than those, which include conveyance mechanisms such as pipes or 
lined channels that accelerate flow and eliminate the natural filtration provided by the natural systems. Similarly, 
detention storage has water quality benefits due to the water being detained allowing large particles to settle out of 
suspension. These particles are common carriers of many pollutants in stormwater and, after being removed from the 
flow, result in reduced concentrations of many of the most significant constituents impairing water quality. 

Stormwater inherently conveys pollutants. Flood control improvements that convey this stormwater to areas not 
typically receiving these flows have the potential to create adverse impacts if not carefully considered. Efforts were made 
to understand the potential impact of water quality changes on receiving waters such as Baseline Reservoir. 

Natural Environment 
Boulder has a longstanding tradition of nurturing, protecting and integrating the natural environment into the 
community. Flood control projects are no exception. Whether greenways, Open Space lands, buffers, wetlands or other 
habitat areas; identification, protection and preservation of these areas must be incorporated into flood control projects. 

The projects identified as Best Alternative Plans are mindful of the city’s interest in the natural environment and have 
been laid out to minimize impacts. Areas containing high functioning wetlands have been avoided to the extent possible. 
In some cases, minor impacts to the fringes of these areas may have been unavoidable but the level of encroachment has 
been minimized. 

While not an element directly incorporated at this level of study, enhancement of the natural environment is often an 
element of flood control improvements. These can be incorporated as trails that provide the public with better access to 
natural areas or in may be the enhancement of natural spaces. Ponds and open channels are frequently revegetated with 
native plant materials that provide aesthetic means of stabilization integrate into the surrounding environment and 
provide habitat and other functions often found in natural environments. As the alternatives identified for further study 
are refined, specific measures to enhance the natural environment will be incorporated. 

The natural environment also includes the groundwater resource in the area. Drainage improvements often affect the 
natural flow of groundwater. In many cases, the construction of these drainage improvements lowers groundwater 
tables by providing improved and lowered drainage channels. That is likely to be the case where open channel 
improvements are proposed. However, a high groundwater table also constrains some alternatives. High groundwater 
complicates construction activities and may limit the effectiveness of facilities such as detention ponds by occupying 
some of the intended flood storage capacity. Along South Boulder Creek, there are numerous areas where the 
groundwater table supplies an important water source for wetlands. Every effort was made to understand the nature of 
the groundwater near the proposed improvements. Further investigations are likely to be required if specific alternatives 
move forward for additional consideration. 

Threatened and Endangered Species 
Numerous resources from Boulder County, OSMP and the City of Boulder were referenced that identify the locations of 
threatened and endangered species within the South Boulder Creek watershed. These consist primarily of Spiranthes 
diluvialis or Ute lady's tresses orchid and the Preble’s Meadow Jumping Mouse (PMJM), which have been mapped as 
having habitat along the mainstem, primarily upstream of US‐36. Figure 2‐5 through Figure 2‐8, presented earlier in this 
report provide a summary of the habitat areas along the study alignment. 

The flood control measures proposed in the various Alternative Plans have been formulated to avoid these areas to the 
maximum extent possible. Any projects that move forward toward implementation will be required to look at these 
habitat areas more carefully and provide assurance that no adverse impacts to threatened and endangered species 
occur. 

Open Space Lands 
Numerous areas of designated Open Space land exist within the South Boulder Creek watershed. These areas serve many 
important functions, any of which may be unique to a given property. The alternatives identified in these plans were 
formulated to minimize the impacts to Open Space lands. However, since many of these lands fall in or near the 
conveyance areas of the channel, all impacts were unavoidable.  

The Project Stakeholders group included representatives from city OSMP. Numerous discussions were held to understand 
the types of Open Space lands being impacted and to identify any possible measures that might be allowable on a 
particular Open Space parcel. In general, the layout of improvements associated with the Alternative Plans limited 
physical improvements on Open Space lands to the extent possible and required several iterations of concept designs. 
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Operation and Maintenance 
The costs identified for the various alternatives include an allocation for the long‐term maintenance of the component 
facilities. These costs are generally mowing and cleanup costs. For the purposes of comparing the various Alternative 
Plans, the maintenance costs have been converted to an equivalent capital cost and rolled into the total improvement 
cost for a specific plan. 

The design criteria developed by the District and adopted by the city also include considerations that minimize the long‐
term cost of maintenance of drainage facilities. Measures have been incorporated into the layout of alternatives that 
assure there is adequate access for routine maintenance or for emergency repairs if required. Other design standards 
have been developed to limit future erosion and to provide stable slopes with appropriate vegetation. 

Social Impacts 
Impacts to the community pose a particular constraint on many types of improvement options. These impacts include 
disruptions during construction, visual or aesthetic impacts, and many other impacts that were expressed during the 
public involvement process on this project. These must be included in the final consideration of the various alternative 
plans. 

Each of the projects, other than the Status Quo, will have associated construction impacts. While these are temporary, 
they have the potential to disrupt business activity, make travel from home to office and other destinations more difficult 
and create noise and dust. Typical construction specifications impose conditions on the contractor that require the 
mitigation of these impacts. It can be assumed that such conditions will be included in any improvements that are 
associated with the selected plan. 

Much of the character of the community is defined by the maturing of the landscaping along many of the streets and 
parcels on which improvements have been identified. Considerable feedback was provided during the public meetings 
about the desirability to maintain the large mature trees that line many of the drainage corridors in the city. Any impact 
to this vegetation would create considerable disruption and would be looked upon with skepticism by the community. 
Efforts were made to minimize the potential disruption along the mature drainageways whenever possible. 

Other visual impacts were also considered. In particular, the construction of embankments for flood control storage 
would obstruct existing sight lines. Moreover, the construction of an embankment often gives the appearance of creating 
an entirely new landscape that is very imposing. Efforts were made to understand the impact of these new facilities and 
to minimize the visual impact by aligning them with existing features of similar geometry. 

The implementation of flood control improvements often requires new rights – of ‐ way. The alignments identified for 
the various alternative plans were chosen to minimize the impact on private properties. Not all impacts to private 
property, however, could be avoided. The costs for each of the plans include provisions for the purchase of easements or 
outright purchase of the property. The estimates are based on costs derived from the City of Boulder assessor’s data. 

City Policies 
During past studies of South Boulder Creek, the city identified priorities that could be used as guidance in the 
development and evaluation of alternatives for this study. Many of these reflect sound flood control principles while 
others reflect the collective interests of the community and its leadership. Among these were issues discussed earlier 
such as the avoidance of alteration to Open Space or the consultation and approval should any impacts be necessary and 
the preservation of habitat and riparian areas. 

Other objectives include an interest in avoiding channelization of South Boulder Creek. Because the corridor had many 
areas of designated habitat and wetlands and because the corridor was home to long reaches of mature vegetation, 
these areas were generally avoided in the formulation of the alternative plans. Minor improvements were identified 
along the mature drainageways within South Boulder Creek but they were limited to the extent necessary to provide the 
necessary flood protection. 

The city has expressed an interest in minimizing the impacts to the community and that includes the potential purchase 
of property for flood control facilities. The intention of the identification and selection of the alternatives was to 
minimize disruption to the community, including limiting the amount of private property necessary for the 

implementation of the alternatives. The facilities were located so that the number of private property impacts would be 
minimized. In the case of the Distributed Regional Detention, that meant aligning the alternative so that the impacts 
would be borne by a single property owner rather than several. While the impacts to that property owner were 
indisputably higher as a result, the position taken during alternative development and evaluation was that the impact 
would be mitigated by payment of fair market value for any impacts. 

The city has expressed a strong interest in minimizing the use of large mainstem dams to control flooding along South 
Boulder Creek. That interest was reflected in the development of these alternatives. The alternatives selected generally 
try to provide storage off channel, although on‐channel detention facilities were included to limit disturbances to private 
property. All Detention structures focused on minimizing excavation and minimizing the impacts to habitat areas and 
wetlands that are most commonly along the mainstem. In many cases, the storage areas that are proposed are in areas 
already impacted by flood flows so there is little additional impact to habitat areas. 

In all cases, the city’s commitment to floodplain management is maintained. Each of the alternatives continues the city’s 
ongoing efforts to protect the community from the hazards of flooding along South Boulder Creek and from its 
tributaries. The practices such as flood warning systems, education and floodplain regulations provide a strong 
foundation that is complementary to the structural measures identified as part of most of these alternatives. 

Best Alternative Plan Evaluation Summary 
The evaluation of the Best Alternative Plans is summarized in Table 7‐3, Best Alternative Plan Evaluation Summary.  
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TABLE 7‐3 
Best Alternative Plan Evaluation Summary 
Alternative   Description  Estimated Construction Cost  Benefit‐to‐Cost Ratio  Environmental Impacts  Social Impacts 

1  Status Quo   $0  0.00   No impacts   Flood risk still remains 

2  High Hazard Zone containment with 
critical structure flood proofing  $10,700,000  2.20   Flood proofing of critical facilities reduces the potential 

exposure of flood waves to toxins 

 Flood limits do not change 
 Flood proofing reliability concerns 
 Provides emergency egress to homes within the high hazard zone 

3 

Regional Detention at US‐36 with 
downstream storage and conveyance 
improvements through West Valley and 

along Dry Creek No. 2 Ditch 

$28,800,000  2.68 

 Impacts to Environmental Conservation Area Land 
 Impacts to wetland 
 Periodic inundation of Open Space lands 
 Groundwater impacts still to be determined 

 Requires formal agreements with CU, Boulder Valley School District (BVSD), OSMP, CDOT, 
ditch companies, and city Parks 

 Provides 100‐year protection in West Valley Area 
 Includes enhancements to Manhattan Middle School play fields and includes enhanced 

bike/pedestrian trail at Arapahoe Avenue 

4 

Regional Detention near Hwy‐93 with 
downstream storage and conveyance 
improvements through West Valley and 

along Dry Creek No. 2 Ditch 

$31,100,000  2.49 

 Habitat and wetland impacts 
 Periodic inundation of Open Space lands 
 Groundwater impacts still to be determined 

 Requires purchase of currently developed private property 
 Requires formal agreement with CU, BVSD, OSMP ditch companies and city Parks 
 Provides 100‐Year protection in West Valley Area 
 Includes enhancements to Manhattan Middle School play fields and includes enhanced 

bike/pedestrian trail at Arapahoe Avenue 

5 

Distributed Regional Detention with 
downstream storage and conveyance 
improvements through West Valley and 

along Dry Creek No. 2 Ditch 

$29,200,000  2.60 

 Habitat and wetland impacts 
 Periodic inundation of Open Space lands 
 Impacts Boulder county Critical Wildlife Area at Baseline Road 
 Groundwater impacts still to be determined 

 Requires formal agreements with BVSD, OSMP, CDOT, ditch companies, and city Parks 
 Provides 100‐year protection in West Valley Area 
 Includes enhancements to Manhattan Middle School play fields and includes enhanced 

bike/pedestrian trail at Arapahoe Avenue 
 Requires purchase of undeveloped private property 

6  Mainstem flow containment with local 
West Valley improvements  $39,200,000  1.94 

 Impacts to Open Space and Environmental Conservation lands 
downstream of South Boulder Road 

 Impacts Boulder County Critical Wildlife Area at Baseline Road 
 Groundwater impacts still to be determined 

 Requires approval from State Engineers Office 
 Requires formal agreements with City of Lafayette, BVSD, CDOT, OSMP, ditch companies, 

and city Parks 
 Provides 100‐year protection in West Valley Area 
 Includes enhancements to Manhattan Middle School play fields and includes enhanced 

bike/pedestrian trail at Arapahoe Avenue 

7  Dry Creek No. 2 Ditch pipeline  $45,700,000  1.24 
 No water quality enhancement opportunities 
 Wetland impacts at Baseline Road/ Foothills Parkway 

intersection 

 Extensive disruption during construction 
 Requires easement coordination with ditch companies 
 Provides 100‐year protection in West Valley Area 
 Significant utility relocation costs 

8  Bear Canyon Creek pipeline  $46,300,000  1.25 
 No water quality enhancement opportunities 
 Wetland impacts at Baseline Road/ Foothills Parkway 

intersection 

 Extensive disruption during construction 
 Construction traffic, road closures, and noise near homes 
 Traffic disruption on major roads including possible closures 
 Utility disruption during construction 

 Requires easement coordination with ditch companies 
 Provides 100‐year protection in West Valley Area 
 Significant utility relocation costs 

 9  Nuisance – Level Flood Improvement 
Protection  $14,000,000  0.10   No impacts   Limited reduction in flood risk 



 

SECTION 7 BEST ALTERNATIVE PLANS EVALUATION  VII‐6   DRAFT SOUTH BOULDER CREEK MITIGATION REPORT_062012 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

SECTION 8 REFINEMENT OF BEST ALTERNATIVE PLANS  VIII‐1  DRAFT SOUTH BOULDER CREEK MITIGATION REPORT_062012 

VIII. Refinement of Best Alternative Plans 
Introduction 
The refinement of five of the Best Alternative Plans was authorized by an amendment dated May 18, 2011. The need for 
the refinements to these alternatives came because of City of Boulder staff’s discussions with the Water Resources 
Advisory Board (WRAB) and Open Space and Mountain Parks (OSMP) staff. During those discussions, additional interests 
and issues were identified that were beyond the scope of the original planning study. The selected five alternatives were 
deemed the most viable and the only alternatives among the previous nine that warranted further consideration. All 
other alternatives were eliminated from further consideration. 

The scope of the amendment called for a more detailed evaluation so that the elements of the plans could be refined 
with greater resolution and the plans could be more clearly communicated to the public. The five alternatives identified 
for further evaluation include: 

 Status Quo Alternative 
 High Hazard Zone Mitigation Alternative 
 Regional Detention at US‐36 Alternative 
 Distributed Regional Detention Alternative 
 Bear Canyon Creek Pipeline Alternative 

The focus of the evaluations continued to be on cost effective ways to address the 100‐year flood threat in the West 
Valley. The refinements continued to rely on the representation of the flood threat as defined by the 8‐meter grid 
MIKEFLOOD model. The refinements included more detailed engineering evaluations to better define the characteristics 
of the plan elements including conceptual grading and layout, the associated costs, and proposals for the most logical 
implementation sequence. In addition, renderings of select components of the plans were developed to communicate 
the details to the public more clearly. These more refined evaluations provide the necessary information to allow the city 
to put forward a single recommendation for formal consideration and adoption. 

Alignment Refinements 
The refinements looked more carefully at identified environmental constraints and existing public easements and 
utilities. The alignment and geometry of the improvements were revised to reduce impacts and costs.  

Costs Refinements 
One of the key objectives was to better define the likely implementation costs for each of the Best Alternative Plans. In 
addition to the higher resolution of the various plan elements, other items affecting cost such as utility relocations, 
easement and right‐of‐way acquisition, and environmental mitigation were identified and incorporated. A more detailed 
summary of the cost estimate refinements is presented in Appendix F, Cost Summary. 

Unit costs for the various work elements and estimating contingencies were also reviewed and updated as required. The 
unit costs used were generally based on the default values found in the Urban Drainage and Flood Control District’s 
(District) program UD‐MP COST Version 1.1. While this proved to be a useful starting point, the nature of some of the 
improvements proposed along South Boulder Creek necessitated the modification of some of these values. The refined 
analysis included a more detailed grading plan for each of the ponds proposed in the alternatives and resulted in a better 
estimate of the embankment fill, impervious core, and impervious key. The evaluation also concluded that a concrete 
spillway would probably be required by the State Dam Safety staff in order to assure the stability of the embankment 
during the spillway design flood. 

The utility relocation costs continued to be handled using a factor applied to the capital cost of all infrastructure. During 
the refinement process, it was concluded that the proposed ponds would have very little impact on existing utilities; 
therefore, the utility relocation cost factor applied to these costs was removed. Facility locations were adjusted to avoid 
impacts to individual single‐family residential properties in favor of the purchase of larger easements from undeveloped 
or commercial and industrial properties. 

The earlier alternatives recognized that there would be impacts to environmentally sensitive areas and anticipated that 
the cost of mitigation could reasonably be included in the project contingency. After discussions with OSMP staff, it was 
concluded that environmental mitigation should be estimated separately. A per acre cost based on the market price for 
creation of comparable wetlands for wetland areas that are regulated by the city or USACE was the basis of 
environmental mitigation costs. 

The early estimates of Best Alternative Plan costs used a 50 percent construction contingency instead of the District’s 
default value of 25 percent. These contingencies are above the engineering, legal, administrative and management 
contingencies that add another 30 percent. The higher factor was deemed appropriate because the nine alternatives 
were schematic in nature. The refined plans looked at various elements in greater detail than the original nine 
alternatives but are still not at the level of conceptual design drawings, so a construction contingency value of 35 percent 
was utilized for the refined costs.  

Refined Benefits 
The refinements to the various plan elements did not result in any substantive changes to the estimated benefits. The 
refined benefit‐cost ratios reflect changes to the cost estimates discussed above. 

Other Considerations 
The refinement of the Best Alternative Plans allowed the team to gain a better understanding of the various project 
impacts and to assess the proposed plans against a broad range of considerations. Details of many of the identified 
impacts are discussed in a memorandum that updated the earlier assessment conducted by the OSMP staff. The 
memorandum is included in Appendix G, OSMP Impact Memorandum Update. These considerations included: 

 Water Quality 
 Natural Environment 
 Threatened and Endangered Species 
 Open Space Lands 
 Operations and Maintenance 
 Social Impacts 
 Other city Departments 

The refinements did not create any substantive changes in expected water quality benefit from those identified during 
the earlier evaluations.  

As a result of the refined analysis and discussions with OSMP staff, several environmental considerations and impacts 
were analyzed. Most of the improvements proposed reduce or avoid impacts to the main channel of South Boulder Creek 
that represents the majority of the natural areas. 

Impacts to threatened and endangered species are expected as part of some of the alternative plans being considered. 
The two species noted are the PMJM and the Ute Ladies’ Tresses Orchid. The Northern Leopard Frog is also a species of 
interest, and impacts to its habitat areas have been identified. While every effort was made to reduce the impact of 
construction footprints and permanent facilities, some impacts were unavoidable. The proposed plans include costs to 
mitigate the impacts through the development of compensatory mitigation or the purchase of land. In addition, all 
disturbed lands will be restored to the extent possible. Some impacted areas can be enhanced during the restoration 
process through the establishment of more suitable vegetation types or densities and grading changes to create more 
suitable habitat. 

There are many impacts to both privately owned and city‐owned Open Space lands, including permanent improvements 
such as embankments and temporary impacts that were not materially changed during the refinement. These areas will 
be restored.  

All of the facilities will require routine maintenance to assure correct performance. Permanent access was incorporated 
during the refinement to facilitate operations and maintenance.  

Social impacts were considered in the refinement process. This includes minimizing the visual impacts of any proposed 
improvements. This included concerns over the impacts to mature vegetation that currently serves as a visual barrier, as 
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well as impacts to unvegetated areas that provide unobstructed views. The proposed facilities generally avoid direct 
impact to the recreational corridor and do not preclude access to Open Space. There will inevitably be temporary impacts 
to residents along the areas of proposed construction, regardless of which alternative may be identified as the Selected 
Alternative. Final design and construction should include measures to assure that business and residential impacts are 
addressed. 

Phasing Recommendations 
The implementation of the Best Alternate Plans will require a capital investment of somewhere between $30 million and 
$50 million. It is quite likely that the city, even with a funding partner such as the District, will not be able to commit 
sufficient funds to construct the improvements for all elements of the plan concurrently. A more probable scenario is 
that the improvements will be phased to better align capital outlays with revenue streams. 

In many drainageway improvement projects, facilities are implemented in an upstream direction. That is, the facilities 
farthest downstream are constructed first so that improvements will not increase the flood hazard to facilities further 
down in the system. This implementation strategy is often modified in the event of detention storage, which is commonly 
upstream in the system. Along South Boulder Creek, the definition of these implementation priorities is further 
complicated because of the unique flood threat that results from the overtopping of US‐36. Many downstream 
improvements have little impact on the floodplain and are intended to capture and convey locally generated flows. 
Without detention to control the overtopping of US‐36, the downstream improvements offer little flood threat 
reduction. 

The challenge in providing phasing recommendations is that various considerations must be balanced in order to define 
the most reasonable order of implementation. This is a highly subjective process and one in which different people could 
reach different conclusions. In this case, the phasing recommendations are the product of interests expressed by the 
project team, the interested public during the various public meetings held on the project, and the direction and input 
received from WRAB and other city staff. 

The process used to determine the recommended phasing for the various Best Alternative Plan elements is built upon 
several different criteria, including: 

 Hydraulic Considerations 
 Estimation of Residual Damage 
 Capital Cost 
 Element Benefit‐cost Ratio 
 Flood Control and Life Safety Issues 
 Broader Public Interest Issues 

For the phasing analysis, elements of the various plans that resulted in the lowest residual damages were determined to 
be more desirable than those with higher residual damages. Because the available funds to implement any of the 
identified plans are limited, the overall cost of the plan and the individual elements of the plan is an important 
consideration. In general, a higher benefit‐cost ratio indicates a greater return on the community’s investment and would 
suggest a higher priority. However, in some cases, the capital cost may be too high to warrant a high implementation 
priority. The comparison of the relative benefit‐cost ratios assumes each phase might be implemented independently. By 
using this approach, the order of implementation can vary without the need to refine the benefit‐cost ratio.  

The primary objective of the Flood Mitigation Planning Study was to define a plan that would reduce the flood hazard in 
the West Valley. Alternative plan elements that helped to achieve this objective were accorded high priority when 
determining phasing recommendations. 

Status Quo Alternative Refinements 
This remains an important baseline against which all other alternatives will be measured and is unchanged from the 
earlier analysis. Figure 8‐1, located in Appendix E, depicts the status Quo Alternative. 

High Hazard Zone Mitigation Alternative Refinements 
This alternative now focuses only on mitigation of High Hazard Zone conditions affecting two multi‐family residential 
structures (Fig. 8‐2, High Hazard Zone Mitigation Located in Appendix E) and no longer includes physical measures to 
floodproof Critical Facilities, as defined in the city's new Critical Facilities and Mobile Populations Ordinance. However, 
floodproofing schemes were identified and are discussed for informational purposes, but no specific floodproofing 
improvements are incorporated into the plan. More detailed suggestions of the possible floodproofing measures that 
could be employed for these structures are presented in Appendix H, Floodproofing. 

The grading and structural improvements necessary to remove these two structures from the High Hazard Zone have 
been more clearly defined. A short structural floodwall adjacent to each structure and creation of a swale to improve 
conveyance along the emergency access lane and combined driveway north of Pima Court could be constructed. These 
improvements will prevent high‐velocity flows from affecting the buildings and will effectively remove the structures 
from the designated High Hazard Zone. In addition to addressing the life safety threat, the elimination of the High Hazard 
Zone designation offers regulatory relief to property owners who seek to make modest improvements on the property 
that would have been disallowed in this zone. Figure 8‐3, High Hazard Grading Improvements, located in Appendix E, 
shows the adopted concept for addressing the High Hazard Zone mitigation. 

The High Hazard Mitigation Plan costs have been modified substantially. As part of the refinements to the High Hazard 
Plan the properties identified as critical facilities as part of the Cities Critical Facilities ordinance were further reviewed. 
The originally identified critical facilities were further filtered based on the following criteria: 

 Remove facilities that are outside the 100‐year floodplain 

 Remove hazardous chemical facilities 

 Identify city owned facilities 

Based on the refined filtering of the critical facilities, three non‐hazardous materials critical facilities located within the 
100‐year floodplain were identified and none of the facilities is city owned. The three remaining critical faculties 
identified are: 

 RTD Parking Structure at Foothills parkway and US‐36 

 Frasier Meadows Manor 

 The Friends School 

Because the three remaining critical facilities are not city owned, the Project Sponsors concluded that the cost of 
floodproofing of these critical facilities, as well as any flooded residential structures, should be borne by the property 
owner. As a result, it was also concluded that any benefits from floodproofing activities should not be included in the 
Plan benefits. The High Hazard Mitigation Plan now has no identified benefits because the grading work described above 
would not produce any material reduction in flood damage.  

The implementation of this alternative does not lend itself to phasing. The improvements are relatively low cost and 
must be done in aggregate to provide the necessary changes to the High Hazard Zone. As such, this alternative plan must 
be implemented in its entirety. 

Regional Detention at US-36 Alternative Refinements 
US‐36 Detention Pond  

The grading for the detention pond adjacent to US‐36 was refined to make sure that there was sufficient room for the 
incorporation of future transportation corridor improvements identified in the US‐36 Corridor Environmental Impact 
Statement (EIS). The improvements specified in the EIS were generally limited to the addition of acceleration lanes east 
of the Foothills Parkway /US‐36 interchange and the addition of a regional recreational trail along the south side of the 
existing highway. The proposed grading for the US‐36 Detention Pond embankment is presented in Figure 8‐4, US‐36 
Detention located in Appendix E. To provide a buffer between the proposed flood control facilities, provide right‐of‐way 
for the regional trail and allow for potential alterations to the US‐36 EIS as design proceeds, a 20‐foot shift of the 
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embankment to the south and away from the existing roadway was incorporated. This created a slight increase in the 
amount of embankment material required to provide the necessary storage as well as slight additional impacts to OSMP 
property. 

The public expressed considerable concern over the height and alignment of the embankment for the detention pond. 
The project team looked at this very carefully to minimize the footprint and the visual impact while maintaining the 
desired flood storage capacity of 560 acre‐feet (AF). Some visual impacts, however, were unavoidable. A rendering was 
developed to depict the view of the embankment across its highest point, as shown in Figure 8‐5, US‐36 Detention Pond 
Embankment Rendering, located in Appendix E. To capture the perspective that featured the greatest obstruction, the 
rendering was produced looking from the Table Mesa Drive crossing of US‐36 toward the southeast with and without the 
embankment in place. 

The project team also looked very closely at the identified environmentally sensitive areas near the embankment. 
Impacts to areas of special environmental interest including the South Boulder Creek Natural Area, the PMJM Critical 
Habitat Area identified by the USFWS, the PMJM conservation area, and riparian and wetlands impacts were re‐
evaluated. The embankment was designed to minimize impacts to environmental resources and was successful in not 
affecting regulated wetlands. However, 1.0 acres of PMJM habitat would be impacted and the purchase of land and 
construction of compensatory mitigation would be required. The embankment would encroach onto property owned by 
CU for its future South Campus expansion. The CU‐Boulder South Conceptual Framework Plan developed by the 
University was incorporated into the earlier investigations and was not updated during the refinement period. 

The refinement also included a review of the various structural elements that are incorporated into the detention 
facilities at US‐36. These include structures draining the pond, either at existing irrigation facilities or new outlet works, 
and the emergency spillway. The outlet facilities were found to be reasonable and were not modified. However, the 
emergency spillway erosion protection was expanded as a result of the refinement process. The extent of the riprap 
erosion protection was enlarged to provide a higher degree of assurance that flows in excess of the 100‐year flood could 
be safely conveyed over the embankment and onto the US‐36 right‐of‐way. 

Arapahoe Avenue Detention 

The pond, as originally conceived, was located adjacent to Arapahoe Avenue and took advantage of the Flatirons Golf 
Club golf course. The overall geometry of the facility and the infrastructure upstream of Arapahoe Avenue was largely 
unchanged during the refinement process, and the pond maintained a capacity of 58 AF.  

The east outlet channel below Arapahoe Avenue has been realigned to minimize the impact on the existing development 
and to minimize future disruption to any new development. The realignment resulted in slightly more extensive 
downstream improvements and an increase in the associated right‐of‐way needs. The refinement to the outfall affected 
0.14 acre of city‐regulated wetlands that will require mitigation. The cost of mitigation for these impacts is now explicitly 
included in the cost estimate. 

West Valley Improvements 

Improvements along Dry Creek No. 2 Ditch are critical to the success of this alternative. The project team was asked to 
evaluate the potential of using a pipe to convey the 420 cfs flow down the Dry Creek No. 2 Ditch corridor in lieu of the 
open channel included in the original plan. The evaluation determined that a closed conduit pipeline 72 inches in 
diameter could be used instead of the previously identified open channel. The pipeline alignment was modified to take 
full advantage of existing publically owned lands, minimize the number of individual property owners impacted and 
minimize the conflicts with known utility lines. 

Cost Refinements 
The costs increased by approximately 20 percent over the earlier estimate but are generally within the range of 
anticipated variation. Proposed costs for the Regional Detention at US‐36 have been updated to $36.2 million. 
Alternative costs are summarized in Table 8‐1, Alternative Plan Summary, located in the Summary of Refined Alternatives 
section at the end of this Chapter. 

The changes in the cost of the pond construction represent about 75 percent of the total overall change in cost of the 
Regional Detention at US‐36 cost. The updated grading plan provided a much higher degree of resolution of the 
embankment materials necessary to provide desired flood storage. The updated geometry also allowed a better estimate 
of the amount of material necessary to construct the impervious core and fill the key trench.  

The spillway costs have been refined to reflect the better understanding of the nature of flood flows when they exceed 
the 100‐year event. Because this is not a mainstem pond, the spillway lining material is still assumed to be Type VH 
riprap, but the extent of the spillway protection on the downstream embankment face was expanded because the pond 
footprint was shifted away from US‐36. 

The capital cost of the West Valley improvements is largely unchanged, but the required footprint for the construction 
and long‐term maintenance now reflects the adjustments made so that utility conflicts and single‐family residential 
property acquisition costs are minimized. Annual operation and maintenance costs have been revised. 

The environmental mitigation costs for the West Valley improvements have been included as a single line item. These 
costs were built into the project contingency in the earlier plans because specific impacts had not yet been quantified. 
The refined plan better describes the impacts to environmentally sensitive areas, and the cost of mitigation for those 
impacts is included in the estimated costs. 

More right‐of‐way will need to be acquired to accommodate future channel construction downstream of the Arapahoe 
Avenue Detention pond. The new alignment also requires the enlargement of an existing channel that flows through city‐
designated wetland areas. The cost of mitigation for these impacts is now explicitly included in the cost estimate. 

Refined Benefits 

The refinements to the various plan elements did not result in any substantive changes to the estimated benefits. The 
average annual benefit expected to result from these improvements is estimated to be $77.3 million. Because the costs 
for this alternative have changed, the benefit‐cost ratio has also changed. The revised value is now 2.14. 

Other Considerations 

Based on the plan refinements, there will be about 5.4 acres of impact to the South Boulder Creek State Natural Area 
because of the Regional Detention at US‐36 alternative. This represents 0.5 percent of the total area of the State Natural 
Area. 

Impacts to the PMJM habitat areas were determined based on a comparison of the project footprint and a 15‐foot‐wide 
access area to the USFWS Critical Habitat Area as well as the city’s Conservation Zone. The Regional Detention at US‐36 
alternative affects about 1.6 acres of Critical Habitat Area and 7.1 acres of Conservation Zone. A majority of this impact is 
on Open Space lands, but some falls on the US‐36 right‐of‐way. The Regional Detention at US‐36 embankment will affect 
approximately 5.5 acres of Open Space lands.  

An Operations and Maintenance (O&M) Plan may be required for areas designated as compensatory mitigation. In most 
cases, constructing new wetlands and habitat areas for compensatory mitigation will require a long‐term commitment to 
operations to assure the facilities actually reestablish lost function and are sustainable. An operations plan should be 
developed and included in the design of any compensatory mitigation areas. 

Phasing  

This alternative is made up of three broad elements: US‐36 detention, West Valley improvements, and Arapahoe Avenue 
detention. The overall plan implementation cost is about $36.2 million, making implementation of the full alternative at 
one time improbable. The following presents an alternative implementation strategy. The computed benefit‐cost ratio 
for each element described below, reflects damage reductions that are associated with those improvements only and do 
not reflect the additional benefits that accrue as a result of the implementation other flood mitigation elements. 

Priority 1 – US‐36 Detention 

US‐36 detention is the recommended first element to be implemented. In addition to having an element benefit‐cost 
ratio of approximately 2.0, the capital cost of $13.3 million may be low enough to be funded as a single project. The 
relatively high benefit‐cost of this alternative makes it an attractive candidate for funding from other sources. Because 
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this is a stand‐alone element that provides significant flood control benefit, it may be possible to secure funding from 
other sources such as the Federal Emergency Management Agency (FEMA) or the USACE.  

In the event that the US‐36 detention is built prior to other improvements downstream, there would need to be several 
minor temporary improvements to existing culverts that drain the US‐36 detention facility at Dry Creek No. 2 Ditch, the 
Viele Channel, and the New Anderson Ditch. These culverts, in the absence of the interim controls will be under higher 
head and will convey more water. As such, they will require gates or structures to reduce the flow exiting from these 
culverts after the construction of this pond to pre ‐construction flow rates until the downstream improvements are in 
place. This will help to reduce potential flooding impacts through the West Valley. They may be a slight reduction in the 
capacity of the detention pond that could slightly increase the potential for overtopping of US 36 in comparison to the 
performance when the entire system is in place.  

This project element fulfills the defined purpose of the project (reduce the flood hazard due to US‐36 overtopping in the 
West Valley) without the need for further investment. In doing so, the flood insurance burden associated with the South 
Boulder Creek 100‐year flood for those properties in the West Valley is eliminated and the real flood threat reduced to 
that of locally generated runoff flooding. The elimination of the overtopping of US‐36 means this important 
transportation corridor remains open. 

Priority 2 – Local West Valley Improvements 

The proposed improvements in the West Valley address a number of different issues and comprise several smaller 
elements, including local detention at Manhattan Middle School, Dry Creek No. 2 Ditch pipeline improvements, local 
detention at Baseline Road and Foothills Parkway, floodwall improvements along Baseline Road, improvements to the 
New Anderson Ditch, and improvements to the Wellman Canal. In aggregate, these improvements are expected to cost 
$11.0 million to implement and result in a benefit‐cost ratio of 3.2. While this is a high benefit‐cost ratio, the benefits are 
largely seen at lower frequency events when smaller flood flows are handled by the smaller capacity local improvements. 
There is limited benefit during the 100‐year flood and higher events. 

The localized detention storage should be implemented early in the process to fully exploit the flow reduction realized 
through these facilities. Then the flood control measures such as the pipeline improvements along Dry Creek No. 2 Ditch 
and along Baseline Road should be implemented to provide adequate conveyance of the remaining flows. The 
improvements to the other irrigation ditches are intended to prevent overflows and contain those flows in the original 
system. These can often be done independently of any other improvements and can be implemented as needed or as 
opportunities arise. 

Priority 3 – Arapahoe Avenue Detention 

The Arapahoe Avenue detention pond and associated downstream improvements provide considerable flood relief to 
those properties below Arapahoe Avenue. The improvements are estimated to cost $11.9 million and will result in a 
benefit‐cost ratio of 1.3. The majority of the benefits accrue to the commercial and industrial properties below Arapahoe 
Avenue. This element has been ranked as the last priority in part because the improvements benefit only commercial and 
industrial properties.  

Distributed Regional Detention Alternative Refinements 
The three regional detention pond embankments were refined to reduce impacts to Open Space lands, environmental 
resources, right‐of‐way and utilities. In addition, grading refinements, outlets, control structures, and emergency 
spillways were all reviewed and refined if necessary. Refinements to proposed facilities within the West Valley and at 
Arapahoe Avenue were similar to those considered for the other alternatives. Figure 8‐6 presents the Distributed 
Regional Detention option, located in Appendix E. 

US‐36 Detention Facility 

The alignment of the detention pond embankment along US‐36 was reviewed to better understand impacts to Open 
Space lands and other properties in the area. The revised alignment is shown on Figure 8‐7, Distributed Regional 
Detention – US‐36 Pond, located in Appendix E. The western arm of the embankment has been relocated to avoid any 
contact with the existing levee protecting the CU South Campus property while still maintaining the desired 130 AF of 

storage. It was determined that a free‐standing structure provided greater flexibility in future implementation and 
minimized the coordination issues with both the University and Federal regulators that may arise as a result of 
modifications to the levee system. 

The northern and eastern portions of the embankment were moved slightly to minimize impacts to Open Space lands 
and to the riparian corridor along the South Boulder Creek mainstem. While these refinements helped to reduce the 
impacts, including the elimination of impacts to city‐regulated wetlands, some encroachment into Open Space areas, 
PMJM Critical Habitat Area, and other habitat areas were unavoidable. Mitigation would be required to compensate for 
these 9.6 acres of unavoidable impacts. 

The control structure that controls the flow of water from the South Boulder Creek mainstem into the detention pond at 
US‐36 was modified during the refinement process. The earlier control strategy was to prevent overtopping of the US‐36 
embankment during the 100‐year flood by pushing more of the flood flows through the US‐36 Bridge using a berm and 
box culverts across the mainstem of the creek. This control strategy created unacceptable impacts to the riparian 
corridor upstream of US‐36.  

A revised strategy was developed that uses a more passive control structure that splits higher flows off and leaves low 
flows in the main channel, separating them from those in the overbank. The mainstem would continue to convey flows 
up to about 1,000 cfs without any water being directed to the detention pond. The structure would capture flows in 
excess of the first 1,000 cfs and convey them through the pond by creating a physical barrier across the section that 
captures and separates the overbank flows. A schematic of the cross section modifications that are proposed to create 
this control structure is presented in Figure 8‐8, Distributed Regional Detention – US‐36 Pond Control Structure, located 
in Appendix E. As the image shows, the overbank will need to be modified slightly to force more flow into the overbank 
during higher flow events. 

Once the flows in excess of the 1,000 cfs threshold are separated from the channel flows, they flow into the pond. The 
storage‐discharge relationship can be controlled by varying the shape and size of the outlet structure. The refinements 
allowed the performance of the outfall structure to be similar to that of earlier evaluations and helped minimize the 
storage in the overbank during flows less than the 100‐year peak. Only during very large floods would the storage pool 
above the top of the pond outlet structure be used. 

South Boulder Road Detention Facility 

This 130 AF pond is an important element in controlling the impacts associated with the increased flow through the US‐
36 Bridge. The embankment alignment was modified to avoid encroachment into the South Boulder Road right‐of‐way 
and to minimize impacts to Open Space lands (Figure 8‐9, Distributed Regional Detention ‐ South Boulder Road 
Embankment, located in Appendix E). The shift of the embankment to the south would require reconstruction of portions 
of the Viele Channel. The portion of the channel flowing along the west side of the pond embankment was not changed 
because a concrete wall was used in lieu of an earthen embankment for this part of the pond. However, as the channel 
and embankment parallels South Boulder Road, the toe of the refined embankment encroaches into the existing channel, 
requiring realignment of the channel. This area may contain Ute Ladies’ Tresses Orchids. A more exhaustive investigation 
may be required to determine if it is possible to mitigate these impacts. Regardless, at a minimum it is estimated that a 
total of 3.6 acres of regulated wetlands will need to be mitigated. 

The pond has a mainstem embankment requiring the full flood hydrograph to pass through the pond. As a result, the 
emergency spillway required some refinements not considered in the earlier layout. The full spillway design flood must 
pass over the embankment because the topography at the site does not lend itself to a spillway over one of the overbank 
areas. To assure the long‐term integrity of the embankment, it was decided the spillway should be constructed of 
concrete with the concrete extending down the full face of the embankment and all the way to South Boulder Road.  

Baseline Road Detention Facility 

The proposed detention facility at Baseline Road was modified to avoid encroachment into the road right‐of‐way and to 
minimize impacts to Open Space lands. (Figure 8‐10, Distributed Regional Detention ‐ Baseline Road Pond Embankment, 
Located in Appendix E). The southern embankment has been moved to the south resulting in some minor additional 
impacts to the Open Space lands. The east end of the embankment covers the existing trailhead and parking area. This 
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impact has been mitigated through the proposed relocation of the trailhead parking off Cherryvale Road rather than from 
Baseline Road. A trail connection back to the regional trail system is proposed as part of the plan. In addition to the 
relocation of the trailhead, 3.4 acres of city‐regulated wetlands were impacted by berm refinements that would need to 
be mitigated. This pond also has a mainstem embankment. The emergency spillway here has been modified to consist of 
a concrete overflow spillway as described for the South Boulder Road pond. Based on the refinements to the berm and 
continued modeling of the alternatives through the 8‐Meter MIKEFLOOD model, the volume of the pond was increased 
from 295 AC‐FT to 375 AC‐FT to accommodate additional flood flows and to ensure that there was not an increase in 
existing flood discharges downstream from the facility. 

The proximity of the pond embankment to local roadways created some concern about the aesthetic impacts during the 
public meetings. As a result, an architectural rendering of the embankment as seen from the corner of Baseline Road and 
Cherryvale Road (Figure 8‐11, Baseline Road Detention Pond Embankment Rendering, Located in Appendix E) was 
prepared. This image shows that the embankment has a relatively minor impact on the view of the Open Space lands to 
the south and west. 

Arapahoe Avenue Detention Facility 

The refinements at Arapahoe Avenue are similar to those identified during the evaluation of the Regional Detention at 
US‐36 alternative plan. The primary difference between the earlier proposed plan details and those subsequent to 
refinement are downstream of Arapahoe Avenue. 

West Valley Improvements 

The facilities in the West Valley associated with this alternative are very similar to those identified for the Regional 
Detention at US‐36 alternative. The most substantial refinement was the change from open channel to pipe for the 
improvements along Dry Creek No. 2 Ditch and the realignment of those improvements to minimize right‐of‐way 
acquisition costs. Improvements to the New Anderson Ditch are no longer required in the West Valley because the 
detention above US‐36 no longer extends across to the New Anderson Ditch culverts passing under US‐36. 

The evaluation determined that the flows being conveyed in open reaches of Dry Creek No. 2 Ditch could effectively be 
conveyed in a closed conduit.  

Cost Refinement 

The refinement of the Distributed Regional Detention alternative resulted in a much better understanding of the plan 
elements and an increase in the estimated plan implementation cost of approximately 40 percent to $48.1 million. This 
cost variability is at the upper end of the anticipated range of expected costs at this level of resolution, but the 
refinements are expected to result in less variability for future refinements.  

The refinements in the pond spillway structure accounted for almost 40 percent of the change in estimated cost. The 
mainstem ponds at South Boulder Road and Baseline Road now have concrete emergency spillways to address potential 
concerns from the State’s Dam Safety Officer. The US‐36 pond inlet control structure refinements resulted in some 
additional right‐of‐way acquisition, as well as earthwork and protection not originally included in the estimate. These 
modifications resulted in an additional 10 percent increase in cost.  

A better definition of the environmental mitigation costs was possible during the refinement process. The refined design 
built upon the OSMP evaluations and incorporated refinements to address many of the concerns. However, it was not 
possible to completely avoid compensatory environmental mitigation. The estimated costs for property acquisition, 
largely to address the mitigation needs at the three ponds and the other improvements proposed as part of this 
alternative, account for about 30 percent of the change in the estimated implementation cost. 

Refined Benefits 

The refinements to the various plan elements did not result in any substantive changes to the estimated benefits. The 
average annual benefit expected to result from these improvements is estimated to be $75.9 million. Because the costs 
for this alternative have changed, the benefit‐cost ratio is also changed. The revised value is now 1.58. 

Other Considerations 

The refinement of the alternatives allowed the team to better understand the various project impacts and to assess the 
proposed plans against a broad range of considerations.  

Impacts to city‐regulated wetlands and PMJM Critical Habitat will need to be mitigated at a ratio of two to one. It is 
expected that acceptable mitigation will replace the type and function of the lost areas. There will be over 30 acres 
impacted by the Distributed Regional Detention plan, representing 2.5 percent of the total area of the State Natural Area. 
Impacts to PMJM and Ute Ladies’ Tresses Orchid habitats are expected, as are impacts to Northern Leopard Frog habitat 
areas. These impacts were generally in the vicinity of mainstem embankments and along the improvements to the Viele 
Channel. The Distributed Regional Detention alternative plan has 16.9 acres and 29.7 acres of impact to the Critical 
Habitat Areas and Conservation Zone, respectively. A total of 17.3 acres of Northern Leopard Frog habitat are impacted. 
The project costs include the purchase of the Granite property or a similar parcel with the hope that this land can be used 
as mitigation for impacts to the Conservation Zone. It is believed that this area is already suitable for habitat and that, 
with minor enhancements; it could serve to replace any potential loss due to the implementation of the project. 

Impacts to Open Space lands will include permanent improvements such as embankments, as well as temporary impacts 
that will be restored. The Distributed Regional Detention plan embankments will affect approximately 34.8 acres of Open 
Space lands. 

Phasing Strategies 

This alternative is also made up of three broad elements: Arapahoe Avenue detention; detention at US‐36, South Boulder 
Road, and Baseline Road; and improvements within the West Valley. The overall plan implementation cost is about $48.1 
million, making the implementation of the full alternative at one time improbable. The following presents an alternative 
implementation strategy. 

Priority 1 – Local West Valley Improvements 

The proposed improvements in the West Valley address a number of different issues and comprise several smaller 
elements, including local detention at Manhattan Middle School, Dry Creek No. 2 Ditch pipeline improvements, local 
detention at Baseline Road and Foothills Parkway, floodwall improvements along Baseline Road, and improvements to 
the Wellman Canal. These improvements in aggregate are expected to cost $9.6 million to implement and result in a 
benefit‐cost ratio of 3.6. While this is a high benefit‐cost ratio, the benefits are largely seen at lower frequency events 
when smaller flood flows are handled by the smaller‐capacity local improvements. There is limited benefit during the 
100‐year flood and higher events. 

Detention should be implemented early in the process to fully exploit the flow reduction realized through these facilities. 
Then, the flood control measures such as the pipeline improvements along Dry Creek No. 2 Ditch and along Baseline 
Road should be implemented to provide adequate conveyance of the remaining flows. The improvements to the other 
irrigation ditches are intended to prevent overflows and contain those flows in the original system. These can often be 
done independently of any other improvements and can be implemented as need or opportunities arise. 

Priority 2 – Arapahoe Avenue Detention 

The Arapahoe Avenue detention pond and associated downstream improvements provide considerable flood relief to 
those properties below Arapahoe Avenue. The improvements are estimated to cost $11.9 million and will result in a 
benefit‐cost ratio of 1.3. 

The floodplain reduction associated with these improvements remains relatively localized. The detention facility ponds 
water above Arapahoe Avenue onto Flatirons Golf Club property, controlling the discharge across Arapahoe Avenue and 
reducing widespread flooding downstream. The less frequent overtopping of Arapahoe Avenue reduces the threat to life 
and minimizes the disruption to traffic along Arapahoe Avenue. 

Priority 3 – Detention at US‐36, Baseline Road, and South Boulder Road 

These three detention ponds, in combination, address the overtopping of US‐36 but only have a benefit‐cost ratio of 0.9, 
meaning that the $26.6 million investment does not provide a reduction in average annual flood damages by an equal 
amount. Moreover, these three ponds need to be constructed in unison to assure that the flood control benefits are 
realized and that no adverse impacts occur within the system. 
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This project element fulfills the defined purpose of the project (reduce the flood hazard due to US‐36 overtopping in the 
West Valley) without the need for further investment. In doing so, the flood insurance burden associated with the South 
Boulder Creek 100‐year flood for those properties in the West Valley is eliminated, and the real flood threat is reduced to 
that of locally generated runoff flooding. The elimination of the overtopping of US‐36 means this important 
transportation corridor remains open. 

The construction of three ponds, two of which have mainstem embankments, does require properly sized and 
constructed emergency spillways to assure that the potential of embankment failure is properly mitigated. The use of the 
distributed detention creates a greater impact to Open Space lands. These impacts are related to both the embankment 
and the upstream flow control structure. While alignments were adjusted to the extent possible, the site topography 
required encroachment. Mitigation would be required for this phase. . 

Bear Canyon Creek Pipeline Alternative Refinements 
The refinements to the Bear Canyon Creek Pipeline alternative focused primarily on the development of a more detailed 
strategy to capture overflows from US‐36 and identification of areas where the proposed pipeline could be aligned to 
minimize impacts to properties and utilities. 
Pipeline Alignment Refinement 

A careful review of the proposed alignment of the Bear Canyon Creek Pipeline indicated that an alternative route would 
result in fewer right‐of‐way acquisition issues and would reduce the number of potential utility conflicts. The earlier 
alignment had followed the alignment for upgraded storm sewer lines identified in the Stormwater Master Plan. That 
alignment generally followed the lowest point of the floodplain from Apache Drive downstream to Baseline Road. The 
revised alignment takes the 114‐inch‐diameter line east to Thunderbird Road and then north (Figure 8‐12, Bear Canyon 
Creek Pipeline, located in Appendix E). The revised alignment rejoins the original alignment at Baseline Road and follows 
that alignment to the outfall into Bear Canyon Creek just below Foothills Parkway and Colorado Avenue. 

The mainstem pipeline and the lateral lines were sized based on the computed inlet capacity. In this way, the size of the 
pipelines was more closely aligned with the likely flow rates, rather than relying on the earlier assumption that all flow 
needed to be conveyed along the entire pipeline length. Pipeline sizes are also reported on Figure 8‐13, Bear Canyon 
Creek Pipeline – Thunderbird Pipeline Alignment, located in Appendix E. 

Inlet Location and Layout Refinement 

The layout of the inlets necessary to capture the overflow of US‐36 was refined. City of Boulder Type R inlets were 
selected rather than the combination inlets because of their smaller encroachment into the street surface. The chosen 
inlets have a slightly lower capacity but were deemed to be less disruptive to pedestrian and bicycle traffic through these 
residential areas. The inlet location was limited by the spread of the overtopping flows. The hydraulic capacity of the 
inlets also was limited by the depth of flow and the gradient of the streets.  

The inlet layout intercepts the maximum amount of water possible before the overflows reach structures. Much of the 
frontage of Apache Drive west of Pima Court (approximately 300 feet) was committed to inlets to collect as much of the 
1,250 cfs of overflow as possible (Figure 8‐14, Bear Canyon Creek Pipeline Collection System, located in Appendix E). 
These are in areas where flooding is expected to be well in excess of 1 foot at the gutter flow line. As such, a simplified 
sizing methodology was employed that assumed the hydraulic performance would be similar to a sump inlet, with a 
single foot of head and a capacity of approximately 1.67 cfs per linear foot of opening. The estimated capacity included 
the City of Boulder required blockage. East of Pima Court along Apache Drive, the 130 feet of Type R inlets are assumed 
to have a capacity of approximately 0.80 cfs per linear foot of opening because the depth of flooding was slightly lower. 
These inlets capture about 100 cfs. 

Another 380 feet of Type R inlets are proposed along both the east and west sides of Pima Court to capture additional 
flow not captured at Apache Drive. The street gradient down Pima Court is relatively flat, and the street section is not 
capable of conveying the full flow without considerable depth at the flow line. Once again, to simplify sizing, a capacity of 
0.80 cfs per linear foot was assumed. The result is an assumed capture of an additional 300 cfs.  

A final bank of Type 13 inlets (36 square feet) is located in the sump at the mouth of the drainage swale just off the 
driveway off Pima Court to capture an additional 40 cfs. These pick up a majority of the overflow, but additional inlets are 
required farther downstream near the intersections of Osage Drive and Qualla Drive with Thunderbird Drive. A review of 
the topography in the area suggests flows are likely to split. As such, it was concluded that approximately 300 feet of 
inlets would be provided along both roadways to capture the remaining overflows. The gradient along both streets as 
they approached Thunderbird Drive was approximately 0.6 percent resulting in an approximate capacity of 0.5 cfs per 
linear foot of opening.  

The location and extent of these inlets is based on early estimates of the overflow and are likely to be refined if this 
alternative moves forward. During final design, other options to collect the overflow that reflect a more thorough 
understanding of the overflow characteristics can be explored. 

The lateral pipelines conveying water from the inlets to the Bear Canyon Creek Pipeline were laid out to minimize 
potential utility impacts. The upstream end of the mainstem pipe at the overflow location of US‐36 and Apache Drive 
provides a conveyance for the uppermost inlets, and the remaining inlets along Apache Drive can be discharged directly 
into the 114‐inch‐diameter pipeline. The inlets along Pima Court require the construction of a 72‐inch‐diameter lateral 
line. While a pipeline that follows the surface gradient would be preferable, the utility conflicts would have presented 
considerable challenges. It was therefore concluded that a pipeline from the inlets at the northeast end of Pima Court 
and from the Type 13 inlets to the Apache Drive pipeline would minimize utility conflicts. The length of the pipeline 
draining against the surface gradient is relatively short, approximately 200 feet, and does not create an abnormally deep 
pipeline.  

West Valley Refinement 

The facilities in the West Valley associated with this alternative differ from those in the other alternatives because of the 
US‐36 overflow. The flow that crosses US‐36 near the Park‐n‐Ride facility influences the New Anderson Ditch. The 
improvements proposed to convey the 720 cfs overflow were realigned to avoid utility corridors and to minimize 
easement acquisition costs (Figure 8‐15, Bear Canyon Creek Pipeline ‐ Dry Creek No. 2 Ditch Pipeline Alignment, Located 
in Appendix E). The increased flows captured by the pipeline discharge into the 90‐inch‐diameter pipeline along Dry 
Creek No. 2 Ditch. This pipeline alignment has been modified slightly to avoid known utilities and to minimize easement 
acquisition costs to the extent possible. 

Arapahoe Avenue Detention Refinement 

The refinements at Arapahoe Avenue are similar to those identified during the evaluation of the Regional Detention at 
US‐36 alternative plan and are focused on one of the two outlet channels downstream of Arapahoe Avenue. 

Cost Refinements 

The refinement of the Bear Canyon Creek Pipeline alternative provided a much better understanding of the plan 
elements but resulted in a nominal change in the estimated plan implementation cost of approximately 1 percent to 
$46.8 million. The improvements proposed through the West Valley resulted in changes to the required property 
acquisition and operation and maintenance costs. The costs now reflect a pipeline rather than the originally proposed 
open channel. The capital cost of this facility is largely unchanged, but the required footprint for the construction and 
long‐term maintenance now reflects the adjustments so that utility conflicts and single‐family residential property 
acquisition costs are minimized. Annual operation and maintenance costs were updated. 

The refined plan better describes the impacts to environmentally sensitive areas, and the cost of mitigation for those 
impacts is included in the estimated costs. 

More right‐of‐way will be needed to accommodate future Arapahoe Avenue outfall channel construction. The new 
alignment also requires the enlargement of an existing channel that flows through city‐designated wetland areas. The 
cost of mitigation for these impacts is now explicitly included in the cost estimate. 

The estimated costs of this plan are summarized in Table 8‐1 located in the Summary of Refined Alternatives section at 
the end of this Chapter. 

Refined Benefits 
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The average annual benefit resulting from the refined improvements is estimated to be $58.0 million with a revised 
benefit‐cost ratio of 1.24. 

Other Considerations 

The refinement of the alternatives allowed the team to better understand the various project impacts and to assess the 
proposed plans against a broad range of considerations. 

The proposed alternatives were refined to minimize the impact to mature vegetation so that the long‐standing character 
of the watershed was minimally impacted. The construction of the proposed improvements will have a significant local 
disruption. Large areas of residential neighborhoods will be disturbed during the construction of the inlets and pipelines. 
Final design and construction should include measures to assure that business and residential impacts are addressed. 
This may require temporary access, traffic control, or other measures. 

Underground facilities like pipelines and culverts are generally designed with an expected service life in excess of 50 
years. However, periodic inspections are necessary to confirm that there are not unexpected failures and that no debris 
or sediment has been deposited that might affect hydraulic capacity. Surface facilities such as curb opening inlets require 
more frequent cleaning and debris clearing so that their full capacity remains consistent with the design assumptions. 
Some debris clogging has been incorporated into the hydraulic assumptions in accordance with the city’s drainage 
guidelines. A schedule of routine maintenance should be developed and enforced to assure correct function of these 
important hydraulic features. 

Phasing Strategies 

This alternative is also made up of three broad elements: the Arapahoe Avenue detention, inlets and pipeline 
improvements to capture US‐36 overflows, and the improvements within the West Valley. The overall plan 
implementation cost of $46.8 million makes the implementation of the full alternative at one time improbable. The 
following presents an alternative implementation strategy. 

Priority 1 – Local West Valley Improvements 

The proposed improvements in the West Valley address a number of different issues and comprise several smaller 
elements, including Dry Creek No. 2 Ditch pipeline improvements and improvements to the New Anderson Ditch and the 
Wellman Canals. These improvements in aggregate are expected to cost $12.8 million to implement and result in a 
benefit‐cost ratio of 1.2. In contrast to the improvements for the other alternative plans, these will be a necessary 
element to address the 100‐year floodplain as they capture and collect some of the overflow of US‐36 but, without the 
proposed pipeline improvements, do not fully address the 100‐year floodplain threat. 

The improvements to the Wellman Canal can be done independently as funds and interest permits. These improvements 
address the potential overflow of water in the ditch and do not rely on improvements in the systems above or below. 

The improvements to the New Anderson Ditch and to Dry Creek No. 2 Ditch are intended to be complementary. The New 
Anderson Ditch improvements collect overflows of US‐36 and convey them to Dry Creek No. 2 Ditch, which must be 
enlarged to convey the increased flow safely. Pipeline improvements should be implemented by first providing 
downstream conveyance capacity before proceeding upstream to increase collection capacity. 

Priority 2 – Arapahoe Avenue Detention 

The Arapahoe Avenue detention pond and associated downstream improvements are recommended as the next highest 
priority. The improvements are estimated to cost $11.9 million and will result in a benefit‐cost ratio of 1.3. The 
implementation of this alternative has a direct benefit to the 100‐year floodplain at a lower cost than the other elements 
that reduce the floodplain footprint and it has the added benefit of reducing the frequency of overtopping of Arapahoe 
Avenue. 

Priority 3 – Bear Canyon Creek Pipeline 

Construction of the pipeline and inlet systems has an estimated implementation cost of $22.2 million and a 1.2 benefit‐
cost ratio. The benefits are considerable but the cost is too high to be considered a top priority. However, it does meet 
the primary project objective of addressing the 100‐year flood threat in the West Valley by capturing and controlling the 
overflow of US‐36.  

Summary of the Refined Alternatives 
The five alternatives that were evaluated more carefully during the refinement process present a range of different 
approaches to address the flood threat along South Boulder Creek. They vary in cost and, in some cases, the level of 
protection provided, but they offer city staff, the various stakeholders, and city Boards and Council an array of options 
from which to choose. Table 8‐1, Alternative Plan Summary, presents the costs, benefits, and a brief description of the 
plan. 
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TABLE 8‐1 
Alternative Plan Summary  

Alternative 
Total Implementation Cost 

($millions) 
Present Worth of 
Benefits ($millions)  Benefit‐to‐Cost Ratio  Plan Elements  Significant Issues 

Status Quo  $0.0  $0.0  0.00  Maintains systems and processes as they are today.  Provides no enhanced flood protection anywhere in the system. 

High Hazard Mitigation  $0.14  $0.0  0.00  Includes grading changes to eliminate structures from the designated High 
Hazard Zone. 

Provides no substantive enhancement to level of flood protection 
anywhere in the system. 

Regional Detention at US‐36  $36.2  $77.3  2.14 

Detention pond at US‐36 reduces US‐36 overtopping threat and 
eliminates 100‐year floodplain within West Valley. 

Local improvements in West Valley and at Arapahoe Avenue address local 
flood issues. 

Meets defined objective of eliminating 100‐year floodplain in West 
Valley. 

Some encroachment of facilities onto city‐owned Open Space lands. 

Distributed Regional Detention  $48.1  $75.9  1.58 

Three detention ponds reduce US‐36 overtopping threat to eliminate 100‐
year floodplain within West Valley and mitigate increased mainstem flows 
in channel downstream of US‐36. 

Local improvements in West Valley and at Arapahoe Avenue address local 
flood issues. 

Meets defined objective of eliminating 100‐year floodplain in West 
Valley. 

Significant encroachment of facilities onto Open Space lands and 
into identified habitat areas. 

Bear Canyon Creek Pipeline  $46.8  $58.0  1.24 

Inlets and pipelines to capture and convey overflows from US‐36. 

Local improvements in West Valley and at Arapahoe Avenue address local 
flood issues. 

Generally addresses the objective of eliminating 100‐year floodplain 
in West Valley with the exception of Apache Drive. 

Nominal impact to Open Space lands and identified habitat areas. 

Significant disruption to residential properties is expected during 
construction. 
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IX. Engineers Recommended Plan 
Introduction 
The Engineer’s Recommended Plan to address the identified flooding issues within the South Boulder Creek study area is 
the Regional Detention at US 36 Plan (Recommended Plan). This Recommended Plan is offered for consideration based 
on feedback from public meetings, project stakeholders, staff input and preliminary discussions with WRAB and OSMP 
staff.  

The Engineer’s Recommended Plan is only the first step in the adoption process. Several additional endorsement or 
approvals must be secured before any implementation is initiated. At each step, adjustments to the Recommended Plan 
may be identified that address specific concerns expressed by the reviewing entity or the Recommended Plan can be 
dismissed in favor of another alternative. At the end of the process, the city may chose to adopt a single plan that 
consolidates the refinements or selects an entirely different option, either studied as part of this Mitigation Planning 
Study or developed based on other criteria. 

The Engineer’s Recommended Plan has been presented to city staff and the active stakeholder’s group. Earlier comments 
by the group have been addressed and refinements incorporated into the Recommended Plan as necessary. The 
Recommended Plan, once reviewed and approved by city Staff, is now ready to be presented to WRAB. It is also expected 
that a presentation will be made to the public and the OSMP Board that describes the planning process and the elements 
of the Recommended Plan. In addition to these presentations, the team intends to present the Recommended Plan to 
city Council for formal consideration and adoption. Once the plan has been adopted, city Public Works Utilities staff will 
incorporate the recommendations into a long term Capital Improvements Program. 

Plan Description 
The recommended plan prevents the overtopping of US‐36 and provides 100‐year protection from the overtopping flows 
of South Boulder Creek to downstream properties in the West Valley. The detention pond combines excavation and fill to 
produce a configuration that minimizes the impacts to Open Space land and the University of Colorado (CU) South 
Campus and to minimize the potential visual impact by integrating the detention berm into existing roadway 
improvements in the area. To address the flood threat downstream of US‐36, both storage and conveyance 
improvements are proposed through the West Valley and along the alignment of Dry Creek No. 2 Ditch. The storage 
components of the downstream improvements allow for locally generated flood peaks to be attenuated and results in a 
decrease in the size of the required infrastructure downstream. The combination of conveyance improvements along 
both drainage corridors reduces the amount of overland flooding that poses a threat once floodwaters leave either 
corridor. These improvements will generally consist of enlarged channels or pipes to minimize the potential for residual 
flooding in the area. Figure 9‐1, Regional Detention at US‐36 presents the proposed improvements. The elements of the 
plan and their respective costs are presented in tabular form in Table 9‐1, Regional Detention at US‐36. 

The Recommended Plan does create some unavoidable impacts to areas defined by the city as environmentally sensitive. 
This includes city regulated wetlands and some areas that may include critical habitat. These impacts have not been 
addressed explicitly; however plan costs include compensatory mitigation at a ratio of two to one for every impacted 
acre. 

US‐36 Detention Pond 

This storage area is the cornerstone of this alternative. This pond captures water from South Boulder Creek’s west 
overbank and stores it, thereby eliminating the overtopping of US 36 during the 100‐year event. The pond provides 560 
AF of storage. The layout of the pond does create some impacts to city Open Space lands and requires the inundation of 
a portion of the property owned by CU for their future South Campus expansion. The plan alignment and layout of the 
embankment minimizes the impacts to these areas to the extent possible. Figure 9‐2, US‐36 Detention, presents a more 
detailed view of this facility. 

Arapahoe Avenue Detention 

The improvements at Arapahoe Avenue take advantage of the Flatirons Golf Club golf course to provide 58 AF of storage 
that reduces the impact to downstream industrial and commercial properties. Two outlet channels below Arapahoe 

Avenue are proposed to convey attenuated flows downstream to outfalls of adequate capacity. There are some 
unavoidable impacts to city‐regulated wetlands that will require mitigation and the alternative requires the acquisition of 
some private property. Figure 9‐3, Arapahoe Avenue Detention, shows the details of this element. 

 Improvements in the West Valley 

The facilities in the West Valley associated with this alternative are intended to capture and convey locally generated 
inflows. The 25 AF detention at Manhattan Middle School is a key element of the plan capturing locally generated flows 
that can be controlled and discharged to the existing downstream infrastructure to help minimize or eliminate additional 
downstream system improvements. Figure 9‐4, Manhattan Middle School Detention presents a conceptual alayout of 
this detention facility.  Similarly, the existing detention at the intersection of Baseline Road and Foothills Parkway will be 
required to be enlarged to 9 AF to take full advantage of the capacity of the downstream system. Infrastructure 
enhancements to the channel and an increase to the concrete retaining wall along Baseline Road east of Foothills 
Parkway are included in the plan. Improvements are identified to the New Anderson Ditch to accommodate the 
additional flow that results from the increased head generated by the storage above US‐36. A wasteway structure for the 
Wellman Canal, east of Foothills Parkway, will be required to discharge flood flows from Bear Canyon Creek back into the 
Bear Canyon Creek historic channel. This improvement is required to help eliminate flood flows exceeding the capacity of 
the Wellman Canal from causing additional flood hazards through the West Valley. Improvements along Dry Creek No. 2 
Ditch include a 72‐inch diameter pipe to convey the 420 cfs that flows down the Dry Creek No. 2 Ditch corridor. 
Alignments of all the facilities take full advantage of existing publically owned lands and minimize the number of 
individual property owners impacted and impacts to known utility lines. Figure 9‐5, West Valley Improvements, 
summarizes the layout of the improvements proposed in the West Valley. 

Other Features of the Recommended Plan 

The Recommended Plan also recognizes the city’s considerable efforts to manage and control flood hazards. The city has 
an extensive body of floodplain and floodway protections built into the zoning, land use and development regulations. 
Physical infrastructure to warn citizens of an impending flood threat exists through sirens and other warning mechanisms 
and an impressive body of master planning exists for many of the city’s drainageways.  

In addition, the city also has regulations that are in place to protect the environmental values the community finds so 
valuable. Stormwater quality regulations have been adopted to assure that future construction activities do not create 
adverse environmental impacts. Existing stormwater discharge permits issued under the State’s Stormwater NPDES 
program also include programs that promote public education and control other sources of pollution. These are intended 
to remain in place and are implicitly incorporated into the Recommended Plan. 

Basis for Selection 
The primary objective defined at the outset of the study was to reduce the impact on properties within the West Valley 
that were within the designated 100‐year floodplain. The Recommended Plan does that effectively, removing 
approximately 700 structures from the floodplain. Moreover, the Recommended Plan addresses important life safety 
concerns by  eliminating the high hazard zone from many areas of the West Valley and reducing the threat of 
overtopping of many major city and state arterials, including US‐36, South Boulder Road, Baseline Road and Arapahoe 
Avenue. This reduced hazard provides much better access for emergency vehicles during flood events. 

The Recommended Plan has the highest benefit‐cost ratio among the plans evaluated. This means that the city’s 
investment in infrastructure to address flooding generates a favorable return by reducing the average annual flood 
damages by a factor of 2 over the investment cost. 

The Recommended Plan does create some unavoidable impacts to areas designated by the city as having important 
environmental value. However, the elements of the Recommended Plan have been laid out to minimize these impacts 
and costs have been included in implementation estimates to provide compensatory mitigation for those impacts that 
were unavoidable. Similarly, the Recommended Plan requires the acquisition of some property so that the identified 
facilities can be constructed. The implementation estimate includes costs for the purchase of the necessary right‐of‐way 
and easements at fair market prices. 
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Implementation Strategies 
Implementation of the Recommended Plan will require the resolution of some issues that were outside the scope of the 
current Mitigation Planning Study. The study team believes these issues are not insurmountable and did not impose any 
fatal flaws on the Recommended Plan. Coordination with the University on the layout of the facilities associated with the 
US‐36 Detention should continue. The proposed layout reflects early discussions but some further refinement may be 
desirable to optimize the use of the area while minimizing impacts from the berm. Similar refinements may be possible to 
further reduce the impact to Open Space lands. Working in concert with both CU and OSMP may provide further 
refinements that further optimize the use of the space. 

Implementation of the full plan will be costly. Projects of this nature are typically funded by a combination of sources, 
including Stormwater Utility fees, city general funds, UDFCD funds and available local and Federal grants. Once adopted, 
the elements of the Recommended Plan can be integrated into the city’s broader storm drainage improvements capital 
improvement plans and strategies defined to fund implementation. While developing funding and prioritization 
strategies for the implementation of the Recommended Plan, other potential funding sources such as FEMA and CWCB 
Pre‐Disaster Mitigation Grants can be explored. 

Phasing of the elements of the Recommended Plan provides an opportunity to distribute the cost of implementation 
over a longer time and allows the community to reap benefits from the individual aspects of the improvements without 
full plan implementation. The elements of the Recommended Plan do allow for a phased implementation. The discussion 
below summarizes  a possible Recommended Plan phased implementation recommendation. 

Priority 1 – US‐36 detention:  

US‐36 Detention is the recommended first element to be implemented. This project element fulfils the defined purpose 
of the project (reduce the flood hazard due to US‐36 overtopping in the West Valley) without the need for further 
investment. In doing so, the flood insurance burden associated with the South Boulder Creek 100‐year flood for those 
properties in the West Valley is eliminated and the real flood threat reduced to that of locally generated runoff flooding. . 
The proposed US‐36 Detention facility has an element benefit‐cost ratio of approximately 2.0 and an approximate capital 
cost of $13.3 million. 

Priority 2 – Local West Valley Improvements 

The proposed improvements in the West Valley address a number of different issues and are comprised of several 
smaller elements, including: local detention at Manhattan Middle School, Dry Creek No. 2 Ditch pipeline improvements, 
local detention at Baseline Road and Foothills Parkway, floodwall improvements along Baseline Road, improvements to 
the New Anderson Ditch and improvements to the Wellman Canal. Implementation of these elements should generally 
follow broad drainage facility implementation guidance. That is, detention can and should be implemented early in the 
process to fully exploit the flow reduction realized through these facilities. Then the flood control measures such as the 
pipeline improvements along Dry Creek No. 2 Ditch and along Baseline Road should be implemented to provide adequate 
conveyance of the remaining flows. The improvements to the other irrigation ditches are intended to prevent overflows 
and contain those flows in the original system. These can often be done independently of any other improvements and 
can be implemented as need or opportunities arise. In aggregate, these improvements are expected to cost $11.0 million 
to implement and result in a benefit‐cost ratio of 3.2. 

Priority 3 – Arapahoe Avenue Detention 

The Arapahoe Avenue detention pond and associated downstream improvements provide considerable flood relief to 
those properties below Arapahoe Avenue however; the floodplain reduction associated with these improvements is 
relatively localized making this the last of the suggested implementation priorities. The improvements are estimated to 
cost $11.9 million and will result in a benefit‐cost ratio of 1.3. 

Water Quality Impacts 
In general terms, detention pond storage will have beneficial water quality impacts by providing an opportunity for 
pollutant carrying sediments to drop out of suspension. These improvements are likely to be realized by the inclusion of 
stormwater quality outlet facilities in the design of the ponds. While not explicitly addressed during this planning level, 
these improvements are part of local community regulations and are implicit in any proposed plans. 

Any other improvements that capture and collect stormwater before they reach areas of potential contamination are 
also likely to have a beneficial water quality impact. Such is the case for improvements that reduce the floodplain and the 
potential exposure of Critical Facilities housing hazardous chemicals to flood flows. 

TABLE 9‐1 
Regional Detention at US‐36  

Element 
Construction Cost 

($Millions) 
Mobilization 
($Millions) 

Stormwater Management 
/ Erosion Control 

($Millions) 

Utility 
Relocation 
($Millions) 

Subtotal 
($Millions) 

Easement / 
Right of Way 
($Millions) 

Engineering 
($Millions) 

Legal / 
Administration 
($Millions) 

Contract Admin / 
Construction 
Management 
($Millions) 

Contingency 
($Millions) 

Total Capital Cost 
($Millions) 

Present Worth of  
O & M Cost 
($Millions) 

Total Implementation 
Cost ($Millions) 

US‐36 Detention Pond  $5.55  $0.28  $0.28  $0.03  $6.14  $1.80  $0.92  $0.31  $0.61  $2.78  $12.56  $0.77  $13.34 
Improvements to the New 
Anderson Ditch  $0.66  $0.03  $0.03  $0.12  $0.85  $0.00  $0.13  $0.04  $0.09  $0.30  $1.40  $0.01  $1.41 
Dry Creek Ditch No. 2 Pipeline 
Improvements  $1.25  $0.06  $0.06  $0.37  $1.75  $1.06  $0.26  $0.09  $0.18  $0.98  $4.32  $0.00  $4.32 
Local Detention at Manhattan 
Middle School  $1.21  $0.06  $0.06  $0.01  $1.34  $0.31  $0.20  $0.07  $0.13  $0.58  $2.63  $0.03  $2.67 
Local Detention at Baseline 
Road/Foothills Parkway  $1.10  $0.06  $0.06  $0.02  $1.23  $0.00  $0.19  $0.06  $0.12  $0.43  $2.04  $0.01  $2.05 
Wall Enhancements at 
Baseline Road  $0.04  $0.002  $0.002  $0.00  $0.04  $0.22  $0.01  $0.002  $0.004  $0.09  $0.37  $0.00  $0.37 
Improvements to Wellman 
Canal  $0.04  $0.002  $0.002  $0.00  $0.05  $0.00  $0.01  $0.002  $0.005  $0.02  $0.08  $0.08  $0.16 
Arapahoe Avenue Detention 
Pond  $3.87  $0.19  $0.19  $0.14  $4.39  $3.37  $0.66  $0.22  $0.44  $2.72  $11.80  $0.10  $11.90 

Total  $13.73  $0.69  $0.69  $0.70  $15.81  $6.76  $2.37  $0.79  $1.58  $7.90  $35.21  $1.00  $36.21 



 

SECTION 9 ENGINEERS RECOMMENDED PLAN  IX‐2   DRAFT SOUTH BOULDER CREEK MITIGATION REPORT_062012 

The mitigation of impacts to wetlands and other environmentally sensitive areas at a ratio in excess of one to one will 
have a beneficial impact on water quality. These mitigation areas, provided they are within the South Boulder Creek 
watershed, will promote infiltration and filtration of floodwaters and will store and attenuate flood flows while helping to 
expand and reestablish wetlands throughout the corridor. All these functions tend to reduce the generation and 
transport of contaminants. 

The Recommended Plan incorporates by reference all of the existing city programs that support the enhancement of 
stormwater quality. These include the various elements required by the city’s NPDES Stormwater Discharge Permit. 
These measures assure control of erosion from construction sites, provide public education and outreach programs and 
address other sources of pollution that may enter stormwater. 

Operations and Maintenance 
Most of the facilities proposed in the Recommended Plan are passive and will not require manual operation during flood 
events. All control structures, spillways, inlets and outlets function without any external user control. Operations during a 
flood will be limited to observations and inspections to monitor system performance. All of the facilities have been laid 
out so that permanent access is included to facilitate operations and maintenance. These access paths are typically 
located above the level of frequent flooding but may not be useable during periods of extreme flooding. This is not the 
case with the detention pond embankments, each of which has some access, generally from an adjacent roadway, that 
can be used for access during extreme events. 

All of the facilities will require routine maintenance to assure correct performance and longevity. For earthen 
embankments and open channels, this means periodic inspections, routine mowing of grasses, removal of trees and 
shrubs, and debris pickup. By performing this maintenance, conformance with design assumptions can be expected. It is 
expected that a majority of the facilities will be re‐vegetated with native grasses not requiring supplemental irrigation. 

Underground facilities like pipelines and culverts are generally designed with an expected service life in excess of 50 
years. However, periodic inspections are necessary to confirm that there are no unexpected failures and that no debris or 
sediment has been deposited that might affect hydraulic capacity. 

Surface facilities such as curb opening inlets require more frequent cleaning and debris clearing so that their full capacity 
remains consistent with the design assumptions. Some debris clogging has been incorporated into the hydraulic 
assumptions in accordance with the city’s drainage guidelines. A schedule of routine maintenance should be developed 
and enforced to assure correct function of these important hydraulic features. 

An operations and maintenance plan may be required for areas designated as compensatory wetlands or environmental 
mitigation. In most cases, the use of newly constructed wetlands and habitat areas for compensatory mitigation requires 
a long‐term commitment to operations to assure that facilities actually reestablish lost function and are sustainable. An 
operations plan should be developed and included in the design of any compensatory mitigation areas. 

Environmental and Safety Assessment 
Environmental Impacts 

The impacts to environmentally sensitive areas were evaluated and refined to avoid impacts to the extent practicable but 
in some cases impacts are unavoidable. Most of the improvements proposed avoid the main channel of South Boulder 
Creek that represents the majority of the South Boulder Creek State natural area, OSMP owned property, PMJM Habitat 
and riparian and wetlands vegetation . A summary of environmental impacts from the Engineers Recommended 
alternative can be found in Table 9‐2, Recommended Plan Environmental Impact. 

The location of facilities onto Open Space lands was the topic of considerable debate. During the public meetings, 
opinions were expressed favoring placement of facilities on Open Space lands rather than on private properties but 
others suggested that any activities on Open Space would be contradictory to the expressed purpose for those lands. 
During these discussions representatives from OSMP also indicated that a majority of OSMP lands also reside in the 
South Boulder Creek State Natural Area that was identified as area of potential impact. 

The impacts to Open Space lands will include permanent improvements such as embankments as well as temporary 
impacts that will be restored. The embankment footprint will result in a loss of function for that area. In general, the 

remaining areas of impact will not result in a loss of function for Open Space lands near the proposed facilities. These are 
largely floodplain lands that are subject to periodic inundation. The use of these lands for flood storage is a compatible 
use and the nature of the storage will be similar to the current periodic inundation that exists for relatively short 
durations on the Open Space lands. The nature of inundation is likely to be slightly longer and deeper but the 
improvements will not result in any permanent pools or standing water. The Recommended Plan will affect 
approximately 5.5 acres of Open Space land. In addition, the South Boulder Creek State Natural Area will have  5.4 acres  
of this area are impacted much of which is located on OSMP lands. The costs presented for the alternatives assume the 
purchase of these lands or compensation to OSMP through the purchase of comparable land.  

Impacts to threatened and endangered species are expected as part of the Recommended Plan. The two species noted 
are the Preble’s Meadow Jumping Mouse and the Ute Ladies’ Tresses Orchid. The Northern Leopard Frog is also a species 
of interest and impacts to those habitat areas have been identified. While every effort was made to reduce the impact of 
construction footprints and of permanent facilities, some impacts were unavoidable. Impacts to the Preble’s Meadows 
Jumping Mouse habitat areas were determined based on a comparison of the berm footprint including a 15‐foot wide 
maintenance access area to the U.S. Fish and Wildlife Service Critical Habitat Area as well as the city’s Conservation Zone. 
The proposed improvements affect about 1.6 acres of Critical Habitat Area and 7.1 acres of Conservation Zone. A 
majority of this impact is on Open Space land but some falls on the US‐36 right of way. For the purpose of defining the 
impacts to the Northern Leopard Frog, it was assumed their habitat is coincident with the OSMP defined wetland areas. 
This impact totals 3.6 acres for the Recommended Plan. The habitat area for the Ute Ladies’ Tresses Orchid is known to 
extend throughout the area. However, the sensitivity of this plant precluded OSMP from sharing a precise definition of 
the habitat area. Because of this, assumptions regarding the extent of impact needed to be made. It was concluded that 
the impact would be defined as the full extent of the permanent impact to Open Space land (5.5 acres). 

The Recommended Plan includes costs to mitigate the impacts through the development of compensatory mitigation or 
the purchase of land. Compensatory mitigation is proposed based on the impact of the permanent improvements to 
defined wetland areas and Critical Habitat areas. Purchase of land to replace lost areas within the Conservation Zone is 
also included in the project costs. The project costs include the purchase of the Granite property or a similar parcel with 
the hope that this land can be used as mitigation for impacts to the Conservation Zone. It is believed that this area is 
already suitable for habitat and that with minor enhancements could serve to replace any potential loss due to the 
implementation of the project. 

In addition, all disturbed lands will be restored to the extent possible. It is also hoped that some impacted areas can be 
enhanced during the restoration process. This may include the establishment of more suitable vegetation types or 
densities, grading changes to create more suitable habitat and the inclusion of other features that may promote wetland 
enhancements. 

TABLE 9‐2
Recommended Plan Environmental Impacts

Category  Impacted Area (Acres) 

OSMP Lands  5.5 

South Boulder Creek Natural Area Lands  5.4 

PMJM Critical Habitat Area  1.6 

PMJM Conservation Area  7.1 

Northern Leopard Frog Habitat  3.6 

Ute Ladies Tresses Orchid Habitat  5.5 

Regulatory Wetlands  0.0 

Riparian Vegetation  3.6 

Agricultural Lands  5.2 (Grazing Lands Only) 
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Safety 

Reducing the potential overtopping of US‐36 provides a significant safety benefit to the city of Boulder by maintaining 
corridors for emergency vehicle access and avenues for safe egress from flooded areas. The broader safety benefit of the 
regional storage at US‐36 is the reduction or elimination of the floodplain through the West Valley, and eliminating or 
minimizing those areas of the High Hazard Zone that encroach onto residential properties.  

In addition to controlling the 100‐year flood, the proposed improvements also reduce the threat of flooding from more 
frequent events. The West Valley improvements and those proposed near Arapahoe Avenue capture preventing the 
uncontrolled overtopping of Arapahoe Avenue and discharge flow through two outfalls to the Dry Creek No. 2 flood 
channel reducing the frequency and extent of nuisance flooding. 



FIGURE 9-1
Regional Detention at US-36
South Boulder Creek Flood Mitigation Report
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FIGURE 9-2
US-36 Detention
South Boulder Creek Flood Mitigation Report
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FIGURE 9-3
Arapahoe Avenue Detention
South Boulder Creek Flood Mitigation Report
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FIGURE 9-4
Manhattan Middle School Detention
South Boulder Creek Flood Mitigation Report
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FIGURE 9-5
West Valley Improvements
South Boulder Creek Flood Mitigation Report
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M E E T I N G  S U M M A R Y   
 

South Boulder Creek Progress Teleconference 
Meeting No. 1 Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Shea Thomas/UDFCD 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL  

FROM: CH2M HILL  

DATE: February 11, 2010 

 
Status of the Model 
The 8-meter model did not accurately portray the median barrier at US Highway 36.  The 
median barrier is important to the flooding characteristics so the bathymetry file is being 
updated to include the median barrier.  The 8-meter and cutoff model will be re-run with 
the new bathymetry. 

Alan Taylor’s Involvement 
During the meeting, it was reiterated that Alan Taylor’s involvement will be most beneficial 
to the project early in the process of the alternatives development to utilize his knowledge of 
the study area and problem areas.  The project team will include Alan on all email 
correspondence and get him involved in the bi-weekly calls.   

Review and Discussion of Preliminary Screening Matrix 
As a result of the initial project workshop, the matrix was modified in the following ways: 
 The lined flood channels solution was combined with the existing channel 

improvements. 
 Detention as a possible solution was divided into local and regional detention. 
 Acquisition of flood prone properties was determined to be limited to high hazard 

zones. 
 Flood proofing of critical facilities was separated from non-structural methods. 
 

Reach 1:  

 Development of a naturalistic channel was removed due to right-of-way constraints. 
 Installation of underground conduits is mostly viable except at the Viele Ditch where 

there are T&E species. 
 Limited structural improvements are generally viable except where the floodplain is 

broad. 
 Existing channel improvements are generally feasible except at the business park where 

there are regulated wetlands and at the Viele Ditch where there are T&E species. 
 The city is required to mitigate wetlands at a 2:1 ratio making it very hard to mitigate 

more than 1 acre of wetlands.  Any wetland categorized as highly functioning is 

ATTENDEES: 
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essentially untouchable.  Kurt Bauer will send CH2M HILL the GIS layer of highly 
functioning wetlands. 

 Regional detention considers detention upstream of US Highway 36. 
 Local (Sub-Regional) detention considers detention downstream of US Highway 36 

which is only possible in a few locations.  Local detention may or may not be online and 
is designed to address specific flooding issues such as the C-2 loading points. 

 Acquisition of flood prone properties will not be considered within this reach because 
no structures are within the high hazard zone. 

 Non structural methods include not allowing owners to re-build in the floodplain, 
education, and a warning system.  For non-critical facilities, it will be up to the owner to 
perform flood proofing.  This solution will be included as part of the baseline 
alternative. 

 Flow diversion is defined as redirecting the flow, probably towards the mainstem of 
South Boulder Creek.  This solution was previously called relocation of channels.  Flow 
diversion can be open channel or an underground conduit. 

 

Reach 2: 

The discussion of the matrix for Reach 2 was similar to the discussion of the matrix for 
Reach 1. 

In an email, Chuck Howe suggested raising the berm at Foothills Parkway to reduce the 
flooding in the West Valley.  CH2M HILL will respond to Chuck saying that this possible 
solution will be evaluated as part of the potential solutions matrix.  Other possible solutions 
will only be added to the matrix if they do not fit specifically into a category on the existing 
matrix. 

Comments on the Matrix 

The project team must be sure to include all the potential solutions presented in the Taggart 
study as potential solutions in the matrix.  An on-stream reservoir would be included in the 
regional detention solution.  By not going into specifics in defining the potential solutions at 
this time, it allows the project team to look at a variety of different alternatives within each 
potential solution.  CH2M HILL will use the MIKE FLOOD cutoff model to determine the 
maximum volume of water that must be stored to eliminate the overtopping of US Highway 
36 and flooding in the West Valley from the mainstem of South Boulder Creek. 

Initial Public Meeting/ Open House 
The preliminary plan is to hold the first public meeting on Wednesday, March 3rd 2010 from 
5:30 – 7:30 PM in the East Boulder Recreation Center.  The public meeting will begin with a 
short presentation (~1/2 hour) followed by an open house style setting with three or four 
stations.   

Presentation of Costing Information for Preliminary Screening of Alternatives 
The screening process will be used to determine how potential alternative elements compare 
to each other.  The project team will use general cost approaches such as assigning detention 
ponds a cost per acre-ft or assigning culverts a cost per square foot per linear foot.  A cost 
benefit analysis will be performed for each included in the screening process. 
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For Fourmile Canyon Creek, Love and Associates and Icon Engineering produced vastly 
different benefit-cost ratios.  For South Boulder Creek, the FEMA BCA model will be used.  
CH2M HILL will look into the depth-damage curves from the FEMA BCA model and 
compare to the depth-damage curves used damage estimates from the risk assessment.  If 
the depth-damage curves are substantially different, an adjustment factor may be used. 

Flood Threat from Lower Basin Storm 
During the kick off meeting, there were questions as to whether the peak flow and 
maximum flooding extents seen in the West Valley come from a thunderstorm upstream 
over the mainstem of South Boulder Creek (South Boulder Creek floodplain study) or from 
a similar thunderstorm placed directly over the C-2 Basin (HDR XPSWMM Analysis).  The 
results of the cutoff model will be compared with the HDR XPSWMM Analysis to 
determine the differences in the flooding extents in the West Valley between the two 
approaches.  CH2M HILL will also compare the hydrographs at the C-2 loading points from 
the two approaches. 

Discount Rate 
FEMA requires a discount rate of 7% for flood mitigation projects to receive FEMA grant 
money.  UDFCD typically uses a discount rate of around 3.5%.  It was agreed upon that a 
discount rate of 7% would be used for this project. 

Action Items 
 Kurt Bauer will provide CH2M HILL with the highly functional wetlands GIS layer and 

a map of the siren coverage in the study area. 

 The first public meeting will be scheduled for Wednesday, March 3rd from 5:30 – 7:30 
PM in the East Boulder Recreation Center. 

 Kurt Bauer will send CH2M HILL the correspondence between Icon Engineering and 
Love and Associates regarding the FEMA BCA model. 

 CH2M HILL will look into the depth-damage curves from the FEMA BCA model and 
compare to the depth-damage curves used damage estimates from the risk assessment. 

 CH2M HILL will compare the hydrographs at the C-2 loading points from the cutoff 
model with the hydrographs from the HDR XPSWMM Model. 

 The project team will include a regional detention alternative that does not utilize the 
CU property in the alternatives analysis. 

 Shea Thomas will send the project team the UDFCD Master Plan Cost Spreadsheet. 

 CH2M HILL will continue working with Eric Fontenot at DHI to complete the cutoff 
model. 
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M E E T I N G  S U M M A R Y   
 

SBC Flood Mitigation Study - Progress Teleconference 
#2 Meeting Notes 

Bob Harberg / City of Boulder 
Kurt Bauer / City of Boulder 
Shea Thomas / UDFCD 
Alan Taylor / Alan Taylor 

Consulting 
Mark Glidden / CH2M HILL 
Alan Taylor / CH2M HILL 
Aaron Cook / CH2M HILL

FROM: CH2M HILL  

DATE: February 23, 2010 

 

Review of Past Meetings Actions Items 
 CH2M HILL received the functional wetlands and siren coverage GIS layers form the 

City of Boulder 
 The first public meeting has been scheduled for March 3, 2010 in the Flagstaff Room of 

the East Senior Center from 5:00 PM – 8:00 PM 
 Kurt Bauer sent CH2M HILL correspondence between Icon Engineering and Love and 

Associates regarding the FEMA BCA model. 
 CH2M HILL will look into the depth-damage curves from the FEMA BCA model and 

compare to the depth-damage curves used damage estimates from the risk assessment. 
 CH2M HILL has reviewed the hydrology for the C2 basin loading between the SBC 

Study and the lower basin thunderstorm. 
 The project team is looking into regional detention sites that do not utilize the CU 

property. 
 Shea Thomas sent the project team the UDFCD Master Plan Cost Spreadsheet. 
 The MikeFlood cutoff model is complete. 
 

Review of Lower Basin Hydrology vs. SBC Hydrology for C2 Basin Loading 
CH2M HILL presented a spreadsheet to the team showing the C2 sub-basin loadings from 
the MikeFlood Floodplain Study, the MikeFlood Lower Storm Center Analysis, and the 
HDR XPSWMM Analysis.  For the MikeFlood Analysis, the sub-basin loading was extracted 
from the MikeFlood regulatory model.  Only the peak flows in the C2 basin were available 
for the Lower Storm Center Analysis and the XPSWMM Model.  The peak flow from the C2 
basin was apportioned using the same ratio as in the MikeFlood Regulatory Model to 
determine the peak flow at each C2 sub-basin.   

The project team is still looking for the 5-year peak flow rates from the City of Boulder 
Stormwater Master Plan for comparison.   

After looking at the spreadsheet, the team decided infrastructure in the West Valley will be 
sized according to the peak flows from the MikeFlood Lower Storm Center Analysis.  All 
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damage estimates from the floodplain study are based on the results of the regulatory 
model so there may not be a direct comparison between the damage estimates from the 
floodplain study and the damage estimates for the flood mitigation study.  The 500-year 
damage estimates from the floodplain study may approximate the 100-year peak flows in 
the lower storm center analysis.   

Review of Cutoff Model Results 
The cutoff model was presented to the project team as depth of flow versus time step.  The 
sinks in the model were set up downstream of US Highway 36 to collect any overtopping 
flows.  The cutoff model was set up to contain flows overtopping US Highway 36 and flows 
from the Viele Ditch and New Anderson Ditch.  This model is mean to replicate storage 
upstream of US Highway 36 which would also store flows in the Viele Ditch and New 
Anderson Ditch.   

The cutoff model shows that there are some localized flooding issues in the West Valley but 
storage upstream would control most of the damages in the West Valley.  CH2M HILL will 
determine the volume of water that is being cutoff which will represent the volume of 
detention required upstream of US Highway 36 to prevent overtopping.  This will be done 
by cutting transects in the MikeFlood model.   It should be noted that the cutoff model 
includes the median barrier and additional storage will be required if the east bound lane of 
US Highway 36 cannot overtop. 

For the public meeting, one or two screenshots from the cutoff model will be presented to 
show the maximum extents of flooding in the West Valley with no flow overtopping US 
Highway 36. 

Updated Alternatives Matrix 
CH2M HILL refined the previous matrix with additional details.  The routine maintenance 
alternative was removed from the matrix as it will be included in all alternatives.  The 
naturalistic channels alternative was also removed because it is not possible to place a 
naturalistic channel in the West Valley due to right-of-way constraints.  CH2M HILL will 
send the updated matrix to the project team for review.  

The project team looked specifically at the West Valley between US Highway 36 and 
Baseline Road.  In this area, the Stormwater Master Plan recommends increasing the 
capacity of storm sewers and the City of Boulder would like the project team to include 
these recommendations.  CH2M HILL will look into the Stormwater Master Plan to 
determine if a BCA was performed or if damage estimates are presented. 

Public Meetings 
For the public meeting, four GIS figures will be presented; Above US Highway 36, from US 
Highway 36 to Baseline Road, from Baseline Road to Arapahoe Avenue, and North of 
Arapahoe Avenue.  During the public meeting, Alan Taylor, Mark Glidden, Alan Turner, 
and a representative from the City of Boulder will each be stationed at one board to answer 
questions from the public.   
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Next Steps 
 

 

Action Items 
 CH2M HILL will review the correspondence between Icon Engineering and Love and 

Associates regarding the FEMA BCA model. 

 CH2M HILL will look into the depth-damage curves from the FEMA BCA model and 
compare to the depth-damage curves used damage estimates from the risk assessment. 

 The project team is looking for the 5-year peak flow rates from the City of Boulder 
Stormwater Master Plan for comparison.   

 All infrastructure in the West Valley will be sized according to the results of the 
MikeFlood Lower Storm Center Analysis (Qpeak = 1100 cfs). 

 CH2M HILL will determine the volume of water that is being cutoff which will 
represent the volume of detention required upstream of US Highway 36 to prevent 
overtopping.  This will be done by cutting transects in the MikeFlood model. 

 CH2M HILL will send the updated matrix to the project team for review. 

 CH2M HILL will look into the City of Boulder Stormwater Master Plan to determine if a 
BCA was performed or if damage estimates are presented. 

 CH2M HILL will send the four GIS figures to the project team for review.   
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M E E T I N G  S U M M A R Y   
 

SBC Progress Meeting March 26, 2010 
City of Boulder

FROM: CH2M HILL 

DATE: April 7, 2010 

Presentation of Alternatives 
This meeting was conducted with Kurt Bauer from the City of Boulder and Alan Turner, 
Mark Glidden and Aaron Cook from CH2M HILL to discuss proposed South Boulder Creek 
Mitigation Plans, design hydrology and progress forward with the project. Four alternative 
drainage corridors were presented which were assembled from the element-screening 
matrix and generally followed the recommendations from the City of Boulders Stormwater 
Master Plan. The four corridors are described below. 

1. Dry Creek No. 2 Ditch Alternative – This alternative uses Dry Creek No. 2 Ditch as the 
primary conveyance corridor for the drainage of flood waters from the West Valley (See 
Attached Figure  Upstream Storage Dry Creek No 2 Ditch Alternative) 

2. New Conveyance Alternative – This alternative adds additional major conveyance 
through the West Valley South of Baseline Road to Boulder Creek (See Attached Figure  
Upstream Storage New Conveyance Alternative) 

3. Bear Canyon Creek Alternative – This alternative allows diversions of Wellman Ditch 
overflow as and overflows along Foothills Parkway to be diverted to Bear Canyon Creek 
(See Attached Figure  Upstream Storage Bear Canyon Creek Alternative) 

4. High Hazard Alternative – This alternative removes the two structures identified in the 
high hazard zone and utilizes pipes to remove these structures from the High Hazard 
Zone (See Attached Figure High Hazard Alternative) 

These four general alternatives will be assessed for two separate conditions: 

1. Detention Upstream of US-36 

2. No Detention Upstream of US-36 

and for the most conservative flow conditions between the following: 

1. 10-year to the 500-year regulatory flows 

2. 5-year to 100-year Lower Storm Center Flow Analysis 

In addition to the above Kurt emphasized the need to locate a detention alternative outside 
of the CU property.  Review of the topography and floodplain boundaries indicated that 
there could be a potential site for off line detention downstream of SH-93 and up stream of 
the CU Property on the left bank of South Boulder Creek.  This detention site will utilize 
overflows and existing culverts under SH-93 to funnel overflows to the detention site until 
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the flows could be released back to South Boulder Creek.  The project team is continuing to 
determine the feasibility of this option. 

In addition to additional detention sites, a review of options along the mainstem were 
requested to be reviewed. To begin this process CH2M HILL will create a levee MIKE 
FLOOD model to determine the downstream effects of channelizing flow through US-36 
downstream along the mainstem of South Boulder Creek.  To accomplish this it will be 
assumed that the Existing CU Levee will be extended to US-36 to prevent overflows to the 
west.  Currently this model is being reviewed by DHI for correctness. 

Review of Future Progress 
In order to understand how current work will be used in conjunction with future MIKE 
FLOOD runs a review of preferred alternatives to be reviewed was completed.  The Best 
Alternatives to be modeled in MIKE FLOOD and included in detailed cost benefit analysis 
will include: 
 

1. High Hazard Alternative that includes conveyance to remove homes from the High 
Hazard Zone 

2. High Hazard Alternative that includes acquisition of the High Hazard Zone properties 

3. Detention at the CU property with conveyance improvements through the West Valley 

4. Detention at the outside the CU property with conveyance improvements through the 
West Valley 

5. Conveyance through the West Valley assuming no detention and designed for the full 
South Boulder Creek overflows. 

6. An alternative that includes conveyance through the West Valley for 10 – year to 100-
year flow rates obtained fort the City of Boulder Stormwater Masterplan. 

7. An  alternative that includes improvements to the mainstem of South Boulder Creek to 
eliminate or minimize flooding through the West Valley. 

The conveyance improvements will include the best plan chosen after an analysis of the 
alternatives from above. 

Design Hydrology 
A review of the memorandum of understanding regarding design flow rates.  The 
discussion has lead to a review of the flowrates and an update of the memorandum of 
understanding.  The memorandum will be revised and presented during the next progress 
meeting. 
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SBC Flood Mitigation Study - Progress Meeting #5 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Alan Taylor/Alan Taylor 
Consulting 

FROM: CH2M HILL  

DATE: April 14, 2010 

 
Presentation of Preliminary Alternatives and Drainage Corridors 
High Hazard Alternative: Two options were considered for the high hazard alternative; (1) 
removing structures from the high hazard zone with improved conveyance and (2) 
purchasing structures in the high hazard zone.  In the West Valley there are only two 
structures in the high hazard zone, both near the overflow of US-36 into the West Valley.   

The goals of the high hazard alternative will not include removing all high hazard zones 
from the study area.  The City of Boulder plans to use a flood warning system in place of 
removing all high hazard zones. 

Critical Facilities: critical facilities are to include any facilities that have hazardous material 
on site, such as the chemical facility or gas stations, in addition the critical facilities already 
included in the alternative plans (schools, daycares, assisted living centers, etc.).  Kurt Bauer 
will provide CH2M HILL with the City of Boulder GIS layer of critical facilities.   

Alternative Alignments:  Three possible alternative alignments for conveyance 
improvements within the West Valley have been established.   

1) Dry Creek Ditch #2 Alignment – drive all flows to Dry Creek Ditch #2.  Includes 
improvements at Arapahoe Avenue. 

2) Bear Canyon Creek Alignment – divert flows along Foothills Parkway to Bear 
Canyon Creek.  Removes some pressure from Dry Creek Ditch #2.  Improvements at 
Arapahoe Avenue are still needed.  May be some issues with trans-basin diversion. 

3) New Conveyance Alignment – divert flow through a new conveyance between 
Foothills Parkway and 55th Street.  Removes some pressure from Dry Creek Ditch #2.  
Improvements at Arapahoe Avenue are still needed.  Possible impacts to private 
property. 

 

ATTENDEES: 

SBC FLOOD MITIGATION STUDY - PROGRESS MEETING #5 NOTES 

SBC_PROJECT_MEETING_5_NOTES  2 
COPYRIGHT 2010 BY CH2M HILL, INC. • COMPANY CONFIDENTIAL 

Review of Field Visit with Kurt Bauer and Alan Taylor on April 8, 2010 
Kurt Bauer is interested in storage within the West Valley.  Possible locations for storage 
include Manhattan Middle School and other parks.  Kurt also expressed interest in 
preventing overflows of South Boulder Road, Baseline Road, and Arapahoe Avenue by 
creating a 3’ to 4’ structural barrier that would allow water to pond upstream of the road.  
The structural barrier could be used to separate bike trails from vehicle traffic.  At Arapahoe 
Avenue, an underpass could be constructed for bike traffic and flood conveyance.   

Constraints determined during the field visit: 

 Due to right of way constraints, the pipe north of Manhattan Middle School from Tenino 
Avenue to Baseline Road cannot be modified.   

 Dry Creek Ditch #2 between Baseline Road and the Wellman Canal cannot be modified 
due to the number of trees around the ditch. 

Report of Design Hydrology and Hydrology Memorandum 
The hydrology Technical Memorandum has been finalized and includes peak flows at C2 
loading points.  The peak flows that will be used to size infrastructure are a combination of 
flows loaded directly at the C2 loading point plus the flows loaded at loading points 
upstream.  This approach is similar to a typical master planning approach where a one-
dimensional model is used. 

Report on Alternate Detention Sites 
Two alternatives were evaluated for detention upstream of US-36 without impacting the CU 
South Property.   

Option 1 

 Between CU property and US 93 
 Excavate South Boulder Creek overbank to allow overflows to reach detention pond 
 Dry Creek Ditch #2 would also contribute to storage in detention pond 
 Approximately 320 acre-ft 
 Downstream depth is approximately 15 feet, embankment depth is approximately 18 

feet 
 Positives to option 1; no water rights issues 
 Negatives to option 1; impacts to open space and private property 
 

Option 2 

 Between CU property and US 93, similar to option 1 
 Excavate South Boulder Creek overbank to allow overflows to reach detention pond 
 Dry Creek Ditch #2 would also contribute to storage in detention pond 
 Approximately 320 acre-ft 
 Downstream depth is approximately 8 feet, embankment depth is approximately 11 feet 
 More extensive berm on the west side 
 Positives to option 1; lower embankment height, no impacts to private property 
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 Negatives to option 1; impacts to open space, would need low flow channel for decreed 
flows in Dry Creek Ditch #2. 

 

Both options are off-channel detention alternatives and do not require a Probable Maximum 
Flood (PMF) spillway.  It was suggested during the meeting that the west berm be along 
Marshall Road and that the north berm could be aligned with an existing trail to minimize 
the disturbance to open space. 

Schedule 
The Best Alternative Workshop was tentatively scheduled for April 26th, but has been 
moved to the afternoon of May 11th at the 13th Street Conference Room in Boulder.  Over the 
next two weeks, CH2M HILL will size facilities to create the best alternative plans based on 
the three alignments presented above.  CH2M HILL will then evaluate each plan using a 
benefit-cost analysis.  The seven best alternative plans are tentatively as follows: 

1. High Hazard Alternative that includes conveyance to remove homes from the High 
Hazard Zone 

2. High Hazard Alternative that includes acquisition of properties within the High 
Hazard Zone 

3. Detention at the CU property with conveyance improvements through the West 
Valley 

4. Detention outside of the CU property with conveyance improvements through the 
West Valley 

5. Conveyance through the West Valley assuming no detention and designed for full 
South Boulder Creek overflows 

6. An alternative that includes conveyance through the West Valley for 10- year to 100-
year flow rates obtained from the City of Boulder Stormwater Master Plan 

7. An alternative that includes improvements to the mainstem of South Boulder Creek 
to eliminate or minimize flooding through the West Valley. 

The project team is still evaluating alternatives and each alternative can include a number of 
different options.  For example, alternative 4 may include multiple storage options, multiple 
storage volumes, and different alignments for improvements through the West Valley. 

This best alternative plan information will be presented at the next bi-weekly teleconference.  
This will allow the project team to have a discussion and provide input on the best 
alternative plans.  The information will then be presented to stakeholders at the workshop 
on May 11th.   

Damage Estimates 
The BCA uses a discharge/damage relationship.  The South Boulder Creek Risk Analysis 
used a depth/damage relationship at each structure.  CH2M HILL is still working on the 
damage estimates.   

Appendix A A-11



 

SBC_PROJECT_MEETING_6_NOTES  1 
COPYRIGHT 2010 BY CH2M HILL, INC. • COMPANY CONFIDENTIAL 

M E E T I N G  S U M M A R Y   
 

SBC Flood Mitigation Study - Progress Meeting #6 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
 
 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Alan Taylor/Alan Taylor 
Consulting 

FROM: CH2M HILL  

DATE: April 28, 2010 

Action Items from the Progress Meeting 
 CH2M Hill will send out a packet of information to the project team and 

stakeholders prior to Workshop #3.  This packet will include an agenda for the 
meeting, alternatives figures, and a summary of work to date. 

 CH2M Hill will modify the figure showing detention south of the CU property to 
include City of Boulder open space and an outlet to the pond. 

 The City of Boulder will meet with Don D’Amico, Open Space, to discuss the 
detention pond south of the CU property on City of Boulder open space. 

 CH2M Hill will run a MIKE FLOOD Model to see if the detention pond south of the 
CU property prevents overtopping of US 36.   

 CH2M Hill will size an outlet to the detention pond at Arapahoe Avenue if the 
culvert outlet does not include a bike path crossing. 

 The City of Boulder will engage a representative from Manhattan Middle School to 
discuss the possibility of a local detention pond at the school. 

Water Resources Advisory Board (WRAB) Meeting 
CH2M Hill is scoped to attend an initial and final WRAB meeting and will assist Kurt Bauer 
in creating figures and providing the advisory board with the necessary information. 

Review Outline for Workshop #3 
After reviewing the draft outline, it was suggested that some of the information be sent to 
the stakeholders and project team prior to the workshop.  Items to be sent out prior to the 
workshop include figures and a summary of work to date.  Some attendees at the workshop 
such as representatives from WRAB, City of Boulder Open Space, and CU may not be 
interested in the technical aspects of how the project team arrived at the best plans.  The 
project team will determine the best way to package the information so it isn’t too technical 
and the package will be sent around May 5th to give the stakeholders a few days to review. 
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Review highlights of preferred plans 
Storage south of CU property: 
In the current configuration, the detention pond south of the CU property is approximately 
300 acre-ft, has a 12’ berm, and is mostly on City of Boulder Open Space.  Some excavation 
would be required.  CH2M Hill will run a MIKE FLOOD model to determine if this 
detention pond would prevent the US 36 overtopping during the 100-year flood.  Kurt 
Bauer suggested that an outlet to the pond and open space be added to the figure showing 
the detention pond.  Representatives from the City of Boulder will discuss this alternative 
with Don D’Amico, City of Boulder Open Space.   

Storage at Arapahoe Avenue: 
The City of Boulder Parks department is ok with the concept of storage at Arapahoe Avenue 
on the golf course.  CH2M Hill will determine the size required for the outlet culvert if it is 
not used as a bike path crossing.  Kurt Bauer will coordinate with the Parks department 
regarding the underpass outlet to the pond.  The channel north of Arapahoe is private 
property and would require a drainage easement.   

Local Storage in the West Valley: 
The maximum storage available at Manhattan Middle School is approximately 60 acre-ft.  
The City of Boulder will involve a representative from the school to discuss this alternative.  
CH2M Hill will create a figure showing detention at Manhattan Middle School similar to the 
figure showing the detention pond south of the CU property.  At the middle school, there is 
the possibility to have different levels of inundation where different fields are inundated at 
different flood levels. 

The maximum storage available at the Foothills Parkway and Baseline Road intersection is 
approximately 9 acre-ft.  The maximum storage available at Baseline Road is approximately 
37 acre-ft but a berm would have to be constructed on open space to make this alternative 
work. 

In an alternative that include storage upstream of US 36 to prevent overtopping and local 
storage in the West Valley, most of the infrastructure along Dry Creek and in the West 
Valley does not need to be improved.   

Status of Cost Benefit Analysis 
CH2M Hill has replicated HRD’s damage estimate and reviewed UDFCD’s criteria for cost 
benefit analysis.  CH2M Hill will present the results of the cost benefit analysis at the 
workshop. 

Hydrology 
Hydrology will be discussed with Kurt Bauer in greater detail outside of this progress 
meeting.  Below is a summary of flows that will be evaluated for improvements in the West 
Valley: 
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 Regulatory Model Flows – determined from the MIKE FLOOD model in which 
overtopping of US 36 occurs.  Large pipes through the West Valley are required to 
convey the 100-year Regulatory Model Flows. 

 Lower Storm Center Flows – the 100-year peak flows from the Lower Storm Center 
analysis are greater than the 10-, 25-, and 50-year peak flows from the Regulatory 
Model.   

 Stormwater Master Plan Flows – the 5-year peak flows from the Stormwater Master 
Plan are larger than the 10-year peak flows from the Regulatory Model because the 
Stormwater Master Plan thunderstorm was centered over the West Valley where as 
the thunderstorm for the Regulatory Model was centered upstream over the South 
Boulder Creek mainstem.  The 5-year peak flows from the Stormwater Master Plan 
represent the lowest values that will be evaluated. 

Levee Model 
CH2M Hill successfully ran a levee model in MIKE Flood.  The levee to prevent overtopping 
of US 36 causes an increase in depth of approximately 0.1 meters for most of the South 
Boulder Creek mainstem north of US 36, although larger increases in depth are seen at some 
locations such as downstream of Arapahoe Avenue.  The outlet to Leggett Reservoir 
overflows in the levee model.  It was pointed out during the meeting that an increase in 
high hazard zones is likely for this alternative. 

Next Steps 
CH2M Hill and Kurt Bauer will meet on April 30 to discuss the hydrology, alternatives, cost 
benefit analysis, and workshop #3 agenda in more detail.  Workshop #3 is schedule for May 
11.  The project team may decide to cancel the progress meeting schedule for May 12.   
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SBC Flood Mitigation Study - Progress Meeting #7 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
 
 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Alan Taylor/Alan Taylor 
Consulting 

FROM: CH2M HILL  

DATE: May 26, 2010 

Action Items from the Progress Meeting 
 CH2M Hill will develop a conceptual sketch showing a revised detention pond at 

Marshall Road.  This pond will not require excavating more than 5 feet and will not 
require a berm greater than 10 feet. 

 Alan Turner will send an updated schedule to the project team. 

Review of Detention Alternatives Upstream of US-36 
The City of Boulder asked CH2M Hill to evaluate two alternatives for regional detention 
upstream of US-36.  Specifically, CH2M Hill was asked to evaluate storage at the gravel pits 
south of the CU property and at a property adjacent to Marshall Road.  Neither of these 
parcels is located on the City of Boulder open space land. 

Storage at Gravel Pits 
To prevent overtopping of US-36 with storage upstream of US-36, approximately 500 acre-
feet of storage is required.  The gravel pit parcel is approximately 25 acres in area and is 
located south of the CU property.  Because the total area of the parcel is relatively small, the 
depth of storage required is approximately 30 feet.  This pond would be filled from Dry 
Creek Ditch No. 2 and outlet via a gravity pipe to South Boulder Creek.  Due to high 
groundwater in the area, the pond would most likely be constructed by excavating between 
5 and 10 feet and constructing a berm between 20 and 25 feet. 

Storage at Marshall Road 
The parcel at Marshall Road is approximately 23 acres and requires a storage depth of 
between 30 and 35 feet to store the 500 acre-feet required to prevent overtopping of US-36.  
This pond would be filled from Dry Creek Ditch No. 2 and overflows from South Boulder 
Creek.  The pond could outlet to Dry Creek Ditch No. 2 or South Boulder Creek.  Similar to 
the pond alternative at the gravel pits, this pond would most likely be constructed by 
excavating between 5 and 10 feet and constructing a berm between 25 and 30 feet to prevent 
groundwater issues and allow it to drain via gravity flow. 
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The City of Boulder requested that CH2M Hill evaluate a variation of the storage at 
Marshall Road that extends partially onto City of Boulder open space.  The project team 
agreed that it would not be possible to construct a 500 acre-foot detention pond with either 
excavating or constructing a berm on City of Boulder open space, although representatives 
from open space have stated that excavation or construction of a berm on open space would 
not be permitted.  The City of Boulder suggested that the maximum excavation for this 
variation be 5 feet and the maximum berm height be 10 feet.  This pond would be 
approximately double the area of the parcel adjacent to Marshall Road.  CH2M Hill will 
develop a conceptual sketch showing the revised location of the storage pond at Marshall 
Road.  Expanding the Marshall Road detention pond may also protect the trailer park 
located just east of Marshall Road. 

The project team agreed that the Marshall Road and gravel pit detention alternatives are not 
feasible in the current configurations.  These alternatives will no longer be considered in the 
alternatives analysis.   

CU Detention 
Kurt Bauer, Mark Glidden, and Alan Turner met with Jeff Lipton from CU to discuss the CU 
detention option.  Jeff stated that CU is willing to be flexible with the design of their 
property but any plan must maintain the developable footprint and the access road to the 
property is a constraint.  CH2M Hill has identified a new alternative for CU storage which 
moves the storage to the east side of the property and builds up the rest of the land on the 
property to remove it from the floodplain.  The existing levee would be removed and an 
embankment would be built up along the west side of the detention pond to match the 
elevation of the access road. 

In the MIKE FLOOD Model, the Table Mesa Pond stores flow from the Table Mesa loading 
points as well as overflows from the Viele Channel.  This pond is still inundated in the new 
CU detention alternative.  The Table Mesa Pond can’t be drained via gravity flow to the 
New Anderson Ditch because the pond is at a lower elevation than the ditch resulting in 
dead storage in the pond.  It may be possible to drain the pond to Viele Channel near South 
Boulder Creek via gravity flow.   

FEMA BCA Benefit Cost Analysis Update 
Alan Turner and Kurt Bauer met with representatives from FEMA and determined that we 
can use the FEMA BCA software without flow rates.  The HAZUS model will be used and 
the approach will be similar to the approach taken by HDR.   

Modeling 7 Best Alternatives  
CH2M Hill is in the process of modeling the 7 best alternatives in MIKE FLOOD.  CH2M 
Hill is running the detention alternatives and only experiencing a few minor issues.  Eric 
Fontenot/DHI is helping to solve some of these minor issues.  By looking at the 
intermediate results files, it is apparent within a day or so whether a detention pond model 
will work or not, saving some time from the 3 days it takes to run the full regulatory model. 
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Next Steps 
 Alan Turner will send an updated schedule to the project team. 

 Kurt Bauer will set up a meeting with FEMA either the first or second week of June. 

 The City of Boulder will meet with the representatives from open space to discuss the 
new pond configurations. 

 The City of Boulder will schedule a meeting with Jeff Lipton/CU to discuss outstanding 
issues. 

 The City of Boulder is scheduled to present the South Boulder Creek Master Plan 
progress to the Water Resources Advisory Board (WRAB) on June 21, 2010.  The 
materials to be presented are due to the WRAB on June 11, 2010 and to Bob Harberg and 
Annie Noble for review prior to June 11, 2010.   

 CH2M Hill will continue to run MIKE FLOOD models including the south of CU 
detention model. 

 Kurt Bauer will attempt to contact a representative from Manhattan Middle School to 
discuss detention at the school.  
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SBC Flood Mitigation Study - Progress Meeting #8 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
 
 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Alan Taylor/Alan Taylor 
Consulting 

FROM: CH2M HILL  

DATE: June 9, 2010 

Review of Storage Options above CU 
The newest option for storage for storage south of CU uses as much private property as 
possible with as limited impact to open space as possible.  The maximum berm height is 10 
feet and the maximum excavation in the pond is 5 feet.  The 10 foot berm height does not 
include the 3 feet required for the spillway.  This detention pond alternative provides 
approximately 420 acre-ft of storage and covers approximately 38 acres, 11.5 of which are 
located on City of Boulder open space.  The pond outlets to Dry Creek through a 6’ x 4’ 
concrete box culvert and to South Boulder Creek through 5 – 7’ x 5’ concrete box culverts.  
This pond is a peak shaving pond which is why the outlet to South Boulder Creek is so 
large.  The pond fills from Highway 93 overflows and the pond is placed at a location that is 
already in the floodplain.  This detention pond has limited impact to wetlands, does not 
impact Boulder County Critical habitat, but does impact three private parcels which would 
have to be purchased to construct the pond. 

Kurt Bauer will meet with Don D’Amico to discuss this concept for storage south of CU.  In 
this meeting, Kurt will reiterate that we can include additional wetland areas within the 
pond and that the City of Boulder will gain approximately 25 acres of open space if this 
pond is constructed.  

Modeling 7 Best Alternatives 
The MIKE FLOOD modeling is working as expected with a few minor modifications to the 
plans presented at the last workshop.  CH2M Hill has successfully modeled the detention 
pond at Arapahoe Avenue alternative, the CU storage alternative, the high hazard 
alternative, the and is working on the other alternatives.  The number of MIKE FLOOD 
models that can be modeled concurrently limits the modeling effort.  CH2M Hill will meet 
with Kurt Bauer and Alan Taylor next week to discuss the results of the modeling effort. 

FEMA BCA Benefit Cost Analysis Update 
Kurt Bauer and Alan Turner met with FEMA and the Colorado Department of Emergency 
Management (CDEM) to discuss the benefit cost analysis used by HDR for the floodplain 
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mapping study.  Both FEMA and CDEM agreed that the project team can proceed with the 
same procedure as was used by HDR.  Alan Turner will document the benefit cost analysis 
procedure in a technical memorandum and send to the project team.   

PDM Grant 
The CDEM is interested in the City of Boulder submitting for a PDM grant this year, 
specifically for the detention pond at Flatirons Golf Course/ Arapahoe Avenue.  CDEM has 
agreed to split the cost to check the first floor elevations throughout the West Valley.  The 
first floor elevations were originally surveyed via a window survey by HDR.  CDEM did 
not specify how many structures need to be surveyed to confirm that the window survey is 
accurate.   

Schedule 
The recommended plan workshop will be moved back by approximately one month to 
around July 28, 2010.  This will allow CH2M Hill to complete the modeling and BCA 
analysis prior to the workshop.  The City of Boulder agrees that this is a good idea. 

CH2M Hill will not be attending the WRAB meeting.  This WRAB meeting is an internal 
update for WRAB members and CH2M Hill will attend the first of two WRAB meetings in 
late August or early September. 

Next Steps 
 CH2M Hill will coordinate a meeting with Jeff Lipton (CU) to discuss the CU 

detention alternative. 

 Kurt Bauer will meet with Don D’Amico (City of Boulder Open Space) to discuss the 
south of CU detention alternative. 

 Kurt Bauer will meet with representatives from Boulder Valley School District to 
discuss the detention pond at Manhattan Middle School. 

 Kurt Bauer, Alan Taylor, and CH2M Hill will meet next week to discuss the results 
of the modeling effort. 
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SBC Flood Mitigation Study - Progress Meeting #9 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Shea Thomas/UDFCD 
Alan Taylor/Alan Taylor 
Consulting 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: June 23, 2010 

Land Acquisition Costs 
The project team agreed that the land acquisition costs are as follows: 

 Detention Ponds - $36,000/ acre 

 Drainage Easements for Pipelines – 0.5 * Land Cost/SF 

 Drainage Easements for Open Channels – 0.9 * Land Cost/SF 

The land acquisition costs for detention ponds may be modified when more information is 
gathered from stakeholders such as CU and Boulder Valley School District. 

The following table shows approximate land values in Boulder.  This information was 
provided by the City of Boulder. 

TABLE 1 
Approximate Land Value Costs for Boulder 

Zone 
Code Description $/SF 

AG Agricultural 0.8 

PU Public 19 

RB Regional Business 180 

CB Community Busintess 39 

HD High Density Residential and Mobile Home 50 

MD Medium and Mixed Density Residential 36 

LD Low Density and Rural Residential 22 

IND Industrial 15 
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Review of BCA 
CH2M Hill has reviewed both the United States Army Corps of Engineers (USACE) and 
HAZUS curves.  The curves are similar and CH2M Hill will proceed with using the HAZUS 
curves for damage estimates to be consistent with the work performed by HDR.   

The assessed structure values are currently approximately 15% higher than the assessed 
structure value presented by HDR in 2007.  CH2M Hill will use the same procedure as HDR 
with the new assessed structure values.   

Modeling Progress 
CH2M Hill is currently approximately 85% complete with the MIKE FLOOD Modeling and 
running 3 models concurrently.  CH2M Hill will create a PDF of the resulting floodplain for 
the CU detention pond with local detention in the West Valley alternative to share with the 
project team.  Some of the alternatives have included minor modifications from the plans 
presented in the last workshop but nothing significant. 

WRAB Meeting 
Kurt Bauer presented to WRAB last week and did not receive a lot of direction from the 
WRAB representatives.  Representatives from WRAB wanted a list of the critical facilities 
proposed for flood proofing in the high hazard/critical facilities alternative and this list was 
provided by CH2M Hill.  Only three members of WRAB were present at the meeting. 

Flow Rates 
In the West Valley, the only known local basin peak flows are the 5-year peak flow from the 
stormwater master plan and the 100-year peak flow at the confluence of Dry Creek Ditch 
No. 2 with South Boulder Creek.  In order to recommend improvements for local basin peak 
flows, the project team needs to have a better idea of the peak flows caused by the local 
basin storm.  In addition, the FEMA BCA only applies to the regulatory peak flow rates and 
damages for the local basin peak flows are unknown.  The project team agrees that the scope 
of this project is to address the regulatory peak flows but that the project team as well as the 
City of Boulder must acknowledge the peak flows from the local basin storm.   

The project team may agree to evaluate the local basin peak flows using either the standard 
UDFCD procedure or by moving the South Boulder Creek storm over the C2 B basin.   

The project team will develop a phasing plan for the final recommended plan and CH2M 
Hill will evaluate the cost to benefit ratio for single elements such as the CU detention pond 
and the detention pond at Arapahoe Avenue for phasing purposes.   

Next Steps 
Kurt Bauer, Mark Glidden, and Alan Turner will meet with Jeff Lipton (CU) to discuss the 
CU detention alternative on June 24th at 9:00 AM. 

Kurt Bauer left two messages for Don D’Amico (City of Boulder Open Space) to discuss the 
south of CU detention alternative.  Kurt will try to contact Don again. 
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Kurt Bauer met with representative from Boulder Valley School District to discuss the 
Manhattan Middle School detention pond.  Boulder Valley School District gave the go 
ahead to continue with this part of the plan. 

Alan Turner and Alan Taylor will meet to discuss the best way to contact the ditch 
companies regarding additional storage at Baseline Reservoir. 

The next workshop is scheduled for July 28th, 2010.  CH2M Hill will discuss whether or not 
all the information needed for the next workshop will be ready by this date. 
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SBC Flood Mitigation Study - Progress Meeting #10 
Notes 

Kurt Bauer/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
 

Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: July 7, 2010 

Review of Meetings 
Meeting with CU 
Kurt Bauer, Mark Glidden, and Alan Turner met with Jeff Lipton from CU.  Jeff is generally 
ok with the CU detention pond alternative but would like the project team to look into a few 
items.  Jeff would like the project team to look into a pond which includes a berm along the 
northern edge of the Table Mesa Pond.  Jeff also wants to know the total area of the pond on 
CU property, the total area of the Table Mesa Pond, and a proposed layout for the 
recreational fields’ configuration within the pond area. 

Jeff thought that the $36,000 per acre for land acquisition costs was too low for the CU South 
Campus property.  It was agreed upon that the project team would assume the cost for land 
acquisition would match the undeveloped agricultural cost provided by the City of Boulder 
for all areas that are not proposed building sites.  For proposed building sites, the project 
team should assume $19 per square foot for land acquisition costs.  

Meeting with Open Space 
Kurt Bauer met with Don D’Amico from City of Boulder Open Space Department to discuss 
the latest version of the detention pond south of CU.  Don made the following 
recommendations: 

1.  Minimize the impact of the berm on Open Space Property. 

2. Look into using the properties adjacent to the detention pond between Marshall 
Road and South Foothills Parkway.  

3. Look into using weirs/spillways as the outlet to the pond instead of culverts outlets. 

Update on Detention Alternatives for Open Space 
CH2M HILL created a revised pond that minimizes the impact to open space and utilizes 
the adjacent properties between Marshall Road and South Foothills Parkway.  The revised 
pond layout also includes a weir/spillway outfall to South Boulder Creek but the culvert 
outfalls at Dry Creek Ditch No. 2 and the other irrigation ditch through the pond must 
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remain as culverts to convey the decreed flows in the ditches.  Grading is necessary at the 
culvert outfalls. 

The main section of the pond has approximately at 350 acre-foot capacity and the pond 
section between Marshall Road and South Foothills Parkway has approximately a 70 acre-ft 
capacity.  The main pond has a berm height of 12 feet which becomes 15 feet with the 
spillway.  The berm height includes a combination of cut and fill.  The small pond invert is 3 
feet higher than the main pond so that the small pond drains to the main pond.  
Approximately 15 feet of excavation is needed in the southern most section of the small 
pond.   

This revised alternative for detention south of CU has not been input into the MIKE FLOOD 
model but it is expected that limited improvements to the CU property are necessary with 
this alternative.  A small berm along the Viele Channel is still required to prevent flows 
from reaching the Table Mesa pond.  When water reaches the Table Mesa Pond, 
overtopping of US 36 occurs almost immediately.   

Review of Progress on Recommended Plan Workshop 
CH2M Hill is running four MIKE FLOOD models concurrently.  The results from the MIKE 
FLOOD models are being evaluated to determine the benefit-cost analysis for each 
alternative.  It is expected that the MIKE FLOOD models and the benefit cost analysis will 
be complete within the next couple of weeks.   

The Levee/ Mainstem Flow Containment alternative is currently being run in MIKE 
FLOOD.  Two alternatives are being evaluated for the Levee/ Mainstem Flow Containment 
alternative designed to prevent overtopping of US 36 by forcing more flow to the South 
Boulder Creek mainstem and eventually into Baseline Reservoir.  The first alternative is to 
lower Cherryvale Road which should allow more water to overtop the road into Baseline 
Reservoir.  The second alternative is to increase the capacity of the New Anderson Ditch 
which conveys flow to Baseline Reservoir.  This section of the New Anderson Ditch is 
located on City of Boulder Open Space so the City of Boulder Open Space Department may 
have issues with this alternative.  The ditch company will also have to be consulted to 
discuss this alternative.  At least one diversion structure along the New Anderson Ditch 
would have to be modified if the capacity of the New Anderson Ditch is increased.   

For the public meeting process, the project team will have to be careful when discussing the 
Levee/ Mainstem Flow Containment alternative.  The project team should not present this 
alternative as a levee which protects the CU South Campus property, which may cause 
issues the public. 

Hogan/Pancost Property 
The Hogan/Pancost Property, located south and east of the East Boulder Community Park, 
is scheduled for development.  At the first public meeting, a number of questions or 
comments were directly related to the Hogan/Pancost property.  It is expected that this 
property will be topic of discussion with the public at the next public meeting.  The public 
recommended regional detention for this property but the City of Boulder Development 
Review Team said that regional detention would not work in this area.  The recommended 
plan for this flood mitigation study may include local detention at Manhattan Middle 
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School, located just north of the Hogan/Pancost property.  The recommended 
improvements along Dry Creek Ditch No. 2 for the Hogan/Pancost development are not the 
same as the recommended plan for any of the best alternative plans for the flood mitigation 
study but the project team will continue along the same path independent of the 
recommendations from the development plan.   

Next Steps 
Alan Taylor and Alan Turner will set up a meeting with Baseline Reservoir to discuss the 
possibility of storing more water in the reservoir in the Levee/ Mainstem Flow Containment 
alternative. 

Alan Taylor and Alan Turner will set up a meeting with the ditch companies to discuss the 
possibility of enlarging the New Anderson Ditch to carry more water to Baseline Reservoir. 

The Recommended Plan Workshop is scheduled for August 11, 2010.  The project team may 
have an intermediate meeting to discuss what information will be presented at this 
workshop and how to best present this information. 
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SBC Flood Mitigation Study - Progress Meeting #11 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Shea Thomas/UDFCD 
Alan Taylor/Alan Taylor Cons 
 

Alan Turner/CH2M HILL 
Mark Glidden/CH2M HILL 
 

FROM: CH2M HILL  

DATE: July 21, 2010 

Review of Revised Regional Pond Design 
CU Alternatives 
Alan Turner described the two concepts and reviewed the summary TM. Concept 1 
excludes the Viele Pond from the main channel flow storage. When costs were computed, 
the cost of the land occupied by the Viele Pond was included. Bob noted this is already a 
committed ponding area and the land costs should not be assigned to this project. The 
memo will be revised to eliminate the land cost for this area and to describe the assumptions 
used in developing the cost estimate.  

Concept 2 includes the area of the Viele Pond to help control main channel overflows. The 
elevation of the embankment is lower, but the berm height is greater because of the revised 
alignment. The note identifying the spillway location misrepresents the actual spillway 
location. The spillway will be located along the east end of the embankment to allow 
overflows to go back to the main channel and not across the west valley. The embankment 
may also be somewhat exaggerated since improvements to the interchange with Table Mesa 
Drive could result in a new ramp that could also function as a part of the embankment. 

A few comments were offered related to the memo. Figure 3 should include a note that 
mentions that the ball fields would be subject to flooding and that refinements would 
probably be necessary during final design. Also, Bob requested an estimate of the volume of 
cut and fill that would be required to create the developable areas. If this had a significant 
impact on the cost of the alternatives, these should be understood. 

South Regional Park 
The concept developed earlier has been refined to reflect feedback from Open Space. The 
new layout provides about 420 AF of storage using the two areas identified. There is still a 
need for pipes to allow ditch flows to pass without interruption but the large box culverts 
have been replaced with a weir to control flows. The embankment is still 10’ high with an 
additional 5’ of excavation. While this alternative does not impact the CU South Campus 
site, it does still require the purchase of some land from the University. This is the antenna 
site that CU described. Bob asked that the county wetland areas be removed from the 
drawing. These may not be accurate and could misrepresent actual impacted areas. 
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Review of Progress on Recommended Plan Workshop 
BCA 
CH2M HILL has developed a draft memo describing the results of the work to date. The 
memo is being reviewed and will be finalized shortly. The evaluation showed a slight 
increase in the estimated damages. This is attributed to an increase in the assessed values of 
the properties and a slight change in the flood elevations as a result of the 8M grid. 
Differences are generally less than 10%. Cost estimates are also being refined to allow the BC 
analyses to be finalized. 

Modeling 
The 8M grid models of 10-, 25- and 50-year floods for the various alternatives are being run. 
We have asked Eric to do a QC review of the models and are incorporating his comments. 
There continue to be surprises when the model results are reviewed but the significance of 
these is generally pretty small. 

Recommended Plan Workshop 
The plan will be to conduct the workshop following an agenda similar to the last workshop. 
We will review work to date and develop a matrix of the Best Alternative Plan Evaluation. 
This will allow a simple comparison of the alternatives. More detail of the evaluations will 
then be provided. The intention of the workshop will be to identify the stakeholders’ 
interests so that a recommended plan reflects the group’s collective desires. The agenda will 
be updated to reflect more discussion regarding what should be taken forward to the public. 
It should also be clear that this will not be the recommended plan until public input has 
been gathered.  

Next Steps/Meetings 
The workshop is scheduled for August 11. Information needs to be distributed to the 
stakeholders the week prior.   

Meetings with the ditch companies and the Baseline Reservoir representatives need to be 
conducted prior to the workshop. Alan Taylor is trying to put together a short memo 
describing the issues related to Baseline Reservoir before the meeting to lay a foundation for 
discussion. At the meeting with both the ditch company and the reservoir representatives, 
impacts and mitigation measures need to be discussed. 

It was concluded that someone familiar with the ditch companies should be invited to the 
next workshop. The City staff representative would be a good person to participate. 

The public meeting should be scheduled around the last week in August but certainly 
before Labor Day. The WRAB meeting is scheduled for September 20 and there needs to be 
time to incorporate any public comment. Kurt was going to find a suitable date. 
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SBC Flood Mitigation Study - Progress Meeting 
#12Notes 

Kurt Bauer/City of Boulder 
Alan Taylor/Alan Taylor 
Consulting 
 

Alan Turner/CH2M HILL 
Mark Glidden/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: August 4, 2010 

Review of Meeting with Baseline Reservoir Representatives 
The meeting with the Baseline Reservoir representatives was not discussed because all 
meeting attendees were either at the meeting or are aware of what was discussed at the 
meeting. 

Recommended Plan Workshop 
Review Handout 
CH2M Hill is planning on sending out a handout before the recommend plan workshop.  
This handout will include the best alternative figures with the aerial image behind the 
improvements, a best alternatives decision matrix, and a short narrative describing the best 
alternatives decision matrix.  For the Best Alternatives Workshop, scheduled for August 11, 
2010, additional information will be presented, including residual floodplain images.   

The best alternatives decision matrix will present the project implementation cost, the 
average annual benefit, the present worth of project benefits, the benefit to cost ratio, water 
quality impacts, environmental factors, social factors, and other factors.  The damage and 
benefit estimates were been broken down by reach but this will not be presented in the 
matrix but will be available for discussion at the workshop. 

The Stormwater Master Plan alternative will be presented as was presented by HDR 
although there are a few discrepancies when comparing the recommended storm sewer 
pipe improvements with existing storm sewer pipes.  The MIKE FLOOD Models for the 
Stormwater Master Plan alternative may not be done by the workshop but CH2M HILL will 
be able to present a cost/benefit analysis based on some of the other MIKE FLOOD Models 
that have been completed.   

Recommended Plan Workshop Outline 
The recommended plan workshop will begin with a short (5 – 10 minutes) discussion of 
work to date followed by a discussion of the matrix.  A large portion of the meeting will be 
the discussion of the best alternative plans and possible selection of the best plan.  One of 
the goals of this workshop is to get City of Boulder staff to agree on what the best alternative 
plan is.  It is important that the project team come to a consensus on the best plan before the 
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public meeting.  Some of the alternatives, including the mainstem flow containment 
alternative, will get screened out due to factors discussed in the matrix. 

It was suggested that phasing may need to be discussed during the recommended plan 
workshop in case it comes up during the public meeting.  The project team will not bring up 
phasing during the public meeting but must be prepared for any questions regarding the 
total cost of each alternative and where the money will come from. 
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SBC Flood Mitigation Study - Progress Meeting #13 
Notes 

Kurt Bauer/City of Boulder 
Shea Thomas/UDFCD 
Alan Taylor/Alan Taylor 
Consulting 
 

Alan Turner/CH2M HILL 
Mark Glidden/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: August 18, 2010 

Action Items 
 CH2M HILL will provide a projector and laptop for the public meeting. 

 Kurt Bauer will develop a draft of the sign in sheets and comment sheets for the public 
meeting. 

 Kurt Bauer will provide refreshments and snacks for the public meeting. 

 CH2M HILL will provide a rough draft of the public meeting PowerPoint Presentation 
to Kurt Bauer by Friday, August 20th.  

 CH2M HILL will prepare a list of questions which are expected to be asked at the public 
meeting and prepare answers to these questions.   

 CH2M Hill will prepare the information to be posted on the website prior to the public 
meeting. 

 Kurt Bauer will meet with one of the private property owners impacted by the south 
regional detention pond. 

 Alan Turner will contact Randy Rhodes – Xcel/Wellman 

 Alan Turner will contact Brad Dallum – New Anderson Ditch 

 Alan Turner will contact the US Fish and Wildlife Service to determine the Preble’s 
Meadow Jumping Mouse habitat boundary 

Review of Meeting with Dry Creek Ditch No. 2 Stakeholders 
The ditch company is concerned about the liability associated with accepting flood flows 
although they might be willing to abandon the ditch to the City of Boulder below South 
Boulder Road.  The ditch still must deliver water to Manhattan Middle School and Flatirons 
Golf Course.  The ditch company agreed that the concept proposed as part of the alternative 
evaluation is sound and there are no major issues at this time although an agreement will 
need to be worked out in the future. 
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Public Meeting 
The public meeting will begin with a 35-40 minute presentation followed by question and 
answer sessions at various stations.  The project team agreed that there will be three 
stations; one for the two detention alternatives, one for the high hazard/critical facilities 
alternative, and one for the conveyance alternatives (diversion to Bear Canyon Creek, Dry 
Creek Pipeline, and mainstem flow containment).  There will be four boards for the 
detention alternatives; one to show the CU detention pond, one to show the south regional 
pond, and two showing the improvements through the West Valley.  There will be one 
board for the high hazard alternative and possibly two boards for the conveyance 
alternatives.  There will also be a board showing the matrix with pros and cons for each 
alternative.  The matrix may also be left on the screen after the PowerPoint presentation is 
finished.  The preliminary plan is to have Alan Turner and Kurt Bauer at the detention 
station, Aaron Cook at the high hazard/critical facilities station, and Mark Glidden and 
Alan Taylor at the conveyance stations.  Bob Harberg, Shea Thomas, and Annie Noble will 
float around wherever they are needed.   

The presentation will be structured as follows: 

1. Bob – Introduction/meeting agenda/meeting intentions (2 slides, 2 minutes) 

2. Kurt – Introduce project team/overview of process (3 slides, 4 minutes) 

3. Mark – Concept development/alternative development/costs/benefits (4 slides, 6 
minutes) 

4. Alan – Alternative description/residual floodplains (7 slides, 10 minutes) 

5. Kurt – Costs/benefits/pros and cons/ alternatives that dropped out (8 slides, 10 
minutes) 

6. Kurt – Next steps (2 slides, 2 minutes) 

The project team decided that we will not discuss phasing or where the funding will come 
from during the public meeting unless specifically asked.  The project team expects to be 
asked this question so we should be prepared to answer this question.  At this time, the 
project team must have a better idea of what the preferred alternative is before determining 
phasing or funding. 

The project team will not discuss funding for flood proofing of critical facilities unless 
specifically asked during the public meeting.  Right now, it is unknown whether the 
funding for flood proofing of critical facilities will be public or private. 

The project team will prepare a list of questions which are expected to be asked at the public 
meeting and prepare answers to these questions.  These questions may be related to CU, 
open space, the Hogan Pancost property, Dry Creek Ditch No. 2, or the Preble’s Meadow 
Jumping Mouse habitat among others.   

During a discussion of the questions that are expected to be asked during the public 
meeting, the project team tried to address the response if the question of “Which alternative 
do you like best?” was raised. The team consensus was that the CU detention with West 
Valley improvements alternative made the most sense.  Everyone agreed that this response 
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needed to be carefully presented and CH2M HILL agreed to try and include this in the draft 
Q&A being developed. 

Next Steps/Meetings 
This public meeting on September 2, 2010 will be the last public meeting.  The public 
meeting will be followed by a presentation to the Water Resources Advisory Board (WRAB).  
The project team will make a recommendation to WRAB at this meeting.  WRAB will have 
some time to think about the recommendation before the second WRAB meeting. 

Other next steps: 

 Kurt Bauer will meet with one of the private property owners impacted by the south 
regional detention pond. 

 Alan Turner will contact Randy Rhodes – Xcel/Wellman 

 Alan Turner will contact Brad Dallum – New Anderson Ditch 

 Alan Turner will contact the US Fish and Wildlife Service to determine the Preble’s 
Meadow Jumping Mouse habitat boundary 

CH2M Hill will prepare the following information to be posted on the website prior to the 
Public Meeting: 

 Simplified agenda/outline 

 Alternative figures 

 Matrix 

 Glossary of terms 
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SBC Flood Mitigation Study - Progress Meeting 
#14Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
 
 

Alan Taylor/Alan Taylor 
Consulting 
Alan Turner/CH2M HILL 
Mark Glidden/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: September 1, 2010 

Action Items 
Review of Meeting Agenda, Rules, and Flow 
 Kon Damas will introduce the meeting and will introduce each presenter. 

 Alan Turner and Kurt Bauer will be stationed at the detention alternatives. 

 Aaron Cook will be stationed at the High Hazard/Critical Facilities alternative. 

 Mark Glidden and Alan Taylor will be stationed at the conveyance alternatives 
(pipelines, SWMP, mainstem flow containment). 

 Bob Harberg, Annie Noble, Shea Thomas, and Ken MacKenzie will be floaters who can 
help out at any station. 

Review of PowerPoint Presentation 
 Kon will present slide 3. 

 Kurt would like to delete slide 7. 

 On slide 6, the text should say that the initial presentation to WRAB will occur in 
November or December. 

 Bob prefers to keep the next steps vague. 

 A “Do Nothing” alternative will be added to the presentation to show the existing non-
structural methods for flood control that the City of Boulder has implemented. 

 The presentation will refer to the two detention alternatives as “Regional Detention at 
US 36” and “Regional Detention near Highway 93”.  The project team agreed with this 
idea but the public meeting boards were already printed and won’t be changed for the 
public meeting.   

Dress Code 
Dress code for the public meeting is business casual. 
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Speaker Information 
Each member of the project team will have a packet of information that includes the 
following: 

 Glossary of Terms 

 Preble’s Mouse Habitat Figure 

 Small Prints of the Public Meeting Boards (11” x 17”) 

 PDF of the Public Meeting Presentation 

 List of Assignments for the Public Meeting 

Glossary Handout 
Alan Turner developed a list of terms with definitions (i.e. critical facilities, open space, 
flood proofing, benefit to cost ratio, WRAB, detention, etc.).  The project will have this list 
during the meeting but it the list will not be presented at the public meeting.  Presenting this 
list at the public meeting may distract from the purpose of the meeting.  This list will be put 
on the South Boulder Creek website later. 

List of Probable Questions with Answers 
The list of probable questions with answers was developed by CH2M HILL for internal 
project team use.  Each member of the South Boulder Creek project team will have this 
document at the public meeting.  Kurt will go through the City of Boulder Communications 
staff to see if this information can be put on the South Boulder Creek website. 

From a technical perspective, regional detention at US 36 or near Highway 93 is still the best 
alternatives.  The project team agreed that an on-line reservoir would not be feasible due to 
the large dam that would be required to store the entire flood. 

The Marshall Road property owners are questioning the detention near Highway 93 
alternative due to the presence of high groundwater.  Groundwater will have to be 
considered throughout the study area, not just at the detention pond near Highway 93.   

South Boulder Creek cannot be channelized because of critical habitat, open space issues, 
and the high costs associated with channelization. 

Comment Sheets 
Kurt sent comment sheets to the project team.  The project team agreed that they were a 
nice, simple, clean design. 

Preble’s Mouse Habitat 
Each member of the project team will have a figure showing the Preble’s Mouse habitat in 
the study area.  Some proposed improvements would require mitigation of the Preble’s 
Mouse Habitat. 

Arrival Time 
The room will be ready at 4:00 PM.  The project team agreed to arrive between 4:00 PM and 
4:30 PM to have some time to set up. 
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The projector screen in the room is small and both the City of Boulder and CH2M HILL will 
bring a screen. The larger screen will be used for the presentation. 

Next Steps/Meetings 
 Public Meeting – 9/2/2010 

 A report summarizing the work to date will be completed and submitted to the City of 
Boulder by October 1st.   

 The alternatives will be presented to WRAB in November or December. 
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SBC Flood Mitigation Study - Progress Meeting #16 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
Dave Webster/Boulder County 
 
 

Alan Taylor/Alan Taylor 
Consulting 
Alan Turner/CH2M HILL 
Mark Glidden/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: September 15, 2010 

Public Meeting – Review of Meeting and Comments 
From the comment sheets collected at the public meeting, the favorite alternative is 
detention at US 36 and the least favorite alternative is detention near HWY 93, although this 
may only represent a small cross section of the community.  Kurt Bauer has recorded all of 
the comments from the comments sheets, grouped the comments, and removed the 
duplicate comments.  The meeting summary should be posted to the South Boulder Creek 
Flood Mitigation Study website soon.  The City of Boulder Communication group may 
review the meeting summary before it is posted to the website. 

Bob Harberg will meet with the director of the City of Boulder Open Space department and 
the Public Works director to discuss the possibility of a detention pond on open space near 
HWY 93.  The open space near HWY 93 has been designated as sensitive habitat for some 
species including the Preble’s Meadow Jumping Mouse. 

Ned Williams, City of Boulder Public Works, suggested looking into the possibility of 
detention west of HWY 93 and that open space away from South Boulder Creek may not 
have the same sensitivity as open space directly adjacent to South Boulder Creek. 

Dave Webster will meet with the County Commissioners next week.  Some of the County 
Commissioners are concerned about the path forward.  Dave asked if WRAB had been 
involved in the project, and the City responded by saying that Chuck Howe, a WRAB 
member, has been involved and that the project had been presented at a WRAB meeting.  
The WRAB has advisory status within the City.  

The citizens’ advisory group, brought up by the public during the public meeting, was 
initially formed during the Taggart Study.  Typically, UDFCD has not had advisory groups 
for Master Planning Studies but has had them for design projects.  The City of Boulder has 
had advisory groups for past City of Boulder projects. 

Flood Mitigation Report Progress to Date 
The South Boulder Creek Flood Mitigation Report generally follows the typical UDFCD 
template.  The first four sections (Introduction, Study Area Description, Hydrologic 
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Analysis, and Hydraulic Analysis) of the South Boulder Creek Flood Mitigation Report are 
nearly complete and CH2M Hill is in the process of writing section 5 (Alternative 
Development), and will begin working on section 6 (Alternative Evaluation).  The draft of 
the first four sections will be sent to the project team by the end of this week.  The draft of 
the first six sections will be complete and sent to the project team for review by the first 
couple of weeks of October. 

Because the floodplain mapping study was very detailed, it has been difficult to pull 
information from the Floodplain Mapping Study without being too detailed.  The goal is to 
provide enough information within this report to understand each section but not be too 
detailed with all the information presented in the Floodplain Mapping Study.  The 
Floodplain Mapping Study will be referenced for those who want additional information. 

Next Steps 
 CH2M Hill and Alan Taylor will review the City Council Information Packet for 

questions they receive regarding the public meeting. 

 CH2M Hill will provide summary information regarding the land value costs for the 
detention at US 36 alternative and the other alternatives involving land acquisition.   

 Bob Harberg will meet with the director of the City of Boulder Open Space 
department and the Public Works director to discuss the possibility of a detention 
pond on open space. 

 CH2M Hill will attend the next WRAB Meeting, tentatively scheduled for December. 
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SBC Flood Mitigation Study - Progress Meeting #16 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
Dave Webster/Boulder County 
Kon Damas 
 

Alan Taylor/Alan Taylor 
Consulting 
Alan Turner/CH2M HILL 
Mark Glidden/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: September 29, 2010 

Public Meeting Debriefing 
Detention near HWY 93 Alternative 
The progress meeting began with Kon Damas asking if we received comments on 
alternatives other than Detention at HWY 93.  Although there were a number of people 
other than those from Marshall, it appeared that they were intimidated to speak up at the 
public meeting.  Although the Detention at HWY 93 alternative was unpopular at the public 
meeting, it is still an option.  At this stage of the project, we are only presenting alternatives 
and are not to the point where the decisions are made.  The City typically prefers to 
negotiate with land owners or modify the preferred alternative but condemnation has been 
used a couple of times over the last decade for flood mitigation purposes.   

Dave Webster stated that the Marshall residents would prefer to be left along, with no flood 
mitigation improvements.  Dave also stated that the County would get involved if this 
alternative was selected as a viable alternative.  This alternative may include other issues 
such as the 1041 process and land use issues.  Dave expects a public letter from the County 
within two to three weeks discussing this alternative.  Bob Harberg would like the County 
to wait to issue a public letter because the alternative evaluation report is not complete and 
the county still has the opportunity to give input over the next couple of months.  Dave 
stated that the County Commissioners want to issue to public letter soon.  

Public Meeting Format 
The format of the public meeting was discussed at length at this progress meeting.  Using an 
open house format likely would have resulted in less of a mob mentality, although some 
members of the public specifically requested to skip the public meeting format and continue 
with the questions/comments/ answers format.  It was suggested that the public meeting 
format could follow City Council format which includes two-hours for public comment.  
Other options include small discussion groups and a “self guided tour” detailing the 
process behind selecting the best alternative plans.  Dave Webster stated that Boulder 
County typically uses an open house format for public meetings.   
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For any subsequent public meetings, we need to figure out a way to tell the public; “We’ve 
heard you, let’s move on”.  This would allow others, such as those from the West Valley, to 
comment and ask questions.  Any subsequent meeting may begin with the results of voting 
from the previous public meeting as a starting point. 
Review of Progress on South Boulder Creek Flood Mitigation Report 
The first four chapters (Introduction, Study Area Description Hydrologic Analysis, and 
Hydraulic Analysis) of the South Boulder Creek Flood Mitigation Report have been 
completed in draft format and sent to the project team for review.  The fifth chapter 
(Alternative Development) of the report is nearly complete and will be sent out for review 
soon.  Chapter six (Alternative Evaluation) is in progress.    

Field Visit with OSMP 
The meeting with the City of Boulder OSMP is scheduled for September 30 at 2:00 PM.  Kurt 
Bauer suggested using MapQuest instead of Google Maps to get the correct directions to the 
meeting spot.  Alan Turner will bring a packet of information to the meeting which will 
include an aerial photograph, topography, land owners, and open space information. 

Review of Out of Scope Work and Approximate Cost 
The majority of the out of scope work to date includes work on detention pond alternatives 
or independent stakeholder meetings.  The out of scope work to date adds up to 
approximately $39,000.  Alan provided a letter to Kurt Bauer prior to this meeting detailing 
the out of scope items and will forward it to Shea Thomas. 

Other Detention Pond Alternatives 
Alan Taylor suggested evaluating a series of attenuators, at US 36, South Boulder Road, 
Baseline Road, and the Golf Course.  With this alternative, the flow would be forced to the 
mainstem upstream of US 36, similar to the Mainstem Flow Containment Alternative with 
storage at Baseline Reservoir, although in this alternative, the series of smaller ponds would 
be used to offset the additional peak flow and flow volume being forced to the South 
Boulder Creek Mainstem instead of forcing the flow to Baseline Reservoir.   

Kurt Bauer noted that City of Boulder staff have suggested looking into using the East 
Boulder Recreation Center land for a detention pond.   

Alan Taylor suggested that the parcel to the north of the East Boulder Recreation Center 
could also be used for a detention pond.  This parcel is not open space but open space has 
looked into acquiring it in the past.  According to Alan Taylor, this parcel includes heavy 
wetlands and does not have a lot of development potential.  The City of Boulder Staff will 
discuss with OSMP staff to see if the owner(s) of this parcel is a willing seller because OSMP 
staff have had previous discussions with the owner. 

Bob Harberg suggested evaluating a combination of a pond near HWY 93 with a pond at US 
36.  Using a combination approach may reduce the berm height and amount of excavation 
required to store enough water to prevent overtopping of US 36.  For both ponds, the 
location of excavation and the berm should be off of or near the edge of open space 
property. 
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Next Steps 
 CH2M Hill will have the South Boulder Creek Flood Mitigation Report through chapter 

six complete and sent for review by the second week of October.   

 Kurt Bauer will go on an informal field trip with WRAB members to the project site to 
receive informal direction about the project.  The field trip is preliminarily scheduled for 
October 7th.  Shea Thomas stated that she won’t be able to make it on October 7th.   

 The South Boulder Creek Flood Mitigation Report will be presented at the December 
WRAB meeting. 

 CH2M Hill will look into the hydraulic feasibility of the new open space detention pond 
alternative.  This alternative is supported by Dave Webster when compared to the 
Detention at HWY 93 alternative presented at the public meeting.   

 The schedule has been updated with a final delivery date of May, 2011.  Alan Turner 
will send the new email to the project team.   

 

 

 

Appendix A A-29



 

SBC_PROGRESS_MEETING_17_NOTES  1 
COPYRIGHT 2010 BY CH2M HILL, INC. • COMPANY CONFIDENTIAL 

M E E T I N G  S U M M A R Y   
 

SBC Flood Mitigation Study - Progress Meeting #17 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Ned Williams/City of Boulder 
Shea Thomas/UDFCD 
Dave Webster/Boulder County 
 
 

Alan Taylor/Alan Taylor 
Consulting 
Alan Turner/CH2M HILL 
Mark Glidden/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: November 3, 2010 

Review Progress on South Boulder Creek Flood Mitigation Report 
CH2M Hill has incorporated comments from Kurt Bauer and Shea Thomas on sections one 
through five of the South Boulder Creek Flood Mitigation Report.  Alan Turner will contact 
Kurt Bauer regarding a few questions on Kurt’s comments.  CH2M Hill is finished with 
section six of the South Boulder Creek Flood Mitigation Report with the exception of 
Alternative 9.  The project team determined that CH2M Hill will submit section six once 
Alternative 9 is complete and incorporated into the report.  CH2M Hill will submit section 6 
by Thanksgiving. 

Review and Discuss Alternative 9 Feasibility 
Alternative 9 is a derivative of the mainstem flow containment alternative which forces all 
the flow from upstream of US 36 through the US 36 bridge over South Boulder Creek.  The 
mainstem flow containment alternative forces approximately 210 acre-feet of additional 
water to the mainstem of South Boulder Creek which must be mitigated downstream.  Kurt 
Bauer questioned why the project team was evaluating detention pond alternatives 
upstream of US 36.  The project team is evaluating options upstream of US 36 because it is 
likely that more than 210 acre-ft of storage will be needed because the ponds are in series 
and storage upstream of US 36 lessens the impacts at US 36.  The alternatives will be 
evaluated in Mike Flood to determine if storage upstream of US 36 is necessary to help 
mitigate the additional volume of water being forced to the mainstem. 

Storage at US 36 
Detention immediately upstream of US 36 provides approximately 131 acre-feet of 
additional storage when compared to the regulatory model.  Because storage upstream of 
US 36 was included in the mainstem flow containment alternative, this storage cannot be 
counted towards the 210 acre-feet of water being forced to the mainstem of South Boulder 
Creek.  For this alternative, the berm ties into the US 36 Bridge over South Boulder Creek 
and wraps around parallel to the CU berm.   
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Storage at South Boulder Road 
The detention pond at South Boulder Creek is created by either raising South Boulder Road 
or constructing upstream of South Boulder Road.  The current plan includes a berm with a 
height of 5 feet above the existing elevation of South Boulder Road.  Flood storage would be 
up to a height of 3 feet above the existing elevation of South Boulder Road with the 
remaining 2 feet left for a spillway and freeboard.  This detention pond provides an 
additional 130 acre-feet of storage.  To protect the private property to the west, the berm 
must wrap around between Dry Creek Ditch #2 and the Viele Ditch.  The berm on the west 
side is approximately 2 – 3 feet high.   

The South Boulder Road detention pond figure included in the Technical Memorandum 
South Boulder Creek – Alternative 9 Detention Ponds shows a ponded depth up to 14 feet 
because there is already storage at South Boulder Road in the existing conditions.  The 
proposed detention pond is created by raising South Boulder Road to provide additional 
storage.  The project team recommended that the figure also show the areas that will be 
flooded in the proposed conditions that are not flooded in the existing conditions.   

Storage at the Granite Property 
There are two alternatives for storage on the Granite Property.  The first option is an 18 foot 
berm with 15 feet of flood storage and 3 feet for a spillway and freeboard.  The total storage 
for this alternative is 93 acre-feet.  The problems with this alternative are the large berm and 
the length of the horseshoe shaped berm.  The second alternative includes two detention 
ponds in series, each with a maximum berm height of 11 feet with 8 feet of flood storage.  
The total storage for the second alternative is approximately 54 acre-feet.  Both of the 
alternatives assume no excavation on the Granite Property. 

Flood waters would enter detention ponds on the Granite Property via a channel from the 
mainstem of South Boulder Creek.  Outflows from the detention ponds would be conveyed 
via a new open channel back to South Boulder Creek. 

Storage on Open Space between US 36 and Highway 93 
The proposed detention pond on open space between US 36 and Highway 93 has no impact 
to private property, property owned by the University of Colorado, or high quality wetland 
areas and includes no excavation on open space property.  With a 17 foot berm height, 14 
feet for flood storage and 3 feet for a spillway and freeboard, the total storage is 
approximately 146 acre-feet.  The discharge from this detention pond is through the existing 
ditch systems and a spillway back to South Boulder Creek.   

Storage between Highway 93 and Marshall Road 
The wedge shaped detention pond between Highway 93 and Marshall Road has  a 12 foot 
maximum berm height and 35 acre-feet of storage.  This pond is identical to the small part of 
the two stage detention pond presented at the second public meeting.  This detention pond 
includes excavation. 

Summary 
The total storage within the project area ranges from 365 to 404 acre-feet depending on 
which detention pond alternative is selected at the granite property.  Because the total 
storage is greater than the 210 acre-feet being forced to the mainstem of South Boulder 
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Creek, this alternative is feasible to mitigate the additional volume.  Alternative 9 will have 
to be evaluated in Mike Flood to confirm that mitigation of 210 acre-feet of water is possible.   

Questions on Detention Pond Alternatives 
Bob Harberg questioned why the berm at US 36 doesn’t extend to the bridge deck at South 
Boulder Creek.  In the mainstem flow containment alternative, the berm does extend to the 
bridge deck elevation but the water surface elevation never reaches that elevation so a berm 
to that height is not necessary. 

Alan Taylor suggested a berm at Baseline Road similar to the berm at South Boulder Road.  
This detention pond could include low head culverts to direct the outflow to open space and 
away from private properties.  Bob Harberg questioned why this alternative was not 
previously considered.  One of the reasons this site was not considered for a detention pond 
was that City of Boulder Open Space has been trying to acquire the Granite Property and 
suggested a detention pond on that property.  A berm/detention pond at Baseline Road 
may be more favorable than a pond on the Granite Property due to the height and length of 
the berm required on the Granite Property.   

CH2M Hill will evaluate the feasibility of a detention pond at Baseline Road and report back 
to the project team.  This option would likely keep Baseline Road open to traffic during the 
100-year storm event. 

The question was asked whether it would beneficial to move the detention pond on open 
space between US 36 and Highway 93 further to the North.  The project team agreed that a 
17 foot berm is too large and that a 10 – 12 foot berm would be more realistic.  Kurt Bauer 
suggested CH2M Hill evaluate the detention ponds downstream of US 36 in Mike Flood to 
determine if storage upstream of US 36 is necessary.  CH2M Hill will complete the Mike 
Flood analysis of Alternative 9 prior to showing the preferred Alternative 9 to City of 
Boulder Open Space representatives.   

Staff Recommendations on Next Steps with SBC Flood Mitigation Report 
Next Steps 

 CH2M Hill will submit section six of the South Boulder Creek Flood Mitigation 
Report by Thanksgiving.  Section six will include Alternative 9. 

 CH2M Hill will evaluate the feasibility of a detention pond at Baseline Road and 
report back to the project team. 

 CH2M Hill will evaluate Alternative 9 in Mike Flood. 

 A progress meeting is scheduled for November 10, 2010. Kurt suggested moving this 
progress meeting until after the Mike Flood analysis is complete.  Additional 
progress meetings will be scheduled for November 12, 2010 and November 17, 2010 
for flexibility depending on when the Mike Flood analysis is complete.   

WRAB Schedule: 
 The WRAB meeting is scheduled for December 14, 2010.   
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 The final packet of information must be submitted to WRAB members by December 
6, 2010 to give them one week to review the information submitted. 

 The draft packet of information should be submitted to the City of Boulder by 
November 30, 2010 for City review and the City would prefer to get this information 
prior to Thanksgiving (11/25/2010). 
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SBC Flood Mitigation Study - Progress Meeting #19 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Ned Williams/City of Boulder 
Shea Thomas/UDFCD 
Dave Webster/Boulder County 
 
 

Alan Taylor/Alan Taylor 
Consulting 
Alan Turner/CH2M HILL 
Mark Glidden/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: November 3, 2010 

Review Alternative 9 
The total cost for Alternative 9 is approximately $29,500,000.  This cost includes land 
acquisition for the Granite Property and purchase of open space equal to the berm bottom 
width plus 15 feet.  This cost does not include land acquisition for additional inundated 
areas.  The City of Boulder will discuss the land acquisition for inundated areas with the 
City of Boulder Open Space Department.  The total cost also includes all West Valley 
improvements.  The residual floodplain shown is approximate and may change.   

Detention near Highway 93 
With the limitations of the pond on open space near Highway 93, including no excavation 
and a berm height of less than or equal to ten feet, it was determined that a detention pond 
near Highway 93 had little impact on reducing the peak flow or volume along the mainstem 
as is not included in this alternative. 

Detention at US 36 
The maximum berm height is 13 feet with a maximum pool depth of 17 feet and an 
approximate additional storage of 130 acre-feet.  The berm is completely separate from CU 
berm. 

This detention pond requires a control structure to reduce the flow through the US 36 
Bridge and allow for more storage upstream of US 36.  This control structure could be 
combined with the CDOT bike path which is tentatively planned to be placed directly 
upstream of US 36.  At this time, CH2M Hill does not have additional information about this 
structure.   

Ned Williams is concerned about the public policy of choking the flow at the US 36 Bridge.  
If the control structure is placed upstream of US 36, the flow wouldn’t be choked at US 36, it 
would be choked upstream.  Bob Harberg would like more information about this structure 
before a final decision can be made.   
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Due to the sensitivity of the Table Mesa Pond, the Viele Channel on the CU South Campus 
must still be improved to collect and convey flows.  The City of Boulder can perform 
channel improvements without having to negotiate with CU. 

Detention South Boulder Road 
The berm height is 6 feet above South Boulder Road with a maximum pool height of 4 feet 
above South Boulder Road.  The maximum depth of storage is approximately 13 feet and 
the total additional storage is approximately 130 acre-ft.  The spillway for this detention 
pond is to the east of the mainstem of South Boulder Creek.  Downstream of the detention 
pond at South Boulder Road, the Viele Channel must be improved to collect and force flows 
towards the mainstem of South Boulder Creek.  Flows overtopping the Viele Channel flow 
towards the East Boulder Recreation Center. 

Detention at Baseline Road 
The berm height is 10 feet above Baseline Road with a maximum pool height of 7 feet above 
Baseline Road.  The maximum pool depth is approximately 13 feet with an approximate 
additional storage of 295 acre-feet.  This detention pond may require the purchase of the 
Granite Property due to additional inundation caused by the berm.  With the detention 
ponds at US 36, South Boulder Road, and Baseline Road, approximately 70% of the 
structures on Gaptor Road are seeing an increase of less than 2 inches in flood depth from 
the regulatory model.  This alternative may also reduce the frequency at which these 
structures along Gaptor Road are flooded. 

The detention pond at Baseline Road impacts a parking lot and trail head.  The City of 
Boulder stated that a cost to relocate the parking lot and trailhead should be included in the 
cost estimate for the distributed regional detention alternative.   

WRAB Meeting Preparation 
The alternatives that will be suggested at the WRAB Meeting for further investigation are as 
follows: 

 No Action 
 High Hazard/Critical Facilities Protection 
 US 36 Detention 
 Alternative 9 (Distributed Regional Detention) 
The other alternatives will not be evaluated in further detail. 

Additional Public Outreach 
The Open Space Board Presentation is scheduled for January, 2011.  This presentation will 
be similar to the presentation at the WRAB meeting.  Don D’Amico/City of Boulder Open 
Space will present a 5 minute presentation regarding the South Boulder Creek Flood 
Mitigation Study on December 10, 2010.   

Next Steps 
CH2M Hill will the following items to the City of Boulder: 
 Draft figures to be used in the WRAB Presentation 
 Cost/benefit analysis for Alternative 9 by Thanksgiving 
 Alan Taylor will look into the pros and cons for Alternative 9 
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 Chapters 1 – 6 of the report in draft format 
 The additional flow forced to Baseline Reservoir in the distributed regional detention 

alternative 
 The assessed value of the Granite Property to be used in the distributed regional 

detention alternative 
 CH2M Hill will summarize the cost spreadsheets into major elements 
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SBC Flood Mitigation Study - Progress Meeting #20 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Don D’Amico/City of Boulder 
Shea Thomas/UDFCD 
 
 

Alan Taylor/Alan Taylor 
Consulting 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: December 8, 2010 

Review Report Status 
The following list shows the progress on the South Boulder Creek Major Drainageway Plan 
– Alternative Analysis Report: 

 The draft report has been reviewed by the City of Boulder and UDFCD.   

 Alan Turner proposed to remove Appendices B and C and reference previous reports in 
the flood mapping study for hydrologic and hydraulic information.  The City of Boulder 
and UDFCD agree that Appendices B and C can be removed.   

 Appendix F will include the grading plans for the detention pond alternatives.   

 Kurt Bauer stated that the figures in Chapter 7 are difficult to read.  The figures were 
presented in this format to be consistent throughout the report.  Both UDFCD and the 
City of Boulder agreed that the figures in Chapter 7 can be left as is.   

 Kurt Bauer likes the updated executive summary. 

 CH2M HILL will include the list of critical facilities in the appendices. 

 CH2M HILL will make the necessary changes to the report and send to Kurt Bauer.  
Kurt will put the report of the project website and others can download the report there.  
Kurt wants the report on the website by the end of the week. 

WRAB Meeting Preparation 
The memo from Kurt Bauer to WRAB is going on the website today.  The memo was 
reviewed by CH2M Hill.  Kurt is going to call the Swanstroms and Militzers to let them 
know of the recommendations to WRAB. 

Kurt Bauer will go through a dry run of the presentation on Friday with City of Boulder 
staff. The presentation will be approximately 20 minutes long.  Kurt Bauer will present at 
the WRAB meeting and CH2M HILL will be available for a question and answer session.  
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Kurt will send the PowerPoint presentation to CH2M HILL before the WRAB meeting for 
reference.  CH2M HILL will bring figures for each alternative to the WRAB meeting. 

Shea Thomas will not attend the WRAB meeting.  Don D’Amico and Annie Noble will 
attend the public meeting.  Annie will arrive late as she has another public meeting that day. 

The WRAB meeting starts at 7:00 PM.  Kurt Bauer and CH2M HILL will arrive around 6:00 
PM.  The dress code for the meeting is business casual. 

Additional Public Outreach 
The presentation to the City of Boulder Open Space Board will occur in January.  The 
presentation will be similar to the one that will be presented at the WRAB meeting, with 
additional specific information focused on impacts to open space.  Kurt and Don will work 
together to determine the specific information to present to the Open Space Board.  Don 
stated the agenda for the January Open Space Board is full and isn’t sure how much time 
will be dedicated to the South Boulder Creek flood mitigation project.  Don will pass this 
information on to the project team once the agenda becomes available. 

Next Steps 
The WRAB meeting presentation and presentation to the Open Space Board  in January are 
the next major milestones.  The project team will wait for feedback from these two 
presentations to move on with further analysis of the selected alternatives.  Alan Turner will 
update the schedule to include the WRAB meeting and the Open Space Board presentation. 

Kurt Bauer needs the out of scope items amendment from CH2M HILL.  CH2M HILL is 
almost ready to send this information to Kurt. 
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SBC Phase II Kickoff Meeting 
Kurt Bauer / City of Boulder 
Shea Thomas / UDFCD 
Mark Glidden / CH2M HILL

Bob Harberg / City of Boulder 
Annie Noble / City of Boulder 
Aaron Cook / CH2M HILL 

Alan Taylor / Alan Taylor 
Consulting 
Mark Taylor / Architerra

FROM: Alan Turner / CH2M HILL 

DATE: June 9, 2011 
PROJECT NUMBER: 400168 

 
 

Introduction 
This meeting was to discuss schedule and to set up milestones and goals for the second 
phase of the South Boulder Creek Flood Mitigation Project. 

1. Accepted Work Plan 

a. Complete review and analysis of OSMP Memorandum compared to 
proposed alternatives – CH2M HILL 

b. Refine easement analysis based on existing alternatives – Alan Taylor 
Consulting 

c. Identify utility conflicts and proposed solutions – CH2M HILL 

d. Collect existing information regarding irrigation flows to ensure alternatives 
are sized correctly for decreed flows. – Alan Taylor Consulting 

e. Identify proposed flood proofing alternatives– Alan Taylor Consulting 

f. Create a preliminary rendering of a berm for review - Architerra 

g. Progress meeting Wednesday, June 20, 2011 10:30 am  

i. Review results of task a – f above 
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h. Begin refinement of alternatives based on above information 

i. Collection system for Bear Canyon Creek Pipeline 

ii. Refined conveyance facilities for Dry Creek #2 Ditch 

1. Pipeline  

2. Open Channel 

iii. Refined control structure for US 36 flow split 

i. Workshop meeting July 20, 2011 

i. Will include Architerra to review landscape perspectives 

ii. Review refinements to date and make changes based on City and 
UDFCD Comments 

j. Final Refinement of alignments based on updated easement information 

k. Final Refinement of utility conflicts and preparation of conceptual relocation 
plans 

l. Phasing analysis and incremental benefits evaluation 

m. Update of Cost Benefit analysis based on refinements 

n. Final workshop meeting August 17, 2011 

i. Review final alternatives 

o. Prepare final report text 

p. Tentative OSMP Meeting September, 2011 

2. Action Items 

a. CH2M HILL will work with Architerra and Alan Taylor to begin initial work 
on South Boulder Creek Refinements. 

b. CH2M HILL will call Xcel Energy and QWEST to attempt to recover atlas 
sheets for phone, gas and electricity in the vicinity of the improvements. 

3. Schedule  

a. Begin Work June 6, 2011 

b. Progress Meeting Jun 20, 2011  

c. Workshop Meeting July 20, 2011 

d. Progress Meeting August 3, 2011 

e. Workshop Meeting August 17, 2011 

f. OSMP Meeting September 2011 
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SBC Flood Mitigation Study - Progress Meeting #23 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
 
 

Alan Taylor/Alan Taylor 
Consulting 
Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
 

FROM: CH2M HILL  

DATE: August 3, 2011 

Distributed Detention Changes and Update 
The detention pond upstream of US-36 in the distributed regional detention alternative has 
been modified.  The revised detention pond provides off-line storage that allows the 
detention ponds at South Boulder Road and Baseline Road to function without overtopping.  
The detention pond was previously modeled, in MIKE FLOOD, as a culvert along the 
mainstem of South Boulder Creek, but it was agreed upon that a structure along the 
mainstem would not be possible.   

The new control structure is between the mainstem of South Boulder Creek and the west 
overbank.  The detention pond is designed such that approximately 1,000 cfs will remain in 
the mainstem of South Boulder Creek with any flows exceeding 1,000 cfs allowed to flow 
into a lowered west overbank and into the detention pond.  The berm, which previously 
tied into the US-36 bridge over South Boulder Creek, now extends to the south keeping the 
flow in the mainstem separate from the flow in the lowered overbank.  The first 1,000 to 
2,000 cfs reaching the pond would flow directly through the culvert outlet structures, back 
to the mainstem of South Boulder Creek.  The detention pond begins to store water only at 
higher flows.   

The additional length of the berm increases the impact to open space property and critical 
habitat.  The additional berm does not impact the trail system adjacent to South Boulder 
Creek but may provide a visual barrier to trail users looking to the west, especially near US-
36 where the height from the trail to the top of the berm is at a maximum. 

Review of Open Space Memorandum 
The open space memorandum made a few key assumptions that are not consistent with the 
assumptions made by the South Boulder Creek Flood Mitigation Study project team.  A few 
of the key difference in assumptions are: 

 Open space assumed the berms were entirely on open space land.  The Flood 
Mitigation project assumed the berms would be placed partially on City or State 
Right of Way.   
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 For the Distributed Regional Detention alternative, the open space memorandum 
stated the maximum berm height at US-36 is 18 feet.  The actual maximum berm 
height is 12 feet. 

 For the Distributed Regional Detention Alternative, the open space memorandum 
stated the maximum berm height at Baseline Road is 18 feet.  The actual maximum 
berm height is 18 feet but only if measured from the South Boulder Creek invert to 
the top of the berm.   

 In general, the estimated impacts to open space and critical habitats are less than 
what was reported in the open space memorandum, although the impacts to open 
space and critical habitat are greater than what was reported for the detention pond 
at US-36 for the Distributed Regional Detention alternative where the berm was 
extended to the south.  

Alan Turner/CH2M HILL will finalize the memorandum detailing the inconsistencies 
between the South Boulder Creek Flood Mitigation Project and what was presented in the 
open space memorandum. 

Review of Renderings and Rendering Locations 
The Architerra Group has prepared two renderings showing the impacts of the proposed 
berms.  The renderings they’ve prepared are: 

 Distributed Regional Detention Alternative – Looking southwest from the corner of 
Baseline Road and Cherryvale Road 

 Storage at US-36 Alternative – Looking south from Table Mesa Drive overpass to 
University of Colorado south property 

The Architerra Group will prepare two additional renderings: 

 Distributed Regional Detention Alternative – From trail adjacent to South Boulder 
Creek (upstream of US-36) looking northwest 

 Storage at US-36 Alternative – From trail adjacent to South Boulder Creek (upstream 
of US-36) looking northwest 

Bob Harberg requested that the view of each of the renderings be expanded to 180° to show 
a better representation of the proposed improvements.  Alan Turner will coordinate with 
Kurt Bauer if the two additional renderings to not fit within the existing budget for 
Architerra. 

Utilities Conflict Updates 
CH2M HIILL has not been able to contact Qwest or Xcel for utility line locations but will 
include a contingency for utility conflicts.  Actual locations and utility conflicts can be 
pursued at a later date such as conceptual design. 

Alternative Phasing Strategy 
The goal is to develop a phasing plan that the city can implement and identify ways to get 
the projects funded.  A preliminary phasing plan was presented to the project team for each 
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alternative but CH2M HILL will have to evaluate the final costs and benefits before 
recommending a final phasing strategy.  In general, the phasing considerations are: 

 Benefit/cost analysis 

 Capital cost 

 Relationship to other improvements 

 Traditional downstream to upstream approach 

The benefits are mostly clear for the larger improvements but become less clear for the 
smaller improvements.  When the benefit/cost analysis becomes difficult, a traditional 
downstream to upstream approach should be used. 

Updated Cost Estimates 
The cost for the Bear Canyon Creek pipeline alternative has been updated to include the cost 
for the inlets and lateral pipelines where flow overtops US-36.  The updated cost estimate is 
approximately $4,000,000 higher than the previous estimate.   

CH2M HILL would like to include a more detailed cost estimate for the construction of 
detention pond berms and is currently working on this.  One idea is to determine a cost per 
linear foot of jurisdictional berm based on estimates from CWCB or other consultants. 

Discussion of Current City of Boulder Terrain Files 
The terrain data that the project team has been using for the South Boulder Creek Flood 
Mitigation Project is not the most current terrain data from the City of Boulder.  At the onset 
of the project, the City loaded the old terrain data to the City of Boulder FTP site, which is 
the data that the project team has been using.   

In the 2003 survey, vegetated cover prevented gathering proper topography in some stream 
areas.  Merrick & Company was hired to correct the topography in stream areas using 
LIDAR.  The topography corrected in stream areas was never loaded to the City of Boulder 
FTP site. 

The City just recognized this issue and both the Floodplain Mapping Study and Flood 
Mitigation Project have used the old terrain data.  The difference between the corrected and 
not corrected topography is generally less than 0.5 feet but can be as much as 2 – 4 feet in 
isolated areas. 

CH2M HILL is in the process of contacting Eric Fontenot/DHI to determine which 
topography was used for the Floodplain Mapping Study in the MIKE FLOOD Model.  
CH2M HILL has continued to use the same topography in MIKE FLOOD for each 
alternative that was modeled.  CH2M HILL will also perform an analysis to determine the 
difference between the corrected and not corrected topography for the South Boulder Creek 
project area. 
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SBC Flood Mitigation Study –Progress Meeting #24 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/ City of Boulder 
Annie Noble/ City of Boulder 
Shea Thomas/UDFCD 
Alan Taylor/Alan Taylor 
Consulting 
 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Mark Taylor/Architerra 

FROM: CH2M HILL  

DATE: August 31, 2011 

This meeting summary documents the discussion and major decision made during Progress 
Meeting 24.   

Review of Refined Costs and Comparison of Plan Costs 
The costs for each alternative were refined by evaluating each element within each 
alternative plan.  Unit costs, construction costs, land acquisition, wetland mitigation, etc. 
were refined for each alternative.  The major changes to the cost estimates include: 

 Included environmental mitigation 

 More detail and a better understanding of the detention ponds footprints 

 Better understanding of required land acquisition 

 Contingency decreased from 50% to 35% 

High Hazard and Critical Facilities Alternative: CH2M HILL and Alan Taylor are still 
working on the refined costs for this alternative.  Alan Taylor is working on the unit costs 
for floodproofing Frasier Meadows Manor, schools, and gas stations.  The project team 
determined that only the cost for mitigating the high hazard zone should be included in this 
alternative.  The costs for floodproofing of critical facilities will be noted but it will not be a 
cost to the City of Boulder. 

Storage at US-36 with Downstream Improvements Alternative: This alternative was 
divided into three elements for consideration in the phasing recommendation; detention 
pond at US-36, improvements in the West Valley, and detention at Arapahoe Avenue.  The 
increase in cost for this alternative is due to a better understanding of the detention pond 
footprint at US-36 (with 4:1 side slopes and an impervious core key trench), additional 
riprap for the US-36 detention pond spillway, and a better understanding of the 
environmental mitigation required for the channels downstream of the Arapahoe Avenue 
detention pond.  Environmental mitigation, which was not included in the previous cost 
estimate, was included in the refined costs. 
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Distributed Regional Detention with Downstream Improvements Alternative: This 
alternative was divided into three elements for consideration in the phasing 
recommendation; regional detention ponds, improvements in the West Valley, and 
detention at Arapahoe Avenue. The increase in cost for this alternative is due to the 
following: 

 Computational problems in previous spreadsheet (contingency not applied correctly, 
mistake in applying detention pond equation) (approximately $4 million) 

 Added environmental mitigation (approximately $4 million) 

 Increase in property acquisition cost (approximately $4 million) 

 Increase in spillway and earthwork cost for detention ponds (approximately $5 
million) 

Bear Canyon Creek Pipeline Alternative: The property acquisition and wetland mitigation 
costs increased but the overall pipeline refinement decreased the overall cost for this 
alternative. 

Cost Benefit / Phasing 
The goal of the phasing plan is to offer direction as to how the facilities, as part of the overall 
alternative, should be implemented.  The phasing considers benefit to cost ratio, capital cost, 
and other intangibles such as life safety, flood control, and public interests.  The final 
phasing will require input from the City of Boulder and UDFCD. 

Storage at US-36 with Downstream Improvements Alternative: For this alternative, the 
recommended phasing is as follows: 

1. Detention pond at US-36 (favorable benefit to cost ratio, capital cost not too much 
higher than other improvements, prevents overtopping of US-36) 

2. West Valley Improvements (high benefit to cost ratio, doesn’t eliminate 100-year 
floodplain) 

3. Detention pond at Arapahoe Avenue (favorable benefit to cost ratio) 

Distributed Regional Detention with Downstream Improvements Alternative: For this 
alternative, the recommended phasing is as follows: 

1. Detention pond at Arapahoe Avenue (favorable benefit to cost ratio, downstream to 
upstream improvements) 

2. Distributed regional detention ponds (benefit to cost ratio less than one, prevents 
overtopping of US-36) 

3. West Valley Improvements (high benefit to cost ratio, doesn’t eliminate 100-year 
floodplain) 

Bear Canyon Creek Pipeline Alternative: For this alternative, the recommended phasing is 
as follows: 
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1. Detention pond at Arapahoe Avenue (favorable benefit to cost ratio, downstream to 
upstream improvements) 

2. Bear Canyon Creek Pipeline/Inlets (favorable benefit to cost ratio, captures flow 
overtopping US-36, eliminates 100-year floodplain) 

3. West Valley Improvements (favorable benefit to cost ratio, eliminates 100-year 
floodplain) 

The costs for each of the three alternatives, Storage at US-36 with Downstream 
Improvements, Distributed Regional Detention with Downstream Improvements, and Bear 
Canyon Creek Pipeline Alternative, have a favorable benefit to cost ratio with the refined 
costs but not every element within each alternative has a favorable benefit to cost ratio. 

Renderings 
Mark Taylor presented three photos showing the view from the trail upstream of US 36.  
These photos were taken with the intent of showing the berms for the detention ponds 
upstream of US-36 for both the Storage at US-36 alternative and the Distributed Regional 
Detention Alternative.  From the vantage points that the three photos were taken, it would 
be very difficult to show either of the berms.  The berms are either blocked by vegetation or 
are too far away.  For now, Architerra will leave the photos as is without creating a 
rendering of the berms. 

Mark Taylor also presented the rendering of the US-36 berm at the CU South Campus 
(taken from Table Mesa Drive) with a widened view.   

Terrain 
Report Chapters and Outlines 
Schedule 
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M E E T I N G  S U M M A R Y   
 

South Boulder Creek Flood Mitigation Study 
Conceptual Alternative Plan Identification Meeting 
Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Don D'Amico/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
Jeffrey Lipton/CU-Boulder 
Chuck Howe/Boulder Water 
Resources Ad. Board 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Alan Taylor/Alan Taylor 
Consulting 
 
 

FROM: Aaron Cook 

DATE: March 17, 2010 
PROJECT NUMBER: 400168 

 
Introduction 
CH2M HILL and Alan Taylor have been looking over the possible alternative elements and 
alternative elements.  The goal of this meeting is to eliminate some of the alternatives and 
end up with few alternative alignments with elements. 

Every improvement recommended in a given alternative plan will have ramifications 
downstream.  For example, if a culvert capable of conveying the 100-year regulatory flow is 
installed, the storage upstream will be removed, and the peak flow will increase 
downstream.  The alternatives are in a preliminary stage right now and details such as 
impacts downstream will be evaluated for only the best alternative plans. 

Public Meeting Review 
Everyone in attendance agreed that the public meeting went well.  The community 
impacted by the West Valley flooding was in attendance.  The community was interested in 
the impacts to their houses and gave a few recommendations.  A number of people in 
attendance at the public meeting suggested that open space be used for flood mitigation.   

Schedule 
The project is on schedule.  Although the kickoff meeting was a few weeks behind schedule, 
the Conceptual Alternative Plan Identification Workshop was originally schedule for March 
17 so the project team has made up time.  The next workshop, to evaluate the best 
alternative plans, is schedule for the end of April. 
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Development of Screening Elements 
The Alternative Element Matrix was updated to include specific options rather than a dot to 
show which alternatives are feasible.  A narrative summary was also provided.  The main 
categories of improvements are storage and conveyance (pipes or channels). 

Upstream of US-36, the options include a levee to direct flows to South Boulder Creek and 
storage.  Storage directly upstream of US-36 would be off-line detention while any other 
storage location would probably be on-line storage with a large embankment and a large 
spillway to convey the probable maximum flood.  Approximately 2,000 – 3,000 acre feet of 
storage would be needed for an on-line detention pond.  The Town of Boulder would like an 
alternative for storage upstream of US-36 that does not impact the CU South Campus 
property.  One alternative to not impact the CU property is to have a smaller detention 
pond upstream of US-36 combined with increased flows through the South Boulder 
Creek/US-36 Bridge.  The US-36 Bridge over South Boulder Creek can convey the 100-year 
regulatory flow.  Storage upstream of US-36 alone does not fix all the West Valley flooding 
issue but is one key element.  Other improvements upstream of US-36 could include 
improvements to the Viele Channel and the New Anderson Ditch. 

From US-36 to Baseline Road, alternatives include storage upstream of South Boulder Road, 
additional storage in Baseline Reservoir, improved conveyance of Dry Creek Ditch No. 2, 
diversions to open space, and storage at Manhattan Middle School or the Baseline Road/ 
Foothills Parkway Intersection.  The approximate available storage at Manhattan Middle 
School is 35 acre-feet, not nearly enough for the 100-year regulatory peak flows.   

From Baseline Road to Arapahoe Avenue, alternatives include a pipeline along Foothills 
Parkway, a new conveyance through the neighborhood, storage at the golf course, and 
conveyance improvements to the Wellman Canal and Dry Creek Ditch No. 2. 

North of Arapahoe Avenue is the location of much of the damages.  Possible alternatives 
North of Arapahoe Avenue include a new conveyance behind buildings and a splitting 
some of the flow to South Boulder Creek. 

Bob Harburg from the City of Boulder would like to conclude that the only reasonable 
solution is off-line storage upstream of US-36 but the project team concluded that we should 
instead eliminate the options of a large pipeline from US-36 to the confluence with Boulder 
Creek. 

According to Don D’Amico, not all open space is equal.  Above Baseline road along South 
Boulder Creek is high quality open space which is valuable to the City.  Below Arapahoe 
Avenue along South Boulder Creek, the open space is not as valuable to the City.  Don also 
reiterated that excavation in open space is unlikely. 

Hydrology 
The 10-year regulatory hydrology for the West Valley is being used because there is no 10-
year hydrology for the lower storm center analysis and the stormwater master plan only 
evaluated the 2- and 5-year events.  The regulatory hydrology will also be used for the 100-
year event for alternatives with and without storage upstream of US-36.  For alternatives 
with storage upstream of US-36, the lower storm center analysis with a peak flow of 1100 cfs 
will also be considered. 
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Costs of Screening Elements 
A spreadsheet with alternative elements for the 100-year regulatory, 100-year cutoff, and 10-
year events was provided to those in attendance.  The project total on the spreadsheet 
includes 5% for Mobilization, 5% for Stormwater Management/Erosion Control, 15% for 
Engineering, 1% for Legal/Administrative, 5% for Contract Admin/Construction 
Management, and 50% for Contingency.  Unit costs were taken from the Urban Drainage 
and Flood Control District (UDFCD) Master Planning Cost Estimate spreadsheet.  The costs 
provided help to compare alternatives and individual elements to determine the most cost 
effective alternative.  Open channels are based on a flow rate per linear foot. 

Screening Level Benefits 
Spreadsheets showing the average annual benefit and justifiable capital investment for four 
reaches within the project area were presented at the meeting.  For each reach, a damage ($) 
versus flow rate (cfs) was created as the baseline and offset for 10-year and 100-year 
improvements.  From the damage versus flow rate curve, a damage ($) versus probability 
curve was created for the 10- and 100-year improvements and average annual damage, 
average annual benefit, and justifiable capital investment was determined for each reach.  A 
capital cost factor of 7% for 50 years was used in this analysis.  This process will be used to 
determine which alternative provides the best benefit to cost ratio. 

During the meeting, it was brought up that City Council will evaluate other factors besides 
benefit to cost ratio.  Council will evaluate the types of buildings flooded, life safety, or may 
only look at the high hazard zone. 

Discussion of Possible Alternative Plans 
The following items will be considered during the alternatives evaluation: 

 Off-line detention upstream of US-36 - The off-line detention upstream of US-36 could 
have the capacity to store the theoretical maximum storage (~1100 acre-feet), could 
match the existing storage capacity (~300 acre-feet), or could be have a storage capacity 
in between the existing and theoretical maximum storage.  If the CU property becomes 
part of the detention pond, Jeff Lipton from CU would like to use the storage areas for 
other uses such as playing fields.   

 Drain detention under US-36 using New Anderson and Viele - Push water through the 
New Anderson and Viele crossings of US-36 to the open space between US-36 and South 
Boulder Road and eventually back to South Boulder Creek. 

 Extend CU berm (combined storage/levee option) - The alternative would not provide 
the necessary storage upstream of US-36 but would act as a levee in forcing more water 
through the US-36 bridge at South Boulder Creek.  A large embankment would not 
work according to open space requirements but this options will be evaluated further.  
With this alternative, the project team will need to evaluate the increased hazard 
downstream as a result of forcing more water back to South Boulder Creek. 

 High Hazard Alternative - One alternative will include only those improvements 
necessary to remove buildings from the high hazard zone. 
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 Local detention in West Valley - The project team will continue to evaluate local 
detention in the West Valley 

 Diversion to South Boulder Creek – The project team will continue to evaluate 
diversions to South Boulder Creek and diversion to Bear Canyon Creek. 

 Gaptor Road – The City may annex this area with regulations concerning the types of 
improvements which can be made to South Boulder Creek.  Possible alternatives for 
improvements include improved/enlarged channel or an overflow channel.  It was 
noted that this area is within the high quality open space area. 

 Improvements to Baseline Road – One possible alternative is to increase the capacity 
through Baseline Road and spreading out the flow downstream of Baseline Road. 

 Concrete channel – Probably not a viable option but will still be considered. 

 Grass-lined channel – Grass-lined channels would be much wider than concrete lined 
channels and would come with increased Right-of-Way costs and possibility of needing 
to purchase residential properties.  The City is willing to purchase portions of properties 
but not an entire residential property unless it is within the high hazard zone. 

 Underground pipes – Underground pipes will still be considered unless the costs 
become too expensive. 

 Diversion to Baseline Reservoir – Baseline Reservoir is owned by Lafayette but it is 
believed that there is additional storage available.  The diversion to Baseline Reservoir 
may not be formalized but may be a consequence of forcing more water to South 
Boulder Creek. 

 Diversion to Leggett Reservoir – Legget Reservoir doesn’t have much additional 
capacity.  This alternative will not be removed at this time. 

 Conveyance to Boulder Creek via Bear Canyon Creek – This alternative will be 
evaluated but includes trans-basin flows which may alert the Colorado Water 
Conservation Board (CWCB). 

 Improvements to Ditches – Improvements to ditches will be considered but any 
improvement must be approved by the ditch companies. 

 Improvements at Arapahoe Avenue – Improvements at Arapahoe Avenue will include 
mitigation of commercial properties.  Any improvement at Arapahoe will include 
collecting the flow and moving it to South Boulder Creek and Dry Creek Ditch No. 2 
which are believed to have enough capacity. 

Next Steps 
 The City of Boulder will provide CH2M HILL with a land acquisition cost. 

 CH2M HILL will finalize a Technical Memorandum regarding the hydrology in the 
West Valley.  

 CH2M HILL and Alan Taylor will assemble possible alternatives. 
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 The project team will schedule a meeting with Jeff Lipton to discuss the CU south 
property. 

 The project team will schedule a meeting with Don D’Amico to discuss open space uses 
once some alternative plans have been created. 
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M E E T I N G  S U M M A R Y   
 

South Boulder Creek Flood Mitigation Study 
Workshop #3 Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Shea Thomas/UDFCD 
Chuck Howe/Boulder Water 
Resources Ad. Board 
 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Alan Taylor/Alan Taylor 
Consulting 
 
 

FROM: CH2M Hill 

DATE: May 11, 2010 
PROJECT NUMBER: 400168 

 

Review Progress to Date 
Mark Glidden from CH2M Hill presented a brief overview of the progress to date.  Work to 
date includes identification of the sources of the problems, development of a suite of 
potential solutions, development of alternative plans, determination of design discharge, 
alignment refinement, cost determination, and benefit estimation. 

See the Workshop No 3 Review Packet for a complete summary of progress to date. 

Recommended Best Alternative Plans 
High Hazard/Critical Facilities Protection 
The High Hazard and Critical Facilities Protection alternative includes flood proofing of all 
critical facilities within the West Valley and re-grading two properties to remove two 
structures from the high hazard zone.  The two structures in the high hazard zone are 
located at the location where flow overtops US 36 into the West Valley, west of Foothills 
Parkway.  The project team evaluated using conveyance improvements and purchasing the 
two structures to remove them from the high hazard zone but re-grading the properties was 
the least costly alternative.  Critical facilities include schools, senior housing, and any 
building with hazardous materials.  The majority of the critical facilities in the West Valley 
are located north of Arapahoe Avenue.   

No structures along Gaptor Road will be flood proofed or removed from the high hazard 
zone because Gaptor Road is not included in the study area or scope of work.  The majority 
of the residents along Gaptor Road are going to be annexed into the City of Boulder but do 
not want improvements to the South Boulder Creek mainstem adjacent to their properties.  
The residents of Gaptor Road are aware of the risks associated with South Boulder Creek 
flooding and do not want any changes made.   
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The cost of the High Hazard/ Critical Facilities Protection alternative is approximately 
$10,682,000 but does not include any costs for non-structural improvements such as a flood 
warning system. 

CU Storage with Local West Valley Improvements 
The detention pond located directly south of US 36 is located partially on CU property and 
partially on City of Boulder open space.  The pond is approximately 750 acre-ft and prevents 
overtopping of US 36 into the West Valley.  Without any grading to the pond area, the 
surface area of the pond is approximately 115 acres.  A berm approximately 8 feet high is 
required constructed along the west and north edges of the pond to make this detention 
pond configuration work.  

The pond must be 750 acre-ft due to the timing of the hydrology and the dead storage at US 
36.  In the regulatory MIKE FLOOD model, 300 acre-ft overtops US 36 into the West Valley, 
so 300 acre-ft, in addition to the dead storage at US 36, must be stored.  The 750 acre-ft also 
represents the existing conditions without adding or removing any culverts through US 36.  
If all of the flow is forced back into the South Boulder Creek mainstem bridge at US 36, a 
total of 1150 acre-ft of storage is required to prevent overtopping of US 36.  .  If an additional 
6’ x 4’ concrete box culvert (CBC) is placed adjacent to the existing 6’ x 4’ CBC at Dry Creek 
Ditch No. 2, a total of 300 acre-ft of storage is required to prevent overtopping of US 36.  

The project team discussed the possibility of this detention pond configuration with Jeff 
Lipton from CU.  Jeff Lipton suggested that excavation and a tiered approach be used to 
reduce the surface area of the pond and reduce the impact to the CU property.  CH2M Hill 
will look into re-grading the detention pond to include excavation of the CU property.  Re-
grading the detention pond will allow CU the same building footprint as what is shown in 
their Master Plan for this property.  The Master Plan currently shows 82 acres dedicated to 
flood storage.  The downside to re-grading the detention pond to include excavation is that 
the pond at Table Mesa does not have a lot of capacity and flow reaching this pond will 
quickly overtop US 36.  Representatives from the City of Boulder will be in contact with CU 
to determine what concessions will be required in exchange for this detention pond. 

The local West Valley Improvements will be common among many of the alternatives in 
which overtopping of US 36 is prevented.  The best alternative for local improvements in the 
West Valley is improving the Dry Creek Ditch No. 2 alignment with local storage.  The 
diversion to Bear Canyon Creek and the diversion down the West Valley profile were much 
more costly alternatives, due to extra pipe costs, and were removed from consideration.  The 
first element is a 48” RCP to collect local inflows from US 36 to Baseline Road, west of 
Foothills Parkway followed by 9 acre-ft detention pond at the Baseline Road – Foothills 
Parkway Intersection.  The 9 acre-ft detention pond reduces the peak flow from 150 cfs to 50 
cfs and eliminates the need to modify the existing concrete lined channel parallel to Baseline 
Road which has a capacity of approximately 50 cfs.   

Along Dry Creek Ditch No. 2, a 78” RCP from South Boulder Road to Illini Way and an 
upsized open channel from Illini Way to Tenino Avenue are required to convey flows in 
Dry Creek Ditch No. 2.  Improvements along Dry Creek Ditch No. 2 from South Boulder 
Road to Tenino Ave are not recommended as part of the City of Boulder Stormwater Master 
Plan.  The local West Valley Improvements also include a 25 acre-ft detention pond at 
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Manhattan Middle School.  The detention pond at Manhattan Middle School discharges to 
the existing 48” RCP at along Dry Creek Ditch No. 2 and eliminates the need to upsize that 
pipe.  With the two detention ponds upstream of Baseline Road, no improvements are 
required along Dry Creek Ditch No. 2 from Baseline Road to Arapahoe Avenue.   

At Arapahoe Avenue, a 58 acre-ft detention pond/collection system is recommended to 
collect and store flows from along Dry Creek Ditch No. 2 and flows spilling across Flatirons 
Golf Course from South Boulder Creek.  To create the storage at Arapahoe Avenue, a 3’ 
barrier will be constructed along Arapahoe Avenue to separate vehicle traffic from bike 
traffic while also providing additional storage capacity.  The outlet to the detention pond is 
a 12’ x 10’ CBC to an existing channel downstream of Arapahoe Avenue.  The CBC also 
serves as a bike crossing.  Currently, the City of Boulder Parks Department is updating the 
Master Plan for the Flatirons Golf Course and are on board with this improvement.  This 
detention pond is included in all alternatives because each alternative has a need to collect 
flows at Arapahoe Avenue and it removes structures below Arapahoe Avenue from the 
floodplain, providing a large damage reduction, and protects critical facilities. 

A drainage easement must be purchased for the existing open channel directly downstream 
of Arapahoe Avenue but no other improvements are necessary downstream. 

Improvements to the Wellman Canal are recommended for all alternatives.  These 
improvements allow the Wellman Canal to convey the decreed flows.  A 36” RCP is 
recommended along the Wellman Canal through Foothills Parkway to prevent additional 
flows from Bear Canyon Creek to be conveyed through the Wellman Canal during flooding 
events. 

The total cost for this alternative is $30,058,000 although the costs of the concessions to CU 
are unknown at this point. 

Storage South of CU with Local West Valley Improvements 
The detention pond south of CU is located entirely on City of Boulder Open Space.  The 
detention pond is 400 acre-ft and has large outlet pipes so that low flows are conveyed 
through the pond and only the peak flows are stored within the pond.  This pond has to be 
greater than the 300 acre-ft that overtop US 36 into the West Valley because it is located 
higher in the watershed. 

Kurt Bauer and Annie Noble met with Don D’Amico from City of Boulder Open Space to 
discuss this detention pond alternative.  Don said that no excavation can occur and that a 
berm cannot be constructed on this site.  The site is a wetland mitigation site and is being 
purchased by CDOT.  During the meeting, Don suggested an alternative detention site 
located adjacent to Marshall Road.  The site adjacent to Marshall Road is not on City of 
Boulder Open Space but is a smaller site than the open space site.  There would be no limits 
to excavation or building a berm on this site although the site would have to be purchased.   

 If this alternative continues forward, wetlands can be incorporated into the detention pond.  
Representatives from the City of Boulder are planning on meeting with Don again next 
week and will report to the rest of the project team. 

The local improvements in the West Valley are the same as the improvements 
recommended in the CU storage plan.  The total cost for this alternative is $28,220,000.  The 
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total cost assumes the cost to purchase the open space land to construct a detention pond is 
$36,000 per acre as was given in the Urban Drainage and Flood Control District Master 
Planning cost estimating spreadsheet.   

Mainstem Flow Containment with Local West Valley Improvements 
This alternative forces all flow above US 36 back to the South Boulder Creek mainstem by 
making improvements to the CU levee and extending the levee along US 36.  It is likely that 
this levee will become a jurisdictional levee due to the height, volume stored upstream of 
the levee, or surface area of the storage upstream.  From a comparison of the regulatory 
MIKE FLOOD model and the levee MIKE FLOOD model, the levee forces approximately an 
additional 200 acre-ft of volume and an increase in peak flow of approximately 500 cfs to the 
mainstem.  Without any improvements along the mainstem, the levee increases the depth of 
flow along the mainstem by less than 0.5 meters in most locations. 

Other improvements along the South Boulder Creek mainstem are also required to mitigate 
the additional flow that is being forced to the mainstem.  The first improvement is 
additional storage in Baseline Reservoir.  It is unknown at this time what the additional 
capacity of the reservoir is, the price of storage in the reservoir, or what other concessions 
would have to be made to store stormwater flows in the reservoir.  For comparison, Pine 
Brook Hills paid $50,000 per acre-ft of permanent storage.  The other improvement 
recommended along the mainstem is 2 – 8’ x 5’ CBCs through Baseline Road to allow some 
of the water ponding behind Baseline Road into open space land downstream of Baseline 
Road, reducing the flow in the mainstem. 

The improvements in the West Valley are the same as those recommended in the detention 
alternatives with one exception.  The detention pond at Arapahoe Avenue would need a 
secondary outlet, an 8’ x 8’ CBC with a new open channel back to South Boulder Creek.  
This secondary outlet is required because, unlike the detention alternatives where flow was 
being stored upstream, this alternative forces additional flow to the detention pond at 
Arapahoe Avenue.   

This alternative was mentioned as a possible alternative at the first public meeting.  
According to UDFCD, levees are acceptable as long as the prevent flooding, but detention 
above US 36 would be better.  The total cost for this alternative is likely greater than either 
detention option but does provide a possible alternative should the upstream detention 
options be eliminated due to constraints.   

No Storage above US 36, Diversion to Bear Canyon Creek 
This alternative includes no detention upstream of US 36 and large pipelines in the West 
Valley.  In the West Valley there are two primary flow paths, one to Bear Canyon Creek and 
the other along Dry Creek Ditch No. 2.  No local detention is recommended because the cost 
for local detention is greater than the decrease in cost due to decreasing the pipe size with 
local detention in place.  Both the diversion to Bear Canyon Creek and improvements to Dry 
Creek Ditch No. 2 are still being considered because the cost of each alternative is similar.   

The first element of this alternative is a 114” RCP extending from US 36 to Baseline Road, 
west of Foothills Parkway.  The 114” RCP crossing the Foothills Parkway – Baseline Road 
intersection and continues parallel to Foothills Parkway to Bear Canyon Creek.   
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An 8’ x 5’ CBC is required along the New Anderson Ditch to prevent overtopping into the 
West Valley and Dry Creek Ditch No. 2.  Along Dry Creek Ditch No. 2, all pipes must be 
upsized to 90” RCPs, and open channels must have their capacity increased to convey the 
100-year regulatory flow.  With large pipes, right-of-way constraints may become an issue.  
The section of open channel through the golf course will not be upgraded.  This alternative 
also includes improvements to the Wellman Canal.   

Similar to the other alternatives, detention/collection at Arapahoe Avenue must occur and 
the detention pond must have two outlets.  The first outlet is a 12’ x 10’ CBC to an existing 
open channel downstream of Arapahoe Avenue and the second, an 8’ x 8’ CBC, to a new 
open channel back to South Boulder Creek.  A drainage easement must be purchased for the 
existing open channel downstream of Arapahoe Avenue.  No other improvements are 
necessary downstream of Arapahoe Avenue. 

The total cost for this alternative is $36,533,000, higher than the detention alternatives but a 
low enough number to still provide a positive benefit to cost ratio. 

No Storage above US 36, Improvements to Dry Creek Ditch No. 2 
This alternative does not include any detention upstream of US 36 and conveyance in the 
West Valley must convey the 100-year regulatory flows.  Similar to the previous alternative, 
this alternative does not include local detention in the West Valley.  This alternative 
includes a 114” RCP from US 36 to Baseline Road in the West Valley and a 132” RCP to 
replace the existing concrete lined channel parallel to Baseline Road.  Along Dry Creek 
Ditch No. 2, pipes are to be replaced with 90” RCPs upstream of Baseline Road and with a 
132” RCP from Baseline Road to the Golf Course.  There are no improvements 
recommended to Dry Creek Ditch No. 2 in the Golf Course. 

Similar to the other alternatives, a detention pond/collection at Arapahoe Avenue is 
required to reduce the peak flow and collect flows.  Two outlets to the pond are required.  
The first is a 12’ x 10’ CBC to the existing channel north of Arapahoe Avenue.  The 12’ x 10’ 
CBC also serves as a bike crossing.  The second outlet to the pond is an 8’ x 8’ CBC to a new 
open channel to convey flows back to South Boulder Creek.  A drainage easement is 
required for the new open channel north of Arapahoe Avenue.  This alternative also 
includes improvements to the Wellman Canal. 

The total cost for this alternative is $36,092,000. 

No Storage above US 36, Stormwater Master Plan Improvements 
This alternative does not convey the 100-year peak flows from the regulatory model but 
does solve the flooding issues associated with the 5-year peak flows from the City of 
Boulder Stormwater Master Plan.  There is no detention associated with the alternative, 
upstream of US 36 or local detention in the West Valley. 

For local inflows, a 48” RCP is recommended from US 36 to Baseline Road in the West 
Valley.  No improvements are necessary for the existing concrete lined channel parallel to 
Baseline Road or along Dry Creek Ditch No. 2 from South Boulder Road to Arapahoe 
Avenue.  For local inflows from Baseline Road to the Wellman, a 36” RCP is necessary along 
Foothills Parkway.  A 36” RCP is recommended along 55th Street from approximately 
Tenino Avenue to Baseline Road and another 36” RCP is recommended west of 55th Street 
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connecting to the Wellman Canal.  Downstream of Arapahoe Avenue, a 48” x 30” RCP is 
needed along Dry Creek Ditch No. 2 to the railroad and a 54” x 36” RCP is needed from 
Arapahoe Avenue to South Boulder Creek west of 55th Street. 

The total cost for this alternative is $13,004,000. 

Damage Estimates 
CH2M Hill has reproduced the damage estimates from HDR with a few modifications.  It 
appears that HDR double counted approximately 30 properties in the West Valley so the 
CH2M Hill damage estimates in the West Valley are less than those produced by HDR. 

The following is a summary of the HDR approach to damage estimates and the FEMA BCA. 

HDR Approach 

 Used Hazus Curves 

 Depth/damage relationship 

 Stepwise function 

 Assessed values 

FEMA BCA 

 Possible change to Hazus Curves 

 Uses curve rather than stepwise function 

 Uses flow rate versus damage relationship 

 Replacement values rather than assess values 

Because of the difference in approach, the FEMA BCA and the approach used by HDR may 
lead to differing results.  CH2M Hill suggests the HDR approach with a few modifications.   

 Use updated Hazus Curves 

 Use replacement value 

The project team must speak with representatives from the State to determine if this 
approach will work because the State has stated previously that, in order to get grant 
money, the City of Boulder must use the FEMA BCA approach. 

Next Steps 
 Water Resources Advisory Board Meeting – June 21, 2010 

 Second Public Meeting – July, 2010 

 No conference call on Wednesday, May 12, 2010 

Action Items 
 CH2M Hill will run the best alternative plans in MIKE FLOOD on the 8 meter grid. 
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 CH2M Hill will determine the residual floodplain for each alternative input into 
MIKE FLOOD using the 8 meter grid.  Using the results of the residual floodplain, 
the damage associated with each property will be determined and a benefit to cost 
ratio for each alternative can be established. 

 CH2M Hill will evaluate excavation at the CU detention site 

 CH2M Hill will evaluate the possibility of additional storage in Baseline Reservoir 

 CH2M Hill will evaluate how the stormwater master plan improvements impact 
critical facilities and facilities within the high hazard zone 

 CH2M Hill will provide the City of Boulder with a figure for detention at Manhattan 
Middle School.  The City of Boulder will discuss this alternative with representatives 
from Manhattan Middle School. 

 CH2M Hill will send a copy of the PowerPoint presentation to the project team 

 CH2M Hill will send a link to the FEMA BCA software 

 CH2M Hill is working on sections of the report 
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M E E T I N G  S U M M A R Y   
 

South Boulder Creek Flood Mitigation Study 
Recommended Plan Selection Workshop Notes 

Kurt Bauer/City of Boulder 
Bob Harberg/City of Boulder 
Annie Noble/City of Boulder 
Don D'Amico/City of Boulder 
Bob Crifasi/Dry Creek Ditch #2 
Shea Thomas/UDFCD 
Jeffrey Lipton/CU-Boulder 
Chuck Howe/Boulder Water 
Resources Ad. Board 
 

Christina Martinez/CWCB 
Steve Griffin/CDOT 
Bob Hayes/CDOT 
Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Alan Taylor/Alan Taylor 
Consulting 
 
 

FROM: CH2M HILL 

DATE: August 11, 2010 
PROJECT NUMBER: 400168 

Action Items 
 Kurt Bauer will contact property owners impacted by the South of CU Detention 

Alternative. 

 Kurt Bauer and Alan Turner will meet with Bob Crifasi on August 12, 2010 to discuss 
impacts to Dry Creek Ditch #2. 

 CH2M HILL will coordinate with Danielle Yearsley/CH2M HILL about the 
improvements to US 36. 

 For each alternative, CH2M HILL will evaluate the impact to critical facilities. 

 CH2M HILL will prepare an outline/shell of the public meeting PowerPoint 
presentation and send to the project team for review prior to the public meeting. 

 Christina will send the USACE document on flood proofing to the project team. 

Introduction 
The goals of this workshop are to present the work done to date and the seven best 
alternatives, to discuss the seven best alternatives, and to come to a conclusion about the 
recommended plan(s).  The project team and stakeholders will also discuss what will be 
presented to the public at the next public meeting.  Chuck Howe is concerned that each 
alternative is mutually exclusive.  The alternatives being mutually exclusive is fine for 
presentation to the public.  It is still possible that alternatives could be combined, phased, or 
both. 
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Review of Work to Date 
The project team has developed alternatives, sized elements for each alternative, and 
determined the cost and benefit for each alternative.  The seven best alternatives are as 
follows: 

 High Hazard/Critical Facilities Protection 
 CU Detention with West Valley Improvements 
 South of CU Detention with West Valley Improvements 
 Mainstem Flow Containment with West Valley Improvements 
 Pipeline Diversion to Bear Canyon Creek 
 Dry Creek Pipeline 
 Stormwater Master Plan 

 
Each alternative was evaluated on the following criteria.   

 Cost 
 Average annual benefit/Present worth of project benefits 
 Benefit to cost ratio 
 Water Quality Impacts 
 Environmental Impacts 
 Social Impacts 
 Other Factors  

 
Best Alternative Plan Discussion 
Alternative 1 – High Hazard/Critical Facilities Protection 
The High Hazard/Critical Facilities Protection alternative focuses on public health and 
safety.  There are two structure within the high hazard zone near the US 36 overtopping into 
the West Valley.  These structures will be removed from the high hazard zone with localized 
grading improvements, but will not be removed from the 100-year floodplain.  The goal of 
removing these structures from the high hazard zone is to reduce imminent danger of 
structural damage or potential loss of life. 

The critical facilities protection portion of this alternative focuses on flood proofing all 
critical facilities within the study area.  There are 25 critical facilities within the West Valley, 
most of which are commercial properties north of Arapahoe Avenue.  Critical facilities 
include schools, facilities with at-risk populations, and facilities containing hazardous 
materials.  The list of critical facilities was provided by the City of Boulder and only those 
facilities identified as critical facilities are included in this alternative.   

Flood proofing can be problematic and is not always a reliable alternative.  For purposes of 
evaluating the benefit of flood proofing, the project team should assume that flood proofing 
is only 50% reliable.   

The City will not be paying for flood proofing of commercial critical facilities.   

Alternative 2 – CU Detention with West Valley Improvements 
The CU Detention with West Valley Improvements alternative focuses on preventing the 
100-year flood from overtopping US 36 with a 560 acre-ft detention pond at US 36, partially 
on CU property and partially on City of Boulder Open Space property.  The detention pond 
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berm begins at the US 36 bridge over South Boulder Creek, continues west along US 36 and 
the ramp from Foothills Parkway to US 36, and wraps around the Table Mesa Pond.  The 
maximum berm height is 18 feet near the Table Mesa Pond and the maximum berm height 
along US 36 is 6 feet.  There are no water rights issues associated with this alternative 
because water is stored in the detention pond for less than 48 hours. 

According to the Colorado Department of Transportation (CDOT), the Regional 
Transportation District (RTD) is in the process of designing a pedestrian bridge and on 
ramp near the Table Mesa Pond.  The Environmental Impact Statement (EIS) also changes 
the Foothills Parkway to US 36 ramp which could impact the design of the detention pond.  
It was determined that the alternatives are only in the conceptual design phase and any 
design changes could be made at a later time.   

CDOT was asked whether or not they would allow an embankment to be built adjacent to 
US 36 or if they would allow US 36 to function as the embankment for the pond.  CDOT 
would probably accept an embankment adjacent to the ramp as long as it doesn’t impact the 
EIS area and would prefer to have US 36 and the detention pond embankment separate.  
CDOT also suggested that a maintenance agreement would have to be agreed upon so 
CDOT would not be responsible for maintenance of the detention pond.   

The spillway to the detention pond would be across US 36 towards open space and back to 
South Boulder Creek.  CDOT stated that they could reinforce US 36 at the spillway location.  
The existing outlets along Viele Channel and the New Anderson Ditch do not have to be 
improved with this alternative.  There is some question if the spillway can be directed back 
to South Boulder Creek since the existing flow path is towards the West Valley.   

Don D’Amico noted that some of the embankment is still on City of Boulder Open Space 
property and in a natural area with endangered species.  The project team noted that the 
detention pond may provide a more reliable habitat for wetland species.  Don stated that 
detention is typically to infrequent to provide a reliable source of water for wetland species 
and wetland species are already present meaning there is already a reliable source of water 
in this area. 

West Valley Improvements 
The West Valley improvements are common among the detention and mainstem flow 
containment alternatives.  The West Valley Improvements include a 9 acre-ft detention pond 
at the Foothills Parkway and Baseline Road intersection with improvements (raise 
downstream concrete wall by 1 – 2’) to the channel parallel to Baseline Road to prevent 
overtopping. 

Also included in this alternative are 8’ x 6’ concrete box culverts at four road crossings along 
the New Anderson Ditch parallel to South Boulder Road.  Additional storage in the US 36 
gore point is also recommended.  This improvement does not impact Dry Creek Ditch #2.   

Improvements to Dry Creek Ditch #2 include an increased ditch capacity from Illini Way to 
Tenino Avenue to prevent overtopping into the adjacent neighborhoods.  At Tenino 
Avenue, all excess flows would be routed to a detention pond at Manhattan Middle School 
and no additional flows would be routed to Dry Creek Ditch #2 downstream of the 
Manhattan Middle School detention pond.  Bob Crifasi, representing Dry Creek Ditch #2, 
stated that the ditch cannot accept additional flood flows due to liability issues.  If the ditch 
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company were to allow flood flows into the ditch, they would ask for a complete waiver of 
liability.  The project team should consider a pipeline parallel to Dry Creek Ditch #2 from 
Illini Way to Tenino Avenue.  The ditch company has a 25’ easement along Dry Creek Ditch 
#2 so coordination with the ditch company would still be necessary.  These same topics 
should be considered when recommending improvements to the New Anderson Ditch or 
the Wellman Canal.  Both the City of Boulder and the ditch company prefer to separate 
drainage facilities from ditches so this alternative should include a separate facility for 
drainage conveyance. 

The detention pond at Manhattan Middle School has a capacity of 25 acre-ft and is tiered to 
allow the fields to be inundated under different flows.  The northeast corner of the field 
becomes the deepest portion of the pond.  The pond outlets from the northeast corner back 
to Dry Creek Ditch #2.  This pond eliminates the need for improvements to Dry Creek Ditch 
#2 downstream.   

Along the Wellman Canal, a waste away structure is recommended near Foothills Parkway 
to allow flood flows back into Bear Canyon Creek.  The Wellman Canal company does not 
want to reduce the capacity of the canal. 

A 58 acre-ft detention pond is recommended at Flatirons Golf Course along Arapahoe 
Avenue.  This pond has two outlets; the first is a 12’ x 10’ concrete box culvert to an existing 
drainage channel and the second is a 6’ x 6’ concrete box culvert in the northeast corner back 
to South Boulder Creek.  Two pond outlets are needed because there are two low points in 
the pond.  No other improvements are recommended downstream of Arapahoe Avenue. 

The residual floodplain for the CU Detention with West Valley Improvements alternative 
shows that much of the damage in the West Valley is eliminated.  There is still a residual 
floodplain north of Arapahoe Avenue but that is caused by flood flows from South Boulder 
Creek, not through the West Valley.  Although there is still a residual floodplain, there is a 
significant reduction in damage due to a reduction in the depth of flooding.  The benefit to 
cost ratio for this alternative is 2.15 which includes a lot of reduction of residential property 
damage. 

It was suggested that the project team be better prepared to discuss the benefit/cost 
information at the public meeting by including slide(s) in the PowerPoint presentation.  The 
slide(s) can discuss critical information such as the 7% discount rate over 50 years 
recommended by FEMA and the process by which the average annual damage for each 
alternative was calculated.  Some of this information may be posted to the website prior to 
the public meeting. 

Alternative 3 – South of CU Detention with West Valley Improvements 
This alternative includes a 420 acre-ft detention pond south of the CU property.  The pond is 
a two-stage pond with upper stage being located between Marshall Road and Highway 93 
and the lower stage located east of Marshall Road.  The lower stage will require the 
purchase of three parcels, one of which is owned by CU.  There is a large antenna on the 
parcel owned by CU making negotiations with CU for this parcel potentially difficult.  All 
parcels contained in the detention pond are inundated in the existing 100-year flood.  Other 
property owners impacted by this detention pond will be notified of the upcoming public 
meeting.  
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The inflow into this detention pond is from flows overtopping Highway 93 and from South 
Boulder Creek overflows.  The pond releases decreed flows to Dry Creek Ditch #2 and the 
main release from the pond is through a weir back to South Boulder Creek.  According to 
Bob Crifasi, this pond cannot impact Dry Creek Ditch #2.  The maximum berm height is 13’ 
with a maximum excavation of 5’.  This pond was designed to minimize impacts to City of 
Boulder Open Space property but still impacts approximately 4 acres and a portion of the 
berm must be constructed on Open Space property. 

According to Don D’Amico, City of Boulder Staff would not be in favor of this alternative.  
The parcel between Highway 93 and Marshall Road is owned by open space (approximately 
10 acres) so the impact to Open Space property is actually 14 acres.  There is also a 
conservation easement on the large parcel to be occupied by the lower pond, there would be 
visual impacts to the area, and there would be a disposition of open space.  The US Fish and 
Wildlife Service is also trying to get this area designated as a Preble’s Meadow Jumping 
Mouse habitat.   

This alternative also includes improvements at the Viele Channel near US 36 to prevent 
overtopping of US 36 and the same West Valley improvements presented in the previous 
alternative.  The residual floodplain is also similar to residual floodplain for the previous 
alternative.  The benefit to cost ratio for this alternative is 2.51, higher than the previous 
alternative due to less land acquisition costs for the pond. 

Alternative 4 – Mainstem Flow Containment with West Valley Improvements 
The goal of this alternative is to force flows to the South Boulder Creek mainstem and 
through the bridge at US 36.  To mitigate the impacts of forcing flow back to South Boulder 
Creek, approximately 210 acre-ft of water would have to be stored at Baseline Reservoir.  
The project team discussed this alternative with representatives from Baseline Reservoir and 
it was concluded that this is not a viable alternative due to uncertainty about the 
requirements the State Engineer may impose if additional water is stored in the reservoir.   

The other elements of this alternative are improvements through Baseline Road along the 
mainstem of South Boulder Creek and West Valley improvements similar to the detention 
alternatives. 

Alternative 5 – Pipeline Diversion to Bear Canyon Creek 
This alternative includes a large (114”) pipeline diversion from the West Valley to Bear 
Canyon Creek as well as pipeline additional pipelines parallel to Dry Creek Ditch #2 for 
flows which cannot be diverted to Bear Canyon Creek.  This alternative would be 
considered a trans basin diversion and may cause water rights issues.   

The other elements of this alternative are improvements to the Wellman Canal and a 58 
acre-ft detention pond at Flatirons Golf Course similar to the West Valley improvements 
alternative. 

The residual floodplain shows a reduction in damage through the West Valley.  The 
residual floodplain is significantly larger at Bear Canyon Creek than the previous 
alternatives but does not cause an increase in damage.  The residual floodplain is also larger 
downstream of Arapahoe Avenue because no limited water is being stored upstream.  The 
benefit to cost ratio for this alternative is 1.25.  The cost for this alternative is significantly 
higher than the detention alternatives due in part to significant utility relocation costs.   
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Alternative 6 – Dry Creek Pipeline 
The Dry Creek Pipeline alternative forces all flows to a large pipeline parallel to Dry Creek 
Ditch #2.  The other elements of this alternative are improvements to the Wellman Canal 
and a 58 acre-ft detention pond at Flatirons Golf Course similar to the West Valley 
improvements alternative. 

The large pipeline alternative forces more flows towards the Industrial Park North of 
Arapahoe Avenue, increasing the depth of flooding, increasing the damage to the high 
value commercial properties meaning the average annual benefit for this alternative is not 
as great as in the Diversion to Bear Canyon Creek Alternative.  The costs for this alternative 
are lower than in the Bear Canyon Creek Alternative because only one pipeline is 
constructed.  The benefit to cost ratio is 1.24. 

Alternative 7 – Stormwater Master Plan 
The Stormwater Master Plan includes only minor improvements to the existing stormwater 
infrastructure in the West Valley.  This alternative has a low benefit to cost ratio (0.10) 
because the storm sewers are surcharged during the 100-year event and there is limited 
reduction in floodplain area or flooding depth.  The Stormwater Master Plan alternative is 
designed to address nuisance flows, not large flood events. 

Discussion and Selection of Recommended Plan 
The public meeting will be held on September 2, 2010.  It was determined that some of the 
alternatives will not be presented in detail at the public meeting.  The public meeting 
presentation and stations will focus on the two detention alternatives and the high 
hazard/critical facilities protection alternative.  The large pipeline alternatives will not be 
presented in detail and there will not be a station for either pipeline alternative.  The 
mainstem flow containment alternative will be presented but will not have a station.  The 
stormwater master plan will not be presented.   

The project team will be prepared to discuss the following issues which are expected to be 
brought up by the public: 

 Hogan Pankost Property 
 Costs/Benefits 
 Ditch Company Issues 
 CU Detention 
 South of CU Detention   

 
Prior to the public meeting, CH2M HILL will prepare an outline/shell of the PowerPoint 
presentation and send to the project team for input.  It was determined that information will 
be posted to the website prior to the public meeting and no printouts will be brought to the 
meeting.  Public meeting figures should include the 100-year residual floodplain. 
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SBC Flood Mitigation Study – Alternative Refinement 
Workshop #1 Notes 

Kurt Bauer/City of Boulder 
Shea Thomas/UDFCD 
Alan Taylor/Alan Taylor 
Consulting 
 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Mark Taylor/Architerra 

FROM: CH2M HILL  

DATE: July 20, 2011 

This meeting summary documents the major decision made during Workshop #1.   

Review of Alternative Refinements 
Bear Canyon Creek Pipeline Alternative 
Bear Canyon Creek pipeline alternative alignment refined by Alan Taylor to avoid utility 
conflicts.  The previous alignment followed the Stormwater Master Plan alignment.  The 
new alignment follows Thunderbird Drive, crosses Foothills Parkway, then runs along the 
east side of Foothills Parkway before tying into the previous alignment.  Additional 
excavation would be required along the east side of Foothills Parkway because of the 
existing noise berm but no right of way purchase is required.  The new alignment eliminates 
all water and sewer crossings except major lines. 

The alignment for the improvements along Dry Creek Ditch #2 was also refined by Alan 
Taylor to take advantage of existing easements.  There are no existing easements between 
Tenino Avenue and Baseline Road along Dry Creek Ditch #2.   

CH2M HILL is attempting to contact Qwest and Xcel to additional utility line information.  
If CH2M HILL cannot get this information from Qwest and Xcel, the City of Boulder has 
atlas sheets which have this information.  

The inlet structure for collecting the flow overtopping US 36 was determined using the 
floodplain map, existing topography, aerial imagery, and Google Earth Street View.  The 
inlet structure includes Type R inlets along Thunderbird Drive, Type R, Type 13 inlets and a 
lateral pipe along Pima Court, Type R inlets and a lateral pipe along Osage Drive, and Type 
R Inlets and a lateral pipe along Qualla Drive. 

Regional Detention at US 36 
The US 36 Environmental Impact Statement (EIS) includes widening US 36 to the north.  To 
be conservative, the berm was shifted 20 feet off the edge of payment which allows CDOT 
room for an extra lane or a bike path.  The new grading results in some fill between the 
berm and the roadway. 

The berm for the Regional Detention at US 36 alternative impacts less open space and 
critical habitat than what OSMP assumed. 
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Distributed Regional Detention 
The berm for the detention pond at US 36 for the Distributed Regional Detention alternative 
is lower than that for the Regional Detention at US 36 alternative.  The berm is 20 feet off the 
edge of US 36 and 15 feet off the edge of CU property. 

The Distributed Regional Detention alternative was originally modeled, in MIKE FLOOD, 
with on-line control structures at the bridges (US 36, South Boulder Road, and Baseline 
Road).  The control structure at US 36 cannot be an on-line structure but must replicate the 
hydraulics of the on-line structure.  To replicate the hydraulics of the on-line control 
structure, approximately 1,000 cfs must remain in the main channel with the remaining 
6,000 cfs being conveyed in a lowered overbank.  The lowered overbank requires 
approximately 4 feet of excavation.  A berm extending from the US 36 bridge to the lowered 
overbanks keeps the flow in the main channel from interacting with the flow in the 
overbank.  The flow in the overbank is stored in a pond with an outlet structure discharging 
back to the South Boulder Creek main channel upstream of US 36.  This alternative increases 
the impacts to open space and critical habitat. 

The detention pond/berm at South Boulder Road includes the following: 

 Conspan Structure 

 Realign Viele Channel 10 feet east 

 Maintain existing Dry Creek Ditch #2 

 Berm to protect homes from Viele Channel overflows 

 Pipe New Anderson Ditch under berm 

 Extend Viele Channel culvert through South Boulder Road 

 Possible bike trail along top of berm 

 Spillway points away from West Valley for flows greater than 100-year 

 Berm is 10 feet of edge of pavement 

 Maximum berm height is 7 feet above South Boulder Road 

 Concrete wall instead of berm to separate Dry Creek Ditch #2 from Viele Channel 

The detention pond/berm at Baseline Road includes the following: 

 Conspan structure 

 Offset of property lines to maintain access, easements, etc. 

 Maximum berm height is 9 feet above Baseline Road 

 Equalizing culverts to spread flow into open space and away from South Boulder 
Creek mainstem 

 Irrigation ditches need to be reconnected (ditches in this area are return flows) 
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 Trail head to be relocated 

 Trail connections to be reestablished 

Review of Conceptual Renderings 
Two renderings were presented at this workshop: 

 Looking southwest from the intersection of Baseline Road and Cherryvale Road 
(Distributed Regional Detention alternative) 

 Looking south from the Table Mesa Drive overpass to University of Colorado 
property (Regional Detention at US 36 alternative) 

Both renderings are based on grading provided by CH2M HILL to show the actual visual 
impacts of the berms.  Neither rendering shows plantings, other than grasses, on the berms.  
Because of the process used in creating the renderings, if the viewpoint changes, the 
renderings must be redone.   

Review of Required Easements 
Dry Creek Ditch #2 has a 10’ existing easement on the east side, but there are no easements 
between Tenino Avenue and Baseline Road.  The required easement width along Dry Creek 
Ditch #2 can be reduced if the preferred alternative is a 72” RCP instead of a 34 foot top 
width open channel.   

An easement is needed downstream of Baseline Road to raise the concrete wall. 

An easement is needed downstream of Arapahoe Avenue for the secondary channel from 
the detention pond at Arapahoe Avenue to the South Boulder Creek mainstem.  This 
property is in plans for development.  To reduce the easement cost, the open channel could 
become a pipe.  To be conservative, the open channel will remain the preferred alternative. 

Review of Utility Conflicts 
Conflicts of water, sewer, and sanitary lines were evaluated using GIS.  The review of utility 
lines led to the adjustment of some pipeline alignments.   

South Boulder Creek Restoration Project 
The OSMP project from South Boulder Road to Marshall Road along the mainstem of South 
Boulder Creek should no impact on this project. 

Review of Budget and Progress to Date 
Schedule 
Next progress meeting – August 3, 2011 

Next workshop – August 17, 2011 

Presentation to WRAB – Fall 2011 

Presentation to OSMP – Winter 2011 
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SBC Flood Mitigation Study – Alternative Refinement 
Workshop #2 Notes 

Kurt Bauer/City of Boulder 
Shea Thomas/UDFCD 
Alan Taylor/Alan Taylor 
Consulting 
 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 
Aaron Cook/CH2M HILL 
Mark Taylor/Architerra 

FROM: CH2M HILL  

DATE: August 17, 2011 

This meeting summary documents the major decision made during Workshop #2.   

Update on Design Elements 
The improvement to Dry Creek Ditch #2 between Illini Way and Tenino Avenue has been 
changed from a 34 foot top width open channel to a 72 inch diameter RCP.  The pipeline 
includes a 25 foot easement which is less than the 40 foot easement required for the open 
channel. 

The grading diversion structure for the detention pond at US 36 in the distributed regional 
detention alternative has been updated.  The updated structure increases the impacts to 
open space and critical habitat but the function of the structure hasn’t changed. 

The berm at South Boulder Road for the distributed regional detention alternative has been 
revised to include a small wall between the Viele Channel and Dry Creek Ditch #2.  The 
revised berm reduces the impacts to open space. 

Update on Open Space Memorandum 
The impacts to open space and critical habitat increased for the detention pond at US 36 for 
the distributed regional detention alternative.  The impacts to open space have increased by 
approximately 8 acres.  The lowered overbank area could be returned to open space after 
construction but this area would still need to be purchased.   

According to the City of Boulder’s GIS layers, there are no wetlands upstream of US 36.  It 
was determined that the City has identified wetlands in this area but they aren’t included in 
the GIS layer. 

The impacts to open space and critical habitat for the South Boulder Road berm are slightly 
less than what the City of Boulder Open Space and Mountain Parks has previously 
presented. 

No changes at Baseline Road 

Update on Revised Cost Estimates 
The revised cost estimates for the US 36 detention alternative and the distributed regional 
detention alternative increased while the cost estimate for the Bear Canyon Creek Pipeline 
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alternative remained relatively unchanged.  The largest changes in the detention alternative 
is due to increases in the cost of the berms, easements, and wetland mitigation. 

Detention Ponds 
CH2M HILL had previously used and equation based on the volume of storage to 
determine the total cost for the regional detention ponds.  The unit costs from the UDFCD 
spreadsheet are based on local detention and result in costs that are too high for large 
detention ponds.  In the refined analysis, actual quantities (earthwork, imported core 
material, riprap, concrete, and re-vegetation) were used to estimate the total cost of the 
detention ponds.  As a result of the refined analysis, the total cost for each detention pond 
increased substantially.  CH2M HILL will evaluate the assumptions used to develop the 
refined cost estimate for the detention pond and update the project team. 

Easements 
Easements costs were based on existing zoning code and City of Boulder prices per square 
foot for land acquisition.  A land acquisition cost of $0.83 per square foot was used for open 
space lands and for acquisition from CU.  The detention pond on CU property does not 
impact any developable land. 

The zoning for Manhattan Middle School is Public ($19 per square foot).  In the refined cost 
estimate, it is assumed that the cost for land acquisition at Manhattan Middle School is $0.83 
per square foot, the same as open space, because the pond area will be reconstructed the 
match the underlying function of the land. 

An additional 12 to 13 foot easement is required along Dry Creek Ditch #2 for the 72 inch 
diameter RCP.  The easement is substantially less than the easement required for the 34 foot 
top width open channel.   

Contingency 
It contingency is currently set at 50%.  The default for the UDFCD cost estimation 
spreadsheet is 25%.  Because the alternatives have been evaluated in more detail, it was 
determined that the contingency can be reduced to 30 or 35%.   

Wetlands Mitigation 
Wetlands mitigation has been included in the refined cost estimate at $100,000 per acre at an 
assumed 2:1 mitigation rate.  The cost per acre includes purchasing the land and 
construction and design of the wetlands.  The cost per acre is similar to the cost CH2M HILL 
has estimated for other projects.   

Utilities Contingency 
A contingency of 32% has been added to all pipeline costs to account for utility relocation.  
A CH2M HILL internal cost estimating tool was used to determine the contingency for an 
urban area with no other information.  The cost for utility relocation will be evaluated in 
further detail during conceptual design.  

Update on Benefits and Phasing 
To determine the benefit for individual elements included in each alternative plan without 
running additional MIKE FLOOD models, the results of the benefit/cost analysis for each 
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alternative were manipulated to isolate the individual element.  The benefits were estimated 
using an results adjusted to account for the fact that the 8 meter grid overtops US 36 during 
the 25-year event while the 4 meter grid overtops US 36 during the 100-year event. 

The phasing of each alternative is based on the benefit to cost ratio, capital costs, flood 
control, life safety, and public interest.   

For the detention alternatives, all local west valley improvements will be lumped together 
such that the benefits become easier to quantity.  The local west valley improvements 
included improvements to the New Anderson Ditch, Dry Creek Ditch #2, Manhattan 
Middle School, the Wellman Canal, and the detention ponds at Baseline Road and Foothills 
Parkway. 

For the Bear Canyon Creek Pipeline alternative, the lateral pipes and inlets will be included 
with the main pipeline and inlets along Thunderbird Drive. 

Update on Flood Proofing 
Frasier Meadows Manor 
The flood proofing for Frasier Meadows Manor includes a 3 foot tall barrier wall around the 
perimeter.  The garden level units at Frasier Meadows Manor make it impossible to flood 
proof at the building.  With the 3 foot barrier wall, the entries/exits from Frasier Meadows 
Manor become problematic.  Alan Taylor suggests using a floating gate that raises when 
there is flooding, similar to other gates used in the City of Boulder.  During a flood, 
emergency access to Frasier Meadows Manor would be via access points on the north and 
west sides of the building.  Alan Taylor will look into the cost of flood proofing Frasier 
Meadows Manor. 

Friend’s School 
The flood proofing for Friend’s School, located at the corner of Baseline Road and 55th street, 
will at the building.  The 100-year depth at Friend’s School is approximately 1 foot, so the 
entire perimeter of the building would be flood proofed to a 3 foot depth.  Flood proofing 
this facility results in no change to the floodplain. 

Gas Stations 
Flood proofing of gas stations include ensuring underground structures are water tight and 
buoyancy resistant.  Gas stations must all have automatic shutoff valves.  Additional minor 
flood proofing around the structure itself can also be done. 

Update on Renderings 
 

Update on Terrain for Flood Mapping Study 
 

Update on Report Outline 
 
Schedule and Next Steps 
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M E E T I N G  S U M M A R Y   
 

South Boulder Creek Flood Mitigation Project 

Public Meeting #1 - March 3, 2010 
The public meeting began at 5:30 PM and was finished at 7:45 PM. A 30-minute presentation 
by the project team that outlined the project, past studies and goals of the flood mitigation 
project started the meeting. At the conclusion of the presentation, general questions were 
entertained from the public and then the attendees gathered around four stations to ask 
questions and discuss potential problems and mitigation solutions related to specific project 
reaches 

General Questions and Answers 
Q1. How will the changes from the mitigation project be incorporated into FEMA 

Floodplain Mapping? 

A1. The City of Boulder, after completing a mitigation project, will revise the FEMA 
floodplain maps through a Letter of Map Revision (LOMR). This process is currently 
occurring on the Elmer’s 2-Mile project. 

Q2. How will the construction portion of the flood mitigation project be funded? 

A2. The City of Boulder has earmarked $4 Million Dollars in 2012 for potential 
construction of the mitigation project. Other Sources for funding could come through 
the Federal Emergency Management Agency (FEMA) Grant Programs, the United 
States Army Corps of Engineers (USACE), and cost sharing projects with the Urban 
Drainage and Flood Control District (UDFCD). 

Q3. How will current construction and development projects be incorporated into the 
flood mitigation study? 

A3. As the flood mitigation project proceeds, current construction and development in the 
floodplain will be reviewed to ensure the mitigation solution incorporates these 
changes to the floodplain. 

Q4. How was the initial South Boulder Creek Flood Mitigation Project Public Meeting 
publicized? 

A4. The public meeting was advertised on the City’s web site, 2,200 postcards were sent 
out to properties impacted by the South Boulder Creek 100-year floodplain, notices 
were sent to the newspaper, and an E-newsletter was sent. The project website address 
is www.southbouldercreek.com 

Q5. What is the existing warning system that is in place if flooding occurred on South 
Boulder Creek? 

A5. The City of Boulder has collaborated with UDFCD to implement a flood warning 
system in Boulder. This flood warning system consists of a network of rain gages, 
stream gages and radar systems to track rainfall, stream flow and storm events. If it 
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appears that South Boulder Creek would flood, flood sirens along South Boulder 
Creek would be sounded to evacuate residents and reverse 911 calls and text messages 
can be sent to warn residents. 

Q6. How often are sirens tested? 

A6. During April - October (flood season in Boulder) they are tested the first Monday of 
every month at 10:00 AM. 

Q7. Have you looked at what other communities are doing to address flooding? 

A7. The City is a member of UDFCD has hired a consultant and individual team members 
have professional project experience so the project team is aware of what is working 
and being adopted in other municipalities. 

Q8. Have you looked at potential development and taken into consideration future 
development for the flood mapping and flood mitigation study? 

A8. The flood mapping study was completed using future land use conditions. Boulder is 
almost completely built out and does not have large areas of land that can be 
developed. Development and redevelopment can occur in the watershed however; the 
hydrology for the flood mapping study took into account development and will move 
forward, unaltered, for the flood mitigation study. While the new floodplain has not 
yet been adopted, the City is already regulating to the revised 100-year floodplain. In 
fact, City Council has directed City Development Services to regulate to the most 
conservative flood elevation from either the effective FEMA study or the revised 
floodplain study. 

Q9. Does this plan take into account Denver Water’s Plan to increase the size of Gross 
Reservoir? 

A9. The flood mapping study did consider this. However, during the hydrology study the 
most severe flood threat was the result of a storm centered below Gross Reservoir, so 
the reservoir had limited impact on the flooding on South Boulder Creek.  

Q10. Are the public meeting exhibits available for the public to review? 

A10. The maps and matrices are available on the project website at 
www.southbouldercreek.com. The presentations and other comment forms will be 
posted on the website shortly after the meeting. 

Q11. How much cash is available for implementing the study? 

A11. The City’s Utility Capital Improvement Budgets has identified $4 million in 2012 to 
account for the study, land acquisition and design. $3 million of that total will be 
secured through bonds, the repayment of which is factored into the existing rate 
structure. Currently $1 million dollars in cash is available. 

Q12. How will the selected plan construction be phased? 

A12. It will depend on the selected alternative project and what makes sense physically and 
hydraulically. 
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Q13. The 100-year flood does not mean much to folks was the 1969 flood a 100-year flood? 

A13. The 1969 flood was estimated to be smaller, about a 25-year flood. The 100-year flood 
is the flood that has a 1% chance of occurring in any given year. However, the 100-year 
storm can occur back to back. 

Q14. What is the definition of the 100-year flood and how much rainfall that is? 

A14. The 100-year storm was a six-hour storm with a peak rainfall of 3.89”. (During the 
meeting the depth of this storm was mistakenly reported as around 5 inches) 

Q15. What causes the flooding? 

A15. Rainfall across the basin overwhelms the stream system. Four major causes. 

1. Rain over West Valley causes initial West Valley flooding before South 
Boulder Creek Floods 

2. As the flood peak approaches US-36, South Boulder Creek does not have 
capacity to contain the flow so flood waters flow out onto the shallow 
floodplain 

3. As the South Boulder Creek Flood peak reaches US-36, the roadway is 
overtopped causing significant flooding of the West Valley 

4. Culverts downstream of US-36 are undersize and contribute flows to the west 
valley 

Q16. What is the depth of the flooding? 

A16. Flooding depth varies across the floodplain from 6” deep to more than 8 feet deep 
depending on location. Floodplain maps can be found on 
www.southbouldercreek.com. 

Q17. What is the duration of the flooding? 

A17. The storm duration is six hours and the flood will subside substantially within 12 – 24 
hours. 

Q18. What are the worst types of damage? 

A18. The risk assessment describes in detail the damage and risk from flooding and can be 
found on the website at www.southbouldercreek.com. 

Q19. Will the sewer systems function during a flood? 

A19. It is anticipated that the sewer system will be overwhelmed during a flood. 
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Comments Received on the Boards and Flip Charts 
South of US-36 
1. Consider proper natural channelization of South Boulder Creek to prevent floodwaters 

from leaving the channel. 

US-36 to Baseline Road 
1. Hogan/Pancost - City has built up and is building soccer fields above natural grade in 

the area. Previous development raised the natural grade as well. This raised grade is 
causing groundwater to rise and is flooding basements south of Manhattan Middle 
School. 

2. Groundwater is about 1’ below ground between US-36 and Baseline Road and needs 
to be taken into consideration. 

3. Dry Creek No. 2 Ditch should be piped from South Boulder Road to the existing 
pipeline at Tenino Avenue to prevent flooding along the ditch. 

Baseline Road to Arapahoe Avenue 
1. The Wellman Ditch has not been maintained in several years and should be 

maintained. 

2. The Wellman Ditch should be placed in a storm sewer pipe. 

3. Stormsewer should be added to Merritt Drive diverting flood flows north to Arapahoe 
Avenue. 

North of Arapahoe Avenue 
1. South Boulder Creek should be channelized along its entire length similar to Boulder 

Creek to prevent flood flows from leaving the main channel, particularly at roadways. 

 

Comments Received on Comment Sheets and Email 
Additional Problem Areas 
1. Manhattan Drive – Runoff from South Boulder Road flows out, down Manhattan 

Drive, and along the ditch easement. Flow overwhelms gutters along Manhattan Drive 
and inundates lawns and driveways. Water freezes in the wintertime with ice 4 – 6” 
deep in the gutter. 

2. The Intersection of Kewanee Dr. and Cimarron Way floods with minor rainstorms. In 
the winter, melted snow does not drain away leading to a skating rink. 

3. Dry Creek No. 2 Ditch should be piped from South Boulder Road to the existing 
pipeline at Tenino Avenue to prevent flooding along the ditch. 

4. City soccer fields west of East Community Center were raised 4’ in 1979 (?) and are 
again being raised by the City’s recreation deptartment. Website does not contain any 
information on new soccer fields. Soccer fields are currently creating a dam by being 
raised. 
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5. Dry Creek No. 2 Ditch functions as a storm drain for Cimarron Street, Kewanee Street 
and part of Manhattan. 

6. Iroquois and Manhattan floods and has inadequate storm drainage to handle minor 
storms 

7. Keep high groundwater in mind when evaluating solutions 

8. Look at the impact of raising soccer fields 4 – 5 feet. 

9. There is an overflow identified along the berm west of Foothills Parkway. This berm is 
high above the ground and seems unlikely to be overtopped. This area should be 
reviewed. 

10. How will the changes to the soccer fields including artificial turf west of the EBRC 
effect flood drainage to neighborhoods west of the fields. Will flood mitigation be 
included in the soccer fields?  Is the Land going to be raised at the soccer fields? 

11. How will the development of the Hogan-Pancost parcel affect storm and flood 
drainage due to the increased imperviousness. How will this affect the neighborhood 
west of the parcel? 

Additional Solutions to Carry Forward 
1. Provide containment for South Boulder Road overflow entering Manhattan Drive. 

2. Pipe Dry Creek Ditch No. 2 behind homes on Oneida Street to the existing culvert on 
Tenino Avenue. 

3. Improve drainage from Kewanee Drive and Cimarron Way to drain water to Dry 
Creek Ditch No. 2. 

4. Do not allow development of Hogan/Pancost parcel and use it as a drainage easement 
to drain floodwaters to the east and open space. (Between US-36 and Baseline Road) 

5. Re-grade soccer fields to 1970 grades west of East Community Center to prevent 
ponding and water flow to Kewanee Area 

6. Enlarge Dry Creek No. 2 Ditch to prevent flooding in the Kewanee area. 

7. Detention south of US-36 appears to provide the biggest benefit. 

Additional Comments 
1. Maps do not show names. Great Meeting 

2. Good meeting but should be held in a larger hall. You are wrong in saying the 
newspaper was used to publicize the meeting. Do a better job of publicizing meetings 
because many people are interested. 

3. Good Informative Meeting 

4. Do not talk so fast in the presentations. 
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Email Comments 
1. Pipe Dry Creek Ditch No. 2 behind homes on Oneida Street to the existing culvert on 

Tenino Avenue. 

2. Provide a direct link to the flooding animation on the South Boulder Creek Web Site 

3. Most logical and cost effective alternative would be a directional levee to direct the 
flood back to and through the bridge under US Highway 36, together with enough 
flood storage above the highway to knock down the flood peak to a manageable level. 
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M E E T I N G  S U M M A R Y   
 

South Boulder Creek Flood Mitigation Planning 
Public Meeting #2 Meeting Notes

City of Boulder

FROM: CH2M HILL 

MEETING DATE: September 2, 2010 

 

Introduction 
This document summarizes the public feedback and input received at the second public 
meeting for the South Boulder Creek Flood Mitigation study held September 2nd, 2010.  
Comments and questions were organized in subtopics based on alternative or general 
comments or questions. 

Introductory Presentation 
Kon Damas, the meeting facilitator, introduced the project team and the meeting format that 
was to include a short presentation, answers to general questions and breakouts into a series 
of stations around the room where more detailed questions related to specific alternatives 
could be answered. 

Kurt Bauer, the City’s Project Manager, gave a brief overview of the project status to date 
and reiterated the objective of the meeting was to solicit public input on the alternatives 
being presented. 

Mark Glidden, the consultant Project Manager, described the approach to the technical 
analysis of the various alternatives starting with the alternative screening and then 
discussing the improvement cost estimates and benefits. 

Alan Turner, the consultant Project Engineer, described each of the alternatives evaluated in 
anticipation of this meeting. They included: 

Alternative 1 – Status Quo  
This is the do nothing but actually continues the current floodplain 
management programs within the City. 

Alternative 2 – High Hazard Mitigation and Floodproofing of Critical 
Facilities 
This alternative has limited structural improvements but does modify 
grading to remove two properties in the High Hazard Zone. It also includes 
the floodproofing of structures designated by the City as Critical Facilities. 

Alternative 3 – Regional Detention at US 36 with Downstream Improvements 
This alternative provides a large regional stormwater facility immediately 
upstream of US 36, inundating portions of CU and open space property, to 
reduce the potential for overflow of US 36. Improvements are included 
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downstream within the West Valley to capture and collect tributary inflows 
and eliminate the 10-year floodplain from the area. 

Alternative 4 – Regional Detention near Hwy 93 with Downstream 
Improvements 
This alternative provides a large regional stormwater facility immediately 
downstream of Hwy 93, inundating two large privately owned parcels as 
well as small portions of open space property, to reduce the potential for 
overflow of US 36. Improvements are included downstream within the West 
Valley to capture and collect tributary inflows and eliminate the 10-year 
floodplain from the area. 

Alternative 5 – Conveyance Upgrades to Bear Canyon Creek and Dry Creek 
no 2 
This alternative includes large pipes and other conveyance infrastructure to 
capture and convey overflows from US 36 and carry them away from flood 
prone properties. Once captured and collected, a portion of the flow is 
diverted to the adjacent Bear Canyon Creek drainageway where existing 
conveyance capacity exists. Improvements are required along Dry Creek No 
2 to minimize the flood potential downstream. 

Alternative 6 – Conveyance Upgrades to Dry Creek no 2 
This alternative includes large pipes and other conveyance infrastructure to 
capture and convey overflows from US 36 and carry them away from flood 
prone properties. Once flows are captured and collected, improvements are 
required along Dry Creek No 2 to minimize the flood potential downstream. 

Alternative 7 – Mainstem Containment 
This alternative builds infrastructure above US 36 to prevent the overflows 
along US 36 to the west, thereby preventing the overtopping of US 36. A 
diversion into Baseline Reservoir of some of the additional flood water 
passing under US 36 is required to mitigate the increased discharge. 
Conveyance improvements along the mainstem are required to provide 
further mitigation. 

Alternative 8 – Nuisance Flooding Upgrades Only 
This alternative provides a storm sewer system that addresses nuisance flows 
but does little to control major floods. 
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Kurt Bauer then returned to review the relative cost and benefit of the various alternatives. 
He presented the following table (the table alternatives have been rearranged to be 
consistent with the presentation numbering): 

 

General Comments and Questions 
 Label and number all figures and alternatives clearly. 
 Figures and alternatives numbers need to track and correspond to comment sheet 

and handouts. 
 How many homes will be lost in a 100-year and 500-year flood? 

a. 700 homes will be removed from the 100-year floodplain 
 Why was the floodplain remapped? 
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 Where operation and maintenance (O&M) costs included in all cost estimates for 
detention basins, pipes and other facilities? 

 What neighborhoods are affected by the flooding and the proposed alternatives? 
 How long will construction of the alternatives take? 
 Can flood insurance be bought even if you do not live in the 100 year floodplain? 

a. yes 
 How deep are the flood waters throughout the West Valley? 

a. It varies by location 
 In general the attendees wanted more frequent opportunities for public comment. 
  Attendees at the meeting would like future email notifications on public hearings 

including the citizen groups that were a part of the original flood mapping study. 
 Too much budget has been spent with too little public input. 
 It would be helpful is benefits were shown on the maps. 
 How do other proposals/alternatives affect other neighborhoods? 
 What is the length of time of disruption with these plans? 
 What is the flood danger in the City? Is it solely related to the high hazard zone or 

only 100-year flood plain? 
 During the 100 year flood – because roads and buildings are built better – there is a 

question as to whether or not water would be going over roads based on experience. 
 Why does the effective FEMA County/City floodplain map not match the floodplain 

shown on the new mapping? 
a. The new floodplain mapping has not yet been adopted by FEMA. This 

should happen around January 2011. 
 Are properties being added to the 100-year revise floodplain?  
  How has the floodplain changed? 

a. A large floodplain has been identified in the West Valley 
 How much water is going down the streets in the West Valley Neighborhoods? 

a. Floodwaters in the West Valley are relatively shallow but widespread. 
 Benefits were estimated based on flood reduction. How did you get a dollar number 

from the benefits? 
a. Based on quantitative result by looking at assessed values and reduced 

flooding 
 Is the City open to additional alternatives? 
 Arizona has a unique model for flood control that includes detention on individual 

properties.  
 Dispersed detention 
 Contains tax incentives for individual property owners to build detention 
 Can be implements over many years 

 Who will ultimately make the decision as to what alternative is selected? 
a. City council 

 Why was the SBC mapping study initiated? 
a. The City knew the floodplain was wrong 

 When will we know what alternatives have been selected or removed from further 
review? 

a. The City Staff will not form an opinion on which alternative is preferred until 
they get public feedback. 
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a. Formal agreements would be required before any alternative moved forward.  
These formal agreements would include but is not exhaustive: 

  Individual property owners 
 University of Colorado 
 Independent ditch companies 
 City of Boulder Park and Recreation 
 City of Boulder Open Space and Mountain Parks 
 Boulder School District 

 How do we (the public) know you are using correct models? 
 Does benefit/cost ratio include or recognize the future potential change in zoning, 

structures and types of structures that may be built as the buildings in the West 
Valley age? 

 The new flood mapping study has significant implications to property value based 
on the new 100-year floodplain. In the new floodplain property owners can’t make 
improvements or remodel which affects resale value of the homes.  For residents in 
the West Valley this flood mapping study and flood mitigation project is not just an 
issue of getting flood insurance. 

 How many homes are projected to be removed by each alternative? 
 Private property and homes should not be taken to implement solutions. 
 The South Boulder Creek website is difficult to navigate and understand. On line 

mapping tool does not seem to work. 
 The CU levee has to be certified.  

a. CU qualifies as public entity that can certify and maintain a levee according 
to FEMA. 

 Does CU have any liability with flooding due to the berm/levee? 
 South Boulder Creek big issue. 10 years ago the City spent money looking at flood 

mitigation through the West Valley.  This was rejected by the public.  It seems like 
the City has let public opinion die down and are now raising the issue again. 

 The 500 year flood event needs to be analyzed with each alternative. 
 Why are there no costs associated with Environmental/Social impacts? 
 There is no trust for City officials. 
 Attendee confirmed that the 1938 Flood resulted from a storm originating 

downstream of Gross Reservoir and the floodplain matches stories from what his 
grandfather told him. 

 City of Boulder Open Space has restrictions on land use and habitat limitations that 
can constrain what improvements can be made in these areas. 

 Action items need to be posted on the web site. 
 Consultants should not charge extra to analyze new alternatives presented by the 

public. 
 How many of the plans will have a positive impact on the West Valley? 
 What is the benefit to insurance companies of completing a mitigation project? 
 No one at the meeting was against flood mitigation just against certain alternatives. 
 The public should be considered a stakeholder. 
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Stakeholder Comments 
Urban Drainage and Flood Control made a short statement that included the following 
points: 

 UDFCD does not believe in condemnation. 
 UDFCD believes flood control and open space go together to create or enhance 

habitat/recreation values. 
 UDFCD does not like pipes; and would rather see open channels. 

Dave Webster, from Boulder County Transportation, was not notified and the Boulder 
County commissioners were not notified. Dave Webster will update Boulder County 
commissioners on the content of this public meeting. 

Alternative Specific Comments 
Alternative #1 – No Action 

 Attendees agreed that something should be done to minimize the flood hazard in the 
West Valley that does not impact private property.   

Alternative #2 – High Hazard / Critical Facilities Protection 
 How many structures are in the high hazard zone? 

a. 2 structures are in the high hazard zone. 
 Why is the East Boulder Recreation Center not considered a High Hazard facility 

considering it stores chlorine and other chemicals? 
 High hazard zone is not based on a Gross Reservoir failure.  

a. Only the 100 year storm event was used in estimating the high hazard zone. 
 It would be helpful to clarify what a “Life and Limb” issue is. 
 What is the High Hazard Zone?  How deep or fast is the water? 

a. High hazard zone definition is a product of velocity (feet per second) and 
depth (feet) greater than 4. 

Alternative #3 – Regional Detention at US-36 
 How was the CU property valued for the cost estimates? 

a. The project used fair market values for the cost of the property 
 CU has offer to donate land for flood storage in the past– why is there a cost now? 
 Why can’t the CU South Campus gravel pits that exist across the property be used 

for flood storage? 
 The Wellman Canal from Bear Canyon Creek in the 1960’s caused flooding through 

the West Valley Area.  How will the Wellman Canal flooding be addressed? 
a. Improvements to avoid overflows from Bear Canyon Creek are a part of each 

alternative that involves conveyance improvements 
 Manhattan Middle School – use lot for detention (ball fields). 
 Would like to see a comparison of the number of structures damaged depending on 

alternative. 
 CU Berm may be protecting West Valley from experience with previous floods. 
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Alternative #4 – Regional Detention near SH-93 
 What happens if a property owner is not willing to sell so that an alternative can be 

constructed? 
 Saving Marshall – 80% of attendees support saving Marshall and oppose Alternative 4. 
 Property owner Gary Swanstrom has established a website, www.rescuemarshall.com 

and read a statement during the meeting. The following points were included in a letter 
provided to the City: 

o He is not a willing seller. 

o  “My house is not in the floodplain”.  The house and related structures are not in 
the floodplain. 

o Would like to see the pond placed in open space. 

 Mr. Swanstrom’s neighbors, Pat and Jon Militzer, made the following statement and 
provided a copy of their comments to the City:  

o They are not willing sellers. 

o They noted photographs of the high groundwater in the area of their residence. 

o Would like to see the pond placed on open space 

 There is a high water table through the Marshall area. 
 City will have to augment flows with water rights if the groundwater is exposed by the 

Marshall pond.  The City does not own the water. 
 Water table high in the area of the Marshall Pond. Pond will be full of groundwater and 

will not be able to hold full flood detention flows. 
 City doesn’t own water rights to the irrigation ditches and could have a legal issue with 

modifying the flow in those ditches by impounding water.  
 Marshall Residents and landowners only had 2 weeks’ notice of the alternative and 

public meeting. 
 Marshall Residents and landowners had inadequate notification and would like email 

notice in the future of all meetings. 
 The City open space behind Gary Swanstrom’s Property is more suitable for detention. 
 Open Space behind the Swanstrom property is damaged by gravel pits and could be 

restored to a more beneficial function through the flood control pond. 
 The pond would destroy natural features and habitat. This habitat is currently 

undisturbed and has been historically undisturbed and should be left in that condition. 
 Why can’t take 41 acres of open space be used for flood storage? 
 Move detention to open space. 
 Flood detention upstream on south Boulder Creek should be reviewed.  This includes a 

dam in Eldorado Canyon, west, of Eldorado State Park. 
 The Rolling Rock area should be used for detention (Open Space north of 

Swanstrom/Militzer Properties). 
 Would the City consider Condemnation? 
 Marshal residents not part of the City and do not have representation in City Council.  

Stay out of Marshal. 
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 Can the City condemn land outside of the City limits? 
 CU South Campus should be bought and detention pond built there. 
 Why not mitigate flood hazard upstream with Gross reservoir or sites upstream? 

a. Storm center and worst flood hazard are below Eldorado Canyon. 
 Attendees do not believe the 2.51 Benefit/Cost ratio of alternative #4 because of high 

groundwater issues. 
 There is distrust in the analysis and the model.  Decisions are vulnerable to how the 

model was created. Results should be ground truthed by talking to people on ground. 
 Is flood detention most effective at SH-93?  Should it be lower in case a storm center 

moves further north in the basin? 
 City should be looking at flood protection for Marshall. 
 If the storm is centered differently Hwy-93 pond may not capture flood flows. 

Alternative #5 – Mainstem Flow Containment 
 No comments were registered for this alternative 

Alternative #6 – Dry Creek Ditch No. 2 Pipeline Improvements 
 The Southeast Boulder Neighbor Association should be involved during 

construction/after to understand and mitigate impacts from alternatives #6/#7 to 
adjacent properties. 

 Try to stay within ditch easement / park property to minimize impacts to adjacent 
properties. 

a. Large Pipelines would replace Dry Creek Ditch No. 2. 
a. Detention would reduce pipe size diameters. 

 Big pipes mean big excavation it is desirable to minimize impacts to tree and do not 
want to see trees taken down. 

 What is percentage blockage assumed for the large pipeline alternatives? Pipelines 
generally will block and may provide limited flood protection due to debris. 

Alternative #7 – Large Pipeline Diversion to Bear Canyon Creek 
 The Southeast Boulder Neighbor Association should be involved during 

construction/after to understand and mitigate impacts from alternatives #6/#7 to 
adjacent properties. 

Alternative #8 – Nuisance Flow Alternative 
 No comments were registered for this alternative 

Breakout Sessions 
The public requested that the public comment period be extended in lieu of having 
breakouts at the previously described stations. No breakout session was conducted 
although team members provided responses to individual questions posed after the meeting 
was adjourned. 
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M E E T I N G  S U M M A R Y   
 

SBC Flood Mitigation Study – CU Meeting 5-6-10 
Kurt Bauer/City of Boulder 
Jeff Lipton/ University of CO 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 

FROM: CH2M HILL  

DATE: May 6, 2010 

The Taggert study indicated that considerable value accrues from storage in the South 
Boulder Creek watershed. This study has reached the same conclusion. Several different 
storage, size and geometries are being considered. Jeff indicated he wanted to know how 
much the current study proposals differ from those in the Taggert study so that he can 
approach his boss and the Board of Regents. 

The current study looks at three different storage concepts, ranging from 300 acre feet (AF) 
to over 1200 AF. Each of these has some impact on the CU South Campus and may impact 
the use of the land for some of the identified purposes. Jeff recognized this would probably 
be the case. He wanted to make sure the impacts were limited and that full advantage was 
taken of the designated areas, including the lower pond. 

Jeff described some of the basic constraints Cu would like to impose. First, they want to try 
and minimize the impact to the plan they formulated and presented to us at the first 
workshop. This describes areas they anticipate will be inundated as well as those areas they 
wish to preserve for development. He also described the access road and the challenges they 
faced when developing that alignment. They need to maintain the proposed configuration 
as closely as possible. There may be some potential to modify grades but not the alignment. 

The team described the 750 AF alternative. This has an 18’ maximum berm height and 
minimizes excavation. However, it does have a pretty big impact to the identified building 
sites. Jeff asked if it would be possible to minimize that impact by doing some excavation 
and increasing the storage volume on areas not designated for development. He also 
expressed concerns about the extent of ponding at the current tennis court site. He 
encouraged the team to look at more excavation and any other means to reduce the 
footprint of the ponded area. He reiterated his interest in using the low area and pond to the 
north to the fullest extent possible. The team indicated we would look at ways to use more 
of the designated flooding area and reduce the impact on the sites designated for 
development. 

Jeff did note that the fact the site has a reclamation permit means there are no designated 
wetlands on the site. 

The team asked that Jeff provide some insights on the cost and political implications of the 
proposed plans. In particular, it was hoped that there would be a better understanding of 
the cost associated with land acquisition and any other necessary infrastructure 
improvements. Any other issues such as annexation or utility service needs could impact 
the feasibility of the alternatives and would need to be identified as early as possible. 
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The team mentioned that the cost of land required by other entities was getting clearer. 
Parks would not require any direct payment of land used. Boulder Valley Schools would 
require the purchase of an easement at prevailing land rates. Open space was not likely to 
charge for the use of their lands but were likely to require other concessions. 

The schedule was discussed. The interest in having the first presentation to WRAB on June 
21 and then a public meeting in July make the determination of some of the details of the 
CU storage site critical. It is hoped that CU can provide feedback as soon as possible. 

Jeff offered that the current alternatives that show ponding at a depth of 20’ at the tennis 
courts is unworkable and unacceptable. The team should look at excavation to minimize the 
depth and footprint of flooding in those areas designated for development. 
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M E E T I N G  S U M M A R Y   
 

SBC Flood Mitigation Study – CU Meeting 6-24-10 
Kurt Bauer/City of Boulder 
Bob Harberg/ City of Boulder 
Jeff Lipton/ University of CO 

Mark Glidden/CH2M HILL 
Alan Turner/CH2M HILL 

FROM: CH2M HILL  

DATE: June 24, 2010 

Alan provided an overview of the current proposed pond configuration and the way the 
system works. (Proposed CU Detention Figure attached) The pond proposed in 520 acre feet 
(AF), smaller than the probable size discussed at the previous meeting. The pond volume 
was developed by using the natural topography and excavating to minimize the footprint. 
The excess excavated material is proposed as fill to elevate key areas of the CU property. 

Alan also described the function of the lower pond. This pond controls the Viele channel 
and isn’t really an element in the mainstem flooding from South Boulder Creek. The pond 
controls the tributary area draining along the Viele Channel and prevents that from 
surcharging the system and overflowing across US 36. However, the size is quickly 
overwhelmed if uncontrolled flow from the mainstem is allowed to reach the pond. The 
team concluded the lower pond needs to be isolated from uncontrolled mainstem flows. 
However, the timing and volume are such that the new storage pond can be drained into 
the Viele channel and then under US 36. Using this outfall avoids the need to construct 
another crossing under the highway. 

Both Jeff and Bob identified that he proposed configuration should explore the expansion of 
the storage area to include the Table Mesa Pond by wrapping the embankment around that 
site. Alan would look at this to determine what the embankment configuration might look 
like. 

Bob noted that the schedule for the project was to have the alternative evaluation done by 
the end of the year and then work with the City’s Boards and Council to finalize the plan. 
He noted that the costs now are in the $30-40M range and it wasn’t likely the City could 
come up with that kind of money in the short term. The team is looking at alternative 
funding sources such as the state through a Pre- Disaster Mitigation Grant or from the feds 
by working with the Corps of Engineers. 

One key element is the cost of the land. The team is looking at costs ranging from $36k/acre 
to $19/SF depending on land use type. The selection of the cost has a profound effect on the 
viability of an alternative. Jeff suggested we look at recent open space land purchases to find 
a cost that could serve as a precedent.  

Jeff asked if we have been coordinating with CDOT. Bob indicated that discussions have 
been held. During those discussions, they indicated that improvements to US 36 are very 
low on the list of priorities and that it may be 20 or 30 years before anything is done to the 
highway. There is some work ongoing related to a pedestrian overpass and other 
improvements outside the highway. Jeff mentioned that he was aware of some 
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improvements to the configuration of the Table Mesa interchange. His contact is Mike 
Sweeney. 

Jeff indicated he needed the following information before he could take the alternatives to 
his bosses: 

 Estimate the acreage that would be undevelopable including the area within the 
Table Mesa pond. 

 Compare the current configuration with the original plan and determine the impact 
on the developable footprint. 

 Use the cost of recent open space acquisitions for agricultural lands as the basis for 
land costs that were designated as open or flood storage. Use developed costs for 
those areas designated for development. 

 An updated version of the plan showing the impacts to the CU plan 

Jeff noted that it would be desirable to be able to co-locate their detention storage within the 
bigger pond area. This probably would not material impact pond sizing and could be 
incorporated during final analysis and design. He also indicated that if grading was going 
to be done, it would be good if it could be done in such a way as to accommodate the future 
construction of recreation fields. He provided a plan with the desired recreation field layout. 
The team agreed to incorporate this in future modifications. 

The City and CU need to figure out the terms of any development agreement or utility 
concessions. CU is ready to begin these negotiations. It isn’t unreasonable to assume that 
process would lead to other issues. 

The issue of groundwater levels was raised. Not only can that impact the potential 
effectiveness of the ponds, but exposed groundwater can have water rights implications. 
The team assured him that we have tried to avoid any impacts to extent data was available. 

The site is still under a reclamation plan and any modifications would need the approval of 
the Mined Land Reclamation Board. 

Jeff asked to look at the lower pond configuration again. Alan explained that we did look at 
the possibility of storage in the lower pond and simulated the hydraulics. The result was 
that a workable pond had to be about 30’ deep and might have some groundwater issues. 

The team did consider a storage options above the CU property. This project includes a 
berm near Marshall Road that would control downstream flooding. This pond is also being 
revised based on feedback from Open Space. It would continue to result in some inundation 
of the CU property but no physical improvements would be required. 

When developing costs for the CU pond, it is only necessary to consider rough grading costs 
in addition to land and pond infrastructure. CU would not expect any of the recreation 
fields to be built using these project funds. 
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Appendix C 
Conceptual Alternative Plan Development Figures  
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FIGURE 6-1
Status Quo
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-2
High Hazard Zone Containment
with Critical Structure Protection
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-3
Us 36 Detention with Downstream
Conveyance along Dry Creek No. 2 Ditch
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-4
US 36 Detention with Downstream
Conveyance through West Valley
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project

\\gecko\wbg\400168_South_Boulder_Creek_Phase_A\08_GIS\MapFiles\Report\Figure 6-4 US 36  Detention with Downstream Conveyance through West Valley.mxd

VICINITY MAP

Notes:
1. Area of Interest

48" RCP

90" RCP

66" RCP66"RCP

60" RCP

No Improvement

Top Width = 29 ft

To
p 

W
id

th
 =

 5
1 

ft

Top W
idth = 36 ft

Top Width = 74 ft

60" RCP

90" RCP

60" RCP

Top Width = 74 ft

FRASIER MEADOWS

KEEWAYDIN EAST

KEEWAYDIN ASSOC

We
llm

an
 D

itc
h

South Boulder Cree k

Bear C anyo n Creek

Dry Creek No 2 D it ch

Dry  Cre ek

South Boulde r C reek

Sout h  Bo ulder Creek

South Boulde r C reek

BASELINE RESERVOIR

VALMONT RESERVOIR

HILLCREST LAKE

LEGGETT OWEN RESERVOIR

30th St

55th St

B
as

el
in

e 
R

d

Folsom St

Pearl Py

Valm
ont R

d

Broadway

28th St

63rd St
S Cherryvale Rd

Pearl St

47th St

Moo
rh

ea
d A

v

Pine St

C
olo rado Av

A
ra

pa
ho

e 
Av

G illasp ie Dr

S
ou

th
 B

ou
ld

er
 R

d

C
an

yo
n 

B
v 20th St

Cherryvale Rd

Foothills Py

W
alnut S

t

Ta
ble M

es
a 

Dr

M
arshall R

d

Edgew
ood D

r

61st St

S
ioux D

r

S Broadway

2 7th Wy

Leh
ig

h 
St

G
re

e nbriar Bv

B
ut

te
 M

ill
 R

d

G
re

en
br

ia
r B

l

B
as

el
in

e 
R

d

Cherryvale Rd

55th St

A
rapahoe  A

v

Tab le M
esa D

r

Foothills Py

30th St

Greenbriar Bv

Foothills Py

Table Mesa Dr

A
ra

pa
ho

e 
Av

Broadway

Broadway

B
as

el
in

e 
R

d

Foothills Py

Va
lm

on
t R

d

55 t h S t

28th St28th St

S
ou

th
 B

ou
ld

er
 R

d

Br
oa

dw
ay

Foothills Py

£¤36

£¤36

UV93

UV93

0 1,000 2,000 3,000 4,000 5,000

Feet

LEGEND
Conveyance Alignment
Category

Open Channel
Pipe
Regional Detention Pond
Streams, Creeks and Ditches
Boulder County

MARSHALL

$

Detention Pond = 
560 acre-ft



FIGURE 6-5
US 36 Detention with Downstream Storage
and Conveyance through West Valley
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-6
US 36 Detention with Downstream
Diversion to Bear Canyon/Boulder Creek
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-7
US 36 Detention with Downstream
Diversion to Mainstem
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-8
Detention near HWY 93 with Downstream
Conveyance along Dry Creek No. 2 Ditch
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-9
Detention near HWY 93 with Downstream
Conveyance through West Valley
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project

\\gecko\wbg\400168_South_Boulder_Creek_Phase_A\08_GIS\MapFiles\Report\Figure 6-9 Detention near Highway 93 with Downstream Conveyance through West Valley.mxd

VICINITY MAP

Notes:
1. Area of Interest

48" RCP

90" RCP

66" RCP66"RCP

60" RCP

No Improvement

Top Width = 29 ft

To
p 

W
id

th
 =

 5
1 

ft

Top W
idth = 36 ft

Top Width = 74 ft

60" RCP

90" RCP

60" RCP

Top Width = 74 ft

FRASIER MEADOWS

KEEWAYDIN EAST

KEEWAYDIN ASSOC

We
llm

an
 D

itc
h

South Boulder Cree k

Bear C anyo n Creek

Dry Creek No 2 D it ch

Dry  Cre ek

South Boulde r C reek

Sout h  Bo ulder Creek

South Boulde r C reek

BASELINE RESERVOIR

VALMONT RESERVOIR

HILLCREST LAKE

LEGGETT OWEN RESERVOIR

30th St

55th St

B
as

el
in

e 
R

d

Folsom St

Pearl Py

Valm
ont R

d

Broadway

28th St

63rd St
S Cherryvale Rd

Pearl St

47th St

Moo
rh

ea
d A

v

Pine St

C
olo rado Av

A
ra

pa
ho

e 
Av

G illasp ie Dr

S
ou

th
 B

ou
ld

er
 R

d

C
an

yo
n 

B
v 20th St

Cherryvale Rd

Foothills Py

W
alnut S

t

Ta
ble M

es
a 

Dr

M
arshall R

d

Edgew
ood D

r

61st St

S
ioux D

r

S Broadway

2 7th Wy

Leh
ig

h 
St

G
re

e nbriar Bv

B
ut

te
 M

ill
 R

d

G
re

en
br

ia
r B

l

B
as

el
in

e 
R

d

Cherryvale Rd

55th St

A
rapahoe  A

v

Tab le M
esa D

r

Foothills Py

30th St

Greenbriar Bv

Foothills Py

Table Mesa Dr

A
ra

pa
ho

e 
Av

Broadway

Broadway

B
as

el
in

e 
R

d

Foothills Py

Va
lm

on
t R

d

55 t h S t

28th St28th St

S
ou

th
 B

ou
ld

er
 R

d

Br
oa

dw
ay

Foothills Py

£¤36

£¤36

UV93

UV93

0 1,000 2,000 3,000 4,000 5,000

Feet

LEGEND
Conveyance Alignment
Category

Open Channel
Pipe
AREA OF EXCAVATION
EMBANKMENT
Streams, Creeks and Ditches
Boulder County

MARSHALL

$

Detention Pond = 
420 acre-ft



FIGURE 6-10
Detention near Highway 93 with
Downstream Storage and 
Conveyance through West Valley
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project

\\gecko\wbg\400168_South_Boulder_Creek_Phase_A\08_GIS\MapFiles\Report\Figure 6-10 Detention near Highway 93 with Downstream Storage.mxd

VICINITY MAP

Notes:
1. Area of Interest

34' Top Width Open Channel

8'
 x

 6
' C

B
C

 a
t R

oa
d 

C
ro

ss
in

gs

R
ai

se
 C

on
cr

et
e 

W
al

l

58 acre-ft

25 acre-ft

9 acre-ft

5 acre-ft

FRASIER MEADOWS

KEEWAYDIN EAST

KEEWAYDIN ASSOC

We
llm

an
 D

itc
h

South Bou lder Creek

Bear C anyo n Creek

Dry Creek No 2 D it ch

Dry  Cre ek

South Boulder Cr eek

South Boulde r C reek Dry Creek
Dry Creek

Sout h  Bo ulder Creek

BASELINE RESERVOIR

VALMONT RESERVOIR

HILLCREST LAKE

LEGGETT OWEN RESERVOIR

30th St

55th St

B
as

el
in

e 
R

d

Folsom St

Pearl Py

Valm
ont R

d

Broadway

28th St

63rd St
S Cherryvale Rd

Pearl St

47th St

Moo
rh

ea
d A

v

Pine St

C
olo rado Av

A
ra

pa
ho

e 
Av

G illasp ie Dr

S
ou

th
 B

ou
ld

er
 R

d

C
an

yo
n 

B
v 20th St

Cherryvale Rd

Foothills Py

W
alnut S

t

Ta
ble M

es
a 

Dr

M
arshall R

d

Edgew
ood D

r

61st St

S
ioux D

r

S Broadway

2 7th Wy

Leh
ig

h 
St

G
re

e nbriar Bv

B
ut

te
 M

ill
 R

d

G
re

en
br

ia
r B

l

28th St

Foothills Py

Cherryvale Rd

S
ou

th
 B

ou
ld

er
 R

d
55th St

55 th S t

Greenbriar Bv

Foothills Py

Foothills Py

A
rapahoe  A

v

B
as

el
in

e 
R

d

A
ra

pa
ho

e 
Av

Table Mesa Dr

Br
oa

dw
ay

Table M
esa D

r

Broadway

30th St

28th St

Foothills Py

B
as

el
in

e 
R

d

Va
lm

on
t R

d

£¤36

£¤36

UV93

UV93

0 1,000 2,000 3,000 4,000 5,000

Feet

LEGEND
Conveyane Alignment
Category

Open Channel Improvement
Pipeline/Culvert Improvement
Local Detention
AREA OF EXCAVATION
EMBANKMENT
Streams, Creeks and Ditches
Boulder County

MARSHALL

$

Detention Pond = 
420 acre-ft



FIGURE 6-11
Detention Near HWY 93 with Downstream
Diversion to Bear Canyon/Boulder Creek
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-12
Detention near HWY 93 with Downstream
Diversion to Mainstem
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-13
No Upstream Detention with Downstream
Conveyance along Dry Creek No. 2 Ditch
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-14
No Upstream Detention with Downstream
Conveyance through West Valley
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-15
US 36 Detention with 
Downstream Diversions
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-16
Status Quo
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-17
High Hazard Zone Containment
with Critical Structure Protection
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-18
US 36 Detention with Downstream Storage
and Conveyance through West Valley
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-19
Detention near HWY 93 with 
Downstream  Storage and 
Conveyance through West Valley
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-20
Mainstem Flow Containment with
Distributed Regional Detention
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-21
Mainstem Flow Containment with
Local West Valley Improvements
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-22
No Upstream Detention with Bear
Canyon Creek Conveyance Improvements
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-23
No Upstream Detention with Dry Creek 
No. 2 Ditch Conveyance Improvements
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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FIGURE 6-24
Stormwater Master Plan Improvements
South Boulder Creek Flood Mitigation Report
South Boulder Creek Flood Mitigation Project
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Appendix D 
Best Alternative Plan Figures  
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FIGURE 7-1
Status Quo
South Boulder Creek Flood Mitigation Report
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FIGURE 7-2
High Hazard Zone Containment
with Critical Structure Flood Proofing
South Boulder Creek Flood Mitigation Report
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FIGURE 7-3
Regional Detention at US-36
South Boulder Creek Flood Mitigation Report
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FIGURE 7-4
Regional Detention near HWY-93 
South Boulder Creek Flood Mitigation Report
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FIGURE 7-5
Distributed Regional Detention
South Boulder Creek Flood Mitigation Report
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FIGURE 7-6
Mainstem Flow Containment 
South Boulder Creek Flood Mitigation Report
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FIGURE 7-7
Dry Creek No. 2 Ditch Pipeline
South Boulder Creek Flood Mitigation Report
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FIGURE 7-8
Bear Canyon Creek Pipeline
South Boulder Creek Flood Mitigation Report

\\gecko\wbg\400168_South_Boulder_Creek_Phase_A\08_GIS\MapFiles\Report\Chapter 7\Figure 7-7 No Upstream Detention with Bear Canyon Creek Conveyance Improvements.mxd

VICINITY MAP

Notes:
1. Area of Interest

114" RCP

90" RCP
90" RCP Parallel to Ditch

FRASIER MEADOWS

KEEWAYDIN EAST

KEEWAYDIN ASSOC

We
llm

an
 D

itc
h

South Bou lder Creek

Bear C anyo n Creek

Dry Creek No 2 Ditch

Dry  Cre ek

Dry Creek No 2 D it ch

South Boulde r C reek

Dry CreekSouth Boulde r C reek Dry Creek

Sout h  Bo ulder Creek

BASELINE RESERVOIR

VALMONT RESERVOIR

HILLCREST LAKE

LEGGETT OWEN RESERVOIR

30th St

55th St

B
as

el
in

e 
R

d

Folsom St

Pearl Py

Valm
ont R

d

Broadway

28th St

63rd St
S Cherryvale Rd

Pearl St

47th St

Moo
rh

ea
d A

v

Pine St

C
olo rado Av

A
ra

pa
ho

e 
Av

G illasp ie Dr

S
ou

th
 B

ou
ld

er
 R

d

C
an

yo
n 

B
v 20th St

Cherryvale Rd

Foothills Py

W
alnut S

t

Ta
ble M

es
a 

Dr

M
arshall R

d

Edgew
ood D

r

61st St

S
ioux D

r

S Broadway

2 7th Wy

Leh
ig

h 
St

G
re

e nbriar Bv

B
ut

te
 M

ill
 R

d

G
re

en
br

ia
r B

l
30th St

55 th S t

S
ou

th
 B

ou
ld

er
 R

d

Table Mesa Dr

Foothills Py

Table M
esa D

r

A
ra

pa
ho

e 
Av

Greenbriar Bv

Cherryvale Rd

Foothills Py

B
as

el
in

e 
R

d

Foothills Py

A
rapahoe  A

v

Broadway

28th St

Va
lm

on
t R

d

Br
oa

dw
ay

28th St

Foothills Py

55th St

B
as

el
in

e 
R

d

Broadway

£¤36

£¤36

UV93

UV93

0 1,000 2,000 3,000 4,000 5,000

Feet

LEGEND
Bear Canyon Creek Alignment
Improvement

No Improvement
Open Channel Improvements
Piipeline/Culvert Improvement
Post Project Conditions Floodplain
Existing Floodplain
Streams, Creeks and Ditches
Boulder County

MARSHALL

$



FIGURE 7-9
Nuisance-Level Flood Improvement 
Protection
South Boulder Creek Flood Mitigation Report
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FIGURE 8-1
Status Quo-Existing Floodplain
South Boulder Creek Flood Mitigation Report
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FIGURE 8-2
100-Year High Hazard Zone Mitigation
without Hazardous Materials Facilities
South Boulder Creek Flood Mitigation Report
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FIGURE 8-3
High Hazard Grading Improvements
South Boulder Creek Flood Mitigation Report
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FIGURE 8-4
Regional Detention at US-36
South Boulder Creek Flood Mitigation Report
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FIGURE 8-5
US-36 Detention
South Boulder Creek Flood Mitigation Report
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                     Figure 8-6  

US 36 Detention Pond Embankment Rendering 



FIGURE 8-7
Distributed Regional Detention
South Boulder Creek Flood Mitigation Report
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FIGURE 8-8
Distributed Regional Detention
US 36 Pond
South Boulder Creek Flood Mitigation Report
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FIGURE 8-10
Distributed Regional Detention
South Boulder Road Pond Embankment
South Boulder Creek Flood Mitigation Report
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FIGURE 8-11
Distributed Regional Detention
Baseline Road Pond Embankment
South Boulder Creek Flood Mitigation Report
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                   Figure 8-12  

Baseline Road Detention Pond Embankment Rendering 



FIGURE 8-13
Bear Canyon Creek Pipeline
South Boulder Creek Flood Mitigation Report
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FIGURE 8-14
Bear Canyon Creek Pipeline
Thunderbird Pipeline Alignment
South Boulder Creek Flood Mitigation Report
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FIGURE 8-15
Bear Canyon Creek Pipeline
Collection System
South Boulder Creek Flood Mitigation Report
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FIGURE 8-16
Bear Canyon Creek Pipeline
Dry Creek Ditch #2 Alignment
South Boulder Creek Flood Mitigation Report
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APPENDIX_F_COSTSUMMARY.DOCX F-1 

Appendix F – Cost Summary 
Refined Costs 
One of the key objectives for updating the evaluations of the Best Alternative Plans was to better define the 
likely implementation costs for the various alternatives. In addition to the higher resolution of the various 
plan elements, other items impacting cost such as utility relocations, easement and right-of-way 
acquisition, and environmental mitigation were identified and incorporated. Unit costs for the various 
work elements and estimating contingencies were also reviewed and updated as required. 

Unit Cost Values 
The unit costs used in the development of the cost estimates were generally based on the default values 
found in the Urban Drainage and Flood Control District’s (District) program, UD-MP COST Version 1.1. 
While this proved to be a useful starting point, the nature of some of the improvements proposed along 
South Boulder Creek necessitated the modification of some of these values. For example, the cost of 
property acquisition for various land use types is well defined in Boulder, and the values typically differ 
from those found in other parts of the District. These values were adjusted based on information provided 
by the City. Table F-1, Updated Unit Cost Values, presents the values used to estimate overall plan costs in 
the refined analysis. 

Detention Pond Costs 
The refined analysis provided a much better understanding of the elements of each of the detention ponds 
proposed as part of the alternatives. The most significant refinement of the ponds was the development of 
a more detailed grading plan for each of the ponds proposed in the various alternatives. This improvement 
provided a much better understanding of the actual amount of material that would be necessary for 
construction of the ponds. In addition to the overall quantity of material necessary for the pond 
construction, each of the ponds is assumed to have an impervious core and an impervious key. These were 
incorporated into the original estimate, but the volumes changed considerably as the actual geometry of 
the pond embankment became better defined. 

Emergency spillways are an important part of the pond design. The earlier layout assumed a fairly 
consistent geometry for the spillway and that all spillways could be lined with Type VH riprap. However, 
upon further consideration, it was determined that those embankments that crossed the mainstem of South 
Boulder Creek would need to have a more substantial spillway due to the site topographic constraints that 
precluded a side channel spillway cut through native ground. A concrete spillway would probably be 
required by the State Dam Safety staff in order to assure the stability of the embankment during the 
spillway design flood. 

Other elements necessary to implement the storage options were unchanged from the earlier analysis. 
Table F-2, Detention Pond Cost Elements, summarizes the various elements that were included in the 
estimation of the detention pond costs. 

 

 

TABLE F-1 
Updated Unit Cost Values 

Item Unit Cost Unit of Measurement 

Construction Cost 

Earthwork $5.00 CY 

Imported Impervious Core $25.75 CY 

Concrete, Cast-in-Place $400.00 CY 

Type M Riprap $56.65 CY 

Type VH Riprap $82.40 CY 

Revegetation $1,030.00 Acre 

Detention, Complete-in-Place $46,968.00 AF 

Lateral Pipe (36 to 60-inch RCP) $126.81 - $211.36 LF 

Main Pipe (72 to 114-inch RCP) $367.83 - $865.20 LF 

Type B Manhole $10,300.00 Each 

Storm Inlet, Type 13, 3-foot $3,000.00 Each 

Storm Inlet, Type R/Type 14, 4-foot $3,605.00 Each 

Concrete Box Culverts $473.58 - $5,276.45 LF 

Sloping Drop Structure $142,790.74 Each 

Wetland Mitigation $100,000.00 Acre 

Roadway Reconstruction $50.00 SY 

Open Channel Improvements $0.20 LF/Q 

Relocation of Trailhead $500,000.00 LS 

Property Acquisition Cost 

Agricultural $0.80 SF 

Public $19.00 SF 

Regional Business $180.00 SF 

Community Business $39.00 SF 

High Density Residential and Mobile Home $50.00 SF 

Medium and Mixed Density Residential $36.00 SF 

Low Density and Rural Residential $22.00 SF 

Industrial $15.00 SF 

Operation and Maintenance (O&M) 

Channel O&M $27.60 LF 

Detention Pond O&M $1,380.00 AF 

Note: CY = cubic yard, AF = acre-foot, LF = linear foot, SY = square yard, LF/Q = ?, LS = lump sum, SF = square foot 



APPENDIX_F_COSTSUMMARY.DOCX F-2 

TABLE F-2 
Detention Pond Cost Elements 

Item Unit Cost Unit of Measurement 

Construction Cost 

Earthwork $5.00 CY 

Imported Impervious Core $25.75 CY 

Concrete, Cast-in-Place $400.00 CY 

Type M Riprap $56.65 CY 

Type VH Riprap $82.40 CY 

Revegetation $1,030.00 Acre 

Outlet Structure $169.08 - $5276.45 LF 

Property Acquisition Cost 

Acquisition of Open Space Property $0.83 SF 

Acquisition of CU Property designated for flood control $0.83 SF 

Note: CY = cubic yard, LF = linear foot, SF = square foot 

Utility Relocation Costs 
The utility relocation costs were handled using a factor applied to the capital cost of all infrastructure. This 
value was updated slightly as a result of the plan refinements. Locations of City-owned utility 
infrastructure (e.g., water, sanitary sewer, storm sewer), as well as local phone, cable television, and gas 
services were obtained or inferred from general development patterns. Unfortunately, the alignment and 
extent of large natural gas transmission lines and fiber optic cable locations were not provided by the 
utility owners. However, no major lines denoted by utility delineators were noted during field visits to 
proposed flood control facility sites for review of possible improvement corridors. 

During the refinement process, the alignments of the existing underground utilities were compared to the 
proposed improvements. It was concluded that the proposed ponds would have very little impact on 
existing utilities. As such, the utility relocation cost factor applied to these costs was removed. Other major 
underground infrastructure such as box culverts and outlet pipes associated with the detention ponds 
continued to have the utility relocation factor applied. 

The pipeline improvements impacting City-owned lines were adjusted to minimize potential conflicts. 
Whenever possible, alignments were moved within the street corridor to avoid large conduits. However, 
the factor continued to be applied to the proposed improvement costs to reflect the need to deal with 
utility service lines and small lateral lines along many of the corridors. 

Easement Acquisition Costs 
As noted earlier, the unit cost of the various easements necessary for the implementation of the refined 
alternative plans remained unchanged. The extent of the necessary easement and right-of-way acquisition 
did change as a result of the refinement. In particular, the refined grading of the detention ponds better 
defined the footprint and therefore the necessary property acquisition. These values have been 
incorporated into the plan costs. 

The alignments of the pipeline elements within the various alternatives were adjusted to try to minimize 
the impact on properties. In some cases, it was possible to slightly shift the pipeline alignments to better 
coincide with existing public easements and significantly reduce the property acquisition costs. More 
commonly, realignment of pipeline corridors was done to avoid impacts to individual single family 
residential properties. Based on feedback received during the public involvement process, it was 
determined that the public would prefer to minimize these impacts to individual property owners in favor 
of the purchase of larger easements from undeveloped or commercial and industrial properties. Pipeline 
alignments were shifted as necessary and as possible to achieve these objectives. 

Environmental Mitigation Costs 
The earlier alternatives recognized that there would be impacts to environmentally sensitive areas and 
anticipated that the cost of this mitigation could reasonably be included in the project contingency. The 
information provided by OSMP staff gave a far more refined picture of the environmental impacts. After 
review of this information and discussions with OSMP staff, it was concluded that environmental 
mitigation should be estimated separately. 

The majority of the impacts to environmentally sensitive lands such as City-designated wetlands and 
habitat areas for endangered species and other species of interest are associated with the detention ponds. 
These impacts are much better understood, and estimates of the necessary mitigation cost can be better 
developed. The approach to mitigation is assumed to be compensatory mitigation at a ratio of two to one. 
That is, for every acre impacted, it is assumed that two acres of comparable area will need to be acquired 
and established with wetland habitat. 

Two costing approaches were investigated: (1) looking at existing banks for similar wetland or habitat 
areas, and (2) purchasing and recreating a similar type of habitat. Because the cost of acquisition of 
property and reestablishment of habitat type is generally nested into the cost of credits from a bank, it was 
concluded that either approach would result in generally the same cost. The team chose to use a per-acre 
cost based on the purchase of credits from a wetland bank as the basis of environmental mitigation costs. 

Administrative and Contingency Cost Estimates 
The costs of various project elements common to all projects are embedded into the District’s cost-
estimating spreadsheet as factors. These are generally used without modification in this study. However, 
the overall project contingency applied to all Capital Costs and Property Acquisition Costs has been 
adjusted. The District’s program uses a contingency factor of 25 percent based on a preliminary design 
level of detail generally found in their Planning Study Phase “B” reports. The early estimates of Best 
Alternative Plan cost used a 50 percent contingency instead of the District’s default value of 25 percent. The 
higher factor was deemed appropriate because these plans were developed at a level of resolution 
generally consistent with District Planning Study Phase “A” reports. The refined plans looked at various 
elements in greater detail, but still lack the resolution of most District Planning Study Phase “B” reports. 
As such, the project team concluded a value of 35 percent was most appropriate for this study.  

This 35 percent contingency has been included as a provision for unforeseeable, additional costs within the 
general bounds of the project scope, particularly where previous experience has shown that unforeseeable 
events that will increase costs are likely to occur.  The contingency is used as a means to reduce the risk of 
possible cost overruns.  The contingency in these estimates consists of two components:  Bid Contingency 
and Scope Contingency.  Bid Contingency covers the unknown costs associated with constructing a given 
project scope, such as adverse weather conditions, strikes by material suppliers, geotechnical unknowns, 



APPENDIX_F_COSTSUMMARY.DOCX F-3 

and unfavorable market conditions for a particular project scope.  Scope Contingency covers scope changes 
that invariably occur during final design and implementation. 

The cost estimates presented in this study are “order-of-magnitude” (Level 4) estimates, as defined by the 
American National Standards Institute (ANSI) and the Association for the Advancement of Cost 
Engineering (AACE) International as “approximate estimates made without detailed engineering data.  It 
is normally expected that estimates of this type will be accurate within plus 50 percent or minus 30 
percent.” This range implies that there is a high probability that the final project cost will fall within the 
range. 

Table F-3, Administrative and Contingency Factors, presents the various factors that were applied in the 
development of the cost estimates. 

TABLE F-3 
Administrative and Contingency Factors 

Item Cost 

Mobilization 5 percent of Subtotal Capital Improvement Costs 

Stormwater Management/Erosion Control 5 percent of Subtotal Capital Improvement Costs 

Utility Coordination/Relocation 32 percent of Pipe and Culvert Costs 

Engineering 15 percent of Capital Improvement Costs 

Legal/Administrative 5 percent of Capital Improvement Costs 

Contract Admin/Construction Management 10 percent of Capital Improvement Costs 

Contingency 35 percent of Capital Improvement Costs + Land Acquisition Costs 

 

Refined Cost Summary by Plan 
Each of the alternative cost estimates are summarized to include not only the overall cost of the 
implementation but also some of the major components of the alternative. These are summarized and 
presented in Table F-4, High Hazard Mitigation Plan Cost Summary; Table F-5, Regional Detention at US-
36 Cost Summary; Table F-6 Distributed Regional Detention Cost Summary; and Table F-7, Bear Canyon 
Creek Pipeline Cost Summary. 

Refined Cost Summary 
The cost estimates have been prepared for guidance in project evaluation and implementation from the 
information available at the time of the estimates and are summarized in Table F-8, Refined Alternative 
Plans Cost Estimate Summary.  The final cost for the project will depend on such criteria as actual labor 
and material costs, competitive market conditions, actual site conditions, final project scope, and other 
variables. As a result, the final project cost will vary from this estimate.  The proximity to actual costs will 
depend on how closely the assumptions of this estimate match final project conditions.  Because of this, 
project feasibility and funding needs must be carefully reviewed prior to making specific financial 
decisions to help assure proper project evaluation and adequate funding. 

 

 

 

 

 

 

 

 

TABLE F-4 
High Hazard Mitigation Plan Cost Summary ($ million) 

Element 
Construction 

Cost Mobilization 

Stormwater 
Management/ 

Erosion Control 
Utility 

Relocation Subtotal 
Easement/ 

Right-of-Way Engineering Legal/Admin 

Contract Admin/ 
Construction 
Management Contingency 

Total Capital 
Cost O&M Cost 

Total 
Implementation 

Cost 

Grading $0.02 $0.001 $0.001 $0.00 $0.02 $0.00 $0.003 $0.001 $0.002 $0.01 $0.04 $0.000 $0.04 

Concrete $0.06 $0.003 $0.003 $0.00 $0.06 $0.00 $0.009 $0.003 $0.006 $0.02 $0.10 $0.000 $0.10 

TOTAL $0.08 $0.004 $0.004 $0.00 $0.08 $0.00 $0.013 $0.004 $0.008 $0.03 $0.14 $0.000 $0.14 
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TABLE F-5 
Regional Detention at US-36 Cost Summary ($ million) 

Element 
Construction 

Cost Mobilization 

Stormwater 
Management/ 

Erosion Control 
Utility 

Relocation Subtotal 
Easement/ 

Right-of-Way Engineering Legal/Admin 

Contract Admin/ 
Construction 
Management Contingency 

Total Capital 
Cost O&M Cost 

Total 
Implementation 

Cost 

US-36 Detention 
Pond $5.55 $0.28 $0.28 $0.03 $6.14 $1.80 $0.92 $0.31 $0.61 $2.78 $12.56 $0.77 $13.34 

Improvements to 
the New Anderson 
Ditch $0.66 $0.03 $0.03 $0.12 $0.85 $0.00 $0.13 $0.04 $0.09 $0.30 $1.40 $0.01 $1.41 

Dry Creek Ditch 
No. 2 Pipeline 
Improvements $1.25 $0.06 $0.06 $0.37 $1.75 $1.06 $0.26 $0.09 $0.18 $0.98 $4.32 $0.00 $4.32 

Local Detention at 
Manhattan Middle 
School $1.21 $0.06 $0.06 $0.01 $1.34 $0.31 $0.20 $0.07 $0.13 $0.58 $2.63 $0.03 $2.67 

Local Detention at 
Baseline 
Road/Foothills 
Parkway $1.10 $0.06 $0.06 $0.02 $1.23 $0.00 $0.19 $0.06 $0.12 $0.43 $2.04 $0.01 $2.05 

Wall 
Enhancements at 
Baseline Road $0.04 $0.002 $0.002 $0.00 $0.04 $0.22 $0.01 $0.002 $0.004 $0.09 $0.37 $0.00 $0.37 

Improvements to 
Wellman Canal $0.04 $0.002 $0.002 $0.00 $0.05 $0.00 $0.01 $0.002 $0.005 $0.02 $0.08 $0.08 $0.16 

Arapahoe Avenue 
Detention Pond $3.87 $0.19 $0.19 $0.14 $4.39 $3.37 $0.66 $0.22 $0.44 $2.72 $11.80 $0.10 $11.90 

TOTAL $13.29 $0.66 $0.66 $0.70 $15.32 $6.76 $2.30 $0.77 $1.53 $7.73 $34.40 $1.00 $36.21 

 

TABLE F-6 
Distributed Regional Detention Cost Summary ($ million) 

Element 
Construction 

Cost Mobilization 

Stormwater 
Management/ 

Erosion Control 
Utility 

Relocation Subtotal 
Easement/ 

Right-of-Way Engineering Legal/Admin 

Contract Admin/ 
Construction 
Management Contingency 

Total Capital 
Cost O&M Cost 

Total 
Implementation 

Cost 

US-36 Detention 
Pond $3.21 $0.16 $0.16 $0.00 $3.54 $0.61 $0.53 $0.18 $0.35 $1.45 $6.66 $0.18 $6.84 

South Boulder 
Road Detention 
Pond $4.84 $0.24 $0.24 $0.05 $5.38 $0.41 $0.81 $0.27 $0.54 $2.02 $9.42 $0.18 $9.60 

Baseline Road 
Detention Pond $4.83 $0.24 $0.24 $0.10 $5.42 $0.56 $0.81 $0.27 $0.54 $2.09 $9.69 $0.52 $10.20 

Dry Creek Ditch 
No. 2 Pipeline 
Improvements $1.25 $0.06 $0.06 $0.37 $1.75 $1.06 $0.26 $0.09 $0.18 $0.98 $4.32 $0.00 $4.32 

Local Detention at 
Manhattan Middle 
School $1.21 $0.06 $0.06 $0.01 $1.34 $0.31 $0.20 $0.07 $0.13 $0.58 $2.63 $0.03 $2.67 

Local Detention at $1.10 $0.06 $0.06 $0.02 $1.23 $0.00 $0.19 $0.06 $0.12 $0.43 $2.04 $0.01 $2.05 
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TABLE F-6 
Distributed Regional Detention Cost Summary ($ million) 

Element 
Construction 

Cost Mobilization 

Stormwater 
Management/ 

Erosion Control 
Utility 

Relocation Subtotal 
Easement/ 

Right-of-Way Engineering Legal/Admin 

Contract Admin/ 
Construction 
Management Contingency 

Total Capital 
Cost O&M Cost 

Total 
Implementation 

Cost 
Baseline 
Road/Foothills 
Parkway 

Wall 
Enhancements at 
Baseline Road $0.04 $0.002 $0.002 $0.00 $0.04 $0.22 $0.01 $0.002 $0.00 $0.09 $0.37 $0.00 $0.37 

Improvements to 
Wellman Canal $0.04 $0.002 $0.002 $0.00 $0.05 $0.00 $0.01 $0.002 $0.00 $0.02 $0.08 $0.08 $0.16 

Arapahoe Avenue 
Detention Pond $3.87 $0.19 $0.19 $0.14 $4.39 $3.37 $0.66 $0.22 $0.44 $2.72 $11.80 $0.10 $11.90 

TOTAL $20.42 $1.02 $1.02 $0.69 $23.14 $6.54 $3.47 $1.16 $2.31 $10.39 $47.01 $1.10 $48.11 

 

TABLE F-7 
Bear Canyon Creek Pipeline Cost Summary ($ million) 

Element 
Construction 

Cost Mobilization 

Stormwater 
Management/ 

Erosion Control 
Utility 

Relocation Subtotal 
Easement/ 

Right-of-Way Engineering Legal/Admin 

Contract Admin/ 
Construction 
Management Contingency 

Total Capital 
Cost O&M Cost 

Total 
Implementation 

Cost 

Bear Canyon 
Creek Pipeline 
and Inlets $9.79 $0.49 $0.49 $2.68 $13.45 $0.00 $2.02 $0.67 $1.34 $4.71 $22.19 $0.00 $22.19 

Dry Creek Ditch 
No. 2 Pipeline 
Improvements $4.17 $0.21 $0.21 $1.25 $5.84 $1.16 $0.88 $0.29 $0.58 $2.45 $11.19 $0.00 $11.19 

Improvements to 
New Anderson 
Ditch $0.66 $0.03 $0.03 $0.12 $0.85 $0.00 $0.13 $0.04 $0.09 $0.30 $1.40 $0.01 $1.41 

Improvements to 
Wellman Canal $0.04 $0.002 $0.002 $0.00 $0.05 $0.00 $0.01 $0.002 $0.005 $0.02 $0.08 $0.08 $0.16 

Arapahoe Avenue 
Detention Pond $3.87 $0.19 $0.19 $0.14 $4.39 $3.37 $0.66 $0.22 $0.44 $2.72 $11.80 $0.10 $11.90 

TOTAL $18.54 $0.93 $0.93 $4.18 $24.57 $4.53 $3.69 $1.23 $2.46 $10.19 $46.66 $0.18 $46.84 
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TABLE F-8 
Refined Alternative Plans Cost Summary ($ million) 

Plan 
Construction 

Cost Mobilization 

Stormwater 
Management/ 

Erosion Control 
Utility 

Relocation Subtotal 
Easement/ 

Right-of-Way Engineering Legal/Admin 

Contract Admin/ 
Construction 
Management Contingency 

Total Capital 
Cost O&M Cost 

Total 
Implementation 

Cost 

Status Quo $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

High Hazard 
Mitigation $0.08 $0.004 $0.004 $0.00 $0.08 $0.00 $0.01 $0.004 $0.01 $0.03 $0.14 $0.00 $0.14 

Regional 
Detention at US-
36 $13.73 $0.69 $0.69 $0.70 $15.81 $6.76 $2.37 $0.79 $1.58 $7.90 $35.21 $1.00 $36.21 

Distributed 
Regional 
Detention $20.42 $1.02 $1.02 $0.69 $23.14 $6.54 $3.47 $1.16 $2.31 $10.39 $47.01 $1.10 $48.11 

Bear Canyon 
Creek Pipeline $18.54 $0.93 $0.93 $4.18 $24.57 $4.53 $3.69 $1.23 $2.46 $10.19 $46.66 $0.18 $46.84 

 

Refinements to Benefit-Cost Analysis 
The project benefits and costs were updated as described. The benefits were largely unchanged except for 
the High Hazard Zone Mitigation alternative, which no longer includes benefits associated with the 
floodproofing activities. The estimated benefits for the other alternative plans were not changed and 
continue to be based on the 8-meter grid MIKE FLOOD model results. 

Costs for the alternative plans reflect the refinements in both the design and the cost-estimating process. 
The costs have changed for all the alternative plans. The resulting benefit-cost summary is presented in 
Table F-9, Refined Alternative Plans Benefit-Cost Summary. 

TABLE F-9 
Refined Alternative Plans Benefit-Cost Summary ($ million) 

Alternative 
Total Implementation 

Cost 
Present Worth 

of Benefits 
Benefit-to-Cost 

Ratio 

Status Quo $0.0 $0.0 0.00 

High Hazard Mitigation $0.14 $0.0 0.00 

Regional Detention at US-36 $36.2 $77.3 2.14 

Distributed Regional Detention $48.1 $75.9 1.58 

Bear Canyon Creek Pipeline $46.8 $58.0 1.24 

 

Potential Funding Sources 
Projects of this nature are generally funded by local communities using a variety of resources such as a 
Stormwater Utility Fee, General Funds, or bond sales. In addition, cities such as Boulder lie within the 
District, which collects tax revenues that are used to fund the study, design, and implementation of 
drainage improvements along major drainageways within its constituent communities. It is quite likely the 
District would be a financial participant in any forthcoming improvement projects along South Boulder 
Creek. 

Because many of the indentified projects have benefit-cost ratios in excess of 1.0, it may be possible to 
secure additional funds from other sources such as the Federal Emergency Management Agency’s Pre-
Disaster Flood Mitigation Grant program or USACE’s 905b Program. While application for these grants is 
beyond the current scope, much of the information provided in this study can be used to support 
application if the Selected Alternative meets program objectives. 
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M E M O R A N D U M   
 

Evaluation of OSMP Memorandum Dated April 13, 
2011 
TO: Kurt Bauer / City of Boulder 

Annie Noble / City of Boulder 
Bob Harberg / City of Boulder 
Shea Thomas / UDFCD 

COPIES: Mark Taylor / Architerra 

Alan Taylor / Alan Taylor Consultants 

 

FROM: CH2M HILL 

DATE: July 18, 2011, Revised August 3, 2011 

 

Introduction 
This memorandum will document the evaluation of the Open Space and Mountain Parks 
evaluations of the South Boulder Creek Alternatives, specifically the Regional Detention 
Alternatives evaluated by Open Space and Mountain Parks (OSMP) staff in a memorandum 
dated April 13, 2011. The OSMP staff reviewed the impact of the Proposed Berms for two of 
the alternatives 

1.  Regional Detention at US-36 – Alternative 2 

2.  Distributed Regional Detention – Alternative 5 

OSMP evaluated the berms based on the potential environmental, irrigation, and agriculture 
impacts to Open Space Lands. Specifically the evaluation looked at impacts to the following 
specific items: 

1. Wetlands  
2. Riparian Vegetation  
3. Preble’s Meadow Jumping Mouse U. S. Fish and Wildlife Service (USFWS) Critical 

Habitat Area  
4. Preble’s Meadow Jumping Mouse (PMJM) Conservation Zone  
5. Ute Ladies’ Tresses Orchid 
6. Northern Leopard Frog 
7. Agricultural Resources 
8. Irrigation Resources 
9. The Plains Topminnow 
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10. Bobolink 
Assumptions made by the OSMP staff to assess the impacts of the various detention 
alternatives include placing the entire berm footprint on OSMP lands, would have a 12’ foot 
top width for trail access and maintenance access and would have 4:1 side slopes. 

This memorandum provides a more detailed evaluation of the proposed berms and 
potential impacts to OSMP resources as defined in their memorandum dated April 13, 2011. 

Refined Alternative Design 
The berms for the two alternatives outlined above were refined based on the concepts 
provided to WRAB in November 2010. Berms were contoured at a 1’ contour interval based 
on the City of Boulder’s 2003 1’ Contour information. Contouring included reestablishing 
links to existing trails, a 20’ offset from the existing US36 edge of pavement to accommodate 
future traffic lanes on US-36, and accommodation for the proposed regional bike trail along 
US-36. Berms had the following geometrical constraints. 

1. 4:1 side slopes typical for all berms 

2. 12 foot top of berm width for maintenance and trails access 

3. 15 foot construction, access and maintenance easement beyond the toe of all berms and 
offset from any property lines.  

To complete the impact analysis GIS shapefiles were obtained from OSMP staff for the 
various resources of interest noted in the introduction. Table 1 below lists the shapefiles 
provided by OSMP and a description of use for estimating impacts to Open Space, critical 
habitat, or threatened or endangered species.  

TABLE 1 
Shapefiles from OSMP to estimate impacts to resources due to regional detention berms 

Shapefile Description Use for Impact Evaluation 
by OSMP 

WetlandsRiparian_VegMap.shp This shapefile provides an evaluation of the 
groupings and species of vegetation on OSMP 
lands including riparian and wetland species. 

Impacts to 
Wetlands/Riparian areas; 
Northern Leopard Frog 
Habitat 

SouthBldrCrStateNatArea.shp This shapefile Identifies lands that belong in 
the South Boulder Creek Natural Area. 

Impacts to the South Boulder 
Creek Natural Area 

PreblesCriticalHabitat.shp This shape identifies the PMJM Critical habitat 
area defined by the USFWS as a corridor 460 
feet adjacent to the South Boulder Creek 
Channel. 

Impacts to the PMJM Critical 
Habitat Corridor 

PreblesConsZones.shp This shape identifies the PMJM Conservation 
Zones for the City of Boulder 

Impacts to the PMJM 
Conservation Zones 
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Impacts to the Ute Ladies’ Tresses Orchid were estimated to be the footprint of the berm 
and 15-wide access easement. Due to the sensitive nature of the species, OSMP declined to 
provide a GIS shapefile to identify the habitat areas of the Ute Ladies’ Tresses Orchid. 

The remainder of the impacts to:  

1. Agricultural Resources; 
2. Irrigation Resources; 
3. The Plains Topminnow; 
4. and Bobolink; 
were qualitatively assessed by the OSMP staff as to the potential impacts to the various 
resources. 

To complete the Refined Alternative Design on the potential berm impacts, the same 
shapefiles and assumptions made by OSMP staff were applied to identify impacts to the 
resources of concern. To further help quantify the impacts of the berms additional 
shapefiles, identified in Table 2, were used to quantify the impacts to: 

1. Agricultural Resources; 
2. Irrigation Resources including irrigation ditches, laterals and head gates; 
3. And City of Boulder Regulatory Wetlands; 

TABLE 2 
Additional shapefiles provided by the City of Boulder to asses impacts of regional detention berms. 

Shapefile Description Use for Impact Evaluation 
by OSMP 

OSMP_Headgates.shp This shapefile identifies head gates on OSMP 
lands 

Impacts to head gates that 
will need to be rebuilt and 
reconnected 

OSMP_Wells.shp This shapefile identifies wells on OSMP lands Impacts to wells on OSMP 
property 

creek_ditch.shp This shape identifies all irrigation ditches and 
laterals across the Open Space system. 

Impacts to the irrigation 
ditches and laterals that 
would require mitigation 

Wetalnds_regulatory_area.shp This shapefile identifies the regulatory 
wetlands identified by the City of Boulder 

Impacts to regulatory 
wetlands that would require 
mitigation 

OSMP_Ag_Fields.shp This shapefile identifies designated 
agricultural areas on the OSMP lands 

Assess impacts to 
agricultural lands on OSMP 
property 

 

Due to the qualitative assessment completed by OSMP staff on the Plains Topminnow and 
Bobolink and in absence of more defined information on the habitat and potential impacts 
on these species, the Plains Topminnow and Bobolink were not included in the Refined 
Alternative Design. 
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Results 
All berms for the two alternatives that contain regional detention facilities were evaluated as 
part of this review. The tables that follow include a review and comparison of each item of 
interest described within the OSMP memorandum. All impacts presented in this 
memorandum would be permanent; construction-related impacts are not included herein. 

TABLE 3 
Comparison of Maximum Berm Height 

Berm ID Maximum Berm Height 

(feet) 

(OSMP Memorandum) 

Maximum Berm Height 

(feet) 

 (Refined Alternative Design) 

 

Maximum Berm Height Maximum Berm Height on 
OSMP Property 

US-36 Regional 
Detention (Alt 2) 18 231 15 

US-36 Distributed 
Detention (Alt 5) 18 122 12 

South Boulder Road 
Distributed  Detention 
(Alt 5) 

14 143 13 

Baseline Road  
Distributed Detention 
(Alt 5) 

18 184 115 

1. Maximum berm height occurs at the Table Mesa Drive on-ramp to US-36 between Table Mesa Drive and 
Foothills Parkway.  

2. Maximum berm height occurs at the Foothills Parkway on-ramp to US-36 between east of the Foothills 
Parkway Overpass. 

3. Maximum berm height occurs east of South Boulder Creek and as observed from South Boulder Road. 

4. Maximum berm height occurs at the South Boulder Creek channel. Due to the incised nature of the channel 
in this location the maximum berm height only occurs for a maximum distance of 300’ while it transitions to 
the maximum of height of the majority of the berm of 9’ 

5. Maximum berm height from OSMP property occurs near the existing Bobolink Trailhead. The localized 
maximum can be found at the South Boulder Creek channel, which is 16 feet tall. 
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TABLE 4 
Comparison of Total Berm Area 

Berm ID Total Berm Area 
(Acres) 

(OSMP Memorandum) 

Total Berm Area  
(Acres) 

(Refined 
Alternative Design) 

Total Berm Area on OSMP 
Land (Acres) 

 (Refined Alternative Design) 

US-36 Regional 
Detention (Alt 3) 9.09 27.60 5.50 

US-36 Distributed 
Detention (Alt 5) 9.09 19.72 17.01 

South Boulder Road 
Distributed  Detention 
(Alt 5) 

10.44 11.0 10.36 

Baseline Road  
Distributed Detention 
(Alt 5) 

10.74 7.72 7.42 

Totals for Alt 5 30.3 38.44 34.79 

 

 

TABLE 5 
Comparison of Ute Ladies’ Tresses Orchid affected Area 

Berm ID Total Ute Ladies’ Tresses Orchid 
affected Area 

 (Acres) 

(OSMP Memorandum) 

Total Ute Ladies’ Tresses Orchid affected  
Area1  

(Acres) 

(Refined Alternative Design) 

US-36 Regional 
Detention (Alt 3) 9.09 5.50 

US-36 Distributed 
Detention (Alt 5) 9.09 17.01 

South Boulder 
Road Distributed  
Detention (Alt 5) 

10.44 10.36 

Baseline Road  
Distributed 
Detention (Alt 5) 

10.74 7.42 

Totals for Alt 5 30.3 34.79 

1. Affected area assumed to be on OSMP land only. It was assumed the roadway right of way and privately 
held parcels did not contain habitat suitable to the Ute Ladies’ Tresses Orchid. 
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TABLE 6 
Comparison of affected Riparian/Wetlands Area 

Berm ID Total Riparian/Wetlands 
Area (Acres)1 

(OSMP Memorandum) 

Total 
Riparian/Wetlands 

Area  (Acres)1 

(Refined Alternative 
Design) 

Total City of Boulder 
Regulatory Wetlands (Acres)2 

 (Refined Alternative Design) 

Class A Inner Class A 
Outer 

US-36 Regional 
Detention (Alt 3) 4.88 3.6 0 0 

US-36 Distributed 
Detention (Alt 5) 4.88 11.2 0 0 

South Boulder 
Road Distributed  
Detention (Alt 5) 

4.33 2.3 2.76 0.80 

Baseline Road  
Distributed 
Detention (Alt 5) 

5.05 3.8 2.65 0.70 

Totals for Alt 5 14.3 17.3 5.41 1.50 

1.  Affected area calculated using the WetlandsRiparian_VegMap.shp provided by OSMP. 
2.  Affected area calculated using the shapefile Wetlands.shp provide by the City of Boulder. 
 

TABLE 7 
Comparison of Northern Leopard Frog affected Area 

Berm ID Total Northern Leopard Frog Affected 
Area 

 (Acres) 

(OSMP Memorandum) 

Total Northern Leopard Frog Affected  
Area  

(Acres) 

(Refined Alternative Design) 

US-36 Regional 
Detention (Alt 3) 4.88 3.6 

US-36 Distributed 
Detention (Alt 5) 4.88 11.2 

South Boulder 
Road Distributed  
Detention (Alt 5) 

4.33 2.3 

Baseline Road  
Distributed 
Detention (Alt 5) 

5.05 3.8 

Totals for Alt 5 14.3 17.3 
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TABLE 8 
Comparison of affected PMJM Critical Habitat Area 

Berm ID Total PMJM Critical Habitat 
(Acres)1 

(OSMP Memorandum) 

Total PMJM Critical Habitat (Acres) 

 (Refined Alternative Design) 

OSMP Property Other Property1 

US-36 Regional 
Detention (Alt 3) 1.27 1.0 0.6 

US-36 Distributed 
Detention (Alt 5) 1.27 9.6 0.6 

South Boulder 
Road Distributed  
Detention (Alt 5) 

3.24 4.0 0 

Baseline Road  
Distributed 
Detention (Alt 5) 

3.34 2.7 0 

Totals for Alt 5 7.9 16.3 0.6 

1.  Other Property includes roadway right of way and private property 
 
 

 

 

 

TABLE 9 
Comparison of affected PMJM Conservation Area 

Berm ID Total PMJM Conservation Area 
(Acres)1 

(OSMP Memorandum) 

Total PMJM Conservation Area (Acres) 

 (Refined Alternative Design) 

OSMP Property Other Property1 

US-36 Regional 
Detention (Alt 3) 7.68 4.9 2.2 

US-36 Distributed 
Detention (Alt 5) 7.68 16.0 2.2 

South Boulder 
Road Distributed  
Detention (Alt 5) 

6.4 7.1 0 

Baseline Road  
Distributed 
Detention (Alt 5) 

6.15 4.4 0 

Totals for Alt 5 20.2 27.5 2.2 

1.  Other Property includes roadway right of way and private property 
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TABLE 10 
Comparison of South Boulder Creek State Natural Area  

Berm ID Total South Boulder Creek State Natural 
Area 

 (Acres) 

(OSMP Memorandum) 

Total South Boulder Creek State Natural 
Area 

 (Acres) 

(Refined Alternative Design) 

US-36 Regional 
Detention (Alt 3) 8.17 5.4 

US-36 Distributed 
Detention (Alt 5) 8.17 16,1 

South Boulder 
Road Distributed  
Detention (Alt 5) 

10.32 10.4 

Baseline Road  
Distributed 
Detention (Alt 5) 

6.7 4.8 

Totals 25.2 31.3 

 
In addition to those items quantified in the OSMP memorandum dated April 13, 2011, 
several additional impacts to resources were quantified by this Refined Alternative Design. 
These items included impacts to irrigation infrastructure and impacts to agricultural lands.  

TABLE 11 
Impacts to Irrigation Infrastructure 

Berm ID Head 
Gates 

Irrigation Ditches (lf) 

Howard Ditch Anderson Ditch Dry Creek No. 2 
Ditch 

Shearer Ditch 

Main 
Ditch 

Laterals Main 
Ditch 

Laterals Main 
Ditch 

Laterals Main 
Ditch 

Laterals 

US-36 Regional 
Detention (Alt 3) 0 0 0 58 0 559 726 0 0 

US-36 Distributed 
Detention (Alt 5) 0 0 0 0 0 458 3,199 0 0 

South Boulder 
Road Distributed  
Detention (Alt 5) 

1 0 0 221 0 728 1,198 0 1,365 

Baseline Road  
Distributed 
Detention (Alt 5) 

2 210 600 0 0 0 0 0 0 

Totals for Alt 5 3 210 600 221 0 1,186 4,397 0 1,365 
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TABLE 12 
Impacts to Agricultural Lands 

Berm ID Agricultural Fields (Acres) 

Hay Production1 Grazing Hay Production and 
Grazing1 

US-36 Regional 
Detention (Alt 3) 0 5.2 0 

US-36 Distributed 
Detention (Alt 5) 0 15.8 0 

South Boulder 
Road Distributed  
Detention (Alt 5) 

0 0 3.2 

Baseline Road  
Distributed 
Detention (Alt 5) 

0 3.5 0 

Totals for Alt 5 0 19.3 3.2 

1. Based on OSMP GIS layer files defining agricultural land use areas where only hay is produced and where 
hay and grazing occurs together. 

Summary and Conclusions 
The Refined Alternative Design for Alternative 5 – Distributed Regional Detention indicate 
that the impacts to Open Space lands are likely less than those reported in the OSMP 
memorandum dated April 13, 2011. The exception to this is the berm located at South 
Boulder Road. Due to the berm, the Viele Channel will need to be modified slightly which 
increases the impacts of this alternative to the metrics on Open Space lands. The draft OSMP 
memorandum did not specifically analyze impacts associated with the US-36 Regional 
Detention Alternative. As a result, only a comparison between CH2M HILL and OSMP 
impact estimates on resources are presented for the Distributed Regional Detention 
Alternative.   

Distributed Regional Detention 
 Maximum Berm Height  

 US-36 – 12 feet on OSMP property, 6 feet less than the 18-foot value reported in 
the Memorandum.  

 South Boulder Road – 14 feet located only within the South Boulder Creek 
channel. For the remainder of the berm a maximum height 13 feet tall, 1 foot less 
than the 14-foot value reported in the Memorandum is reached just east of South 
Boulder Creek.  

 Baseline Road – 18 feet located only within the South Boulder Creek channel. 
For the remainder of the berm reaches a maximum height 11 feet tall, 7 feet less 
than the 18-foot value reported in the Memorandum. 
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 Total Berm Area and impact to Ute Ladies’ Tresses Orchid Habitat–  

 US-36 – 17.0 acres on OSMP property, 8 acres more than the 9.09 acres reported 
in the Memorandum. The total footprint area of 19.7 acres includes CDOT Right 
of way and includes all required maintenance easements. 

 South Boulder Road – 10.36 acres on OSMP property, 0.8 acres less than the 
10.44 acres reported in the Memorandum. The total footprint area of 11.0 acres 
includes roadway right of way and includes all required maintenance easements 
on private property for Dry Creek Ditch No. 2.   

 Baseline Road – 7.42 acres on OSMP property, 3.32 acres less than the 10.74 acres 
reported in the Memorandum. The total footprint area of 7.72 acres includes 
roadway right of way and includes all required maintenance easements on 
private property (Granite Property). 

 Total Disturbance to Riparian/ Wetlands Vegetation and Northern Leopard Frog 
Habitat 

  US-36 – 11.2 acres on OSMP property, 6.3 acres more than the 4.88 acres 
reported in the Memorandum.  

 South Boulder Road – 2.3 acres on OSMP property, 2.0 acres less than the 4.3 
acres reported in the Memorandum.  

 Baseline Road – 3.75 acres on OSMP property, 1.3 acres less than the 5.05 acres 
reported in the Memorandum.  

 Total Disturbance to PMJM Critical Habitat 

 US-36 – 9.6 acres on OSMP property, 8.3 acres more than the 1.27 acres reported 
in the Memorandum. There is a total impact of 10.2 acres of impact to the PMJM 
Critical Habitat area including property on CDOT right of way for this 
alternative. 

 South Boulder Road – 4.0 acres on OSMP property, 0.76 acres greater than the 
3.24 acres reported in the Memorandum.  

 Baseline Road – 2.7 acres on OSMP property, 0.64 acres less than the 3.34 acres 
reported in the Memorandum.  

 Total Disturbance to PMJM Conservation Zones 

 US-36 – 16.0 acres on OSMP property, 8.32 acres less than the 7.68 acres reported 
in the Memorandum. There is a total impact of 18.2 acres of impact to the PMJM 
Conservation area including property on CDOT right of way for this alternative. 

 South Boulder Road – 7.1 acres on OSMP property, 0.7 acres greater than the 6.4 
acres reported in the Memorandum.  

 Baseline Road – 4.4 acres on OSMP property, 1.72 acres less than the 6.15 acres 
reported in the Memorandum.  
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 Total Disturbance to the South Boulder Creek Natural Area 

 US-36 – 16.1 acres on OSMP property, 7.93 acres more than the 8.17 acres 
reported in the Memorandum.  

 South Boulder Road – 10.4 acres on OSMP property, 0.1 acres greater than the 
10.32 acres reported in the Memorandum.  

 Baseline Road – 4.8 acres on OSMP property, 1.9 acres less than the 6.7 acres 
reported in the Memorandum.  
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Appendix H - Floodproofing Critical Facilities 

Introduction 
Floodproofing critical facilities as defined in the City of Boulder's new Critical Facility and Mobile Populations Ordinance" 
was an element considered in the High Hazard Zone Mitigation Alternative. Issues of public/private ownership, varying 
facility type, community welfare and financial responsibility led to the conclusion that floodproofing of existing critical 
facilities should not be included as a component of the High Hazard Mitigation Alternative. However, basic floodproofing 
measures for critical facilities or government owned facilities located in the 100‐year flood zone were developed as part 
of the mitigation plan for information purposes only. 

Protection of critical facilities remains an important element in the City's overall floodplain management program. In 
order to provide basic information for future decision‐making, measures to floodproof critical facilities or government 
owned facilities located in the 100‐year flood zone were evaluated. Estimated costs to implement the floodproofing 
measures and mitigate the flood threat from South Boulder Creek were identified and are included in the mitigation 
master plan report for future reference. Many of these flood proofing measure could be applied across a broad spectrum 
of properties that are impacted by the South Boulder Creek Floodplain. 

City Geographical Information System (GIS) records indicate that as many as 35 critical facilities may exist in the South 
Boulder Creek floodplain. These include a range of facility types, including essential services facilities, hazardous material 
facilities, and at‐risk populations facilities. Most of the identified critical facilities are privately owned 
commercial/industrial operations that involve the use of hazardous materials. Under the City’s recently adopted critical 
facilities ordinance these operations will be independently responsible for mitigating their flood threat by 2022. There is 
at least one essential service facility (the RTD Park 'N' Ride at US 36) and two at‐risk population facilities (Friends School, 
and Frasier Meadows Manor) in the 100‐year floodplain that don’t fall into the privately owned commercial/industrial 
operations category. 

This appendix focuses on possible options for the protection of these critical facilities and provides some definition of 
what infrastructure and costs may be required to floodproof these existing critical facilities. There are several primary 
approaches to floodproofing critical facilities that include:  

1. Elevating the Structure, so that the facility is located above floodwaters and away from damage. This is not 
particularly practical for facilities already constructed. 

2. Constructing Barriers between the Structure and Flooding, so that floodwaters cannot inundate the area around the 
facility. This minimizes required modifications to the structure. 

3. Dry Floodproofing the Structure, so that the building's walls, floors and openings are watertight to prevent 
floodwaters from entering and damaging the facility. This often requires extensive modifications to the structure and 
may limit function during flood events. 

4. Wet Floodproofing the Structure, using flood resistant construction materials and water repellant design measures, 
so that floodwaters that do enter the building will cause little or no damage. 

Multiple references were used to analyze, recommend potential floodproofing measures, and determine reasonable cost 
estimates for several critical facilities in the South Boulder Creek floodplain. Primary references included: 

 Local Flood Proofing Programs, US Army Corps of Engineers and the National Nonstructural/Flood Proofing 
Committee, February 2005 

 Floodproofing Non‐Residential Structures, FEMA 102, May 1986 
 Selecting Floodproofing Techniques ‐ Financial Considerations, Floodproofing Info #10, Southern Tier Central Regional 

Planning and Development Board 
 FEMA Technical Bulletin 2, Flood Damage‐Resistant Materials Requirements, August 2008 
 FEMA Technical Bulletin 3‐93, Non‐Residential Floodproofing ‐ Requirements and Certification 
 FEMA Technical Bulleting 7‐93, Wet Floodproofing Requirements 
 Flood‐proofing, ClimateTech Wiki, climatetechwiki.org 

 Flood Proofing, UDFCD Drainage Criteria Manual, Volume 2 
 UDFCD Cost Estimator for Master Planning (UD‐MP Cost) 
 Appendix C, Critical Facilities Flood Protection Analysis Calculations, City of Boulder Critical Facilities and Mobile 

Populations Ordinance Cost Analysis, The Sanitas Group, March 15, 2011 
As part of the effort to evaluate floodproofing measures as an element of any proposed improvements identified in the 
South Boulder Creek mitigation planning study, the analysis was expanded to include an assessment and cost estimate of 
possible single‐family residential structure floodproofing measures for dwellings with and without basements. Single‐
family residential structures are not defined as critical facilities and there is no regulatory requirement to protect them. 
These measures were not included in any of the plans. 

Floodproofing of residential structures is not recognized by FEMA as an alternative to the purchase of flood insurance or 
as a measure to reduce required flood insurance premiums. However, floodproofing can provide a greater level of flood 
protection for the structure in the event of flooding. Some homeowners may want to consider these options for 
protecting their homes in the event of a flood. 

The following pages include possible site floodproofing elements and costs analyses for the following existing critical 
facilities in the South Boulder Creek floodplain and for typical single‐family residential structures: 

 RTD Park 'N' Ride 
 Frasier Meadows Manor 
 Friends School 
 Gasoline Service Stations at 55th and Arapahoe 
 Single‐family Residential Dwelling without a Basement 
 Single‐family Residential Dwelling with a Basement 
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South Boulder Creek Floodproofing Option-RTD Park & Ride Perimeter Floodwall 
TABLE H‐1 
RTD Park and Ride Site Floodproofing Elements and Costs 

Flood Proofing Element  Estimated 2011 Unit Cost  No. of Units  Element Costs 

Increase Lower Parking Level Perimeter Wall 18"  $45.00 per square foot  1,700  $76,500 

Automatic Driveway Flood Gates  $90,000  2  $180,000 

Storm Sewer Check Valve  $20,000 per unit  1  $20,000 

Flood Proof Concrete Walls and Seal All Field Joints  $50,000  1  $50,000 

Incidentals  20% of Element Costs    $65,300 

Floodproofing Construction Sub‐Total  $391,800 
Structural Analysis  $6,000 

Civil & Architectural  $4,000 
Permit Costs  $6,500 

Overall Sub‐Total  $408,300 
Contingency (20%)  $81,660 

Total Cost for Parking Structure  $489,960 

Floodproofing Cost for this (50,300 square foot) Building is $9.74 per square foot 

Assumptions: 
 Max 500‐year  flooding depth around structure is 2.65 feet (Assuming 3 feet in depth for calculation  purposes) 
 Floodproofing  to four feet above grade to provide 1 foot of free board 
 Existing lower level of parking structure wall is approximately 30" tall 
 There will need to be 1.5 feet of additional concrete added to lower parking structure wall to prevent floodwaters 

from entering 
 Automated Flood Gates will be required at driveway entries 
 It is assumed that the structure is a prefabricated concrete structure and is currently not watertight. Existing structure 

envelope will need to be sealed to be watertight. 
 It is assumed the existing Interior Drainage System is adequately sized for areas inside the parking structure 
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South Boulder Creek Floodproofing Option-Frasier Meadows Manor Perimeter Floodwall 

TABLE H‐2 
RTD Park and Ride Site Floodproofing Elements and Costs 

Floodproofing Element  Estimated 2011 Unit Cost  No. Units  Element Cost 

Concrete Perimeter Floodwall  $45.00 per square foot  10,000  $450,000 

Automatic Driveway Flood Gates  $90,000  4  $360,000 

Sewer Main Check Valve  $20,000 per unit  1  $20,000 

Site Interior Pumped Drainage System (with backup generation)  $150,000 per system  1  $150,000 

Incidentals  20% of Element Costs    $196,000 

Floodproofing Construction Sub‐Total  $391,800 
Structural Analysis  $6,000 

Civil & Architectural  $4,000 
Permit Costs  $6,500 

Overall Sub‐Total  $408,300 
Contingency (20%)  $81,660 

Total Cost for Parking Structure  $489,960 

Floodproofing Cost for this (420,000 square foot) Building is $3.41 per square foot 

Assumptions: 
 Floodproofing  to Three Feet Above Grade 
 Floodproofing Involves Concrete Perimeter Floodwall Around East Property with Automated Flood Gates at Driveway 

Entries 
 Total Height of Floodwall (to Footing) is Six Feet 
 An Interior Drainage System Sized for Areas Protected by Levees is Required
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South Boulder Creek Dry Floodproofing Options-Friends School 

TABLE H‐3 
RTD Park and Ride Site Floodproofing Elements and Costs 

Floodproofing Element  Estimated 2011 Unit Cost  No. Units  Element Cost 

Exterior Waterproofing and Refinish  $4.50 per square foot  1,722  $7,749 

Floodproof Entry Doors  $4,000 each unit  4  $16,000 

Main Entry Floodproofing  $7,000 each unit  1  $7,000 

Sewer Line Check Valve  $1,200 per unit  1  $1,200 

Sump Pump (w/battery backup)  $1,500 per unit  1  $1,500 

Incidentals  20% of Element Costs    $6,630 

Floodproofing Construction Sub‐Total  $39,779 
Structural Analysis  $3,000 

Civil & Architectural  $4,000 
Permit Costs  $6,500 

Overall Sub‐Total  $53,279 
Contingency (20%)  $10,656 

Total Cost for Parking Structure  $63,935 

Floodproofing Cost for this Building is $5.06 per square foot 

Assumptions: 
 Floodproofing  to Three Feet Above Grade 
 Building Area = 12,634 square feet, Perimeter = 574 feet 
 Three Entry Doors per Building 
 Building Structurally Withstands Up to Three Feet of Flooding
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South Boulder Creek Dry Floodproofing Options-Gas Station Retail Building 

TABLE H‐4 
Gas Station Retail Building (1595 55th Street) Dry Floodproofing Elements and Costs 

Floodproofing Element  Estimated 2011 Unit Cost  No. Units  Element Cost 

Exterior Waterproofing and Refinish  $4.50 per square foot  405  $1,823 

Floodproof Entry Doors  $4,000 each unit  2  $8000 

Sewer Line Check Valve  $1,200 per unit  1  $1,200 

Sump Pump (w/battery backup)  $1,500 per unit  1  $1,500 

Incidentals  20% of Element Costs    $2,505 

Floodproofing Construction Sub‐Total  $39,779 
Structural Analysis  $3,000 

Civil & Architectural  $4,000 
Permit Costs  $6,500 

Overall Sub‐Total  $28,528 
Contingency (20%)  $5,706 

Total Cost for Parking Structure  $34,234 

Floodproofing Cost for this Building is $30.43 per square foot 

Assumptions: 
 Floodproofing  to Three Feet Above Grade 
 Building Area = 1,125 square feet, Perimeter = 135 feet 
 Three Entry Doors per Building 
 Building Structurally Withstands Up to Three Feet of Flooding 
 

TABLE H‐5 
Gas Station Retail Building (5500 Arapahoe Avenue) Dry Floodproofing Elements and Costs 

Floodproofing Element  Estimated 2011 Unit Cost  No. Units  Element Cost 

Exterior Waterproofing and Refinish  $4.50 per square foot  465  $2,093 

Floodproof Entry Doors  $4,000 each unit  2  $8000 

Sewer Line Check Valve  $1,200 per unit  1  $1,200 

Sump Pump (w/battery backup)  $1,500 per unit  1  $1,500 

Incidentals  20% of Element Costs    $2,559 

Floodproofing Construction Sub‐Total  $39,779 
Structural Analysis  $3,000 

Civil & Architectural  $4,000 
Permit Costs  $6,500 

Overall Sub‐Total  $28,528 
Contingency (20%)  $5,706 

Total Cost for Parking Structure  $34,234 

Floodproofing Cost for this Building is $22.34 per square foot 

Assumptions: 
 Floodproofing  to Three Feet Above Grade 
 Building Area = 1,550 square feet, Perimeter = 189 feet 
 Three Entry Doors per Building 
 Building Structurally Withstands Up to Three Feet of Flooding 

 
 

 

 

 

 

 

 

 
   



   H-5 

South Boulder Creek Dry Floodproofing Options-Single Family Building - no Basement 

TABLE H‐6 
Single‐Family Residential Building ‐ no Basement Dry Floodproofing Elements and Costs 

Floodproofing Element  Estimated 2011 Unit Cost  No. Units  Element Cost 

Exterior Waterproofing and Refinish  $4.50 per square foot  480  $2,160 

Floodproof Door Entry  $3,500 each unit  3  $10,500 

Sewer Line Check Valve  $1,200 per unit  1  $1,200 

Sump Pump (w/battery backup)  $1,500 per unit  1  $1,500 

Incidentals  20% of Element Costs    $3,072 

Floodproofing Construction Sub‐Total  $18,432 

Structural Analysis  $3,000 

Civil & Architectural  $4,000 

Permit Costs  $6,500 

Overall Sub‐Total  $31,932 

Contingency (20%)  $6,386 

Total Cost for Parking Structure  $38,318 

Floodproofing Cost for this Building is $25.55 per square foot 

Assumptions: 
 Floodproofing  to Three Feet Above Grade 
 Building Area = 1,500 square feet, 50ft x 30ft, Perimeter = 160 feet 
 Three Entry Doors per Building 
 Building Structurally Withstands Up to Three Feet of Flooding 
 

South Boulder Creek Dry Floodproofing Options-Single Family Building - with Basement 
TABLE H‐7
Gas Station Retail Building (5500 Arapahoe Avenue) Dry Floodproofing Elements and Costs

Floodproofing Element  Estimated 2011 Unit Cost  No. Units  Element Cost 

Exterior Floodproof Concrete Ring wall  $45.00 per square foot  960  $43,200 

Floodproof Door Entry  $3,500 each unit  3  $10,500 

Sewer Line Check Valve  $1,200 per unit  1  $1,200 

High Capacity Sump Pump (w/generator backup)  $4,500 per unit  1  $4,500 

Incidentals  20% of Element Costs    $11,880 

Floodproofing Construction Sub‐Total  $71,280 

Structural Analysis  $6,000 

Civil & Architectural  $4,000 

Permit Costs  $6,500 

Overall Sub‐Total  $87,780 

Contingency (20%)  $17,556 

Total Cost for Parking Structure  $105,336 

Floodproofing Cost for this Building is $70.22 per square foot 

Assumptions: 
 Floodproofing  to Three Feet Above Grade 
 Floodproofing Involves Exterior Concrete Floodwall Wrap Around Foundation 
 Total Height of Floodwall (to Footing) is Six Feet 
 Building Area = 1,500 square feet, 50ft x 30ft, Perimeter = 160 feet 
 Three Entry Doors per Building 
 Building and Basement Foundation Walls are Verified to Structurally Withstand Up to Three Feet of Flooding Above 

Grade 
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