
C I T Y  O F  B O U L D E R
PLANNING BOARD AGENDA ITEM

MEETING DATE: April 24 & 25, 2013

AGENDA TITLE:
Public hearing and consideration of the following applications for two parcels of land located at 5399 
Kewanee Drive and 5697 South Boulder Road: 

1. Annexation and Initial Zoning, LUR2006-00099: Application to annex the approximately 22-
acre properties at  5399 Kewanee Drive and 5697 South Boulder Road with an initial zoning of 
Residential Low -2 (RL-2) zoning; and

2. Site Review and Preliminary Plat, LUR2012-00048: Application to subdivide and develop the 
site with 50 permanently affordable congregate care rental units, six permanently affordable 
duplex ownership units, two permanently affordable single-family ownership units, and 63 
market rate single-family units for a total of 121 dwelling units.  The Applicant is seeking to 
establish a vested property right pursuant to section 9-2-19, B.R.C. 1981.

Notice to Planning Board of pendency of application to vacate an unused portion of the 55th Street 
public right of way pursuant to charter section 79 and section 8-6-9, B.R.C. 1981.

Applicant/Property Owner: Michael Boyers

REQUESTING DEPARTMENT:
Community Planning & Sustainability  
David Driskell, Executive Director  
Susan Richstone, Deputy Director
Charles Ferro, Development Review Manager
Karl Guiler, Planner II/Code Amendment Specialist

Public Works
Maureen Rait, Executive Director
Heidi Schum, Public Works Development Review Manager
Scott Kuhna, Public Works Development Review Supervisor
Katie Knapp, Floodplain and Wetlands Administrator
David Thompson, Transportation Engineer

Division of Housing
Jeff Yegian, Acting Housing Division Manager
Michelle Allen, Housing Planner

  

OBJECTIVES:
1. Hear staff and applicant presentations
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2. Hold public hearing
3. Planning Board discussion 
4. Planning Board recommendations to City Council on the proposed Annexation, Initial Zoning, 

and Site Review.

SUMMARY: 

Proposal:  Annexation and Initial Zoning of an approximately 22 acre site and Site 
Review and Preliminary Plat application to develop 121 attached and 
detached units (5.5 du/ac) on the site. Proposal also includes the 
environmental preservation of the east parcel.  

Project Name:  Boulder Creek Commons

Location:   5399 Kewanee Drive & 5697 South Boulder Road

Size of Tract:  Approximately 22 acres  

City Zoning:   To be determined (RL-2, Residential Low – 2 proposed) 

Comprehensive Plan: Low Density Residential and Environmental Protection

KEY ISSUES

Consistency with the Boulder Valley Comprehensive Plan (BVCP):

(1) BVCP Natural Environment policies: Would annexation be consistent with BVCP 
policies regarding wetlands, floodplains, and groundwater? 

(2) BVCP General policies: Would the proposed annexation be consistent with the 
BVCP policies for annexations, in particular, policy 1.24 requiring significant 
benefit to the community? 

(3) BVCP Land Use Map: Will the proposed project and zoning (Residential Low – 2; 
RL-2) be consistent with the BVCP land use designation?

(4) BVCP Built Environment policies: Is the proposal consistent with the intent of BVCP 
policies, specifically those related to community design and neighborhood compatibility?

Site Review criteria (section 9-2-14(h), B.R.C. 1981) compliance

(5) Site design/Open space: Is the proposal consistent with the Site Review criteria 
with respect to site design and open space?

(6) Building design/Accommodation of pedestrians: Is the proposal consistent with 
the Site Review criteria with respect to building design and accommodating 
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pedestrians?

(7) Traffic: Will traffic impacts be compatible with the surrounding neighborhoods?

BACKGROUND: See Attachment A

PROJECT DESCRIPTION:  

The applicant’s written description of the project is found within Attachment B and the project plans 
are found within Attachment C. The project entails the following:

 Proposed annexation of roughly 22 acres into the City of Boulder with RL-2, Residential 
Low - 2 zoning. Staff recommended that RL-2 be considered as the only deviations of 
this proposal from zoning regulations would be the proposed Congregate Care use and
some proposed setbacks.  The Congregate Care use could be authorized as an 
allowed use on the site as part of the Annexation process.  Setbacks can be modified 
in a Site Review approval.  

 Development of the property would include a total of 121 attached and detached 
dwelling units distributed as follows: 

 50 attached congregate care deed restricted permanently affordable rental units
within one three-story building on the east side of the parcel west of 55th. These 
units would be affordable to very low and low income seniors; 

 6 deed restricted permanently affordable ownership duplex units. These units will 
be affordable to middle income households; 

 2 deed restricted permanently affordable ownership single-family homes. These 
units would be affordable to middle income households; and

 63 market rate single-family homes.

The permanently affordable deed restricted units would amount to 48 percent of the
units.

 All units would be served by new public rights-of-way, including a new connection 
between Kewanee Drive and 55th Street. In response to neighborhood concerns about 
this connection, the design of the street is planned to be circuitous to reduce cut-
through traffic from adjacent neighborhoods. The pavement width (including travel 
lanes and on-street parking) of the internal streets has been reduced from the base 
street standard of 36 feet to the narrower 32 feet of pavement typical to a residential 
collector street standard.  The narrow pavement widths are further reduced near 
pedestrian crosswalks and will function as traffic calming devices to encourage slower 
speeds and less cut-through traffic.  

 Open space would be provided within the development in the following forms:

 Protected open space/wetland mitigation area provided on 2.73 acre parcel east
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of 55th Street and restored wetlands on the west parcel within an outlot. 
 A 60 foot landscape buffer along the west lot line including Dry Creek Ditch No. 2 

within pipe and adjacent path.
 Curvilinear open spaces of varying widths (40 to 50 feet) behind most residences 

with associated trails, swales, and water quality areas. 
 A pocket park and open space patios and landscape areas in the vicinity of the 

congregate care building.
 Private open spaces and patios on individual lots.

 Dry Creek No. 2 Ditch is proposed to be piped and the applicant is considering piping 
the Bodam Irrigation Lateral if approved by the ditch company. Howard Super-Phostical 
Ditch is proposed to remain open. 

 A draft ordinance will be reviewed by City Council that would allow for a vacation of 
unused public right-of-way that exists at the 5399 Kewanee and 5697 South Boulder 
properties associated with the Boulder Creek Commons proposal. The figure below 
shows the land area of 55th Street not currently used or expected to be used on the 
property.  Prior to the construction of 55th Street through the site and bearing to the 
east to access the North Boulder Recreation Center, 55th Street terminated in the 
north-south as shown and this piece of land is proposed to be vacated and added to 
the property as part of this review. This action requires City Council approval of the 
ordinance and must meet the criteria of section 8-6-9(c) of the Boulder Revised Code. 
Staff has found that the criteria can be met and will recommend approval to the City 
Council. This memorandum constitutes official notice as required by Section 79 of the 
City of Boulder Charter of a request to vacate public right-of-way within the proposed 
development. 

  

Figure 1- Right-of-way proposed for vacation.
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Density
There are a two different ways to calculate density on the site based on the city density 
calculations whereby three congregate care units can equate to one dwelling unit. See the 
following table.

Density considering congregate care units on a 1:1 ratio
121 units / 22.17 acres 5.45 du/ac
Density considering congregate care units on a 3:1 ratio
88 units / 22.17 acres 3.9 du/ac

More specifically, section 9-8-6, “Occupancy Equivalencies for Group Residences,” B.R.C. 1981, 
states the following relative to congregate care facilities: “Congregate Care Facility: In congregate 
care facilities, five sleeping rooms or accommodations without kitchen facilities constitute one 
dwelling unit, three attached dwelling units constitute one dwelling unit, and one detached dwelling 
unit constitutes one dwelling unit.”  The proposal will, either way, comply with the Boulder Valley 
Comprehensive Plan (BVCP) land use designation of Low Density Residential, which permits two 
to six dwelling units per acre.

Proposed modifications to the Development Code
As stated in the April 18, 2013 study session memorandum, certain development standards that 
are specifically listed in section 9-2-14(c), B.R.C. 1981, may be modified in Site Review if the 
board finds that the project meets all applicable Site Review criteria. Similarly, modifications to the 
subdivision standards may be requested pursuant to Section 9-12-12(b), B.R.C. 1981. The 
applicant is requesting consideration of the following modifications for all lots: 

 Aggregation of open space across the site as permitted in RL-2 zoning through Site Review
instead of providing 6,000 square feet of open space on each individual lot. This results in 
clustered housing with more meaningful, useable public open spaces. 

 Parking reduction to permit two required parking spaces on each duplex site where four are 
required. Two parking spaces would be provided in the driveway instead of outside the 
landscape setback as required.

 Section 9-7-1, B.R.C. 1981, Minimum front yard setback: 12.5 and 16.5 feet where 20 feet is 
required. Lot 1 has a setback of seven (7) feet due to the curvature of the street.

 Section 9-7-1, B.R.C. 1981, Minimum side yard setback: Five (5) feet where one foot for every 
two feet of height is required.

 Section 9-7-1, B.R.C. 1981, Minimum rear yard setback: 15 feet where 20 feet is required.

 Sections 9-7-1, B.R.C. 1981, Minimum rear yard setback: Up to 10 foot encroachment into 
required 20 foot rear yard setback to permit patio screen walls, trellis and associated features 
per Sheets A1 through A5 of the project plans.

 Section 9-9-11(f)(4), B.R.C. 1981, Request to include landscape areas within the public right-
of-way to count for no more than 10% of the required open space.
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 Section 9-7-1, B.R.C. 1981, Minimum side yard setback: Zero lot line for duplex buildings 
where one foot for every two feet of height is required.

 Section 9-7-1, B.R.C. 1981, Minimum side yard setback: Two (2) feet for side yard trash 
enclosures where one (1) foot for every two (2) feet of height is required.

 Modification to the subdivision standards to permit lots with frontages under the required 30 
feet (i.e., 28.75 feet) for two duplex lots.

  The following figures show the proposed project within its context and close up.

   Figure 2- Proposed plan within context.
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Figure 3- Proposed plan showing open space areas.
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ANALYSIS:

Overview
As discussed in the April 18th staff memorandum to the Planning Board, the board will 
make a recommendation to the City Council on the following:

 Whether or not to annex the property;
 What city zoning would be appropriate for the site, if annexed, and 
 Approval or denial of the proposed site and architectural design associated with 

the Site Review application.

The factors that inform this recommendation are based on whether the proposed 
annexation is consistent with State Statutes, city annexation and other BVCP policies, 
whether the proposed zoning is consistent with the BVCP Land Use Map, and whether the 
Site Review application is consistent with the Site Review criteria of 9-2-14(h), B.R.C. 1981 
within the Land Use Code.

Compliance with Colorado Revised Statues
Starting broadly in the context of state annexation statues (Section 31-12-101, C.R.S.), staff has 
reviewed the annexation petition for compliance with the C.R.S. and finds that the application is 
consistent with those sections, as affirmed by the criteria below:

 Landowners of more than 50% of the area have petitioned to annex;
 The petition was filed with the City Clerk;
 There is a community interest between the property proposed for annexation and the city 

of Boulder;
 The subject property does not include any area included in another annexation proceeding 

involving a city other than the city of Boulder;
 The annexation would not remove the property from one school district and add it to 

another; and
 The property has, at least, one-sixth contiguity with the perimeter of the city of Boulder.

City policies and standards
The rest of this memorandum focuses on the project’s compliance with city policies and 
standards. As the project is complex, staff has identified the following key issues to guide 
the board’s discussion on the application:

 Boulder Valley Comprehensive Plan (BVCP) conformance
o BVCP Natural Environmental policies
o BVCP General policies
o BVCP Land Use Map and Built Environment policies

 Site Review criteria compliance
o Site design/open space
o Building design/accommodation of pedestrians
o Traffic
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Consistency with the Boulder Valley Comprehensive Plan (BVCP):

(1) BVCP Natural Environment policies: Would the proposed annexation be 
consistent with the BVCP policies regarding wetlands, floodplains, and 
groundwater? 

Pursuant to Land Use Code section 9-2-16(a), “Annexation Requirements,” B.R.C. 1981, “all
annexations to the City shall meet the requirements of 31-12-101 et seq., C.R.S., and shall be 
consistent with the Boulder Valley Comprehensive Plan and other ordinances of the City.”

The appropriateness of developing the site from an environmental and engineering perspective 
has been one of the most prominent key issues of the development proposal, particularly with 
respect to the flood, wetland and groundwater concerns that have been raised. As a result,
extensive environmental and engineering studies have been prepared by the applicant’s 
consultants throughout the previous Concept Plan and current Site Review processes and have 
been reviewed by city reviewers, third and fourth party engineering review consultants, and the 
neighborhood.  

The BVCP provides guidance with its land use map and extensive policies to help determine
whether a development is appropriate. The following analysis section focuses on whether the 
proposed project is consistent, as assessed through the detailed studies, with BVCP 
environmental policies, namely those within the section (Section 3) titled “Natural Environment.” 
The key issues that follow will address the land use map and other important BVCP policies. A
link to the BVCP is below:

Boulder Valley Comprehensive Plan  

The following BVCP policies on wetlands, floodplains, and groundwater are relevant and discussed 
below:

3.06 Wetland and Riparian Protection
Natural and human-made wetlands and riparian areas are valuable for their ecological and, where
appropriate, recreational functions, including their ability to enhance water and air quality. Wetlands 
and riparian areas also function as important wildlife habitat, especially for rare, threatened and 
endangered plants, fish and wildlife. The city and county will continue to develop programs to protect 
and enhance wetlands and riparian areas in the Boulder Valley. The city will strive for no net loss of 
wetlands and riparian areas by discouraging their destruction or requiring the creation and restoration 
of wetland and riparian areas in the rare cases when development is permitted and the filling of 
wetlands or destruction of riparian areas cannot be avoided.

3.19 Preservation of Floodplains
Undeveloped floodplains will be preserved or restored where possible through public land acquisition 
of high hazard properties, private land dedication and multiple program coordination. Comprehensive 
planning and management of floodplain lands will promote the preservation of natural and beneficial 
functions of floodplains whenever possible.
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3.20 Flood Management
The city and county will protect the public and property from the impacts of flooding in a timely and 
cost-effective manner while balancing community interests with public safety needs. The city and 
county will manage the potential for floods by implementing the following guiding principles: a) 
Preserve floodplains b) Be prepared for floods c) Help people protect themselves from flood hazards 
d) Prevent unwise uses and adverse impacts in the floodplain e) Seek to accommodate floods, not 
control them. The city seeks to manage flood recovery by protecting critical facilities in the 500-year 
floodplain and implementing multi hazard mitigation and flood response and recovery plans.

3.23 Larger Flooding Events
The city recognizes that floods larger then the 100-year event will occur resulting in greater risks and 
flood damage that will affect even improvements constructed with standard flood protection
measures. The city will seek to better understand the impact of larger flood events and consider
necessary floodplain management strategies including the protection of critical facilities.

3.28 Surface and Ground Water
Surface and groundwater resources will be managed to prevent their degradation and to protect and 
enhance aquatic, wetland and riparian ecosystems. Land use and development planning and public 
land management practices will consider the interdependency of surface and groundwater and 
potential impacts to these resources from pollutant sources, changes in hydrology, and dewatering 
activities.

Wetlands  
As discussed in the background section (Attachment A), wetlands exist on both the east and west 
parcels of the site. These wetlands, whether natural or created by ditch seepage, fall into the 
category of regulatory wetlands, which are required for preservation and enhancement, when 
brought into the city.  The project will be consistent with BVCP Policy 3.06, Wetland and Riparian 
Protection, above because the applicant intends to preserve the entire east parcel and enhance 
wetlands on that property. Further, wetlands that exist or existed on the west parcel will be 
preserved and enhanced or mitigated within outlots. The City Department of Open Space and 
Mountain Parks (OSMP) has agreed to accept and manage a conservation easement on the east 
parcel (Outlot K) bringing a property immediately contiguous to OSMP lands under the control of 
OSMP. Preservation or mitigation of the wetlands is a requirement of annexation and has been 
recognized as a community benefit as discussed in key issue no. 3 below. 

The environmental studies (from the Concept Plan review stage found here) have shown that the 
existing wetland areas on the western parcel are of a low quality and do not contain critical habitat. 
These wetland areas are receiving water from irrigation ditch seepage and will likely decline in 

size and value after the irrigation ditch is piped.  Mitigating the western parcel wetland areas onto 
the eastern parcel will achieve a larger, higher quality wetland area than preserving all of the 
wetland areas on the western site. The applicant’s Wetland Mitigation Plan can be found within 
Attachment E. 

Floodplain
Because of the proximity of the site to South Boulder Creek and considering flooding that has 
occurred in the past on the site, concerns about developing on a property located in floodplains
have been raised. The ‘background’ section (Attachment A) shows that most of the property is 
located only in the 500-year flood plain, which is not currently regulated. Only the east parcel, 
which would not be developed, and a channel along the western boundary of the property are 
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within the 100-year floodplain.  Under the Boulder Revised Code, development is permitted in the 
100-year floodplain provided that new residential structures are raised so that the first floor 
elevation is two-feet above the expected 100-year flood levels. The plans indicate this intent. 
Preservation of the east parcel is consistent with BVCP policy 3.19, Preservation of Floodplains.

The property contains a minimal amount of floodplain on the eastern parcel that is mapped as 
conveyance zone. The conveyance zone is the area of the floodplain that is reserved for the 
passage of flood waters.  Within the conveyance zone, no obstructions (such as fill or structures) 
are allowed unless it is demonstrated that the flood waters will not be blocked or diverted in a 
manner that would increase the flood water elevation or negatively impact adjacent properties.  By 
preserving the conveyance zone, other areas of the floodplain are allowed to be developed.  The 
applicant is proposing to preserve the conveyance zone area of the project for wetland 
enhancement.  

The property also contains a strip of high hazard flood zone along the western edge of the western 
parcel, along the Dry Creek No. 2 Ditch.  The high hazard zone is the area of the floodplain with 
the greatest risks to life and safety.  The city floodplain regulations do not allow the development of 
structures intended for human occupancy within the high hazard zone.  To accommodate the 
passage of flood waters across the property, the applicant is proposing to construct a flood 
channel along the western edge of the property.  The flood channel is proposed to be wider than 
the existing ditch.  The wider channel would have a greater flood conveyance capacity than the 
existing ditch.  The proposed preservation of the conveyance zone and high hazard zone portions 
of the property for flood conveyance purposes is consistent with BVCD policy 3.20, Floodplain 
Management.

The city is in the process of developing regulations to require additional flood protection and 
emergency preparation measures for critical facilities (including essential services facilities, 
hazardous material facilities and at-risk population facilities) and lodging facilities (including hotels, 
motels and dormitories).  Congregate care facilities are considered an at-risk population facility 
because they are intended for older persons, some of which may be mobility impaired and may 
require additional assistance or response time during an emergency event.  

The proposed project includes the construction of a congregate care facility within the 500-year 
floodplain.  The proposed regulations would require that this facility be elevated or floodproofed to 
one-foot above the 500-year flood water elevation.  Under the proposed regulations, an
emergency management plan would also have to be approved by the City for this facility.
Although the proposed critical facilities ordinance has not been adopted by the city, the applicant is
aware of the proposed ordinance and has indicated a desire to comply with the proposed 
requirements.  The proposed higher level of flood protection of the congregate care facility in the 
500-year floodplain is consistent with the protection of critical facilities under BVCD policy 3.20, 
Floodplain Management and BVCD policy 3.23, Larger Flooding Events. 

Groundwater
Neighbors have raised concerns that the proposed development of this site would negatively affect 
the groundwater in the area. Neighbors near the site have sump pumps, which in some cases 
pump out significant quantities of water from their basements daily. There are reports from 
neighbors that the quantities have increased following construction of the adjacent soccer fields 
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and are concerned that development of the Hogan-Pancost property will exacerbate the issue 
further. In response to these neighborhood concerns, several groundwater reports have been 
prepared and have been reviewed by city staff as well as by third and fourth party consultants
hired by the city and by the neighborhood.

The relevant groundwater studies prepared by the applicant’s consultants that have been reviewed 
are the following:

 Groundwater Evaluation, November, 2010, Telesto Solutions, Inc. (Attachment F) 
 Groundwater Evaluation Response to 3rd party review letter, September 2011, Telesto 

Solutions, Inc. (Attachment G) 
 Groundwater Recharge Evaluation, June 2012, Telesto Solutions, Inc. (Attachment H)  

The applicant’s consultant studies conclude that the proposed housing development will not 
adversely affect the basement sump pumping currently being performed by the adjacent residents 
and, in fact, are likely to lead to a reduction in the total sump pumping rate. 

Exact characteristics of the underground aquifer are unknown and difficult to predict.  Since the 
city does not staff a groundwater expert, a 3rd party consultant, CH2MHill, was retained to review 
the 2010 Groundwater Report at the time of Concept Plan review and a 4th party consultant, 
Anderson Consulting Engineers, was retained to review the 2012 Groundwater Report at the time 
of Site Review.  CH2MHill’s review comments for the 2010 Groundwater Evaluation were generally 
resolved in the Groundwater Evaluation Response to 3rd party review letter completed by Telesto 
Solutions, Inc as listed above.  Anderson Consulting Engineer’s review of the 2012 Groundwater 
Report concluded (see Attachment I) that while some errors were found in previous groundwater 
evaluations, the correction of those errors will not change the conclusion of the report that pre-
development recharge will exceed post-development recharge.  

The neighborhood, as represented by the Southeast Boulder Neighborhood Association (SBNA), 
has communicated with staff that an independent hydrologist  has been contracted to prepare an 
additional review of the analysis.  Staff received the study on April 12, 2013. At time of publishing 
of this memorandum, no staff analysis or fourth party review has yet been possible. However, staff 
has requested that the fourth party consultant attempt to complete a thorough review of the report 
in advance of the public hearing. The report can be found within Attachment J.

The applicant also provided a storm water report, found within Attachment K, which 
addresses surface water conditions of the proposed project.

Conclusions
Based on the studies and extensive expert reviews, staff concurs with the consistent conclusions 
of the three engineering firms that state the proposed development will not adversely affect 
groundwater sump pumping in the area.  

Therefore, staff finds that the proposal will be consistent with BVCP polices on the natural 
environment and has been designed accordingly to minimize potential wetland, flood and 
groundwater impacts on the area. 
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(2) BVCP General policies: Would the proposed annexation be consistent with the 
BVCP land use map and policies for annexations, in particular, policy 1.24 
requiring significant benefit to the community? 

This section focuses primarily on those BVCP policies to be considered for determining whether or 
not to annex the property based on the proposed use and zoning of the site. The BVCP policies 
discussed in this section are found in the following sections of the BVCP: 

 Section 1: Core Values, Sustainability Framework and General Policies

 Section 4: Energy and Climate

 Section 7: Housing

 Section 8: Community Well-being

General Land Use, Annexation and Community benefit

The properties are currently part of Boulder County. In order to develop the site as proposed, 
annexation to the City of Boulder is required.  As part of the Annexation and Initial Zoning process, 
the appropriate city zoning must be determined and any zoning district and resultant proposal must 
be found consistent with goals and policies of the BVCP.

Figure 4- BVCP land use designations on and around the site.

As Figure 4 shows, the BVCP designates the site as Low Density Residential on the parcel west of 
55th Street and Environmental Protection on the parcel east of 55th Street. Low Density Residential 
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land use permits two to six dwelling units per acre. With 121 dwelling units, the gross density would 
be 5.45 dwelling units per acre (3.9 du/ac when congregate care bonus applied), which conforms to 
the land use designation. The eastern parcel will remain as an enhanced protected wetland under a 
conservation easement. This conforms to the Environmental Protection land use designation. This 
is also consistent with BVCP Policies 2.04, Open Space Preservation and 3.06, Wetland and 
Riparian Protection.

BVCP Policy 1.24, Annexation, requires that any parcel proposed to be annexed into the city where 
there is significant development potential must include significant benefit to the community. In this 
case, the applicant is proposing 48 percent of the units as deed restricted permanently affordable 
units. Over 40 percent of the units would be affordable rental units for very low and low income 
seniors, which would be managed by a non-profit housing entity.  As stated above, the proposal 
also entails the preservation of the 2.73 acre eastern parcel where there would be wetland 
mitigation.  

BVCP Policy 1.18, Growth Requirements, also touches on the “community benefit” requirement, by 
stating: “the overall effect of urban growth must add significant value to the community, improving 
quality of life. The city will require development and redevelopment as a whole to provide significant 
community benefits and to maintain or improve environmental quality as a precondition for further 
housing and community growth.”  Policy 1.24 (subsection d) further specifies that permanently 
affordable housing and environmental preservation are key considerations in determining 
community benefit.

Staff finds that the combination of 48% of the units as permanently affordable, inclusion of senior 
housing (including the congregate care facility and floor plans within homes that are designed with 
seniors in mind), and environmental protection of the 2.73 acre eastern parcel would be considered 
significant community benefit for the site consistent with BVCP Policies 1.18 and 1.24 above; 
especially considering the site’s close proximity to the East Boulder Recreation and Senior Center, 
East Boulder Community Park and city-owned open space to the east along the South Boulder 
Creek corridor.  Provision of affordable congregate care senior housing, a growing need in the 
community and throughout the country, and eight other deed restricted units, in a compact form 
would also be consistent with the following BVCP policies:

-Policy 2.03, Compact Development Pattern

-Policy 4.04, Energy Efficient Land Use

-Policy 7.01, Local Solutions to Affordable Housing

-Policy, Housing for a Full Range of Households

-Policy 8.10, Support for Community Facilities

Further, the applicant has also agreed to deed three shares owned in the Dry Creek Ditch no. 2 to 
the city for use in park irrigation and other community purposes; an additional factor in the 
consideration of community benefit. 

Congregate Care as special use

  As stated above, staff supports the congregate care use on the property and finds that it would be a 
significant benefit to the community.  The use would be compatible with the neighborhood and
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  located in close proximity to the East Boulder Senior Center and related uses.  While the building is 
larger than what is typically found in low density residential contexts, the footprint and scale of the 
building is comparable to other large buildings in the area including the East Boulder Recreation 
Center and other larger residential buildings found on medium and high density residentially zoned 
areas less than a mile from the site.

  While congregate care uses are not allowed in RL-2 zoning districts, this use could be authorized on 
the site through the annexation ordinance and annexation agreement. As the congregate care 
facility will serve an important growing demographic in the community and in a location that is 
optimal for this segment of the population, staff recommends that the use be authorized as part of 
the annexation and has included language to that effect in the recommended conditions for the 
annexation (see page 31). 

(3) BVCP Land Use Map: Will the proposed project and zoning (Residential Low – 2; 
RL-2) be consistent with the BVCP land use designation?

BVCP Land use designation and proposed RL-2 zoning

  The site is designated for Low Density Residential land use in the BVCP, which permits two to six 
dwelling units per acre. The only applicable zoning districts in this density range are RL-1
(Residential Low- 1) and RL-2 (Residential Low – 2), which are found in the vicinity of the project 
as represented in Figure 5 below:  

Figure 5- City zoning around the site.
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  The primary difference between RL-1 and RL-2 is that RL-1 has a minimum lot size of 7,000 square 
feet and RL-2 has a minimum open space of 6,000 square feet per unit, both of which determine 
total density. It is not uncommon to see lots under 7,000 square feet or lots with less than 6,000 
square feet of open space as these amounts can be modified in the Site Review process so long as 
the overall density does not exceed the total permitted in the gross land area and/or open space 
requirements. Many of the developments in the area were approved under Planned Unit 
Developments (PUDs) or the more contemporary Site Review process to permit these conditions.

  RL-1 neighborhoods typically pre-date 1970 and include generally larger lot sizes to match the 
7,000 square feet required, whereas RL-2 zoned areas typically have occurred after 1970 when
open space determined density. It is more common in RL-2 areas to see PUD or Site Review 
approvals for lots that do not have 6,000 square feet individually, but rather include aggregated 
open space areas. Setback modifications are also not uncommon in such areas as opposed to RL-
1 properties that were developed by-right without PUDs or Site Review. Figure 5 above also shows 
that RL-2 areas typically occur along the eastern boundary of the city and are proximate to open
space areas.

  The subject property is along the eastern boundary of the city, adjacent to city open space and 
would be designed in the two to six dwelling unit per acre range. The project also includes 
modifications to open space standards to permit open space in common areas as opposed to on 
individual lots. This condition is similar to that of Greenbelt Meadows to the south of the site, which 
is zoned RL-2. Based on this analysis, staff finds that RL-2 is the most appropriate zoning district 
for the site.

  The only exception within the project from the proposed RL-2 zoning is for the proposed congregate 
care facility, which is not permitted within low density residential zoning districts. This is discussed 
further in Key Issue No. 2 above. 

(4) BVCP Built Environment policies: Is the proposal consistent with the intent of 
BVCP policies, specifically those related to community design and neighborhood 
compatibility?

  

  Community Design and Neighborhood Compatibility

The BVCP’s Built Environment section (Section 2) has an extensive section related to community 
design to ensure that development is high quality, compact, efficient and compatible with the 
surrounding context. Holistically, development of the property is logical considering that over 60% of 
its perimeter abuts city annexed properties. Further, 55th Street creates a logical boundary of city 
developed lands and protected lands (Planning Area III) to the east where development is not 
expected to occur. The east parcel wetland, which abuts existing city open space, would be
consistent with Policy 2.05, Design of Community Edges and Entryways, which states that “natural 
features are most effective as edges.”  The basic layout of the development with the congregate 
care structure fronting on 55th also contributes to this sense of an edge and also is strategically
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placed to give seniors convenient access to the East Boulder Recreation Center and open space. 
This is consistent with Policy 2.32, Physical Design for People, which states, “development should 
be designed in a manner that is sensitive to social, health and psychological needs.” 

The proposed plan would establish new pedestrian connections from the development to East 
Boulder Community Park consistent with Policies 2.21, Commitment to a Walkable and Accessible 
City, and 2.23, Trail Corridor/Linkages. Opposed by some neighbors, the proposed connection of 
Kewanee Drive through the site would be consistent with Policy 6.2, Neighborhood Streets 
Connectivity which states, “neighborhood streets will be developed in a well connected and fine 
grained pattern to facilitate public access, to effectively disperse and distribute vehicle traffic and 
promote bike and pedestrian travel.” In light of this BVCP policy, staff supports the extension of 
Kewanee Drive through the development to 55th Street. To avoid any disproportionate traffic 
impacts on one neighborhood, staff recommends that traffic be dispersed in two directions through 
the creation of this connection. The traffic study on the project and an associated addendum can be 
found in Attachment L and M. 

With respect to neighborhood compatibility, the following BVCP policies apply: 

-Policy 2.10, Preservation and Support for Residential Neighborhoods

-Policy 2.14, Mix of Complementary Land Uses

In general, the character of the proposed development borrows from the surrounding context with 
lots that are similarly sized to Greenbelt Meadows with front-loaded residences and attached
sidewalks like Keewayden Meadows. Policy 2.10 states, “the city will seek appropriate building 
scale and compatible character of new development.” While the development would be more 
compact in appearance than Keewayden Meadows, its apparent density and massing would be 
similar to Greenbelt Meadows in appearance based on similar lot sizes. To create a greater level of 
compatibility, the applicant proposes a 60-foot buffer along the west lot line of the property with 
Keewayden Meadows. Staff finds that this would be an appropriate interface. 

BVCP Policy 2.14, Mix of Complementary Land Uses, strongly encourages a mix of uses where 
appropriate. Traditionally, single-family residential neighborhoods seldom have a mix of uses. In the 
case of the proposed project, the project would be entirely residential, but with a special use as a 
congregate care facility, a use not typically permitted in low density residential zoning districts 
(allowance of this use is discussed further under Key Issue No. 2 above). With respect to mixing 
uses, BVCP Policy 2.14 states, “wherever land uses are mixed, careful design will be required to 
ensure compatibility, accessibility and appropriate transitions between land uses that vary in 
intensity and scale.” Staff finds that this will be achieved in the development where the facility is 
placed on the east side of the west parcel away from existing residential uses and closest to the 
recreation center, a building of comparable scale and a similar footprint.

Similar to the Site Review criteria within the Land Use Code (discussed in more detail in Key Issues 
No. 4 and 5 below), BVCP Policy 2.37 Enhanced Design for Private Sector Projects, broadly sets 
up the level of expected quality in development projects ranging from blending into the existing 
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context to building design. Staff has provided responses to each point within the policy with more 
detail found in the Site Review discussion later in the memorandum.

a) The context. Projects should become a coherent part of the neighborhood in which they are 
placed. They should be preserved and enhanced where the surroundings have a distinctive 
character. Where there is a desire to improve the character of the surroundings, a new character 
and positive identity as established through area planning or a community involvement process 
should be created for the area. Special attention will be given to protecting and enhancing the 
quality of established residential areas that are adjacent to business areas.

The project will be built with a modified street grid design that connects to the neighborhoods 
around it and contains front loaded single-family homes similar to adjacent neighborhoods. The 
congregate care facility, a more intense use, will be insulated from existing development with its 
situation on the east side of the west parcel. A buffer along the west lot line will also buffer the 
development from existing developed areas. The project will develop a site that is designated for 
low density residential development and will form a defined boundary between the existing 
developed lands and open space lands to the east. 

b) Relationship to the public realm. Projects should relate positively to public streets, plazas, 
sidewalks, paths, ditches and natural features. Buildings and landscaped areas—not parking 
lots—should present a well-designed face to the public realm, should not block access to sunlight, 
and should be sensitive to important public view corridors. Future strip commercial development 
will be discouraged.

All homes within the development will front directly on public streets, with emphasized front 
facades and porches vis-à-vis the garages that will be further set back. The congregate care 
facility, too, will have a front face and entry oriented to 55th Street and will also relate to the 
adjacent park with ample fenestration and attractive building facades. Parking is concealed by the 
building placement and by landscaping.

c) Transportation connections. Projects should provide a complete network of vehicular, bicycle 
and pedestrian connections both internal to the project and connecting to adjacent properties, 
streets and paths, including dedication of public rights-of-way and easements where required.

The project will provide a new vehicle connection between Keewaydin Meadows and 55th Street
extending Kewanee Drive, which was originally built to the property line with intent for future 
extension. Bicycle and pedestrian links would also be established between these areas and the 
park and recreation lands to the north and east.

d) Human scale. Projects should provide pedestrian interest along streets, paths and public 
spaces.

As stated above, buildings on the site will relate well to the public realm and will be at a scale that 
is harmonious to surrounding development with no buildings proposed over the 35-foot height limit.
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e) Permeability. Projects should provide multiple opportunities to walk from the street into projects, 
thus presenting a street face that is permeable. Where appropriate, they should provide 
opportunities for visual permeability into a site to create pedestrian interest.

The site will have generous opportunities for permeability with detached sidewalks along all streets 
and pedestrian pathways between properties within linear open spaces providing for a rich 
pedestrian experience through landscaping and connecting different portions of the development. 

f) On-site open spaces. Projects should incorporate well-designed functional open spaces with 
quality landscaping, access to sunlight and places to sit comfortably. Where public parks or open 
spaces are not within close proximity, shared open spaces for a variety of activities should also be 
provided within developments.

The site has open space throughout with most residences backing to some form of open space. 
There will be a pocket park with an attractive seating area as well linear open space designed as 
“fingers” through the development that will include quality landscaping encouraging pedestrian
use.

g) Buildings. Buildings should be designed with a cohesive design that is comfortable to the 
pedestrian, with inviting entries that are visible from public rights of way. Design innovation and the 
use of high quality building materials are encouraged.

As stated above, buildings will front directly on streets with attractive glazing, inviting front porches 
and high quality materials in the form of stone on many of the homes. The buildings within the 
development will appear cohesive through the use of stone and clapboard siding with an earth-
toned color palette applying throughout the site.

Site Review criteria (section 9-2-14(h), B.R.C. 1981) compliance: 

(5) Site design/Open space: Is the proposal consistent with the Site Review criteria 
with respect to site design and open space?

Similar to the policy discussion above, this key issue and key issue (6) discuss site design and 
building design respectively, but with a focus on compliance with the Site Review criteria of section 
9-2-14(h)(2), B.R.C. 1981. Staff’s complete analysis of the Site Review criteria can be found in 
Attachment D.
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Figure 6- Site layout.

  With respect to general layout (see Figure 6 above), the following criteria addressing ‘Circulation’ 
(section 9-2-14(h)(2)(A), B.R.C. 1981) are to be considered: 

Yes

The streets are designed to the minimum width allowable per code and include bulbed out areas where 
there are pedestrian crossings. No long straight-aways are proposed as all streets curve at intervals. 
The street curvatures and narrowed down areas along the streets will effectively discourage high 
speeds within the development.

(i) High speeds are discouraged or a physical separation between streets and the project is 
provided;

Yes
The project follows a traditional grid pattern that is modified to fit within the triangular shape of the site. 
Most intersections within the development are at 90 degree angles and will be appropriately signed with 
stop signs to avoid vehicular conflicts.

(ii) Potential conflicts with vehicles are minimized;

Yes

The site will appropriately connect to its surroundings with new vehicular and pedestrian connections 
consistent with city policy and this criterion, as discussed below:

(iii) Safe and convenient connections are provided that support multi-modal mobility 
through and between properties, accessible to the public within the project and between the 
project and the existing and proposed transportation systems, including, without limitation, 
streets, bikeways, pedestrianways and trails;

Vehicular connection: The connection of Kewanee Drive in the Keewaydin neighborhood to the 55th

Street has been a controversial topic over the years as the Keewaydin neighborhood is concerned 
about increased traffic in their neighborhood. Kewanee Drive currently terminates at the property 
boundary to the project site and was so designed for eventual extension through the project site. Staff 

Agenda Item 5A     Page 20 of 784



supports this proposed connection of the street as it provides an efficient connection to the west and
travel alternatives to either 55th Street or Manhattan Drive thereby avoiding a disproportionate impact to
one neighborhood over another by providing two access points. Providing the connection as proposed 
creates the necessary connection, but in a manner that will discourage through-traffic. This is similar to 
how 55th Street was approved in a circuitous manner as to discourage a quick trip alternative from 
South Boulder Road.  

Pedestrian connection

The proposed vehicular and pedestrian connections are also consistent with BVCP policy, 6.13 
Neighborhood Streets Connectivity, which states, “New neighborhood streets will be designed in a well 
connected and fine grained pattern of streets and alleys to effectively disperse and distribute vehicle 
traffic and to promote bike and pedestrian travel.”

: In addition to sidewalk connections along public rights-of-way, new pedestrian 
pathways would connect to the adjacent East Boulder Community Park and a park within Keewaydin 
Meadows. New pedestrian connections within the project would also provide connections through and 
between properties.

  Open space is another critical element of site design and the applicable criteria related to open 
space (section 9-2-14(h)(2)(A), B.R.C. 1981) are discussed below:

Yes

The site includes a variety of open spaces ranging from a 0.29 acre pocket park between the 
congregate care facility and the other residential uses to nearly 5 acres of open space woven
throughout the development designed for stormwater detention and interesting pedestrian pathways to 
private yards- most of which back up to the common open space. Restored and natural wetlands also 
compose nearly 3 acres of the site. All the areas are immediately accessible to residents and the 
central pocket park includes a gathering area serving residents. The site also benefits from immediate 
access to East Boulder Community Park, the East Boulder Recreation Center and city open space 
along South Boulder Creek. 

(i) Useable open space is arranged to be accessible and functional and incorporates quality 
landscaping, a mixture of sun and shade and places to gather;

Yes
Every single-family and duplex site includes private open space in the form of front porches, rear yard 
patios and open spaces around each unit.

(ii) Private open space is provided for each detached residential unit;

Yes

The project will include the preservation of a wetland property over two acres in size on the east side of 
55th Street (Outlot K) and restoration of 0.5 acres of wetlands on the west lot (Outlot E). Outlot J just 
east of the congregate care facility and the location of the Howard Ditch would also be preserved in its 
natural state. For enhanced protection, a conservation easement will be applied to Outlot K.  The site is 
generally open ranching land and includes few trees for preservation. The highest concentration of 
trees on the site would be on Outlot K and along the Bodem Ditch along the south property line and 
would be preserved. Extensive studies have been done about endangered species on the property and 
have concluded that there are no significant species of special concern, nor is the site suitable habitat 
for listed species.

(iii) The project provides for the preservation of or mitigation of adverse impacts to natural 
features, including, without limitation, healthy long-lived trees, significant plant communities, 
ground and surface water, wetlands, riparian areas, drainage areas and species on the federal 
Endangered Species List, "Species of Special Concern in Boulder County" designated by 
Boulder County, or prairie dogs (Cynomys ludiovicianus), which is a species of local concern, and 
their habitat;

Agenda Item 5A     Page 21 of 784



Yes

The site will include over 13 acres of open space, which is more than 60% of the site. To provide relief 
from surrounding development a 60-foot open space buffer is provided along the west side of the site 
adjacent to the Keewaydin Meadows neighborhood. Substantial open space in protected wetlands is 
also on the east side of the site. Within the development, 40 and 50-foot wide open space “fingers” 
extend throughout the development serving as water quality areas as well as pedestrian pathways. 
Almost all single-family homes within the development back to these open spaces and those that do not 
back to the East Boulder Community Park or adjacent lands with low density development. 

(iv) The open space provides a relief to the density, both within the project and from 
surrounding development;

Yes

With immediately proximity of the project to the East Boulder Community Park, which is over 20 acres, 
the need for active on-site recreational spaces is not as great as other projects. Nevertheless, a 0.2 
acre pocket park is proposed and would include a flat greenspace designed for active recreational 
purposes and in a location that links the congregate care site to the rest of the development with a 
gathering node for residents of the project. Another open green space conducive to active recreational 
use is provided on the west side of the development adjacent to Lots 26 and 45 and provides an 
attractive entrance to the pathway that continues into the water quality areas.

(v) Open space designed for active recreational purposes is of a size that it will be 
functionally useable and located in a safe and convenient proximity to the uses to which it is 
meant to serve;

Yes

The site contains existing wetlands and areas where wetlands will be restored. In addition the site has 
ditches along most of its periphery. All of these sensitive natural areas and environmental features will 
be appropriately buffered by open space areas.

(vi) The open space provides a buffer to protect sensitive environmental features and 
natural areas; 

Based on the criteria above and those found within Attachment D, staff concludes that the 
proposal is consistent with the Site Review criteria with respect to site design and open space.

(5) Building design/Accommodation of pedestrians: Is the proposal consistent with 
the Site Review criteria with respect to building design and accommodating 
pedestrians?

There are extensive Site Review criteria that relate to building design and efforts to create a positive
pedestrian experience along streets through building designs that orient to the street with visual 
interest and inviting entries. Building design also focus on fostering a development that is 
compatible with its surroundings. These aspects are discussed below in detail. Based on the criteria 
below, staff has found the proposal consistent with the Site Review criteria with respect to building 
design and accommodating pedestrians.
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Figure 7- Proposed single-family and duplex architecture.

Figure 8- Proposed congregate care building.

Section 9-214(h)(2)(F), “ Building Design, Livability, and Relationship to the Existing or 
Proposed Surrounding Area” B.R.C. 1981:
Yes

The site is not subject to any adopted design guidelines or specific plans. The character of the area is a 
mix of generally single-family residential uses and open spaces, including the community park, 
recreation center, and protected open spaces.  Larger buildings such as the East Boulder Recreation 
Center, the hotel at Manhattan and South Boulder Road and the multi-family and commercial buildings 
along South Boulder Road also define a portion of the character of the area. 

(i) The building height, mass, scale, orientation, architecture and configuration are 
compatible with the existing character of the area or the character established by adopted 
design guidelines or plans for the area;

Overall, building heights within the development will conform to the 35-foot height limit per code, which 
matches the character of the area, where there are few examples of buildings over the height limit. The 
configuration and orientation of buildings on the site follow a modified grid street network, which in turn 
is consistent with the lotting and street network patterns seen within adjacent residential 
neighborhoods. The configuration of the congregate care building appropriately fronts on 55th Street 
and is angled to respond to property boundaries including the frontage on 55th and the interface with 
the community park property.

The massing and scale of buildings on the site will be harmonious with the surroundings with the 
single-family homes appearing more akin to the homes within the Greenbelt Meadows neighborhood 
that was developed under the same RL-2 (Low Density Residential) zoning that permits an aggregation 
of open space and generally smaller lots than seen in RL-1 (Low Density Residential) zoning districts. 
While homes will have a denser appearance by virtue of their more compact lot sizes and positioning 
close to front lot lines, they will be appropriately buffered by open space from surrounding development 
as discussed in the Site Design criteria above.

The congregate care building would be limited to 35-feet in height and would have a Y-shaped footprint 
that mirrors the East Boulder Recreation Center. Its location on the east side of the site also buffers it 
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from existing development. The building also serves as a hard edge along 55th Street as a boundary 
between areas of the city expected for development and open space lands to the east.

The architecture of all the buildings on the site, discussed in more detail below, will include high quality
materials and generally earth tones that will blend well with the surrounding context.
Yes

All buildings will conform to the 35-foot height limit and will be consistent with the heights of 
surrounding buildings. Buildings, including the two-story congregate care facility, are consistent with 
the heights of surrounding homes.

(ii) The height of buildings is in general proportion to the height of existing buildings and 
the proposed or projected heights of approved buildings or approved plans or design 
guidelines for the immediate area;

Yes

No shadowing of adjacent properties would occur based on the buffering between the proposed 
developments and existing development. Most properties to the east are city-owned open space or 
parkland and therefore, no view blockage would occur to privately inhabited lots. Views of the 
mountains would be maintained through parts of the site where open spaces are situated.

(iii) The orientation of buildings minimizes shadows on and blocking of views from adjacent 
properties;

Yes

The character of the area is somewhat eclectic in the sense that there are different eras of development 
ranging from the 1950 and 1960s when Kewayden Meadows was constructed to the 1980s when 
Greenbelt Meadows was constructed. Most building materials of the area include brick and clapboard 
siding in light and/or earth tones. The proposed project will introduce a more contemporary style to the 
area, but a style that will be harmonious through the use of high quality stone and earth-toned 
clapboard siding on single-family and duplex homes as well as the congregate care building. 

(iv) If the character of the area is identifiable, the project is made compatible by the 
appropriate use of color, materials, landscaping, signs, and lighting;

Yes

The project is designed to create a rich pedestrian experience throughout with homes positioned close 
to the front lot lines with front porches and windows facing the street. Garages would be set back from 
the street a minimum of 25 feet, exceeding code requirements, and would have windows to make their 
appearance more aesthetically pleasing. With garages set back, the front entries to the homes are 
emphasized with defined building faces and attractive stone work. Entrances are linked directly to the 
sidewalk with a pathway. All homes would front on the street in this manner.

(v) Projects are designed to a human scale and promote a safe and vibrant pedestrian 
experience through the location of building frontages along public streets, plazas, sidewalks 
and paths, and through the use of building elements, design details and landscape materials 
that include, without limitation, the location of entrances and windows, and the creation of 
transparency and activity at the pedestrian level;

In regard to the congregate care facility, the building will have a presence along 55th Street and as 
viewed from East Boulder Community Park. Its orientation conceals parking from the project face on 
55th Street and the entry point to the development. While the primary entrance orients to the interior 
parking within the property, an entry would face 55th Street providing a defined and convenient 
accessible point of entry for residents and visitors traveling to the recreation center, adjacent park 
and/or open space. The building has a high level of transparency with windows located on all sides of 
the building. Visual interest facing the public realm is provided on all buildings in the development 
consistent with this criterion.
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Yes

There are no planned public facilities within the project and the project will benefit from a concentration 
of public facilities in the area including the recreation center, community park and city-owned open 
space. Consistent with city policies, one parcel of the site on the east side will be protected wetlands 
and wetland areas within the western portion of the site will be restored and protected. 

With demographic information indicating a marked increase of the city’s senior population in coming 
years, the development is designed with seniors in mind, with the congregate care facility providing 
special services to the single-family and duplex floor plans designed to be conducive to seniors. Given 
the proximity to the city’s senior center, and other nearby public amenities discussed above, the site is 
an appropriate location to accommodate seniors and families who wish to remain in Boulder.  

(vi) To the extent practical, the project provides public amenities and planned public 
facilities;

Yes

The project will include detached and attached housing units in a variety of configurations and sizes 
that will be attractive to a wide range of interests in the community with special emphasis on seniors.

(vii) For residential projects, the project assists the community in producing a variety of 
housing types, such as multifamily, townhouses and detached single family units, as well as 
mixed lot sizes, number of bedrooms and sizes of units;

Yes

Portions of the project will be protected wetlands. The remaining portions of the site are generally open 
grassland that have been used for grazing purposes. These areas will be contoured to accommodate 
the project but in a manner that will not mar the wetland areas.

(x) The project incorporates the natural environment into the design and avoids, minimizes, 
or mitigates impacts to natural systems;

Yes

To meet this criterion, the following condition of approval has been applied to the project: 

(xi) Buildings minimize or mitigate energy use; support on-site renewable energy 
generation and/or energy management systems; construction wastes are minimized; the project 
mitigates urban heat island effects; and the project reasonably mitigates or minimizes water use 
and impacts on water quality.

The building permit application for each building shall show that the building meets the energy 
efficiency requirements of the 2012 IECC as locally amended. Should the 2012 IECC not have 
been adopted at the time of building permit application, the building permit application for each 
building shall show that the building is designed to be at least 20 percent more energy efficient 
than required under the 2012 IECC, except that, if the congregate care facility, as proposed in the 
building permit application, constitutes a commercial building under the 2012 IECC, the building 
permit application for the congregate care facility shall demonstrate that the congregate care 
building exceeds the energy efficiency requirements of ANSI/ASHRAE/IESNA Standard 90.1 – 
2010 Energy Standard for Buildings Except for Low-Rise Residential Buildings by at least 20 
percent.

Yes

Stone is incorporated into all of the building designs in addition to clapboard siding. As designed, the 
buildings within the project will present a sense of permanence.

(xii) Exteriors or buildings present a sense of permanence through the use of authentic 
materials such as stone, brick, wood, metal or similar products and building material detailing;

Yes (xiii) Cut and fill are minimized on the site, the design of buildings conforms to the natural 
contours of the land, and the site design minimizes erosion, slope instability, landslide, 
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mudflow or subsidence, and minimizes the potential threat to property caused by geological 
hazards;
The site is generally level and will require cut and fill that is the necessary extent to make the drainage 
function and not impact adjacent properties. As to not negatively impact groundwater conditions in the 
area basements will not be permitted within the development.
Yes

The site is currently within Area II and once annexed will become Area I. The site is designated in the 
Boulder Valley Comprehensive Plan as Low Density Residential land use and its eastern parcel 
designated for Environmental Protection. The project complies with these designations and will present 
a well-defined urban edge with 55th Street serving as an appropriate boundary between developed 
areas of the city and protected open space lands on the east side of 55th. This matches the pattern of 
development in the area where 55th Street defines this urban edge, excepting Greenbelt Meadows 
south of the site which has development on the eastern side. From a design perspective, the 
congregate care building further defines this urban edge with its frontage along 55th Street. 

(xiv) In the urbanizing areas along the Boulder Valley Comprehensive Plan boundaries 
between Area II and Area III, the building and site design provide for a well-defined urban edge; 
and

(6) Traffic: Will traffic impacts be compatible with the surrounding neighborhoods?

An assessment of the potential traffic impacts is another critical factor in determining the 
project’s compatibility with its surroundings. One goal of Site Review is to avoid or 
minimize impacts on surrounding neighborhoods. Site Review applications are required to,
on balance, meet the BVCP policies (including BVCP policy 6.08, “Transportation Impact”)
as well as the Site Review criteria, including for “Circulation” in section 9-2-14(h)(2)(D), 
B.R.C. 1981. These are discussed in more detail below.

The relevant “circulation” criteria are listed below:

Yes

There are a notable number of new pedestrian pathways that would be provided within the 
development, with detached sidewalks on all streets helping to create a safe and attractive walking 
environment. In addition, bike parking in excess to that required would be provided by the congregate 
care facility. The site’s proximity to community amenities such as the East Boulder Recreation Center 
and Senior Center; Manhattan Middle School; and the South Boulder Creek Path will also contribute to 
meeting the intent of this criterion.

(iv) Alternatives to the automobile are promoted by incorporating site design techniques, 
land use patterns, and supporting infrastructure that supports and encourages walking, biking, 
and other alternatives to the single-occupant vehicle;

Yes

The applicant has submitted a Transportation Demand Management (TDM) plan, which is intended to 
shift travel behaviors away from vehicular dependence. For example, the TDM plan includes provision 
of NECO bus passes to residents for a period of three years.

(v) Where practical and beneficial, a significant shift away from single-occupant vehicle use 
to alternate modes is promoted through the use of travel demand management techniques;
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Yes

As enumerated above, streets, detached sidewalks, and pathways are provided throughout the 
development providing for alternative modes. Pathways and homes are appropriately spaced to 
minimize impact from noise, exhaust or creation of undue hazards.

(viii) The project is designed for the types of traffic expected, including, without limitation, 
automobiles, bicycles, and pedestrians, and provides safety, separation from living areas, and 
control of noise and exhaust.

Because of the number of vehicular trips expected from the proposed development, a 
traffic study was required as part of this assessment and can be found in Attachment L.
An addendum can be found in Attachment M. A parking study was also prepared for the 
congregate care use (see Attachment O) 

  A summary of the findings of the traffic study are:

 The proposed project would generate 707 new vehicular trips during an average 
weekday to and from the area. 

o In the morning peak time there would be a total of 46 vehicle trips with 12 entering 
and 34 exiting the site.  

o In the evening peak time there would be a total of 66 vehicle trips with 41 entering 
and 25 exiting the site.

 Trips would be distributed as follows:
  

o Forty-five percent (45%) will use Kewanee to access and exit Boulder Creek 
Commons  

o Eighteen percent (18%) will use Cimmaron Way to access and exit Boulder Creek 
Commons 

o Thirty-seven percent (37%) will use 55th Street to access and exit Boulder Creek 
Commons

 Non-site-generated traffic estimated to use the new connection between Kewanee 
Drive and 55th Street is expected to be in the range of 100 to 200 vehicles per day as 
an alternate east-west connection.  For example, the new connection could serve as 
an alternate route for residents in Greenbelt Meadows traveling to/from Manhattan 
Middle School or residents along Manhattan Drive traveling to/from the East Boulder 
Community Park. The site plan includes several design features to discourage the 
use of the connection as a through street.  These include two 90-degree bends in the 
proposed street alignment, bump-outs of the roadway’s curb-and-gutter at all internal 
street intersections and pedestrian crossings and on-street parking.

 Traffic associated with the proposed project can be accommodated by the adjacent 
roadway network with the following improvements:

o New signalized intersection at South Boulder Road and Manhattan Drive.
o The re-striping of dedicated left-turn and right-turn lanes on southbound 55th

Street at the South Boulder Road intersection.
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Staff has contracted with Fox Tuttle Transportation Consultants throughout the history of
this project as an additional expert research related to transportation impacts.  Staff and 
Fox Tuttle agree with the applicant’s analysis that the existing street network can 
accommodate the additional trips.

  To assess compatibility and reduction of impacts, the following BVCP applies:

6.08 Transportation Impact.
Traffic impacts from a proposed development that cause unacceptable community or environmental 
impacts or unacceptable reduction in level of service will be mitigated. All development will include 
strategies to reduce the vehicle miles traveled (VMT) generated by the development. New development 
will be designed and built to be multimodal and pedestrian-oriented. Strategies to reduce the VMT 
generated by new development will include all modes of travel as well as travel management programs 
such as the Eco Pass. The design of new development will especially focus on providing continuous 
modal systems through the development, on connecting these systems to those surrounding the 
development and on providing connections between the modes. The city will provide tools and 
resources to help businesses manage employee access and mobility and support public-private 
partnerships such as transportation management organizations to facilitate these efforts.  

Staff finds the proposal consistent with BVCP policy 6.08 above, because:

 The study indicates that the proposed development will not create unacceptable levels of 
service. 

 The project includes Travel Demand Management (TDM) strategies to reduce vehicular trips,
including but not limited to required membership in the NECO Pass Program, orientation 
packets, bike and pedestrian connections to the existing network etc, per the TDM plan found 
in Attachment N. 

While the project will increase the number of trips in the area, the traffic impacts will be 
appropriately mitigated and can be handled by the street network with the improvements noted 
above. The site has been designated for low density development since adopted of the BVCP in 
1977. The proposed project would not exceed this density and the proposed density matches that 
of surrounding neighborhoods. Trips would be less for the development considering that over 40% 
of the units would be for seniors- a group that does not add to peak hour trips being that they are 
likely not going to employment. For these reasons, staff concludes that the proposed traffic 
impacts will be compatible with surrounding neighborhoods. 
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PUBLIC COMMENT AND PROCESS:

Required public notice was given in the form of written notification mailed to all property 
owners within 1000 feet of the subject site and a sign was posted on the property for at 
least 10 days. All notice requirements of Section 9-4-10(g), B.R.C. 1981 have been met.
An additional courtesy notice of the Planning Board public hearing was also sent to 
neighbors.

Neighborhood meetings have been held in the past and expressed the concerns 
discussed in detail within this memorandum. During the 2012 Concept Plan review, an on-
line survey with the questions was distributed to the public and posted on the city website.
The results of the study are summarized as follows:

 Most respondents did not find the proposal compatible with the neighborhood.
 Traffic and environmental impacts were the most common concerns.
 A reduction in density, increase in open space and elimination of the Kewanee Drive 

connection to 55th Street were found to be the most important changes that should 
be made to the plan. 

 Potential for flooding and groundwater impacts were identified as the most important 
environmental concerns for the site. 

 Seventy percent (70%) of the respondents opposed any residential development of 
the property and ninety-seven percent (97%) of respondents opposed the Kewanee 
Drive connection to 55th Street.

Question and Answer Sessions
Staff met with representatives of the South Boulder Creek Neighborhood Association in 
the fall of 2012 to discuss some of the neighbor concerns relative to groundwater, flood 
and other engineering issues. A list of questions received by the neighborhood with 
corresponding answers can be found in Attachment P.

Open house
Staff held an open house on the project on January 30, 2013. The purpose of the open 
house was to provide an opportunity for neighbors and other interested parties to view the 
proposed plans and ask questions of city staff about review process and standards and 
the applicant’s consultants about the proposed plans. The open house was well attended 
and public comments were received. These comments can be found in Attachment Q. 

Attachment R contains other written public comments on the proposal received during the 
review process. 
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STAFF FINDINGS AND RECOMMENDATION:
Based on the submitted plans and extensive studies on the property, staff has the following 
conclusions:

 The proposal is appropriately designed for the site and includes measures to mitigate
against the harms of flooding and will not raise groundwater levels above current 
conditions.

 The community benefit of the project, including the proposed congregate care facility, 
other permanently affordable units for a total of 48% of the total units, unit designs that are 
conducive to seniors and the environmental protection of wetlands on the site (namely 
Outlots E and K) associated with the selling of ditch shares to the city to allow for the 
establishment of the wetlands, are in combination consistent with BVCP annexation 
policies.

 The proposed development of the site with 121 dwelling units and preservation of the east 
parcel is consistent with the BVCP land use map designations of Low Density Residential 
and Environmental Protection for the site.

 RL-2 zoning is appropriate and consistent with surrounding zoning.

 The site design and allocation of on-site open space appropriately connects to 
surrounding properties and is appropriately designed to fit into the existing context.

 The building designs and pedestrian facilities on the site are designed to be compatible 
with the surrounding area and will be visual attractive from the public realm consistent with 
BVCP polices and the Site Review criteria. 

 The impacts of traffic will be adequately accommodated by the existing street network and 
while an increase in traffic will occur, the connections provided will appropriately disperse 
traffic in a manner that reduces impact.

Staff, therefore, finds the project consistent with the BVCP and the Site Review criteria of section 
9-2-14(h), B.R.C. 1981 and recommends that the Planning Board make the following motions:

 Recommend approval of the proposed annexation of the 22-acre property subject to the 
proposed annexation conditions listed in the staff memorandum; 

 Recommend approval of the proposed initial zoning of the property as Residential Low -2
(RL-2), and

 Recommend approval of the Site Review application, incorporating the staff memorandum
and attached criteria checklists as findings of fact and subject to the conditions of approval 
recommended in the staff memorandum.
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PROPOSED ANNEXATION CONDITIONS: 

1. Requirements.  Applicant will be required to do the following:

a. Prior to first reading of the annexation ordinance before City Council, the Applicant shall,
in a form acceptable to the City Manager: 

i. Provide an updated title commitment current within 30 days.

ii. Sign and file petitions for the inclusion in the Northern Colorado Water 
Conservancy District and the Boulder Municipal Subdistrict and pay all applicable 
fees on land and improvements for inclusion in such districts.

iii. Pay a Storm Water and Flood Management Utility Plant Investment Fee of 
$4,009.50, in accordance with Section 11-5-7 of the Boulder Revised Code, 1981, 
based upon an impervious area of 2,025 square feet.

iv. Obtain permission from the lateral owners of Dry Creek Ditch No. 2 Ditch to pipe 
the irrigation lateral generally located along the western property line in a form that
is acceptable to the Director of Public Works.

 v.  Dedicate to the City, at no cost to the City, a conservation easement for that 
portion of the Property identified on the preliminary plat as Outlot K. 

vi.  Convey to City, at no cost to the City, three shares of the Dry Creek Ditch No. 2 
Ditch by special warranty deed and stock assignment.  The City agrees that the 
Applicant may use the water associated with these shares for wetland mitigation 
on Outlots E and K provided that the Applicant demonstrates that it has obtained 
any and all necessary approvals for such use from the State Engineer’s Office 
and/or Division No. 1 Water Court.

vii.   Sign an Affordable Housing Agreement that shall include, without limitation, the 
following:
a. The number, location, and size of bedrooms and bathrooms of all affordable 

units;
b. The maximum allowable sales prices and maximum allowable rents;
c. The requirements for the execution of the deed restricting covenants for all 

affordable units;
d. The requirements for the congregate care facility, including, without 

limitation, concurrent construction requirements, housing inspections, and 
required amenities and services, accessibility, safety, and design features.

e. Concurrent construction requirements for affordable and market-rate dwelling 
units; and

f. City review and approval of fixture specifications, detailed site plans, 
including building design, unit design, and building materials.

2. City Council Has Final Decision Authority for Site Review. The parties agree that the City 
Council has final decision authority for the initial site review application. This site review application 
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will be referred to the City Council for hearing and final decision concurrent with the hearing for 
annexation.  Any subsequent amendments or modifications to this approval shall be completed in 
compliance with the requirements of the laws of the City.

3. Zoning.  The Property shall be annexed to the City with an initial zoning classification of 
“Residential Low - 2”, and except as set forth herein, shall be subject to all of the rights and 
restrictions associated with that zoning.

4. Congregate Care as Special Use. While, pursuant to Table 6-1: Use Table of subsection (d) 
of section 9-6-1, B.R.C. 1981, a congregate care facility is a prohibited use in the RL-2 zoning
district, the City agrees that a congregate care facility with up to fifty (50) permanently affordable 
attached one and two bedroom units shall be an allowed use on the Property.  

5. Affordable Housing. The Applicant agrees that 47.9% of the dwelling units (58 units based on 
a site plan with a total of 121 units) on the Property shall be permanently affordable meeting the 
requirements provided below. 

a. Permanently Affordable – Low to Moderate Income. The Applicant agrees to provide fifty 
age restricted rental congregate care units affordable to very low, low and moderate 
incomes:

3 of the units affordable to households earning 60% of the area median income
22 of the units affordable to households earning 50% of the area median income
22 of the units affordable to households earning 40% of the area median income
3 of the units affordable to households earning 30% of the area median income

b. Permanently Affordable – Middle Income. The Applicant agrees to provide eight new units 
as permanently affordable to middle income households of which a minimum of two must 
be single family homes affordable to middle income households:  

i.The household income shall not exceed 35% above the HUD Low Income Limit applicable to 
the City of Boulder.

ii.The maximum price for any unit is based upon a household income that does not exceed the 
HUD Low Income Limit applicable to the City of Boulder by more than 25%.  

c. Final Unit Pricing.  Affordable ownership unit pricing will be based on the HUD income limits 
described above when either the interim affordable covenant or final affordable covenant is 
executed, whichever is first.

d. Final Unit Rents. Affordable rental unit pricing will be based on the number of bedrooms in 
each unit. Final rents will be calculated from the rental pricing sheet used in the 
administration and implementation of chapter 9-13, “Inclusionary Housing,” B.R.C. 

e. Covenants and Deed Restrictions Required. , the Applicant shall execute, in a form 
acceptable to the City Manager, deed restricting covenants for the permanently affordable 
units prior to building permit application for any new single family or duplex unit and 
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concurrent with execution of the subdivision agreement for the affordable senior units. The 
covenants shall be recorded against the Property and run with the land.

f. Concurrent Construction Requirements.  The Applicant and City agree that the following 
requirements and schedule apply to the issuance of building permits for market-rate single-
family units: 

i. Prior to issuance of building permits for the first sixteen (16) market-rate single-family 
dwelling units, the Applicant shall demonstrate receipt of the preliminary low income 
housing tax credit (LIHTC) allocation reservation letter for the development from the 
Colorado Housing Financing Authority (CHFA).

ii. Prior to issuance of building permits for sixteen (16) additional market-rate single-family 
dwelling units, the Applicant shall demonstrate that the CHFA tax credit and bond 
financing has been secured for the congregate care facility and that a building permit 
has been issued for the congregate care facility.  

iii. Prior to issuance of building permits for fifteen (16) additional market-rate single-family 
dwelling units, the Applicant shall demonstrate that the construction of the congregate 
care facility is 50% complete, including a written confirmation of that fact by a licensed 
architect and that final certificates of occupancy have been issued for at least one 
affordable single-family dwelling unit and two affordable duplexes.

iv. Prior to issuance of building permits for the remaining fifteen (15) market-rate single-
family dwelling units, the Applicant shall demonstrate issuance of a final certificate of 
occupancy for the congregate care facility, two (2) affordable single-family dwelling 
units, and six (6) duplexes.

v. The issuance of building permits for affordable units is not time limited by the above 
schedule.

g. Agreement to Abide by Restrictions.  The Applicant agrees to construct, restrict and sell 
permanently affordable units as described and required by this Agreement and the 
Affordable Housing Agreement.

6. Reimbursement to Department of Parks and Recreation.  Prior to recordation of a final plat for 
the Property, the Applicant shall reimburse the Department of Parks and Recreation in the amount 
of $267,758.00 for the previous construction of 55th Street across the parcel per the agreement 
dated October 20th, 1993.

7. Outlots E, F and J.  The Applicant agrees to preserve the portions of real property described 
on the Preliminary Plat as Outlots E, F and J in an undeveloped state and in accordance with the 
landscape plans dated March 29, 2013, on file with the City of Boulder Planning Department.

8. Basements Prohibited.  The Applicant agrees that basements shall not be constructed in any 
of the structures on the Property.  “Basement” shall have the meaning as described in the 
generally applicably definition for “basement” in section 9-16-1, “Definitions,” B.R.C. 1981.
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9. Subordination.  Prior to recordation of this Agreement or the issuance of any building permit 
for any additional buildings on the Property, the Applicant shall obtain the written and notarized 
agreement of any existing senior mortgagee or lienholder in the Property included in the 
Annexation, to subordinate their interest in the Property to the City’s rights to retain in effect and 
enforce this Agreement. 

10. Conveyance of Drainage.  The Applicant shall convey drainage from the Property in a historic 
manner that does not materially and adversely affect abutting property owners.

PROPOSED SITE REVIEW CONDITIONS: 

1. The Applicant shall be responsible for ensuring that the development shall be in 
compliance with all approved plans dated March 29, 2013 and the Applicant’s written 
statement dated June 18, 2012 on file in the City of Boulder Planning Department, except 
to the extent that the development may be modified by the conditions of this approval.

2. Prior to building permit application, the Applicant shall submit a Technical Document 
Review application for the following items, subject to the approval of the City Manager: 

a. A final site plan which includes building envelops and common site features and 
shall also include pedestrian trail connections from the site to the adjacent East 
Boulder Community Park, constructed by the applicant and connecting to the 
existing trails subject to review and approval of the Department of Parks and 
Recreation.

b. A final utility plan meeting the City of Boulder Design and Construction 
Standards.

c. A final storm water report and plan meeting the City of Boulder Design and 
Construction Standards.  The final storm water report and plan shall include the 
design of a storm sewer system to convey groundwater through the property or the 
elimination of perimeter drainage systems from foundation walls and floors, a 
qualitative analysis to demonstrate that no contaminants will be discharged through 
dewatering of the site, and an analysis of the impacts on downstream facilities.

d. Final transportation plans meeting the City of Boulder Design and Construction 
Standards for all transportation improvements.  These plans must include, but are 
not limited to:  street plan and profile drawings, street cross-sectional drawings, 
signage and striping plans in conformance with Manual on Uniform Traffic Control 
Devices (MUTCD) standards, transportation detail drawings, geotechnical soils 
report, and pavement analysis. The final transportation plans shall be modified to 
show the public right of way in the southeast corner of the property to be paved up 
to the southern property line for a future alley connection to the south that could 
accommodate motor vehicle traffic.

e. A detailed landscape plan, including size, quantity, and type of plants existing 
and proposed; type and quality of non-living landscaping materials; any site 
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grading proposed; and any irrigation system proposed, to insure compliance with 
this approval and the City's landscaping requirements.  Removal of trees must 
receive prior approval of the Planning Department.  Removal of any tree in City 
right of way must also receive prior approval of the City Forester.

3.  Prior to a building permit application, the Applicant shall submit a Technical Document 
review application for a Final Plat, subject to the review and approval of the City Manager, 
and execute a subdivision agreement meeting the requirements of chapter 9-12, 
“Subdivision,” B.R.C. 1981 and which provides for the following:

a. The construction of all public improvements necessary to serve the development.

b. The dedication to the City all of the necessary rights-of-way and easements 
needed to serve the development.

4. Prior to recordation of the Final Plat, the Applicant shall provide evidence that the blank 
utility easement for Union Rural Electric identified on the preliminary plat under reception 
no. 468375 on parcel I has been vacated.  

5. Prior to or concurrent with a building permit application for a dwelling on each lot, the 
Applicant shall submit the following items, subject to the review and approval of the City 
Manager:

a. Final architectural plans, including material samples and colors, to insure 
compliance with the intent of this approval and compatibility with the surrounding 
area. The proposed trash enclosures on the single family lots are not approved 
and shall be removed or set back to match the proposed garage setbacks. Trash 
enclosures may encroach into side yard setbacks only if meeting the fire rating 
requirements of Section 302 of the International Residential Code (IRC). 

b. A detailed shadow analysis to insure compliance with the City's solar access 
requirements of section 9-9-17, B.R.C.

6. Prior to issuance of a building permit, the Applicant shall submit a financial guarantee, in 
a form acceptable to the Director of Public Works, in an amount equal to the cost of 
providing neighborhood eco-passes to the residents of the development for three years 
after the issuance of a certificate of occupancy for each dwelling unit as proposed in the 
Applicant’s Transportation Demand Management (TDM) plan.

7. The entry to the congregate care building from 55th Street may be secured for resident and 
visitor access, but shall not be converted to emergency egress only. 

8. The Applicant agrees that basements shall not be constructed in any of the structures on 
the Property.  Basement means any enclosed area of a building having its lowest floor two 
feet or more below grade on all sides.

9. The building permit application for each building shall show that the building meets the 
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energy efficiency requirements of the 2012 IECC as locally amended. Should the 2012 
IECC not have been adopted at the time of building permit application, the building permit 
application for each building shall show that the building is designed to be at least 20 
percent more energy efficient than required under the 2012 IECC, except that, if the 
congregate care facility, as proposed in the building permit application, constitutes a 
commercial building under the 2012 IECC, the building permit application for the 
congregate care facility shall demonstrate that the congregate care building exceeds the 
energy efficiency requirements of ANSI/ASHRAE/IESNA Standard 90.1 – 2010 Energy 
Standard for Buildings Except for Low-Rise Residential Buildings by at least 20 percent.

ATTACHMENTS:
  
A: Background of project and site
B: Applicant’s written statement
C: Proposed plans dated March 29, 2013
D: Staff responses to the Site Review criteria
E: Wetland Mitigation Plan, West Ecological Resource, Inc., Dec. 2012
F:  Groundwater Evaluation, Telesto Solutions, Inc., Nov. 2010
G:  Groundwater Evaluation Response to 3rd party review letter, Telesto Solutions, Inc., Sept. 

2011
H:  Groundwater Recharge Evaluation, Telesto Solutions, Inc., June 2012
I:  Boulder Creek Commons Ground Water Engineering Peer Review, Anderson Consulting 

Engineers, Inc., March 11, 2013
 J: Report prepared by McCurry Hydrology, LLC, April 10, 2013

K:  Preliminary Storm Water Report, The Sanitas Group, LLC, Nov. 2012
L:  Traffic Impact Analysis, LSC Transportation Consultants, Dec. 20, 2012
M  Traffic Impact Analysis (addendum), LSC Transportation Consultants, Jan. 31, 2013
N:  Travel Demand Management (TDM), LSC Transportation Consultants, Dec. 20, 2012
O.  Parking demand for congregate care facility, LSC Transportation Consultants, Oct. 11, 

2012
P.  Neighborhood Questions on project and answers prepared by the City of Boulder, the city 

contracted 4th party consultant and the developer contracted consultants, March 15, 2013
Q:  Public comments received at Jan. 30, 2013 open house
R:  Other public comments received
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ATTACHMENT A

BACKGROUND

The roughly 22-acre vacant site, known as the Hogan-Pancost property (see Figures 1 and 2 
below) is located at 5399 Kewanee Drive and 5697 South Boulder Road in east Boulder near the 
East Boulder Recreation Center. The site can be accessed from 55th Street from South Boulder 
Road to the south of the site or from 55th Street from the north by way of the East Boulder 
Recreation Center. 

Figure 1- Vicinity map and context.

The Hogan-Pancost properties have been historically used for grazing and agricultural purposes 
and are within Boulder County; however, as shown in Figure 2 as follows, almost the entirety of 
the site is surrounded by city annexed land – namely the single-family residential developments 
of Keewayden Meadows to the west, Greenbelt Meadows to the south, and the East Boulder 
Recreation Center to the northeast.
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Figure 2- site respective to city limits shown shaded.

As shown in Figure 3, there are existing wetland areas on the site.  There has been 
environmental concern from the community related to development upon wetlands and the 
impact to wildlife on the site, including but not limited to prairie dogs and Preble mice.  

Environmental studies have indicated that the wetland areas are a result of seepage from 
unlined ditches that run through the site and that the property does not contain suitable habitat 
for Preble mice.  Extensive environmental studies have been conducted on the site and 
conclusions have indicated that permanent impacts to wetland areas on the western parcel can 
be mitigated at a 2:1 ratio by creating additional wetland areas on the eastern parcel.  The 
wetlands and natural areas on the eastern parcel would be preserved and enhanced.  No 
development is proposed for the eastern parcel.  
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The site also contains 100-year and 500-year floodplain areas as shown on Figure 4.  The majority 
of the 100-year floodplain areas is on the eastern parcel and would be preserved as a wetland 
area. Any development within the 100-year floodplain would require a floodplain development 
permit.  Residential structures within the 100-year floodplain are required to have the lowest floor 
level elevated to the flood protection elevation (two-feet above the base flood elevation). There are 
limited areas of 100-year flood plain on the west side of the property. Most of these areas are 
proposed to be preserved within open space; however, there may be several homes that must meet 
the flood protection elevation.  The City of Boulder does not currently have any regulations for the 
500-year floodplain, but is in the process of developing regulations for critical facilities and lodging 
facilities within the 500-year floodplain.  It is not anticipated that the proposed regulations would 
impact this development other than a possible need to floodproof the proposed congregate care 
facility and develop an emergency management plan.  

Figure 4- Floodplain Map
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The properties are currently part of Boulder County. Like properties within the City of Boulder and 
those within Boulder Valley portions of Boulder County, the property is subject to the Boulder Valley 
Comprehensive Plan (BVCP). The BVCP is the overarching policy document that establishes the 
vision and policies that guide land use and development within the Boulder Valley. It is a jointly 
adopted plan between the City of Boulder and Boulder County and includes community adopted 
policies ranging from community design and community services to energy and the environment.
The official BVCP land use map informs how properties will be zoned and informs city decisions on 
zoning and other community matters. Zoning and development in general is required to be 
consistent with the BVCP. The BVCP can be reviewed at the following web link:
Boulder Valley Comprehensive Plan

The BVCP also three specific “Planning Areas”, where urban development is allowed (Area I), areas
where future development may occur contingent on eventual annexation (Area II), and areas that 
are not intended for urban development (Area III- Rural Preservation). The line separating Area II 
lands from Area III lands is effectively the urban growth boundary for the City of Boulder. The 
subject property is designated Planning Area II making it eligible for annexation into the city.
As Figure 5 below shows, the BVCP land use map designates the site as Low Density Residential 
on the parcel west of 55th Street and Environmental Protection on the parcel east of 55th Street. 
Low Density Residential land use permits two to six dwelling units per acre.

Figure 5- BVCP land use designations on and around the site.

The potential development of the Hogan-Pancost site has been a prominent discussion topic for 
several years.  The topic of the property’s eventual development, or likelihood of development, has 
spanned from earlier than the 1980s, and before consideration of the East Boulder Community 
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Park, to updates to the Boulder Valley Comprehensive Plan (BVCP) in the 1990s and 2000s where 
the site’s Low Density Residential land use designation has been continually analyzed.  Three 
Concept Plans have been reviewed in the last 10 years relative for this site. A comprehensive 
environmental study of wetlands, flood, groundwater, wildlife, and other environmental issues was 
undertaken by the applicant’s consultants at the recommendation of city staff following review of the 
2007 Concept Plan review to address the site’s general suitability for development. The site’s 
complex history is discussed below.  

East Boulder Community Park master plan
During the 1980s, there was extensive public involvement in the Department of Parks and 
Recreation’s preparation of a master plan for the East Boulder Community Park, where access to 
the park was a primary issue of discussion. Neighborhood concerns related to the extension of 55th

Street north from South Boulder Road to connect to 55th Street north of the subject site and 
potential connections of Kewanee Drive from the adjacent Keewayden Meadows to the west to 55th

Street. 

The East Boulder Community Park master plan was approved in 1986, which included the 
extension of 55th Street (as it exists today) to provide park access and access to what would 
become the East Boulder Recreation Center. In order to address neighborhood concerns, the 
connection was designed in a manner that was circuitous to provide access, but discourage 
through traffic. Further, the Department of Parks and Recreation committed to not extending 
Kewanee Drive for access to the park.  A 1992 memorandum from Parks and Recreation indicates 
that, “during discussions on the future of traffic circulation in this area (related to the development of 
the park), staff and Planning Board made assurances to the neighborhood on Manhattan Drive that 
this connection would not be made in the future.”  This is reflected in the master plan, which shows 
Kewanee Drive as a cul-de-sac.  

Additional memoranda from the time indicate that the Planning Board reviewed the Kewanee Drive 
connection issue and concluded that the board would evaluate such a connection as part of any 
future development plans. Based on the attached 1986 memoranda, future consideration of a 
connection as part of a development plan was not specifically ruled out. The documents referenced 
above were attached to the April 18, 2013 staff memorandum to the Planning Board.

BVCP Updates and Land Use Analyses

A land use analysis that included the subject property was conducted in the 1990s when a 
Community Review Group, composed of neighborhood residents and a Staff Review Group, was 
created to evaluate the area and identify issues related to future development.  Since 2000, three 
requests as part of the BVCP updates that have been made by the Southeast Boulder 
Neighborhood Association to change the BVCP Planning Area from Area IIA to Area III-Rural 
Preservation. As part of the Year 2000 major update to the BVCP, the city and county reviewed a 
land use suitability study of undeveloped Area II properties to determine their suitability for urban 
development as part of the consideration to change the Planning Area to Area III-Rural 
Preservation for the Hogan-Pancost site. 

As part of that study, it was concluded by City Council that the west portion of the Hogan-Pancost 
site was appropriate for residential development while the portion east of 55th Street would be more 
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appropriate for environmental preservation.  Consequently, the city and the county kept the site in 
Area II, changed the land use designation on the eastern portion of the site to Environmental 
Protection, and retained the existing Low Density Residential designation on the remaining portion 
of the site.  Low Density Residential land use permits two to six dwelling units per acre.

In regard to the most recent request to change the BVCP land use designation, which occurred in 
2010, staff recommended against a change to Area III-Rural Preservation pending the results of 
environmental studies discussed below and also to allow the review of the development
applications currently under review.  Ultimately if Planning Board and City Council did not agree 
with the proposed plans to develop the property, reconsideration of the Planning Area change to 
Area III-Rural Preservation would be appropriate. Staff presented this option to City Council as part 
of the 2010 BVCP Major Update and the council agreed.

Environmental Study and Concept Plans
The current applicant has been involved in the potential development of the site since the early 
2000s.  The applicant has been involved in several Pre-Application reviews and has applied for 
Concept Plan reviews in 2003 and 2007.  The applicant also submitted their Annexation and Initial 
Zoning application in 2006 (#LUR2006-00099) and this application is included in this review. During 
these reviews, the applicant conducted a number of neighborhood meetings to solicit public input 
on the proposals where neighbors expressed concerns related to wetlands, ground water, flood and 
wildlife habitat as well as potential impacts to the surrounding neighborhood from additional density 
and traffic. Based on these concerns and the South Boulder Creek flood study, the applicant 
withdrew the 2007 application to further refine the proposal.

As part of a Concept Plan review application in 2007 (which did not proceed to Planning Board for 
review and was subsequently withdrawn as noted above), the property owners agreed that prior to 
the submittal and review of a subsequent Concept Plan application, the property owners would 
provide staff with more detailed environmental analyses for the property to determine whether the 
property could support any type of development. This is not a typical requirement of land use 
review, particularly during the Concept Plan review stage, but considering the concerns of 
neighbors and the history of the site, these comprehensive environmental analyses were completed 
by the applicant’s consultants and were submitted to the city and city-contracted third party review 
consultants for analysis in 2010.

The studies were distributed to the neighborhood for review and were presented to the Planning 
Board at a public hearing on Jan. 6, 2011. To assist the board, staff retained an engineering 
consultant who prepared a “Groundwater 101” presentation to help inform the board about the 
complex groundwater issues in Boulder that would relate to the subject site.  At the 
Jan. 6th public hearing, Planning Board found that the studies affirmed that the site could support 
residential development. The discussion from that meeting and all other relevant materials can be 
found at the following weblink:

Jan. 6, 2011 Planning Board packet including detailed environmental studies

Staff and the city’s independent third party consultants concluded that the environmental studies 
affirm that the site would be suitable for development.  Their analyses concluded the following:

Agenda Item 5A     Page 43 of 784



 Stormwater management facilities designed to support the proposed development will not 
be adversely affected, and in some cases may improve, conditions on the surrounding 
properties and facilities, 

 development of the site will decrease the overall recharge to groundwater by eliminating 
pasture irrigation and ditch leakage, which in turn will lower the groundwater elevation, 

 existing soil conditions were shown to be able to support spread footings, 
 there are no natural communities, rare plants, riparian corridors, or critical wildlife habitat as 

identified by the Boulder County Comprehensive Plan on the Hogan-Pancost property,
 all existing wetland areas on site will have to be maintained or mitigated per the Boulder 

Revised Code (1981), and
 the Traffic Impact Feasibility Study demonstrated that the existing street network will be 

able to accommodate the expected Hogan-Pancost traffic.

Based on the results, the board noted that a specific Concept Plan detailing proposed land use, 
density, site and building design etc. could be submitted for evaluation. 

2012 Concept Plan
Planning Board reviewed the following Concept Plan on Jan. 19, 2012. 

Figure 6- 2012 Concept Plan

A web link to the staff memorandum and materials is provided below followed by a summary of the 
board’s analysis:

Jan. 19, 2012 Planning Board packet and Concept Plan materials

In summary, the board ranged on agreement on the appropriateness of development on the site 
due to the information provided by the Concept Plan and public information provided. At the 
Concept Plan hearing, members of the public provided information on groundwater and flooding
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that conflicted with the engineering reports and analysis provided by the applicant’s consultants.
The board agreed that it would like to see more scientific information at the Site Review stage to
evaluate the conflicting information that was presented at the public hearing.  The chair 
recommended that all scientific information be provided in advance of any public hearings so that 
such technical and complicated information can be reviewed and analyzed by all parties in
preparation for the public hearing. This would also allow staff to provide an overview in the memo
and attach the information to the memo giving board members the opportunity to review such 
technical information in preparation for the hearing. This recommendation has guided staff’s review
of the current application.  As part of that review, staff has retained a 4th party review consultant to 
review materials.  Additional information on the role of the 4th party reviewer is included later in this 
memo.  Staff has been working with the neighborhood throughout the process to answer questions 
and review the neighborhood studies prepared related to the project.

The following other points were discussed by the board on January 19, 2012: 

Land Use - RL2 zoning: The majority of the board felt the proposed land use and 
incorporation of senior housing was appropriate.  One board member felt the land uses were 
not appropriate and the site should be designated Area III, Rural Preservation, due to the lack 
of availability of services and transit.   

Community Benefit: As discussed within this memorandum, a finding of community 
benefit is a requirement for properties proposed for annexation with additional 
development potential. This was preliminarily discussed at the Concept Plan level where 
some board members found the affordable housing benefit and the annexation 
acceptable. There was some concern that more senior affordable units would be 
preferable to the proposed eight middle income single family homes. Another board 
member felt it may not be acceptable to place 50 senior units in the 500 year floodplain.

General Design: The board agreed that the design needed to be simplified to be more 
gridded and with open space provided throughout the site. For the open space, the board 
acknowledged the area has a large city park next door, so the board wanted to see a 
more creative use of the open space and have it flow better through the project and be 
more consistent with wildlife corridors (“fingers of open space”).  Regarding the grid, the 
board would like to see a simpler plan that is easier to navigate and provides a better 
connection to the north.  It was suggested to take advantage of the open space by having 
the homes on it instead of the roads.

Kewanee Drive connection: The board felt that from a city connection standpoint it makes 
sense to connect Kewanee to 55th Street to balance the traffic on 55th.

Proposed Resolution
At the Jan. 19th hearing, the board expressed concern about the conflicting environmental and
engineering information as presented by the neighborhood and the applicant’s consultants and
asked that the applicant and neighborhood should share such technical information well in advance 
of public hearings to allow all parties and the board sufficient time to review such information so it 
can be adequately considered by the board. In response to this request, staff proposed that the 
board adopt a resolution encouraging cooperation and timely sharing of information among all 

Agenda Item 5A     Page 45 of 784



parties. The proposed resolution was not acted upon based on lack of support of the neighborhood 
and the applicant. The staff memorandum is found in the following web link:

Aug. 16, 2012 Planning Board packet relative to the proposed resolution

2013 Open House
Staff held an open house on the project on January 30, 2013. The purpose of the open house was 
to provide an opportunity for neighbors and other interested parties to view the proposed plans and 
ask questions of city staff about review process and standards and the applicant’s consultants 
about the proposed plans. The open house was well attended and public comments were received. 
These comments will be attached to the packet included with the upcoming public hearing.
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BOULDER CREEK COMMONS - SITE REVIEW WRITTEN STATEMENT 
 
CURRENT OWNERSHIP 
 
BCC, LLC 
1526 Spruce Street, Suite 260 
Boulder, Colorado 80302 
Manager – Michael T. Boyers 
 
LEGAL DESCRIPTION 
 
See Legal Description attached

A. INTRODUCTION 

We are pleased to submit our proposed development plan for Site Review and consideration of the 
annexation of 22.17 acres into the City of Boulder with RL-2, Residential Low - 2 zoning. This vacant site, 
known as Boulder Creek Commons, is located at 5399 Kewanee Drive and 5697 South Boulder Road in 
east Boulder adjacent to the East Boulder Community Park, East Boulder Recreation Center and the 
Keewaydin Meadows development.  

Boulder Creek Commons is envisioned as a pedestrian-friendly mixed income neighborhood that will 
provide a unique opportunity for Boulder to address one of its most challenging trends – the aging of its 
population.  The new neighborhood will extend the existing patterns of the adjacent neighborhoods and 
establish its own unique identity with a network of pedestrian-oriented streets and open space 
greenways.  Varying lot sizes and building types will be employed to address project goals of diversity, 
sustainability and compatibility with existing neighborhoods.  
 
The heart of the project will be to provide much needed deed-restricted affordable housing for low-
income seniors in a distinctive, well managed congregate care community adjacent to the East Boulder 
Senior Center.  Locating such a project at Boulder Creek Commons takes advantage of a unique 
opportunity to leverage existing city infrastructure by locating senior housing next to one of the best 
community centers of its kind in the region. Additional, affordable home-ownership opportunities for 
qualified middle-income buyers will also be provided within the neighborhood. 
 
A network of trails and open space will link together the existing neighborhood, new single family and 
duplex homes, the congregate care community, the East Boulder Recreation/Senior Center and the 
regional South Boulder Creek Open space corridor.  
 
The site is bisected by 55th street, with the portion of the site west of 55th street well suited for 
development (West Parcel).  That portion of the property east of 55th Street (East Parcel) is planned for 
environmental preservation and wetland habitat enhancement. 
 
 One of the goals of the proposed development is to significantly enhance the ecological value of the 
property by providing prairie and riparian enhancements on the property on both the East and West 
Parcels. On the East Parcel, this will be achieved by significantly increasing the area of wetlands, 
removing noxious weeds, creating new wetlands in upland sites, enhancing existing wetlands with trees 
and shrubs to increase structural diversity of the habitat. These enhancements will greatly increase the 

Agenda Item 5A     Page 47 of 784

Attachment B: Written 
Statement



quantity and quality of natural habitats on the East Parcel and will provide much greater aesthetic 
appeal for visitors to the East Boulder Community Park and Recreation Center and City of Boulder Open 
space along 55th Street.  
 
On the main West Parcel, bioswales will include short grass prairie, with stringers of riparian vegetation, 
improving the storm water quality and functioning of these areas. Development of the property will be 
concentrated in areas that have minimal habitat value and have been highly degraded due to long-term 
intensive agricultural use. 
 
SETTING 
 
The site, known as the Hogan-Pancost property after the families that owned it for nearly 70 years, is a 
22.17 acre property located along 55th Street adjacent the East Boulder Community Park. The land was 
farmed and used for grazing.  Gradually the city of Boulder moved eastward, eventually surrounding the 
property with residential and related recreational development. Several adjacent parcels belonging to 
the extended families have been developed, and this is one of the last remaining parcels available for 
development. 
 
 The site is located along 55th Street, adjoining Keewaydin Meadows neighborhood to the west, 
Greenbelt Meadows to the south, and the East Boulder Senior Center and Recreation Center and 
Manhattan Middle School to the north. The recently completed East Boulder Community Park, including 
soccer fields, Dog Park and paved parking lot, abuts the north lot line of the property.  
 
In addition to its immediate proximity to schools and recreational amenities, the site connects to the city 
of Boulder’s extensive bicycle and pedestrian network and open space trails. Multi-use paths throughout 
the East Boulder Community Center site, just north of Boulder Creek Commons, provide good linkages. 
Further, there are multiple bus routes served by RTD within a short walk of the site including the 206, 
Dash and 209 as well as on-demand Via (formerly Special Transit) services for seniors. 
 
The property has excellent vehicular access from 55th Street, which arcs across the southeast corner of 
the site connecting to South Boulder Road, the Recreation Center, and ultimately Baseline Road.  An 
additional access at the northwest corner was anticipated and provided for when the Keewaydin 
Meadows subdivision developed at Kewanee Drive.  The primary entrance for Boulder Creek Commons 
will be accessed off of 55th Street and the secondary access will be Kewanee Drive. One residential 
subdivision, Greenbelt Meadows, is located to the south and is accessed from 55th Street as well.   
 
The Keewaydin Meadows subdivision to the west was developed in the late 1960’s and consists of low 
density single-family homes, including ranch style and split-level houses. The Greenbelt Meadows 
neighborhood to the south was built in the 1980’s and consists of small lot single family homes placed in 
clusters. One estate style home exists on a county lot just south of Boulder Creek Commons. 
 
The site has little significant vegetation due to intensive agricultural uses and cattle grazing. The natural 
grade slopes gradually to the northwest. There are three irrigation ditches that cross the site, including 
Dry Creek Ditch #2, the Howard Super-Phostical Ditch, and the CD Bodam Lateral. There are sweeping 
views of open space to the north and northeast and excellent views of the Flatirons and Arapahoe Peak 
to the west/northwest. 
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The 2.73 East Parcel is characterized by degraded wetlands, plains cottonwood forest, and introduced 
pasture grasses. In addition, the wetlands are degraded by dense populations of undesirable weeds. 
 

BACKGROUND  

The site has been designated as Area IIA in the Boulder Valley Comprehensive Plan (BVCP) since the 
adoption of the BVCP in 1977 and has remained this designation through all of the major updates to the 
BVCP.    The BVCP classifies the west parcel as Low Density Residential (2-6 dwelling units per acre) and 
the east parcel as Environmental Preservation.  A portion of the east parcel also includes a natural 
systems overlay.  Due to other development in the area, including the East Boulder Recreation/Senior 
Center and Community Park, all Urban Services are available to the property and no extensions are 
required. 

A petition for annexation was submitted in December of 2006. A previous application for Concept Plan 
Review was made in 2007.  The City Staff and nearby neighbors identified potential technical issues and 
impacts associated with the development of this property that warranted further exploration.  Because 
of the complexities involved with some of the technical aspects of the potential development of the 
property, the City and property owners agreed in the fall of 2007 that prior to another Concept Plan 
submittal, the environmental and engineering factors pertaining to the site would be assessed and the 
findings submitted to the City for review.   To accommodate this unique process, the property owners 
engaged specialist consultants who spent several months evaluating the identified issues in a logical and 
factual manner based on accepted science and engineering methodologies.  This resulted in an 
Environmental and Engineering Assessment and Feasibility Study that detailed the results of the 
evaluations.  After submission, the City engaged its own third party independent consultants to critically 
review and analyze the Environmental and Engineering Assessment and Feasibility Studies.  The results 
of the studies and independent analysis were presented at a Public Hearing to the Planning Board on 
January 6, 2011.  The City Staff and its third party independent consultants concluded that the 
environmental and engineering studies affirmed that the site could support residential development.  
The Planning Board determined in that meeting that the project should proceed with a Concept Plan 
Review application, accepting the Environmental and Engineering Assessment and Feasibility Study as 
the factual basis proving the technical feasibility of an appropriate level of development on the 
property.   

The Board asked that the property owners follow up a few items including additional testing of 
neighboring lots, to understand the ground water issues in the area, further analysis of potential traffic 
impacts, and additional information related to wildlife mitigation strategies. 

In the months that followed leading up to the submittal of the Concept Plan Review package, additional 
analysis and engagement with the neighborhood took place in response to the Board’s request.  The 
results of this effort were included in the Concept Plan Review submittal package. 
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On January 19, 2012, the Planning Board reviewed the Concept Plan Review application.  At that 
meeting, the Planning Board reviewed the proposal in detail and offered comments on the plan.  The 
Board concluded that it was appropriate for the project to proceed with a Site Review Application.  
Some of the comments included: 

 Proposed land uses are appropriate 

 That the mix of housing, including the Congregate Care Senior Housing is consistent with the 
intent of the Community Benefit policy regarding annexations 

 The land plan should be revised to be a more straightforward “grid” with less emphasis on 
making Kewanee Drive circuitous. 

 The open space should be more naturalized and in the form of corridors in lieu of the central 
park presented in the Concept Plan Review package 

 Possibly engage an open space element to the East Boulder Community Park 

 Supported the 60’ buffer on the west side of the property 

 Supported the Kewanee Drive connection.   Traffic calming can be achieved through keeping the 
streets narrow and adding bulb outs to intersections. 

In the months since this meeting, these comments have been evaluated thoroughly by the property 
owners and discussed with City Staff.  It is the applicant’s opinion that this Site Review application and 
revised design addresses the suggestions made by the Planning Board at the Concept Plan Review and 
the additional dialogue with City Staff.  

COMMUNITY VISION  

Boulder Creek Commons will create its own sense of place and contribute to the fabric of Southeast 
Boulder through the application of a variety of sensitive site design principles and diversity of residents.  
A sense of arrival is created at 55th Street by orienting the access point to a framed view of the Flatirons 
and Arapahoe Peak down the Kewanee Drive connection.  The senior housing building is oriented 
toward 55th Street, announcing to all who pass by that this is a diverse neighborhood.  This location has 
the benefit of being in close proximity and well connected to the East Boulder Community Park, Senior 
Center and Recreation Center.  The building itself screens its required parking from view by internalizing 
the parking lot. 

A small park space near the East Boulder Community Park is the public heart of the neighborhood.  
Easily accessible on foot, it will be the home of family activities and seniors alike. The park also provides 
a transition space from the neighborhood to the Community Park.  This will be the primary place where 
the diverse members of the neighborhood can interact with each other.   

Kewanee Drive was designed and built by the developers of Keewaydin Meadows subdivision to allow 
for a connection from the Hogan-Pancost property to Manhattan Drive.  This street will be extended 
into Boulder Creek Commons.  The placement of the road in this location is a logical extension of 
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Kewanee Drive and was unanimously endorsed by the Planning Board at the Concept Plan Review 
hearing. 

Cut-through traffic is discouraged and traffic calming is achieved by the narrow street sections and the 
inclusion of bulb outs at intersections. 

There will be a total of 121 new residences in Boulder Creek Commons.  Fifty (50) of these will be 
affordable to seniors in the 30% to 60% AMI range.  An additional three (3) duplex buildings (six units) 
and two (2) single family homes will be deed restricted home ownership opportunities for middle-
income residents.  The remaining 63 market rate single family homes ranging in size from approximately 
2,900 square feet to 3,300 square feet will allow for a variety of household sizes and character.  
Potential households include small and large families, singles and couples, empty nesters, and 
independent seniors.  The diversity of age and income encouraged by the variety of housing choices will 
create a socially vibrant and interesting community.  The proposed developer of the single family 
homes, Boulder Creek Builders, have a long history of developing high quality homes for diverse families 
through out Boulder County. 

B. HOW THE PROJECT MEETS APPLICABLE CRITERIA

GENERAL CRITERIA FOR ALL SITE REVIEW APPLICATIONS 

I.    Boulder Valley Comprehensive Plan (BVCP): 

A. How is the proposed site plan consistent with the purposes and policies of the Boulder Valley 
Comprehensive Plan? 

 
General Land Use, Annexation and Community Benefit 

1.27 Annexation 
(d) In order to reduce the negative impacts of new development in the Boulder Valley, the city 
will annex Area II land with significant development or redevelopment potential only if the 
annexation provides a special opportunity or benefit to the city. For annexation considerations, 
emphasis will be given to the benefits achieved from the creation of permanently affordable 
housing. 
 
The project proposes 48 percent of the units as deed restricted permanently affordable units. 
Over 40 percent of the units would be permanently affordable rental units for seniors, a well 
documented constituency needing affordable housing in Boulder.  

 
1.20 Growth Requirements also touches on the “community benefit” requirement, by stating:

The overall effect of urban growth must add significant value to the community, improving 
quality of life. The city will require development and redevelopment as a whole to provide 
significant community benefits and to maintain or improve environmental quality as a 
precondition for further housing and community growth. 
 

Agenda Item 5A     Page 51 of 784



In addition to providing affordable senior housing in an appropriate location near the Senior 
Center, the proposal includes preservation of the 2.73 acre eastern parcel significantly 
increasing the area of wetlands and structural diversity of the habitat. These enhancements will 
greatly increase the quantity and quality of natural habitats on the East Parcel and will provide 
much greater aesthetic appeal for visitors to the East Boulder Community Park and Recreation 
Center and City of Boulder Open space along 55th Street.  

Affordable Housing  

The following excerpts are from the 2010 Summary of Key Trends for the City of Boulder, 
Boulder Valley Comprehensive Plan:   
 
“Overall, Boulder is a community of individuals and families whose values include education, 
nature and innovation. In 2011, a town of 103,000 people, Boulder continues to grow in 
population, with an anticipated increase of about 15 percent between 2011 and 2035. Boulder's 
median age is lower than the rest of the county, the state and the nation. However, Boulder 
County's population is aging faster than the nation and the population aged 60 and over is 
expected to more than double between 2011 and 2020. “ 
 
“A community’s strength is often a reflection of its diversity. When multiple generations live near 
each other, elderly parents are able to receive care from their adult children, while young 
children can build relationships with their grandparents.” 
 
According to the BVCP 2010 Summary of Key Trends, “While the percentage of Boulder’s 
population 65 and older has not changed significantly over the last 20 years (growing by 0.2 
percent, from 7.8 percent to 8.0 percent), the future looks much different: In 2008, 12 percent 
of Boulder County’s residents were over the age of 60. In 2020, that age group is expected to 
reach 21 percent of residents.”   
 
In a May 29, 2011 Boulder Daily Camera article on the 2010 census data released at the time is 
the following quote from City of Boulder Planner Chris Meschuk, “From a planning perspective, 
our population is going to age, and a big chunk of the population is going to become reliant on 
our community infrastructure in an a way that is very different from what it looks like today.” 
 
Clearly, the senior population of Boulder County is growing at a much higher rate than any other 
segment of the population.  Yet, the affordable units available to lower income seniors are 
currently 3% of the total affordable housing stock in the City.  

To meet this unquestioned and growing need, Boulder Creek Commons proposes 50, affordable 
independent senior units specifically designed to meet the social, physical, and emotional needs 
of seniors. The proposed location is ideal with close proximity to the East Boulder Senior Center 
and the East Boulder Recreation Center. This provides an excellent opportunity for coordination 
of facilities in the City and ease of transportation for residents to the Senior Center. The location 
in a traditional residential neighborhood, where seniors prefer to locate, helps strengthen the 
proposed single family neighborhood by providing diversity in housing types and density. 
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The senior units will be available exclusively to low-income residents with incomes below 60% of 
AMI and as low as 30% of AMI, depending on factors in place when the project is built. Deed 
restrictions will be put in place that will provide permanent affordability for the community of 
Boulder and its residents. 
 
In addition, consistent with the city of Boulder’s Affordable Housing goals, the project will 
provide 8 units of ownership properties available to and restricted to middle-income buyers, 
consisting of three (3) duplex buildings (six total units) and two (2) single-family homes, 
distributed within the project.   
 
This mix of housing was determined based on extensive discussion with the city Housing and 
Human Services staff.  It should be noted that the applicant initially proposed sixty-eight (68) to 
seventy (70) deed restricted affordable units for seniors and no middle income affordable units.  
The logic for this initial proposal was that seniors housing is a growing and underserved need in 
Boulder, and this location near the East Boulder Seniors Center was an ideal spot to for a larger 
population of seniors.  There are many other locations in Boulder where middle income housing 
can be located, so it seemed less essential that this demographic be served on this site.  Some 
members of the Planning Board identified this as a potential topic for further exploration; 
however, the applicant has continued to pursue the 50 unit seniors’ project and 8 affordable 
home ownership options as recommended by HHS staff. 

Environmental Preservation 

The East Parcel at Boulder Creek Commons is currently a weed degraded area, once populated 
more extensively with wetland habitat.  The wetlands were created due to flood irrigation 
techniques used in the agricultural past of the site.  As part of the development of this project, 
the degraded wetlands on the East Parcel will be re-established, producing quality habitat 
adjacent city owned open space. 
 
3.25 Support for Community Facilities. 
The city and county recognize the importance of the health care, social service, educational and 
nonprofit community agencies that provide vital services to the residents of the Boulder Valley 
and will work collaboratively with these agencies to reasonably accommodate their facility 
needs. 
  
In addition to the linkages with the city’s Open Space and trails, the presence of the East Boulder 
Seniors and Recreation Center is an ideal relationship with the seniors congregate care facility 
and the rest of the Boulder Creek Commons community. 
                           
                        
4.40 Energy Efficient Land Use. 
The city and county will encourage the conservation of energy through land use policies and 
regulations governing placement, orientation and clustering of development and through 
housing policies and regulations. The conservation of energy is served by the development of 
more intense land use patterns; the provision of recreation, employment and essential services in 
proximity to housing; the development of mass transit corridors; and efficient transportation. 
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The proposed development for Boulder Creek Commons includes a variety of strategies for 
conservation of energy. The single family developer, Boulder Creek Builders, has a long history 
of embracing green building practices.  The site is well connected to mass transit and trail 
systems.   
 
7.01 Local Solutions to Affordable Housing. 
The city and county will emphasize locally developed solutions to meet the housing needs of their 
low and moderate income households, including those who work but may not live in Boulder 
County. The city and county further recognize that such needs may not be met solely through 
private development. To facilitate availability of housing for this segment of the population, 
appropriate federal, state and local programs and resources will be used both locally and in 
collaboration with other jurisdictions. The city’s pursuit of additional affordable housing 
programs will include an analysis of the unmet need for such programs as well as an analysis of 
the financial, social, demographic and community resources and constraints. 

Provision of affordable congregate care senior housing, a growing need in the community, and 
eight other deed restricted units, in a compact form, in a desirable location with nearby support 
services, would be consistent with the above three (3) policies and an appropriate community 
benefit for the site. 
 
Community Design and Neighborhood Compatibility 
 
2.06 Design of Community Edges. 
Well defined edges for the city’s boundaries are important because they support an 
understanding and appreciation of the city’s image and create a clear sense of arrival and 
departure. Natural features are most effective as edges, but public open land, major roadways 
or heavy tree planting can also function as community edges. As new areas are the definition of 
a community edge will be a design priority.          
                                                                               
The BVCP also has an extensive section related to community design to ensure that 
development is high quality, compact, efficient and compatible with the surrounding context. 
Holistically, development of the property is logical considering that it abuts city land for over 
60% of its perimeter. Further, 55th Street creates a logical boundary of city developed lands and 
protected lands (Planning Area III) to the east where development is not expected to occur. The 
basic layout of the development with the congregate care structure fronting on 55th also 
contributes to this sense of an edge and also is intuitively placed to give seniors convenient 
access to the East Boulder Recreation Center and open space.  

This is also consistent with the following BVCP policy: 

2.40 Physical Design for People. 
The city and county will take all reasonable steps to ensure that new development and 
redevelopment, public as well as private, be designed in a manner that is sensitive to social, 
physical and emotional needs. Broadly defined, this will include factors such as accessibility to 
those with limited mobility; provision of coordinated facilities for pedestrians, bicyclists and bus-
riders; provision of functional landscaping and open space; and the appropriate scale and 
massing of buildings related to neighborhood context. 
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2.31 Commitment to a Walkable City.
The city and county will promote the development of a walkable city by designing neighborhoods 
and business areas to provide easy and safe access by foot to places such as neighborhood 
centers, community facilities, transit stops or centers, and shared public spaces and amenities. 

2.32 Trail Corridors/Linkages.
In the process of considering development proposals, the city and county will encourage the 
development of trails and trail linkages for appropriate uses such as hiking, bicycling or 
horseback riding, so as to provide a variety of alternative recreation and transportation 
opportunities. Implementation of this goal will be achieved through the coordinated efforts of 
the private and public sectors. 

The proposed plan establishes new pedestrian connections from within to East Boulder 
Community Park consistent with Policies 2.31 and 2.32, Trail Corridor/Linkages. The site plan 
also integrates an internal site path system throughout the site and with the congregate care 

building. A loop trail around the Senior Congregate Care facility will provide daily exercise 
opportunities for the residents of the facility and connectivity to the East Boulder Community 
Park and the walk systems that connect to the East Boulder Senior and Recreation Center    

6.13 Neighborhood Streets Connectivity. 
New neighborhood streets will be designed in a well-connected and fine grained pattern of 
streets and alleys to effectively disperse and distribute vehicle traffic and to promote bike and 
pedestrian travel. 

The site design for the Boulder Creek Commons site includes a variety of pedestrian and bicycle 
systems that are well connected to the local and regional network.  Sidewalks along the local 
streets provide immediate access for residents to the broader network.  Trails through the open 
spaces, around the seniors congregate care facility and along the Dry Creek Ditch No. 2 corridor 
provide off street trail alternatives to residents.  The design focuses on creating strong 
connections to the trails and sidewalks in the East Boulder Community Park and other regional 
trail systems. 

Bicycles will be able to safely navigate the short blocks and circuitous main street through the 
site due to the slow speeds that the street network will create.   

In addition, there are multiple bus routes served by RTD within a short walk of the site including 
the 206, Dash and 209.  Residents of the seniors congregate care facility will take advantage of 
the on-demand Via services.  The RTD Table Mesa Park and Ride which provides connections to 
the entire RTD network is a short bike or bus ride away. 

2.13 Support for Residential Neighborhoods. 
In its community design planning, the city will support and strengthen its residential 
neighborhoods. The city will seek appropriate building scale and compatible character of new 
development or redevelopment, desired public facilities and mixed commercial uses, and 
sensitively designed and sized rights-of-way. 
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The character of the proposed development borrows from surrounding context with lots that 
are similarly sized to Greenbelt Meadows with front-loaded residences and attached sidewalks 
like in Keewayden Meadows. Density and massing would be similar to Greenbelt Meadows in 
appearance based on similar lot sizes.  

2.19 Compatibility of Adjacent Land Uses.
In order to avoid or minimize noise and visual conflicts between adjacent land uses that vary 
widely in use, intensity or other characteristics, the city will use tools such as interface zones, 
transitional areas, site and building design and cascading gradients of density in the design of 
subareas and zoning districts. With redevelopment, the transitional area should be within the 
zone of more intense use. 

To create a greater level of compatibility, a 60-foot buffer along the west lot line of the property 
with Keewayden Meadows.  

6.09 Transportation Impact. 
Traffic impacts from a proposed development that cause unacceptable community or 
environmental impacts or unacceptable reduction in level of service will be mitigated. All 
development will include strategies to reduce the vehicle miles traveled (VMT) generated by the 
development. New development will be designed and built to be multimodal and pedestrian- 
oriented. Strategies to reduce the VMT generated by new development will include all modes of 
travel as well as travel management programs such as the Eco Pass. The design of new 
development will especially focus on providing continuous modal systems through the 
development, on connecting these systems to those surrounding the development and on 
providing connections between the modes. (See Policy 3.05 Growth to Pay Fair Share of New 
Facility Costs.) The city will provide tools and resources to help businesses manage employee 
access and mobility and support public-private partnerships such as transportation management 
organizations to facilitate these efforts. 
 
The site design for the Boulder Creek Commons site includes a variety of pedestrian and bicycle 
systems that are well connected to the local and regional network.  Sidewalks along the local 
streets provide immediate access for residents to the broader network.  Trails through the open 
spaces, around the seniors congregate care facility and along the Dry Creek Ditch No. 2 corridor 
provide off street trail alternatives to residents.  The design focuses on creating strong 
connections to the trails and sidewalks in the East Boulder Community Park and other regional 
trail systems. 

Bicycles will be able to safely navigate the short blocks and circuitous main street through the 
site due to the slow speeds that the street network will create.   

In addition, there are multiple bus routes served by RTD within a short walk of the site including 
the 206, Dash and 209.  Residents of the seniors congregate care facility will take advantage of 
the on-demand Via services.  The RTD Table Mesa Park and Ride which provides connections to 
the entire RTD network is a short bike or bus ride away. 
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The proposed circuitous nature of Kewanee Drive will provide the intended connection and 
effectively disperse traffic while discouraging the frequency of through travel. The configuration 
of Kewanee and whether or not it should connect is a key issue of the review. 

6.12 Neighborhood Integration.
The city and county will strive to protect and improve the quality of life within neighborhoods 
while at the same time facilitating the movement of vehicular, bike and pedestrian traffic. 
Improving access and safety within neighborhoods by controlling vehicle speeds will be given 
priority over vehicle mobility. Transportation actions will not be implemented solely to shift a 
problem or impact from one location to another. Neighborhood needs and goals will be balanced 
against the community benefit of a transportation improvement. 

. 
2.42 Enhanced Design for the Built Environment.
Through its policies and programs, the city will encourage or require quality architecture and 
urban design in private sector development that encourages alternative modes of 
transportation, provides a livable environment and addresses the elements listed below. a) The 
context. Projects should become a coherent part of the neighborhood in which they are placed. 
They should be preserved and enhanced where the surroundings have a distinctive character. 
Where there is a desire to improve the character of the surroundings, a new character and 
positive identity as established through area planning or a community involvement process 
should be created for the area. Special attention will be given to protecting and enhancing the 
quality of established residential areas that are adjacent to business areas. b) The public realm. 
Projects should relate positively to public streets, plazas, sidewalks and paths. Buildings and 
landscaped areas—not parking lots—should present a well-designed face to the public realm, 
should not block access to sunlight, and should be sensitive to important public view corridors. c) 
Human scale. Projects should provide pedestrian interest along streets, paths and public spaces. 
d) Permeability. Projects should provide multiple opportunities to walk from the street into 
projects, thus presenting a street face that is permeable. Where appropriate, they should provide 
opportunities for visual permeability into a site to create pedestrian interest .e) On-site open 
spaces. Projects should incorporate well designed functional open spaces with quality 
landscaping, access to sunlight and places to sit comfortably. Where public parks or open spaces 
are not within close proximity, shared open spaces for a variety of activities should also be 
provided within developments. f) Buildings. Buildings should be designed with a cohesive design 
that is comfortable to the pedestrian, with inviting entries that are visible from public rights of 
way. 

Through the Concept Review process, City Staff found that, while the site design relates to its 
context, the development of the site is an opportunity to improve on the character of the area 
consistent with the above policy.  The plan includes an updated open space scheme consistent 
with the direction provided by the Planning Board, including: substantial broad open greenways 
for linkages through the site; a small outdoor gathering space adjacent the East Boulder 
Community Park, a 60’+ wide buffer along the west side of the site; and pedestrian-friendly 
streets that include detached sidewalks.  The site is permeable with multiple pedestrian 
connections in and out of the site.  The architecture for the site has been designed to be of a 
cohesive character.  Garages are pulled back from the street and the entries to all buildings are 
visible and inviting to the public.
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Environmental Preservation and Impact Avoidance 

4.09 Wetland Protection. 
Natural and human-made wetlands are valuable for their ecological and, where appropriate, 
recreational functions, including their ability to enhance water and air quality. Wetlands also 
function as important wildlife habitat, especially for rare, threatened and endangered plants and 
wildlife. The city and county will continue to develop programs to protect and enhance wetlands 
in the Boulder Valley. The city will discourage the destruction of wetlands, but in the rare cases 
when development is permitted and the filling of wetlands cannot be avoided, new wetlands will 
be created or degraded wetlands will be restored. 

The Planning Board reviewed the status of the wetlands and wildlife habitat contained in the 
Environmental and Engineering Feasibility Study in its January 6, 2011 public hearing.  The board 
indicated that it was satisfied with the level of study and requested that strategies be focused 
on improving wetland and wildlife habitat on the East Parcel.   
 
The wetland delineations for the Boulder Creek Commons site were updated in late August, 
2011.   The existing wetlands are degraded, low value wildlife habitat and are considered low-
functioning wetlands.   All of the wetlands on the site have evolved due to alterations of the 
natural hydrology and are supported by man-induced hydrology; the irrigation ditches, seepage 
from the irrigation ditches, flood irrigation and inefficient use of irrigation water.  The report 
contained in the Environmental and Engineering Feasibility Study determined that without 
natural hydrology, these wetland areas would revert to their former upland condition when 
flood irrigation ceased both on and off-site and when the ditches are permanently lined or 
piped.  To date, the wetlands on site have reduced in area and changed in location between the 
2008 mapping and the recent update.  The wetland areas have responded primarily to the 
changes in flood irrigation practices, since the delineated wetlands are not naturally occurring 
wetlands and were created by man-induced hydrology.  Additionally, water from leaking 
irrigation ditches and laterals support the wetlands.   If this water source is decreased or 
eliminated, the wetlands retract or disappear completely. 
 
The Boulder Creek Commons project will consolidate the wetlands along the Dry Creek Ditch 
No.2 corridor and on the East Parcel.  By consolidating the wetlands the project owners can 
augment and control the necessary water supply by again creating a man-induced hydrology to 
support high-quality wetland habitats.  The East is an ideal location to provide further habitat 
enhancements. 
 
The wetland mitigation strategy is to create high quality habitats on the property by enhancing 
some existing wetlands and to create new wetlands adjacent the existing wetlands to further 
enhance the existing wetlands.  Where City regulated wetlands are disturbed for enhancement, 
the wetlands will be mitigated at a 1:1 ratio.  Wetlands that are relocated on the property will 
be created at a 2:1 ratio. 
 
With development of the Boulder Creek Commons, the wildlife habitat function of the property 
will be improved and the wetlands will be of higher quality and be supported by a controllable 
water source necessary to sustain the wetlands and provide an aesthetic and logical transition 
to city Open Space. 
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4.21 Flood Management. 
The city will protect the public and property from the devastating impacts of flooding in a timely 
and cost-effective manner while balancing community interests with public safety needs. The city 
will manage the potential for floods by implementing the following guiding principles: a) 
Preserve floodplains b) Be prepared for floods c) Help people protect themselves from flood 
hazards d) Prevent unwise uses and adverse impacts in the floodplain e) Seek to accommodate 
floods, not control them. 
 
Since the 2010 Environmental and Engineering Assessment and Feasibility Study, the City of 
Boulder’s South Boulder Creek Flood Mitigation Study has continued to progress.  In reaction to 
and cooperation with the City’s continued analysis, an effective strategy for conveying storm 
and possible flood waters became clear.   
 
A bio-swale, designed as a multi-stage vegetated open channel along the west property line will 
best accommodate future flood mitigation options the city is exploring as part of their on-going 
flood mitigation study.  This bio-swale will convey both off-site storm water flows and flood 
flows through the Boulder Creek Commons property in an environmentally sensitive manner.   
 
The channel will meander and bulge to provide areas for wetland restoration, mitigation, and 
enhancements.  The low flow portion of the channel is sized for more frequent storm events, 
and provides continuous water quality enhancement for off-site storm water flowing through 
the Boulder Creek Commons site.    The upper stage of the channel is sized for the 100-year local 
storm event.   
 
4.32 Groundwater. 
The city and county will continue to evaluate aquifers, groundwater recharge and discharge 
areas, and sources of groundwater pollution within the Boulder Creek watersheds and formulate 
appropriate pollution and source protection programs. Impacts to groundwater will be 
considered in land use planning, development review and public land management practices. 
 
The 2010 “Ground Water Evaluation”, Environmental and Engineering Assessment and 
Feasibility Study explored how the Boulder Creek Commons property relates to the existing 
ground water system and identified strategies for controlling ground water recharge within the 
project site.  The focus of this study was to determine if the development of the Boulder Creek 
Commons property would adversely affect adjacent wells or neighboring homes. This study 
concluded:  
 
“Based on this evaluation, it is Telesto’s professional opinion that the proposed housing 
development will not adversely affect the basement sump pumping currently being performed 
by the residents.” 
 
This study was subject to reviews by City Staff and by CH2MHill, a third party consultant with 
expertise in ground water monitoring and mitigation retained by the City.   
 
In a review letter to the City of Boulder, CH2MHill concluded: 
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“… the modeling and procedures used to evaluate the on-site natural resources, drainage, 
groundwater and soil issues does meet current and acceptable engineering standards of practice 
and no additional information is requested at this time.” 
 
The pertinent findings of the 2010 “Ground Water Evaluation” Study were presented to the 
Planning Board in a brief presentation on January 6, 2011.  The presentation focused on the 
correlation between ground water summer recharge conditions and the seasonal fluctuations in 
the ground water table.  Similar to the Study, this part of the presentation focused on how the 
proposed development of the Boulder Creek Commons property would not adversely affect 
adjacent wells or neighboring homes.   
 
During the public comment period and the Planning Board question and discussion period, 
questions arose about the nature of the ground water table in general and concerns were 
voiced about the coincidence of historical activities in the area and observed changes in local 
ground water levels.   
 
On 21 January 2011, the project team met with City Staff to review the Planning Board meeting 
notes and to determine a path forward for the project.  Because ground water has become a 
concern on projects throughout the City, Staff felt that an informational presentation about 
ground water fundamentals would to would provide Planning Board with the tools to better 
evaluate projects with ground water complexities.   For the project team, our course of action 
included: 
 

1. Continue our neighborhood outreach with neighbors who expressed a desire to 
cooperate with the project team. 

2. Prepare a concise summary of the 2010 “Ground Water Evaluation” Study and present 
findings in terms of ground water hydrology fundamentals and put the Boulder Creek 
Commons into context with the ground water system. 

3. Research the historical activities in the area and the reported changes in local ground 
water levels. 

 
The City’s introductory presentation on ground water hydrology, “Ground Water 101”, was 
presented to Planning Board on 05 May 2011 by Gary D. Witt of Wright Water Engineers.   This 
presentation was non-project specific and included ground water hydrology fundamentals, 
terminology and general items for Planning Board members to be aware of when evaluating 
ground water studies. 
 
2011 Neighborhood Outreach 
On 16 May 2011, City Staff, members of our project team, and three neighbors who live 
adjacent to the Boulder Creek Commons property met at Mr. Ron Craig’s home at 260 Cimarron 
Way.  Mr. Craig allowed us to observe his sump pump configuration and operations.  He 
provided a timeline of when his sump pump began operation this season and his observations of 
Dry Creek Ditch No. 2 flows.  He consented to allowing further monitoring of his sump pump 
during the summer.  During this meeting, we also observed the adjacent neighbor’s sump 
operations.   As part of the meeting, the neighbors and City Staff walked the southern property 
line of the Boulder Creek Commons property to observe the current conditions on the property, 
the Bodam lateral, and Dry Creek Ditch No. 2.  Even though the Boulder Creek Commons 
property owners ceased flood irrigating the West Parcel several years ago, the neighbor 
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immediately south of the property continues flood irrigation and other inefficient irrigation 
practices.  At the time our site visit, portions of the Boulder Creek Commons property adjacent 
to the Bodam Lateral and Dry Creek Ditch were saturated and standing water was observed in 
several places. 
 
Since the meeting with the neighbors, our project team has been measuring ground water levels 
on the Boulder Creek Commons property at six monitoring locations.  We are in continued 
communication with Mr. Craig regarding his pumping cycles and pumping rates, and have 
measured Mr. Craig’s sump pump flow rates. 
 
Ground Water 201:  Ground Water Hydrology and the Hogan-Pancost Property 
 
Included with this Concept Plan application is a letter titled “Ground Water Hydrology and the 
Hogan-Pancost Property” which builds on the ground water hydrology fundamentals presented 
in the Planning Board “Ground Water 101” presentation and puts the findings of the 2010 
“Ground Water Evaluation” study and the Boulder Creek Commons into context with the overall 
ground water system.  The letter is summarized below: 
 
The ground water system that underlies the Boulder Creek Commons is vast.  The recharge area 
for the ground water system extends across 132 square mile South Boulder Creek watershed.  
The Boulder Creek Commons property covers only 0.03% of the total water shed area. 
 
Recharge is simply the water that flows into the ground water system.  Sources of ground water 
recharge are precipitation, snowmelt, agricultural irrigation, lawn irrigation and seepage from 
ponds, streams and unlined irrigation ditches. The Boulder Creek Commons property owners 
can control the recharge that occurs on their property, but the property represents a very small 
fraction of the water shed. 
 
The ground water system is sensitive to watershed wide recharge fluctuations.  Ground water 
levels are lowest in the winter when the only source of recharge is typically precipitation.  In the 
spring, ground water levels can rise quickly and dramatically as recharge across the watershed 
increases due to seasonally high precipitation, snow melt in the higher elevations of the 
watershed, the start of residential and agricultural irrigation and the filling of ponds and 
irrigation ditches.  Ground water levels are typically at the highest during the late spring and 
early summer.  Over the course of the summer months, recharge to the ground water begins to 
decrease as snow melt from the higher elevations lessens or ceases and precipitation decreases.  
By late summer, South Boulder Creek begins to drain the ground water table.  As fall progress, 
ground water levels continue to decrease as agricultural and lawn irrigation ceases.    
 
As documented in the 2010 “Ground Water Evaluation”, flood irrigation is an inefficient 
irrigation method and can contribute enough recharge to cause a local rise in the ground water 
table.  During an irrigation season, land that is flood irrigated receives a net water application of 
36-inches (13-inches of precipitation plus 23-inches of flood irrigation). Half of this water will 
percolate deeply and recharge the ground water.  In contrast, when the same 13-inches of 
precipitation fall on native ground (without supplemental irrigation), less than 2-inches will 
become deep percolation that recharges the ground water table. 
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The property owners have already voluntarily ceased flood irrigating the property.   However, 
flood irrigation by the neighbor located to the immediate south will continue to contribute to a 
seasonal local rise in ground water levels.   
 
The Boulder Creek Commons property owners can only control the sources of ground water 
recharge that occur within their property.  With the proposed development of the Boulder 
Creek Commons property flood irrigation will be permanently ceased.  Dry Creek Ditch No. 2 will 
be piped to reduce or eliminate recharge currently caused by the leaking ditch.   The property 
owners are working cooperatively with the neighbor to the south to allow for his historic use of 
the Bodam lateral and to reduce or eliminate the recharge associated with the lateral by piping 
or permanently lining the lateral.  The Boulder Creek Commons property owners will mimic the 
current hydrological conditions as best they can by controlling recharge sources and rates.   
 
Responses to Specific Questions Raised by Adjacent Neighbors 
 
Included with the Concept Plan application was a letter titled “Hogan-Pancost Property: 
Neighborhood Event Timeline and Response to Specific Questions Raised by Adjacent 
Neighbors” which provides a clear timeline of neighborhood historical events and includes 
detailed responses to specific questions raised by adjacent neighbors regarding changes in 
ground water levels.   
 
As discussed above, ground water levels in the vicinity of the site can rise quickly and 
dramatically as recharge across the 132-square mile watershed increases. The neighborhood 
events were compared to precipitation and South Boulder Creek stream flows.  The Keewaydin 
Meadows homes adjacent to the Boulder Creek Commons property were built with basements 
and without sump pumps during sustained period of below average precipitation.   From 1978 
to 1990 there was a trend of increasing precipitation with 8 of 13 years having higher than 
average precipitation.  
 
Also, from the time the homes were constructed in 1966 through the 1980’s, a significant 
amount of development occurred in Boulder south of Baseline Rd.  By 1990, development in 
south Boulder covered approximately 3.7 square miles.  With the change in land use, lawn 
irrigation increased and the amount of recharge to ground water also increased. 
 
The combination of increased recharge from precipitation, and increased recharge from lawn 
watering caused ground water levels to rise.  In 1990, the ground water level rise was enough to 
require basement sumps and pumping.  Construction of the East Boulder Community Park 
soccer fields coincided with, but is not related to, the ground water rise observed in July of 
1990.   
 
Adjacent neighbor sump pumping rates may increase or decrease quickly and significantly in 
response to natural changes in recharge and the ground water level of the 132 square mile 
water shed.   

B. The proposed development shall not exceed the maximum density associated with the Boulder 
Valley Comprehensive Plan residential land use designation. Additionally, if the density of existing 
residential development within a 300 foot area surrounding the site is at or exceeds the density 
permitted in the Boulder Valley Comprehensive Plan, then the maximum density permitted on the 
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site shall not exceed the lesser of: (i) the density permitted in the Boulder Valley Comprehensive 
Plan, or, (ii) the maximum number of units that could be placed on the site without waiving or 
varying any of the requirements of Chapter 9-7, "Bulk and Density Standards," B.R.C. 1981. How is 
the proposed site plan consistent with the above density criteria?

 
The density of Boulder Creek commons does not exceed the maximum density associated with 
the Boulder Valley Comprehensive Plan land use designation and is less than the maximum 
number of units that could be placed on the site. 

 
II.          Site Design:

Projects should preserve and enhance the community's unique sense of place through creative 
design that respects historic character, relationship to the natural environment, and its physical 
setting. Projects should utilize site design techniques which enhance the quality of the project. In 
determining whether this subsection is met, the approving agency will consider the following 
factors: 

A. Open space, including without limitation, parks, recreation areas, and playgrounds:
1. How is useable open space arranged to be accessible and functional? 

 
Open space is organized consistent with the direction received from the Planning Board at the 
Concept Plan Review meeting; including broad greenways connecting north to south and a small 
gathering space for the neighborhood is created adjacent the East Boulder Community Park, and 
maintaining the 60’ buffer on the west side of the site. 

2. How is private open space provided for each detached residential unit?
  
Each detached residence has a private patio and yard on the rear of each unit.  Additionally, a 
small front porch is incorporated into each home, providing a private transition space from the 
public realm. 
 
3.   How does the project provide for the preservation of natural features, including, without 

limitation, healthy long-lived trees, terrain, significant plant communities, threatened and 
endangered species and habitat, ground and surface water, wetlands, riparian areas, and 
drainage areas? 

 
Existing wetlands on the site are in a degraded state, and the project will consolidate and 
enhance the wetlands in the east parcel and selected locations along west side of the west 
parcel in a manner consistent with City policy.  No trees of significance exist on the west parcel, 
and those on the east parcel will be preserved.  As born out through extensive study, no 
endangered species or habitat exist on the site.  Extensive study of other environmental 
questions found no barriers to development. 

 
4. How does the open space provide a relief to the density, both within the project and from 

surrounding development?; and 
 

A 60’ buffer is planned along the west boundary providing a distinct separation between the 
existing neighborhood and Boulder Creek Commons.  The broad greenways through the site and 
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the open spaces engaged to the East Boulder Community Park provide distinct relief internal to 
the site. 

 
5. How does the open space provide a buffer to protect sensitive environmental features and 

natural areas?; and 
 
The open space on the west side provides enhancement to the existing degraded wetlands and 
the extensive open space on the east parcel provides an opportunity to enhance the wetlands 
and act as a buffer to the open lands to the east. 
 
6. If possible, how is open space linked to an area- or a city-wide system? 

 
The open space system is effectively linked to the East Boulder Community Park to the north.  
The east parcel open space creates a transition to open lands to the east. 

 
B. Open Space in Mixed Use Developments: Developments that contain a mix of residential and 

non-residential  uses: 
 
Not applicable. 

 
C. Landscaping: 

 
1. How does the project provide for aesthetic enhancement and a variety of plant and hard 

surface materials, and how does the selection of materials provide for a variety of colors and 
contrast and how does it incorporate the preservation or use of local native vegetation here 
appropriate? 
 
The existing landscape on the site is in a distinctly degraded condition.  The proposed 
landscape plan creates an urban street scene through the use of street trees in tree lawns 
and a small outdoor gathering space adjacent East Boulder Community Park.  Additionally, a  
naturalized landscape in the open space network is planned in the greenways and the west 
corridor and east parcel.  Enhanced wetlands and riparian areas will utilize local native 
vegetation and create new habitat. 
 

2. How does the landscape and design attempt to avoid, minimize, or mitigate impacts to 
important native species, plant communities of special concern, threatened and endangered 
species and habitat by integrating the existing natural environment into the project? 
 
No important native species or habitat has been found to exist on the site.  The existing 
man-induced and degraded wetlands will be enhanced through appropriate mitigation 
measures. 
 

3. How does the project provide significant amounts of plant material sized in excess of the 
landscaping requirements of Sections 9-9-12 and 9-9-13, "Landscaping and Screening 
Requirements," and "Streetscape Design Standards," B.R.C. 1981; and 

 
The landscape plan incorporates quantities of landscape in excess of City requirements by 
approximately 20%. 
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4. How are the setbacks, yards, and useable open space along public rights-of-way landscaped 

to provide attractive streetscapes, to enhance architectural features, and to contribute to 
the development of an attractive site plan? 

 
Streetscapes include street trees consistent with City standards, located to frame the 
architecture of the site..  

 
D. Circulation, including, without limitation, the transportation system that serves the property, 

whether public or private and whether constructed by the developer or not: 
 
1. How are high speeds discouraged or a physical separation between streets and the project 

provided? 
 

The site plan provides multiple site design elements which aid in limiting speeds within the right-
of-way and provide separation between the streets and development. The streets are separated 
from development with landscaping buffer zones and detached sidewalks. The interior streets 
have on-street parking, are not straight continuous roads and are relatively short in length. Cut-
through traffic is discouraged by the circuitous street pattern within the neighborhood that 
requires stopping and making turns at a variety of locations.  Additionally, corner bulb-outs have 
been incorporated into the street system to further discourage high speeds and promote 
pedestrian safety. 

 
2. How are potential conflicts with vehicles minimized? 

 
As stated above, landscaping buffer zones, detached sidewalks and a network of trail paths are 
provided for pedestrian move out throughout the site and to adjacent connections. Bicycles will 
be able to safely navigate the short blocks and circuitous main street through the site due to the 
slow speeds that the street network will create.  
  
The site plan provides convenient access for residents, yet discourages “cut through” traffic.   
Two residential street types are proposed.  The primary street through the site that connects 
55th Street to Kewanee Drive is a 60’ Right of Way Residential Street.  This street follows a 
circuitous route through the site, which discourages high speeds.  The fine-grained street 
pattern of the site utilizes a street design proposed by the City staff that is intended as a slow 
moving street that serves a relatively low number of lots.   
 
3. How are safe and convenient connections accessible to the public within the project and 

between the project and existing and proposed transportation systems provided, including 
without limitation streets, bikeways, pedestrian ways and trails? 
 

The site design for the Boulder Creek Commons site includes a variety of pedestrian and bicycle 
systems that are well connected to the local and regional network.  Sidewalks along the local 
streets provide immediate access for residents to the broader network.  Trails through the 
broad greenways, around the seniors congregate care facility and along the Dry Creek Ditch No. 
2 corridor provide off street trail alternatives to residents.  The design focuses on creating strong 
connections to the trails and sidewalks in the East Boulder Community Park and other regional 
trail systems. 
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Bicycles will be able to safely navigate the short blocks and circuitous main street through the 
site due to the slow speeds that the street network will create.   
 
The property has excellent vehicular access from 55th Street, which arcs across the southeast 
corner of the site connecting to South Boulder Road, the Recreation Center, and ultimately 
Baseline Road.  An additional access at the northwest corner was anticipated and provided for 
when the Keewaydin Meadows subdivision developed at Kewanee Drive.  The primary entrance 
for Boulder Creek Commons will be accessed off of 55th Street and the secondary access will be 
Kewanee Drive.  Only one residential subdivision, Greenbelt Meadows, located to the south is 
accessed from 55th Street as well.   

 
4. How are alternatives to the automobile promoted by incorporating site design techniques, 

land use patterns, and supporting infrastructure that supports and encourages walking, 
biking, and other alternatives to the single occupant vehicle? 

 
In addition to its immediate proximity to schools and recreational amenities, the site connects 
to the city of Boulder’s extensive bicycle and pedestrian network and open space trails. Multi-
use paths throughout the East Boulder Community Center site, just north of Boulder Creek 
Commons, provide good linkages. Further, there are multiple bus routes served by RTD within a 
short walk of the site including the 206, Dash, and 209 as well as on-demand Via services for 
seniors. 

 
5. Where practical and beneficial, how is a significant shift away from single- occupant vehicle 

use to alternate modes promoted through the use of travel demand management 
techniques? 
 

The site is well-positioned to make good use of the existing transit and bicycle/pedestrian 
network in the area. In addition, a Travel Demand Management Plan has been created for 
Boulder Creek Commons and is included in the Site Review Submittal application.   

 
6. What on-site facilities for external linkage with other modes of transportation are provided 

where applicable? 
 

Boulder Creek Commons will have a high level of pedestrian and vehicular connectivity both 
internally and to the community at large.  Internal streets, walks, and trails connect to 
surrounding areas effectively and in a pedestrian friendly manner. 

 
7. How is the amount of land devoted to the street system minimized? 

 
Through collaboration with City Staff, an efficient network of streets has been developed, 
including the use of a unique street design that minimizes the amount of land established 
for the right of way. 
 

8. How is the project designed for the types of traffic expected, including, without limitation, 
automobiles, bicycles, and pedestrians, and how does it provide safety, separation from 
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living areas, and control of  noise and exhaust?; and How will city construction standards be 
met, and how will emergency vehicle use be facilitated? 
 
The capacity of the streets is more than adequate for the vehicular traffic expected as 
indicated in the transportation reports provided.  Setbacks to all uses are appropriate to the 
streets and traffic anticipated.  Detached sidewalks and off street trails are utilized for 
pedestrians and bicyclists.  All City construction standards will be met.  The street network is 
in conformance with standards for emergency vehicle use. 

  
E.  Parking: 

 
1. How does the project incorporate into the design of parking areas, measures to provide 

safety, convenience, and separation of pedestrian movements from vehicular movements? 
 
For the single family neighborhood, off street parking is accommodated in garages and 
driveways.  On street parallel parking is allowed.  Bulb-outs at corners provide a safe 
location for pedestrians to cross streets.  For the congregate care facility, a single entrance is 
provided to a compact and well landscaped parking lot. 
 

2. How does the design of parking areas make efficient use of the land and use the minimum 
amount of land necessary to meet the parking needs of the project? 
 
The parking lot for the congregate care facility is a simple loop, with central parking lot 
island.  The parking lot size meets the expected demand for parking on site. 
 

3. How are parking areas and lighting designed to reduce the visual impact on the project, 
adjacent properties, and adjacent streets?; and 

 
All parking lot lighting will meet City standards and will utilize full cut off fixtures. 

 
4. How do parking areas utilize landscaping materials to provide shade in excess of the 

requirements in Section 9-9-14, "Parking Lot Landscaping Standards," B.R.C. 1981? 
 
The trees in island and around the parking lot are positioned to optimize the shade 
opportunities.  The number of trees exceeds the requirements by approximately 20% 
 

F. Building Design, Livability, and Relationship to the Existing or Proposed Surrounding Area: 
 
1. How are the building height, mass, scale, orientation, and configuration compatible with the 

existing character of the area or the character established by an adopted plan for the area? 
 

The scale and mass of the single family homes is similar to the adjacent Greenbelt Meadows 
neighborhood.  The congregate care facility is located on the east side of the site, as close to 
the existing East Boulder Recreation and Senior Center as possible, a building of larger scale 
in the neighborhood. 
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2. How is the height of buildings in general proportion to the height of existing buildings and 
the proposed or projected heights of approved buildings or approved plans for the 
immediate area? 

 
The single family homes are of similar height to other homes in the area.  The congregate 
care facility is of similar height as well. 
 

3. How does the orientation of buildings minimize shadows on and blocking of views from 
adjacent properties? 

 
The shadow analysis in compliance with the Solar Access Area II indicates no shadows 
impacting existing or proposed buildings.  Additionally, a 60-foot buffer along the west lot 
line of the property provides additional separation from the existing Keewaydin Meadows 
neighborhood. 
 

4.  If the character of the area is identifiable, how is the project made compatible by the 
appropriate use of color, materials, landscaping, signs, and lighting? 
 
Boulder Creek Commons will create its own sense of place and contribute to the fabric of 
Southeast Boulder through the application of a variety of sensitive site design principles and 
diversity of residents.  A sense of arrival is created at 55th Street by orienting the access 
point to a framed view of the Flatirons and Arapahoe Peak down the street and across the 
central park.  The senior housing building is oriented toward 55th Street, announcing to all 
who pass by that this is a diverse neighborhood.  This location has the benefit of being in 
close proximity and well connected to the East Boulder Community Park, Seniors Center and 
Recreation Center.  The building itself screens its required parking from view by internalizing 
the parking lot. 
 

5. How do buildings present an attractive streetscape, incorporate architectural and site design 
elements appropriate to a pedestrian scale, and provide for the safety and convenience of 
pedestrians? 
 
Detached sidewalks and trails provide a safe and convenient environment for pedestrians.  
The garages on the single family homes are pulled back several feet behind the architecture 
of the home so that the non-garage portion of the home dominates the street scene.  Front 
porches are a welcoming element at each front door. 
 

6. To the extent practical, how does the project provide public amenities and planned public 
facilities? 
 
The extensive open space network and outdoor gathering space adjacent East Boulder 
Community Park provides significant public amenity spaces for all.  The wetlands 
enhancement will provide new and improved habitat for wildlife, and a small overlook is 
planned at the wetland in the south west corner of the site. 
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7. For residential projects, how does the project assist the community in producing a variety of 
housing types, such as multifamily, townhouses, and detached single family units as well as 
mixed lot sizes, number of bedrooms, and sizes of units? 
 
There will be a total of 121 new residences in Boulder Creek Commons.  Fifty (50) of these 
will be affordable to seniors in the 30% to 60% AMI range.  An additional three (3) duplex 
buildings (six units) and two (2) single family homes will be deed restricted home ownership 
opportunities for middle-income residents.  The remaining 63 market rate single family 
homes ranging in size from approximately 2,900 square feet to 3,300 square feet will allow 
for a variety of household sizes and character.  Potential households include small and large 
families, singles and couples, empty nesters, and independent seniors.  The diversity of age 
and income encouraged by the variety of housing choices will create a socially vibrant and 
interesting community. 

 
8. For residential projects, how is noise minimized between units, between buildings, and from 

either on-site or off-site external sources through spacing, landscaping, and building 
materials? 
 
Mitigation of excessive noise beyond slow speed residential traffic within the development 
and surrounding streets is not anticipated. Exterior cement plaster, siding, wood framing 
and insulation will provide code required exterior to interior noise reduction. Industry 
standard STC rating of residential windows will provide code required noise reduction. Noise 
between residential unit walls and floors will meet code required STC ratings. In addition, 
trees between the street and buildings should also provide some sound buffer to residential 
units. 
 

9. If a lighting plan is provided, how does it augment security, energy conservation, safety, and 
aesthetics? 
 
A lighting plan will be provided at the Technical document submittal. Any site lighting will 
meet city requirements. 
 

10. How does the project incorporate the natural environment into the design and avoid, 
minimize, or mitigate impacts to natural systems? 
 
A bio-swale, designed as a multi-stage vegetated open channel along the west property line 
will best accommodate future flood mitigation options the city is exploring as part of their 
on-going flood mitigation study.  This bio-swale will convey both off-site storm water flows 
and flood flows through the Boulder Creek Commons property in an environmentally 
sensitive manner.   

 
The channel will meander and bulge to provide areas for wetland restoration, mitigation, 
and enhancements.  The low flow portion of the channel is sized for more frequent storm 
events, and provides continuous water quality enhancement for off-site storm water flowing 
through the Boulder Creek Commons site.    The upper stage of the channel is sized for the 
100-year local storm event.   
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Except for the rear yards of homes that will back onto this feature, this bio-swale will only 
convey off-site flows through the Boulder Creek Commons.  On site developed storm flows 
will be routed through the greenways behind the homes.  Using low impact design 
strategies, a grass swale and buffers will provide water quality treatment.  Detention ponds 
will provide detention storage for the 10-year and 100-year design storms.  Storm water will 
be released at or below historic rates. 
 
 

11.  How are cut and fill minimized on the site, and how does the design of buildings conform to 
the natural contours of the land, and how does the site design minimize erosion, slope 
instability, landslide, mudflow or subsidence, and minimize the potential threat to property 
caused by geological hazards? 
 
The roadway layout and interior open spaces are oriented to take advantage of the natural 
slope of the existing property and to lessen the need for imported fill for development.  The 
property slopes from south to north at less than 1.0% slope.  Best grading practices require 
a minimum of 2.0% slopes across landscape areas and yards to facilitate drainage away from 
homes and other structures.  Similar to the adjacent Keewaydin Meadows subdivision, the 
residential lots are elevated above the natural topography to provide positive drainage to 
the roadways and open space areas.  The residential lots that back to the existing 
Keewaydin Meadows homes are at similar elevations to the adjacent existing lot elevations. 
 
The senior housing building is oriented to allow developed storm drainage to follow the 
natural drainage routes.  The senior housing building elevation was set at the flood 
protection elevation as recommended in the City’s proposed flood plain ordinance revisions 
for critical facilities in the 500-year flood plain.  Even with raising the building a minimum of 
1-ft above the natural topography at the building’s southeast corner, the building finished 
floor elevation is lower than the adjacent existing 55th Street. 
 
To minimize potential slope instability, the proposed grading limits the maximum allowable 
slope to 4:1 in public right-of-ways and public utility and drainage easements.  The 
maximum allowable slope on private property is limited 3:1 with 4:1 maximum preferred.  
Soil erosion will be minimized by employing water quality Best Management Practices 
(BMPs) during construction and by quickly establishing vegetative cover post- construction. 
 
 

G. Solar Siting and Construction: For the purpose of insuring the maximum potential for utilization 
of solar energy in the city, all applicants for residential site reviews shall place streets, lots, open 
spaces, and buildings so as to maximize the potential for the use of solar energy in accordance 
with the following solar siting criteria: 
 
1. Placement of Open Space and Streets. Open space areas are located wherever practical to 

protect buildings from shading by other buildings within the development or from buildings 
on adjacent properties. Topography and other natural features and constraints may justify 
deviations from this criterion. How is this criterion met? 
 
As the solar analysis shows, no buildings shade its neighbor in compliance with the City 
standards 
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2.  Lot Layout and Building Siting. Lots are oriented and buildings are sited in a way which 

maximizes the solar potential of each principal building. Lots are designed to facilitate siting 
a structure which is unshaded by other nearby structures. Wherever practical, buildings are 
sited close to the north lot line to increase yard space to the south for better owner control of 
shading. How is this criterion met? 
 
As the solar analysis shows, no buildings shade its neighbor in compliance with the City 
standards 
 

3. Building Form. The shapes of buildings are designed to maximize utilization of solar energy. 
Buildings shall meet the solar access protection and solar siting requirements of Chapter 9-9- 
17, "Solar Access," B.R.C. 1981. How is this criterion met? 

 
As the solar analysis shows, no buildings shade its neighbor in compliance with the City 
standards 

 
4. Landscaping. The shading effects of proposed landscaping on adjacent buildings are 

minimized. How is this criterion met? 
 
No proposed landscape is situated in a manner that will create shading issues for an adjacent 
building. 

 
H.  Additional Criteria for Poles Above the Permitted Height. No site review application for a pole 

above the permitted height will be approved unless the approving agency finds all of the 
following: 

 
1. The light pole is required for nighttime recreation activities, which are compatible with the 

surrounding neighborhood, or the light or traffic signal pole is required for safety, or the 
electrical utility pole is required to serve the needs of the city?; and 

2. The pole is at the minimum height appropriate to accomplish the purposes for which the pole 
was erected and is designed and constructed so as to minimize light and electromagnetic 
pollution. If applicable, how are these criteria met? 
 
No poles will exceed the permitted height. 
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ATTACHMENT D

SITE REVIEW CRITERIA

(h) Criteria for Review: No site review application shall be approved unless the approving 
agency finds that:

Y (1) Boulder Valley Comprehensive Plan:

Y (A) The proposed site plan is consistent with the land use map and the service 
area map and, on balance, the policies of the Boulder Valley Comprehensive Plan.

The proposal has been found consistent with the BVCP as enumerated below: 

General Land Use, Annexation and Community benefit 

The BVCP designates the site as Low Density Residential on the parcel west of 55th Street 
and Environmental Protection on the parcel east of 55th Street. Low Density Residential 
land use permits two to six dwelling units per acre. With 121 dwelling units, the gross 
density would be 5.45 dwelling units per acre (3.9 du/ac when congregate care bonus 
applied), which conforms to the land use designation. The eastern parcel will remain as an 
enhanced protected wetland under a conservation easement. This conforms to the 
Environmental Protection land use designation. This is also consistent with BVCP Policies 
2.04, Open Space Preservation and 3.06, Wetland and Riparian Protection. 

BVCP Policy 1.24, Annexation, requires that any parcel proposed to be annexed into the 
city where there is significant development potential must include significant benefit to the 
community. In this case, the applicant is proposing 48 percent of the units as deed 
restricted permanently affordable units. Over 40 percent of the units would be affordable 
rental units for seniors, which would be managed by a non-profit housing entity.   As 
stated above, the proposal also entails the preservation of the 2.73 acre eastern parcel 
where there would be wetland mitigation.   

BVCP Policy 1.18, Growth Requirements, also touches on the “community benefit” 
requirement, by stating: “the overall effect of urban growth must add significant value to 
the community, improving quality of life. The city will require development and 
redevelopment as a whole to provide significant community benefits and to maintain or 
improve environmental quality as a precondition for further housing and community 
growth.”  Policy 1.24 (subsection d) further specifies that permanently affordable housing 
and environmental preservation are key considerations in determining community benefit. 

Staff finds that the combination of 48% of the units as permanently affordable, inclusion of 
housing conducive to seniors (including the congregate care facility and floor plans within 
homes that are designed with seniors in mind), and environmental protection of the 
eastern parcel would be significant community benefit for the site consistent with BVCP 
Policies 1.18 and 1.24 above; especially considering the site’s close proximity to the East 
Boulder Recreation and Senior Center, East Boulder Community Park and city-owned 
open space to the east along the South Boulder Creek corridor.  Provision of affordable 
congregate care senior housing, a growing need in the community and throughout the 
country, and eight other deed restricted units, in a compact form would also be consistent 
with the following BVCP policies: 
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-Policy 2.03, Compact Development Pattern 

-Policy 4.04, Energy Efficient Land Use 

-Policy 7.01, Local Solutions to Affordable Housing 

- Policy, Housing for a Full Range of Households 

-Policy 8.10, Support for Community Facilities 

Community Design and Neighborhood Compatibility 

The BVCP also has an extensive section related to community design to ensure that 
development is high quality, compact, efficient and compatible with the surrounding 
context. Holistically, development of the property is logical considering that it abuts city 
land for over 60% of its perimeter. Further, 55th Street creates a logical boundary of city 
developed lands and protected lands (Planning Area III) to the east where development is 
not expected to occur. This is consistent with Policy 2.05, Design of Community Edges 
and Entryways, which states that “natural features are most effective as edges.”  The 
basic layout of the development with the congregate care structure fronting on 55th also 
contributes to this sense of an edge and also is intuitively placed to give seniors 
convenient access to the East Boulder Recreation Center and open space. This is also 
consistent with Policy 2.32, Physical Design for People, which states, “development 
should be designed in a manner that is sensitive to social, health and psychological 
needs.”  

The proposed plan would establish new pedestrian connections from within to East 
Boulder Community Park consistent with Policies 2.21, Commitment to a Walkable and 
Accessible City, and 2.23, Trail Corridor/Linkages. While a controversial aspect of this 
project, the connection of Kewanee Drive through the site, is considered consistent with 
Policy 6.2 Neighborhood Streets Connectivity which states, “neighborhood streets will be 
developed in a well connected and fine grained pattern to facilitate public access, to 
effectively disperse and distribute vehicle traffic and promote bike and pedestrian travel.” 
Based on this, staff supports the extension of Kewanee Drive through the development to 
55th Street. As to avoid any disproportionate traffic impacts on one neighborhood, it is 
preferable that traffic be dispersed in two directions. 

With respect to neighborhood compatibility, the following BVCP policies apply: 

-Policy 2.10, Preservation and Support for Residential Neighborhoods 

-Policy 2.14, Mix of Complementary Land Uses 

In general, the character of the proposed development borrows from surrounding context 
with lots that are similarly sized to Greenbelt Meadows with front-loaded residences and 
attached sidewalks like Keewayden Meadows. Policy 2.10 states, “the city will seek 
appropriate building scale and compatible character of new development.” While the 
development would be more compact in appearance than Keewayden Meadows, its 
apparent density and massing would be similar to Greenbelt Meadows in appearance 
based on similar lot sizes. To create a greater level of compatibility, the applicant 
proposes a 60-foot buffer along the west lot line of the property with Keewayden 
Meadows. Staff finds that this would be an appropriate interface.  
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BVCP Policy 2.14, Mix of Complementary Land Uses, strongly encourages a mix of uses 
where appropriate. Traditionally, single-family residential neighborhoods seldom have a 
mix of uses. In the case of the proposed project, the project would be entirely residential, 
but with a special use as a congregate care facility, a use not typically permitted in low 
density residential zoning districts (allowance of this use is discussed further under Key 
Issue No. 6). With respect to mixing uses, BVCP Policy 2.14 states, “wherever land uses 
are mixed, careful design will be required to ensure compatibility, accessibility and 
appropriate transitions between land uses that vary in intensity and scale.” Staff finds that 
this will be achieved in the development where the facility is placed on the east side of the 
west parcel away from existing residential uses and closest to the recreation center, a 
building of comparable scale and a similar footprint. 
 
Similar to the Site Review criteria within the Land Use Code (discussed in more detail in 
Key Issues No. 7 and 8 below), BVCP Policy 2.37 Enhanced Design for Private Sector 
Projects, broadly sets up the level of expected quality in development projects ranging 
from blending into the existing context to building design. Staff has provided responses to 
each point within the policy with more detail found in the Site Review discussion later in 
the memorandum. 
 
a) The context. Projects should become a coherent part of the neighborhood in which 
they are placed. They should be preserved and enhanced where the surroundings have a 
distinctive character. Where there is a desire to improve the character of the 
surroundings, a new character and positive identity as established through area planning 
or a community involvement process should be created for the area. Special attention will 
be given to protecting and enhancing the quality of established residential areas that are 
adjacent to business areas.

The project will be built with a modified street grid design that connects to the 
neighborhoods around it and contains front loaded single-family homes similar to 
neighborhoods that exist around it. The congregate care facility will be insulated from 
existing development with its situation on the east side of the west parcel and a buffer 
along the west lot line will also buffer the development from existing developed areas. 
The project will develop a site that is designated for low density residential development 
and will form a defined boundary between the existing developed lands and open space 
lands to the east. Based on this analysis, the project will become a coherent part of the 
neighborhood.  

b) Relationship to the public realm. Projects should relate positively to public streets, 
plazas, sidewalks, paths, ditches and natural features. Buildings and landscaped areas—
not parking lots—should present a well-designed face to the public realm, should not 
block access to sunlight, and should be sensitive to important public view corridors. 
Future strip commercial development will be discouraged.

All homes within the development will front directly on public streets and will have 
emphasized front facades and porches vis-à-vis the garages that will be further set back. 
The congregate care facility, too, will have a front face and entry oriented to 55th Street 
and will also relate to the adjacent park with ample fenestration and attractive building 
facades. Parking is concealed by the building placement and by landscaping. 

c) Transportation connections. Projects should provide a complete network of vehicular, 
bicycle and pedestrian connections both internal to the project and connecting to 
adjacent properties, streets and paths, including dedication of public rights-of-way and 
easements where required.

The project will provide a new vehicle connection between Keewaydin Meadows and 55th 
Street extending Kewanee Drive, which was originally built to the property line with intent 
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for future extension. Bicycle and pedestrian links would also be established between 
these areas and the park and recreation lands to the north and east. 

d) Human scale. Projects should provide pedestrian interest along streets, paths and 
public spaces.

As stated above, buildings on the site will relate well to the public realm and will be at a 
scale that is harmonious to surrounding development with no buildings proposed over the 
35-foot height limit. 

e) Permeability. Projects should provide multiple opportunities to walk from the street into 
projects, thus presenting a street face that is permeable. Where appropriate, they should 
provide opportunities for visual permeability into a site to create pedestrian interest.

The site will have generous opportunities for permeability with detached sidewalks along 
all streets and pedestrian pathways between properties within linear open spaces 
providing for a rich pedestrian experience through landscaping and connecting different 
portions of the development. 

f) On-site open spaces. Projects should incorporate well-designed functional open 
spaces with quality landscaping, access to sunlight and places to sit comfortably. Where 
public parks or open spaces are not within close proximity, shared open spaces for a 
variety of activities should also be provided within developments.

The site has open space throughout with most residences backing to some form of open 
space. There will be a pocket park with an attractive seating area as well linear open 
space designed as “fingers” through the development that will include quality landscaping 
encouraging pedestrian use.  

g) Buildings. Buildings should be designed with a cohesive design that is comfortable to 
the pedestrian, with inviting entries that are visible from public rights of way. Design 
innovation and the use of high quality building materials are encouraged.

As stated above, buildings will front directly on streets with attractive glazing, inviting front 
porches and high quality materials in the form of stone on many of the homes. The 
buildings within the development will appear cohesive through the use of stone and 
clapboard siding with an earth-toned color palette applying throughout the site. 
 

Y (B) The proposed development shall not exceed the maximum density 
associated with the Boulder Valley Comprehensive Plan residential land use 
designation. Additionally, if the density of existing residential development within 
a three-hundred-foot area surrounding the site is at or exceeds the density 
permitted in the Boulder Valley Comprehensive Plan, then the maximum density 
permitted on the site shall not exceed the lesser of:

Y (i) The density permitted in the Boulder Valley Comprehensive Plan, or

As stated above, the BVCP designates the site as Low Density Residential on the 
parcel west of 55th Street and Environmental Protection on the parcel east of 55th 
Street. Low Density Residential land use permits two to six dwelling units per acre. 
With 121 dwelling units, the gross density would be 5.45 dwelling units per acre (3.9 
du/ac when congregate care bonus applied), which conforms to the land use 
designation. 
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NA (ii) The maximum number of units that could be placed on the site without 
waiving or varying any of the requirements of chapter 9-8, "Intensity 
Standards," B.R.C. 1981.

Y (C) The proposed development's success in meeting the broad range of BVCP 
policies considers the economic feasibility of implementation techniques required 
to meet other site review criteria.

The development would not be rendered infeasible in meeting the BVCP policies or the 
Site Review criteria. 

Y (2) Site Design: Projects should preserve and enhance the community's unique 
sense of place through creative design that respects historic character, relationship to 
the natural environment, multi-modal transportation connectivity and its physical 
setting. Projects should utilize site design techniques which are consistent with the 
purpose of site review in subsection (a) of this section and enhance the quality of the 
project. In determining whether this subsection is met, the approving agency will 
consider the following factors:

Y (A) Open Space: Open space, including, without limitation, parks, recreation 
areas, and playgrounds:

Y (i) Useable open space is arranged to be accessible and functional and 
incorporates quality landscaping, a mixture of sun and shade and places to 
gather;

The site includes a variety of open spaces ranging from a 0.29 acre pocket park 
between the congregate care facility and the other residential uses to nearly 5 acres 
of open space woven throughout the development designed for stormwater detention 
and interesting pedestrian pathways to private yards- most of which back up to the 
common open space. Restored and natural wetlands also compose nearly 3 acres of 
the site. All the areas are immediately accessible to residents and the central pocket 
park includes a gathering area serving residents. The site also benefits from 
immediate access to East Boulder Community Park, the East Boulder Recreation 
Center and city open space along South Boulder Creek.  

Y (ii) Private open space is provided for each detached residential unit;

Every single-family and duplex site includes private open space in the form of rear 
yard patios and open spaces around each unit. 

Y (iii) The project provides for the preservation of or mitigation of adverse 
impacts to natural features, including, without limitation, healthy long-lived 
trees, significant plant communities, ground and surface water, wetlands, 
riparian areas, drainage areas and species on the federal Endangered Species 
List, "Species of Special Concern in Boulder County" designated by Boulder 
County, or prairie dogs (Cynomys ludiovicianus), which is a species of local 
concern, and their habitat;
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The project will include the preservation of a wetland property over two acres in size 
on the east side of 55th Street (Outlot K) and restoration of 0.5 acres of wetlands on 
the west lot (Outlot E). Outlot J just east of the congregate care facility and the 
location of the Howard Ditch would also be preserved in its natural state. For 
enhanced protection, a conservation easement will be applied to Outlot K.  The site is 
generally open ranching land and includes few trees for preservation. The highest 
concentration of trees on the site would be on Outlot K and along the Bodem Ditch 
along the south property line and would be preserved. Extensive studies have been 
done about endangered species on the property and have concluded that there are 
no significant species of special concern, nor is the site suitable habitat for listed 
species.    

Y (iv) The open space provides a relief to the density, both within the project 
and from surrounding development;

The site will include over 13 acres of open space, which is more than 60% of the site. 
To provide relief from surrounding development a 60-foot open space buffer is 
provided along the west side of the site adjacent to the Keewaydin Meadows 
neighborhood. Substantial open space in protected wetlands is also on the east side 
of the site. Within the development, 40 and 50-foot wide open space “fingers” extend 
throughout the development serving as water quality areas as well as pedestrian 
pathways. Almost all single-family homes within the development back to these open 
spaces and those that do not back to the East Boulder Community Park or adjacent 
lands with low density development.  

Y (v) Open space designed for active recreational purposes is of a size that it 
will be functionally useable and located in a safe and convenient proximity to 
the uses to which it is meant to serve;

With immediately proximity of the project to the East Boulder Community Park, which 
is over 20 acres, the need for active recreational spaces is not as great as other 
projects. Nevertheless, a 0.2 acre pocket park is proposed and would include a flat 
greenspace designed for active recreational purposes and in a location that links the 
congregate care site to the rest of the development with a gathering node for 
residents of the project. Another open green space conducive to active recreational 
use is provided on the west side of the development adjacent to Lots 26 and 45 and 
provides an attractive opening to the pathway that continues into the water quality 
areas. 

Y (vi) The open space provides a buffer to protect sensitive environmental 
features and natural areas; and

The site contains existing wetlands and areas where wetlands will be restored. In 
addition the site has ditches along most of its periphery. All of these sensitive natural 
areas and environmental features will be appropriately buffered by open space 
areas. 

Y (vii) If possible, open space is linked to an area- or city-wide system.
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At least three on-site pedestrian pathways will link to immediately adjacent parks and 
sidewalks provide easy access to the East Boulder Recreation Center and city-
owned open space. 

NA

Not applicable to an entirely residential project. 

(B) Open Space in Mixed Use Developments (Developments That Contain a Mix 
of Residential and Nonresidential Uses):

NA (i) The open space provides for a balance of private and shared areas for 
the residential uses and common open space that is available for use by both 
the residential and nonresidential uses that will meet the needs of the 
anticipated residents, occupants, tenants, and visitors of the property; and

NA

Y (C) Landscaping:

(ii) The open space provides active areas and passive areas that will meet 
the needs of the anticipated residents, occupants, tenants, and visitors of the 
property and are compatible with the surrounding area or an adopted plan for 
the area.

Y (i) The project provides for aesthetic enhancement and a variety of plant and 
hard surface materials, and the selection of materials provides for a variety of 
colors and contrasts and the preservation or use of local native vegetation 
where appropriate;

The plan includes a variety of plants appropriate to the context and environment. 
Landscaped areas along pedestrian pathways and around buildings have a variety of 
colors and contrasts to complement building architecture. Open space and 
naturalized areas include attractive native plants providing for aesthetic 
enhancement. 

Y (ii) Landscape design attempts to avoid, minimize or mitigate impacts on and 
off site to important native species, healthy, long lived trees, plant 
communities of special concern, threatened and endangered species and 
habitat by integrating the existing natural environment into the project;

No plant communities of special concern exist on the site. Proposed landscaping is 
appropriate to the sites native conditions which include prairie grasses and shrubs. 
More formal plant arrangements are proposed in areas developed with building on 
the site. 

Y (iii) The project provides significant amounts of plant material sized in 
excess of the landscaping requirements of sections 9-9-12, "Landscaping and 
Screening Standards," and 9-9-13, "Streetscape Design Standards," B.R.C. 
1981; and

The site contains a significant amount of well landscaped open space.  Plant material 
exceeds the landscape requirements consistent with this criterion. 
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Y (iv) The setbacks, yards and useable open space along public rights of way 
are landscaped to provide attractive streetscapes, to enhance architectural 
features and to contribute to the development of an attractive site plan.

The plan will provide for an attractive experience traveling through the development 
on public rights-of-way sidewalks and private pedestrian path connections. Rights-of-
way will have detached tree lawns and pedestrian pathways will have a variety of 
trees and groundcover for visual interest to encourage use. 

Y (D) Circulation: Circulation, including, without limitation, the transportation 
system that serves the property, whether public or private and whether 
constructed by the developer or not:

Y (i) High speeds are discouraged or a physical separation between streets and 
the project is provided;

The streets are designed to the minimum width allowable per code and include 
bulbed out areas where there are pedestrian crossings. No long straight-aways are 
proposed as all streets curve at intervals. The street curvatures and narrowed down 
areas along the streets will effectively discourage high speeds within the 
development. 

Y (ii) Potential conflicts with vehicles are minimized;

The project follows a traditional grid pattern that is modified to fit within the triangular 
shape of the site. Most intersections within the development are at 90 degree angles 
and will be appropriately signed with stop signs to avoid vehicular conflicts. 

Y (iii) Safe and convenient connections are provided that support multi-modal 
mobility through and between properties, accessible to the public within the 
project and between the project and the existing and proposed transportation 
systems, including, without limitation, streets, bikeways, pedestrianways and 
trails;

The site will appropriately connect to its surroundings with new vehicular and 
pedestrian connections consistent with city policy and this criterion, as discussed 
below: 

Vehicular connection: The connection of Kewanee Drive in the Keewaydin 
neighborhood to the 55th Street has been a controversial topic over the years as the 
Keewaydin neighborhood is concerned about increased traffic in their neighborhood. 
Kewanee Drive currently terminates at the property boundary to the project site and 
was so designed for eventual extension through the project site. Staff supports this 
proposed connection of the street as it provides an efficient connection to the west 
and travel alternatives to either 55th Street or Manhattan Drive thereby avoiding a 
disproportionate impact to one neighborhood over another by providing two access 
points. Providing the connection as proposed creates the necessary connection, but 
in a manner that will discourage through-traffic. This is similar to how 55th Street was 
approved in a circuitous manner as to discourage a quick trip alternative from South 
Boulder Road.   

Agenda Item 5A     Page 116 of 784



Pedestrian connection

The proposed vehicular and pedestrian connections are also consistent with BVCP 
policy, 6.13 Neighborhood Streets Connectivity, which states, “New neighborhood 
streets will be designed in a well connected and fine grained pattern of streets and 
alleys to effectively disperse and distribute vehicle traffic and to promote bike and 
pedestrian travel.” 

: In addition to sidewalk connections along public rights-of-way, 
new pedestrian pathways would connect to the adjacent East Boulder Community 
Park and a park within Keewaydin Meadows. New pedestrian connections within the 
project would also provide connections through and between properties. 

Y (iv) Alternatives to the automobile are promoted by incorporating site design 
techniques, land use patterns, and supporting infrastructure that supports and 
encourages walking, biking, and other alternatives to the single-occupant 
vehicle;

There are a notable number of new pedestrian pathways that would be provided 
within the development, with detached sidewalks on all streets helping to create a 
safe and attractive walking environment. In addition, bike parking in excess to that 
required would be provided by the congregate care facility. The site’s proximity to 
community amenities such as the East Boulder Recreation Center and Senior 
Center; Manhattan Middle School; and the South Boulder Creek Path will also 
contribute to meeting the intent of this criterion. 

Y (v) Where practical and beneficial, a significant shift away from single-
occupant vehicle use to alternate modes is promoted through the use of travel 
demand management techniques;

The applicant has submitted a Transportation Demand Management (TDM) plan, 
which is intended to shift travel behaviors away from vehicular dependence. For 
example, the TDM plan includes provision of NECO bus passes to residents for a 
period of three years. 

Y (vi) On-site facilities for external linkage are provided with other modes of 
transportation, where applicable;

All streets, sidewalks and pathways link to the streets and sidewalks adjacent to the 
development providing linkages to the city bus systems and walking trails. 

Y (vii) The amount of land devoted to the street system is minimized; and

The amount of land devoted to the street system is minimized to the extent that the 
development contains the minimum necessary of narrow roadways on a gridded 
network providing for appropriate connections and lot frontages. 

Y (viii) The project is designed for the types of traffic expected, including, 
without limitation, automobiles, bicycles, and pedestrians, and provides safety, 
separation from living areas, and control of noise and exhaust.
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As enumerated above, streets, detached sidewalks, and pathways are provided 
throughout the development providing for alternative modes. Pathways and homes 
are appropriately spaced to minimize impact from noise, exhaust or creation of undue 
hazards. 

Y (E) Parking:

Y (i) The project incorporates into the design of parking areas measures to 
provide safety, convenience, and separation of pedestrian movements from 
vehicular movements;

Most parking within the project is on driveways and garages serving the single-family 
and duplex portions of the development. The only sizable parking area is that serving 
the congregate care facility. Sidewalks are found around the perimeter of the parking 
area and are easily accessible to those who have parked and will provide for 
adequate separation between pedestrian and vehicular movements. 

Y (ii) The design of parking areas makes efficient use of the land and uses the 
minimum amount of land necessary to meet the parking needs of the project;

The parking lot contains parking appropriate to the use and has minimal amount of 
pavement circulation to access the spaces. 

Y (iii) Parking areas and lighting are designed to reduce the visual impact on 
the project, adjacent properties, and adjacent streets; and

Lighting would be required to meet the Outdoor Lighting code and will be assessed at 
the Technical Document review stage. 

Y (iv) Parking areas utilize landscaping materials to provide shade in excess of 
the requirements in subsection 9-9-6(d), and section 9-9-14, "Parking Lot 
Landscaping Standards," B.R.C. 1981.

The parking area by the congregate care facility will include plantings along its 
perimeter and adjacent to the building that will appropriately screen the parking from 
adjacent rights-of-way, will result in a more attractive parking area and will otherwise 
exceed the requirements of the above referenced code sections. 

Y (F) Building Design, Livability, and Relationship to the Existing or Proposed 
Surrounding Area:

Y (i) The building height, mass, scale, orientation, architecture and 
configuration are compatible with the existing character of the area or the 
character established by adopted design guidelines or plans for the area;

The site is not subject to any adopted design guidelines or specific plans. The 
character of the area is a mix of generally single-family residential uses and open 
spaces, including the community park, recreation center, and protected open spaces.  
Larger buildings such as the East Boulder Recreation Center, the hotel at Manhattan 
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and South Boulder Road and the multi-family and commercial buildings along South 
Boulder Road also define a portion of the character of the area.  

Overall, building heights within the development will conform to the 35-foot height 
limit per code, which matches the character of the area, where there are few 
examples of buildings over the height limit. The configuration and orientation of 
buildings on the site follow a modified grid street network, which in turn is consistent 
with the lotting and street network patterns seen within adjacent residential 
neighborhoods. The configuration of the congregate care building appropriately fronts 
on 55th Street and is angled to respond to property boundaries including the frontage 
on 55th and the interface with the community park property. 

The massing and scale of buildings on the site will be harmonious with the 
surroundings with the single-family homes appearing more akin to the homes within 
the Greenbelt Meadows neighborhood that was developed under the same RL-2 
(Low Density Residential) zoning that permits an aggregation of open space and 
generally smaller lots than seen in RL-1 (Low Density Residential) zoning districts. 
While homes will have a denser appearance by virtue of their more compact lot sizes 
and positioning close to front lot lines, they will be appropriately buffered by open 
space from surrounding development as discussed in the Site Design criteria above. 

The congregate care building would be limited to 35-feet in height and would have a 
Y-shaped footprint that mirrors the East Boulder Recreation Center. Its location on 
the east side of the site also buffers it from existing development. The building also 
serves as a hard edge along 55th Street as a boundary between areas of the city 
expected for development and open space lands to the east. 

The architecture of all the buildings on the site, discussed in more detail below, will 
include high quality materials and generally earth tones that will blend well with the 
surrounding context. 

Y (ii) The height of buildings is in general proportion to the height of existing 
buildings and the proposed or projected heights of approved buildings or 
approved plans or design guidelines for the immediate area;

All buildings will conform to the 35-foot height limit and will be consistent with the 
heights of surrounding buildings. Buildings, including the two-story congregate care 
facility, are consistent with the heights of surrounding homes. 

Y (iii) The orientation of buildings minimizes shadows on and blocking of views 
from adjacent properties;

No shadowing of adjacent properties would occur based on the buffering between 
the proposed developments and existing development. Most properties to the east 
are city-owned open space or parkland and therefore, no view blockage would occur 
to privately inhabited lots. Views of the mountains would be maintained through parts 
of the site where open spaces are situated. 

Y (iv) If the character of the area is identifiable, the project is made compatible 
by the appropriate use of color, materials, landscaping, signs, and lighting;
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The character of the area is somewhat eclectic in the sense that there are different 
eras of development ranging from the 1950 and 1960s when Kewayden Meadows 
was constructed to the 1980s when Greenbelt Meadows was constructed. Most 
building materials of the area include brick and clapboard siding in light and/or earth 
tones. The proposed project will introduce a more contemporary style to the area, but 
a style that will be harmonious through the use of high quality stone and earth-toned 
clapboard siding on single-family and duplex homes as well as the congregate care 
building.  

Y (v) Projects are designed to a human scale and promote a safe and vibrant 
pedestrian experience through the location of building frontages along public 
streets, plazas, sidewalks and paths, and through the use of building elements, 
design details and landscape materials that include, without limitation, the 
location of entrances and windows, and the creation of transparency and 
activity at the pedestrian level;

The project is designed to create a rich pedestrian experience throughout with homes 
positioned close to the front lot lines with front porches and windows facing the street. 
Garages would be set back from the street a minimum of 25 feet, exceeding code 
requirements, and would have windows to make their appearance more aesthetically 
pleasing. With garages set back, the front entries to the homes are emphasized with 
defined building faces and attractive stone work. Entrances are linked directly to the 
sidewalk with a pathway. All homes would front on the street in this manner. 

In regard to the congregate care facility, the building will have a presence along 55th 
Street and as viewed from East Boulder Community Park. Its orientation conceals 
parking from the project face on 55th Street and the entry point to the development. 
While the primary entrance orients to the interior parking within the property, an entry 
would face 55th Street providing a defined and convenient accessible point of entry 
for residents and visitors traveling to the recreation center, adjacent park and/or open 
space. The building has a high level of transparency with windows located on all 
sides of the building. Visual interest facing the public realm is provided on all 
buildings in the development consistent with this criterion. 

Y (vi) To the extent practical, the project provides public amenities and planned 
public facilities;

There are no planned public facilities within the project and the project will benefit 
from a concentration of public facilities in the area including the recreation center, 
community park and city-owned open space. Consistent with city policies, one parcel 
of the site on the east side will be protected wetlands and wetland areas within the 
western portion of the site will be restored and protected.  
 
With demographic information indicating a marked increase of the city’s senior 
population in coming years, the development is designed with seniors in mind, with 
the congregate care facility providing special services to the single-family and duplex 
floor plans designed to be conducive to seniors. Given the proximity to the city’s 
senior center, and other nearby public amenities discussed above, the site is an 
appropriate location to accommodate seniors and families who wish to remain in 
Boulder.  
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Y (vii) For residential projects, the project assists the community in producing 
a variety of housing types, such as multifamily, townhouses and detached 
single family units, as well as mixed lot sizes, number of bedrooms and sizes 
of units;

The project will include detached and attached housing units in a variety of 
configurations and sizes that will be attractive to a wide range of interests in the 
community with special emphasis on seniors. 

Y (viii) For residential projects, noise is minimized between units, between 
buildings, and from either on-site or off-site external sources through spacing, 
landscaping, and building materials;

Building and units are appropriately spaced and designed to minimize noise impacts. 

Y (ix) A lighting plan is provided which augments security, energy 
conservation, safety, and aesthetics;

The project will be required to comply with the Outdoor Lighting regulations. This will 
be assessed at the Technical Documents review stage. 

Y (x) The project incorporates the natural environment into the design and 
avoids, minimizes, or mitigates impacts to natural systems;

Portions of the project will be protected wetlands. The remaining portions of the site 
are generally open grassland that has been used for grazing purposes. These areas 
will be contoured to accommodate the project but in a manner that will not mar the 
wetland areas. 

Y (xi) Buildings minimize or mitigate energy use; support on-site renewable 
energy generation and/or energy management systems; construction wastes 
are minimized; the project mitigates urban heat island effects; and the project 
reasonably mitigates or minimizes water use and impacts on water quality.

To meet this criterion, the following condition of approval has been applied to the 
project:  

The building permit application for each building shall show that the building 
meets the energy efficiency requirements of the 2012 IECC as locally 
amended. Should the 2012 IECC not have been adopted at the time of building 
permit application, the building permit application for each building shall show 
that the building is designed to be at least 20 percent more energy efficient than 
required under the 2012 IECC, except that, if the congregate care facility, as 
proposed in the building permit application, constitutes a commercial building 
under the 2012 IECC, the building permit application for the congregate care 
facility shall demonstrate that the congregate care building exceeds the energy 
efficiency requirements of ANSI/ASHRAE/IESNA Standard 90.1 – 2010 Energy 
Standard for Buildings Except for Low-Rise Residential Buildings by at least 20 
percent.
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Y (xii) Exteriors or buildings present a sense of permanence through the use of 
authentic materials such as stone, brick, wood, metal or similar products and 
building material detailing;

Stone is incorporated into all of the building designs in addition to clapboard siding. 
As designed, the buildings within the project will present a sense of permanence. 

Y (xiii) Cut and fill are minimized on the site, the design of buildings conforms 
to the natural contours of the land, and the site design minimizes erosion, 
slope instability, landslide, mudflow or subsidence, and minimizes the 
potential threat to property caused by geological hazards;

The site is generally level and will require cut and fill that is the necessary extent to 
make the drainage function and not impact adjacent properties. As to not negatively 
impact groundwater conditions in the area basements will not be permitted within the 
development. 

Y (xiv) In the urbanizing areas along the Boulder Valley Comprehensive Plan 
boundaries between Area II and Area III, the building and site design provide 
for a well-defined urban edge; and

The site is currently within Area II and once annexed will become Area I. The site is 
designated in the Boulder Valley Comprehensive Plan as Low Density Residential 
land use and its eastern parcel designated for Environmental Protection. The project 
complies with these designations and will present a well-defined urban edge with 55th 
Street serving as an appropriate boundary between developed areas of the city and 
protected open space lands on the east side of 55th. This matches the pattern of 
development in the area where 55th Street defines this urban edge, excepting 
Greenbelt Meadows south of the site which has development on the eastern side. 
From a design perspective, the congregate care building further defines this urban 
edge with its frontage along 55th Street.  

NA

The project site is not located on a major street. 

(xv) In the urbanizing areas located on the major streets shown on the map 
in Appendix A of this title near the Boulder Valley Comprehensive Plan 
boundaries between Area II and Area III, the buildings and site design establish 
a sense of entry and arrival to the City by creating a defined urban edge and a 
transition between rural and urban areas.

Y (G) Solar Siting and Construction: For the purpose of ensuring the maximum 
potential for utilization of solar energy in the City, all applicants for residential site 
reviews shall place streets, lots, open spaces, and buildings so as to maximize the 
potential for the use of solar energy in accordance with the following solar siting 
criteria:

Y (i) Placement of Open Space and Streets: Open space areas are located 
wherever practical to protect buildings from shading by other buildings within 
the development or from buildings on adjacent properties. Topography and 
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other natural features and constraints may justify deviations from this 
criterion.

The placement of open space and streets are appropriately placed to minimize 
shadow impacts. Essentially, rows of homes oriented north-south will have breaks 
provided in streets and open space “fingers” that will allow optimal sunlight access. 

Y (ii) Lot Layout and Building Siting: Lots are oriented and buildings are sited 
in a way which maximizes the solar potential of each principal building. Lots 
are designed to facilitate siting a structure which is unshaded by other nearby 
structures. Wherever practical, buildings are sited close to the north lot line to 
increase yard space to the south for better owner control of shading.

Similar to above, The lot layout and building siting, which includes an alternating 
pattern of streets and open spaces supports access to sunlight. 

Y (iii) Building Form: The shapes of buildings are designed to maximize 
utilization of solar energy. Buildings shall meet the solar access protection and 
solar siting requirements of section 9-9-17, "Solar Access," B.R.C. 1981.

The buildings have gable roof and hip roof forms conducive for solar panels and have 
been designed as to conform to the city’s solar access requirements. 

Y (iv) Landscaping: The shading effects of proposed landscaping on adjacent 
buildings are minimized.

There is no evidence that any proposed landscaping will pose a negative impact to 
adjacent buildings. 

NA (H) Additional Criteria for Poles Above the Permitted Height: No site review
application for a pole above the permitted height will be approved unless the 
approving agency finds all of the following:

NA (i) The light pole is required for nighttime recreation activities which are 
compatible with the surrounding neighborhood, light or traffic signal pole is 
required for safety, or the electrical utility pole is required to serve the needs of 
the City; and

NA (ii) The pole is at the minimum height appropriate to accomplish the 
purposes for which the pole was erected and is designed and constructed so 
as to minimize light and electromagnetic pollution.

NA (I) Land Use Intensity Modifications:

NA

a. The density of a project may be increased in the BR-1 district through a 
reduction of the lot area requirement or in the Downtown (DT), BR-2, or MU-
3 districts through a reduction in the open space requirements.

(i) Potential Land Use Intensity Modifications:
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b. The open space requirements in all Downtown (DT) districts may be 
reduced by up to one hundred percent.

c. The open space per lot requirements for the total amount of open space 
required on the lot in the BR-2 district may be reduced by up to fifty 
percent.

d. Land use intensity may be increased up to twenty-five percent in the BR-
1 district through a reduction of the lot area requirement.

NA

a. Open Space Needs Met: The needs of the project's occupants and 
visitors for high quality and functional useable open space can be met 
adequately;

(ii) Additional Criteria for Land Use Intensity Modifications: A land use 
intensity increase will be permitted up to the maximum amount set forth below 
if the approving agency finds that the criteria in paragraph (h)(1) through 
subparagraph (h)(2)(H) of this section and following criteria have been met:

b. Character of Project and Area: The open space reduction does not 
adversely affect the character of the development or the character of the 
surrounding area; and

c. Open Space and Lot Area Reductions: The specific percentage reduction 
in open space or lot area requested by the applicant is justified by any one 
or combination of the following site design features not to exceed the 
maximum reduction set forth above: 

1. Close proximity to a public mall or park for which the development is 
specially assessed or to which the project contributes funding of 
capital improvements beyond that required by the parks and recreation 
component of the development excise tax set forth in chapter 3-8,
"Development Excise Tax," B.R.C. 1981: maximum one hundred 
percent reduction in all Downtown (DT) districts and ten percent in the 
BR-1 district;

2. Architectural treatment that results in reducing the apparent bulk and 
mass of the structure or structures and site planning which increases 
the openness of the site: maximum five percent reduction;

3. A common park, recreation, or playground area functionally useable 
and accessible by the development's occupants for active recreational 
purposes and sized for the number of inhabitants of the development, 
maximum five percent reduction; or developed facilities within the 
project designed to meet the active recreational needs of the 
occupants: maximum five percent reduction;

4. Permanent dedication of the development to use by a unique 
residential population whose needs for conventional open space are 
reduced: maximum five percent reduction;
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5. The reduction in open space is part of a development with a mix of 
residential and nonresidential uses within a BR-2 zoning district that, 
due to the ratio of residential to nonresidential uses and because of the 
size, type, and mix of dwelling units, the need for open space is 
reduced: maximum fifteen percent reduction; and

6. The reduction in open space is part of a development with a mix of 
residential and nonresidential uses within a BR-2 zoning district that 
provides high quality urban design elements that will meet the needs of 
anticipated residents, occupants, tenants, and visitors of the property 
or will accommodate public gatherings, important activities, or events 
in the life of the community and its people, that may include, without 
limitation, recreational or cultural amenities, intimate spaces that foster 
social interaction, street furniture, landscaping, and hard surface 
treatments for the open space: maximum twenty-five percent reduction.

NA (J) Additional Criteria for Floor Area Ratio Increase for Buildings in the BR-1
District:

NA (i) Process: For buildings in the BR-1 district, the floor area ratio ("FAR") 
permitted under table 8-2, section 9-8-2, "Floor Area Ratio Requirements," 
B.R.C. 1981, may be increased by the city manager under the criteria set forth 
in this subparagraph.

NA (ii) Maximum FAR Increase: The maximum FAR increase allowed for 
buildings thirty-five feet and over in height in the BR-1 district shall be from 2:1 
to 4:1.

NA

a. Site and building design provide open space exceeding the required 
useable open space by at least ten percent: an increase in FAR not to 
exceed 0.25:1.

(iii) Criteria for the BR-1 District: The FAR may be increased in the BR-1
district to the extent allowed in subparagraph (h)(2)(J)(ii) of this section if the 
approving agency finds that the following criteria are met:

b. Site and building design provide private outdoor space for each office 
unit equal to at least ten percent of the lot area for buildings twenty-five 
feet and under and at least twenty percent of the lot area for buildings 
above twenty-five feet: an increase in FAR not to exceed 0.25:1.

c. Site and building design provide a street front facade and an alley facade 
at a pedestrian scale, including, without limitation, features such as 
awnings and windows, well-defined building entrances, and other building 
details: an increase in FAR not to exceed 0.25:1.

d. For a building containing residential and nonresidential uses in which 
neither use comprises less than twenty-five percent of the total square 
footage: an increase in FAR not to exceed 1:1.
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e. The unused portion of the allowed FAR of historic buildings designated 
as landmarks under chapter 9-11, "Historic Preservation," B.R.C. 1981, may 
be transferred to other sites in the same zoning district. However, the 
increase in FAR of a proposed building to which FAR is transferred under 
this subparagraph may not exceed an increase of 0.5:1.

f. For a building which provides one full level of parking below grade, an 
increase in FAR not to exceed 0.5:1 may be granted.

Y (K) Additional Criteria for Parking Reductions: The off-street parking 
requirements of section 9-9-6, "Parking Standards," B.R.C. 1981, may be modified 
as follows:

Y (i) Process: The city manager may grant a parking reduction not to exceed 
fifty percent of the required parking. The planning board or city council may 
grant a reduction exceeding fifty percent.

The proposed parking reduction is a small fraction of the entire parking within the 
development. 

Y (ii) Criteria: Upon submission of documentation by the applicant of how the 
project meets the following criteria, the approving agency may approve 
proposed modifications to the parking requirements of section 9-9-6, "Parking 
Standards," B.R.C. 1981 (see tables 9-1, 9-2, 9-3 and 9-4), if it finds that:

a. For residential uses, the probable number of motor vehicles to be owned 
by occupants of and visitors to dwellings in the project will be adequately 
accommodated;

Parking for the duplex units would be accommodated on the driveways on the 
applicable lots and on-street. 

b. The parking needs of any nonresidential uses will be adequately 
accommodated through on-street parking or off-street parking;

Not applicable to non-residential uses. 

c. A mix of residential with either office or retail uses is proposed, and the 
parking needs of all uses will be accommodated through shared parking;

Not applicable. 

d. If joint use of common parking areas is proposed, varying time periods 
of use will accommodate proposed parking needs; and

Not applicable. 
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e. If the number of off-street parking spaces is reduced because of the 
nature of the occupancy, the applicant provides assurances that the nature 
of the occupancy will not change.

Not applicable. 

NA (L) Additional Criteria for Off-Site Parking: The parking required under section 
9-9-6, "Parking Standards," B.R.C. 1981, may be located on a separate lot if the 
following conditions are met:

NA (i) The lots are held in common ownership;

NA (ii) The separate lot is in the same zoning district and located within three 
hundred feet of the lot that it serves; and

NA

 

(iii) The property used for off-site parking under this subparagraph 
continues under common ownership or control.
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1.0 Introduction 

BCC, LLC has plans to develop the 21.8 acre Boulder Creek Commons (Hogan Pancost) property 
located in Boulder County, Colorado, southwest of the East Boulder Community Park (Figure 1).  
55th Street bisects the property to create a 2.7 acre East Parcel and a 19.1 acre West Parcel.  
Specifically, the property is located in parts of Sections 3 and 4 of Township 1 North and Range 
70 West in Boulder County (Figure 2). 
 
The proposed project would impact City of Boulder (City) regulatory wetlands, create wetland 
mitigations and enhance existing wetlands.  These creations and enhancements would augment 
the ecological value of the project site and increase the functions and values of the wetlands, 
especially the wildlife habitat and water quality functions.  Details of the wetland impacts, 
mitigations, enhancements, and creations are discussed below.   
 
Please note, Figures are located in Section 8.0 and Tables are in Section 9.0. 
 
 
2.0 Environmental Setting 

The project site lies at approximately 5,300 feet in elevation and is undeveloped except for several 
small sheds associated with an agricultural land use.  Numerous barbed wire steel fences partition 
the property into various sized lots.  Historically, the parcel has had an agricultural land use which 
likely extends back to the settlement era in the late 1800's.   

 
There are several irrigation ditches and laterals within and adjacent to the property, which has 
been actively flood irrigated in the past.  More specifically, Dry Creek Ditch #2 (Ditch) parallels 
the western boundary of the West Parcel, and the Howard Super-phosticle lateral bisects the East 
Parcel, the east end of the West Parcel, and the northwest corner of the West Parcel.  The CD 
Bodam lateral occurs along the south boundary of the West Parcel.  Today the project site receives 
seepage and occasional unintended overflows from the ditches. 
 
The vegetation of the project site is characterized by an upland pasture, disturbed weedy areas, 
small flood irrigation-induced wetlands, and one small stand of plains cottonwood trees (Populus 
deltoides) on the east end of the East Parcel.  The upland pasture areas are best developed in 
swales just north of the CD Bodam lateral where they have been historically flood irrigated and 
receive overflows from this lateral.  These areas are characterized by introduced agricultural 
wetland and facultative plants such as meadow fescue (Festuca pratensis) and redtop (Agrostis 
gigantea), and numerous upland species, including timothy (Phleum pratense), Kentucky bluegrass 
(Poa pratensis), chicory (Cichorum intybus), narrow-leaf birds-foot trefoil (Lotus tenuis), curly dock 
(Rumex crispus), and red clover (Trifolium pratense).   Also present are natives such as Baltic rush 
(Juncus arcticus subsp. ater), big bluestem (Andropogon gerardii), Indian grass (Sorghastrum 
nutans), and western wheatgrass (Pascopyrum smithii).   
 
Weedy areas occur in the slightly higher elevations of the project site where prairie dogs have 
created disturbed landscapes.  The weedy areas have significantly increased in size due to the 
termination of flood irrigation and the increased prairie dog activity.  These areas have a low 
vegetation cover composed of a diversity of Colorado state listed noxious weeds and other 
introduced plants.  The most abundant weeds in the West Parcel include Scotch thistle 
(Onopordum acanthium), diffuse knapweed (Acosta diffusa), Canada thistle (Cirsium arvense), 
mullein (Verbascum thapsus), chicory, and field bindweed (Convolvulus arvensis).  The East 
Parcel has large stands of teasel (Dipsacus fullonum) intermixed with the wetland plants, as well 
as stands of Canada thistle and a few Russian olive (Elaeagnus angustifolia) trees. 
 
A small stand of plains cottonwood trees occurs in the eastern end of the Ease Parcel.  The 
understory is comprised of upland and facultative plants such as smooth brome (Bromus inermis), 
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meadow fescue (Festuca pratensis), Canada goldenrod (Solidago canadensis), and goldenbanner 
(Thermopsis divaricarpa).  Table 1 provides a complete list of plant species observed on the 
project site. 
 
Finally, the project site provides habitat for urban wildlife adapted species, including songbirds 
and small mammals.  Prairie dogs occur on the site, and with termination of flood irrigation 
practices in 2008, the population has expanded and now occupies a greater portion of the West 
Parcel.  The prairie dogs have enlarged the areas of disturbance and correspondingly increased the 
abundance of undesirable noxious weeds. 
 
 
3.0  Existing Wetlands 

Below is a brief summary of the wetlands on the project site.  For a full description, see City of 
Boulder Wetland Delineation Report, Boulder Creek Commons Property (WER 2011). 
 
3.1  Identification & Delineation 

In 2011 a revised wetland delineation of the project site was conducted for and approved by the 
City of Boulder (WER, 2011).  The wetland delineation was conducted in accordance with the 
U.S. Army Corps of Engineers Wetland Delineation Manual (1987) and the 2010 Great Plains 
Regional Supplement.  Compared to the 2008 wetland study, the 2011 study shows an increase in 
the number and size of the wetlands on the West Parcel and a decrease in the size of the wetlands 
on the East Parcel.  These changes were likely due to an increased use of irrigation waters on the 
CD Bodam property to the south of the West Parcel, and by higher 2011 seasonal precipitation 
levels.   The decrease in size of the wetlands on the East Parcel was likely the result of the 
termination of most flood irrigation in the fall of 2008.  Figure 3 illustrates the 2011 wetland 
boundaries. 
 
3.2  Description 

All of the wetlands on the project site appear to be supported by a flood irrigation-induced 
wetland hydrology associated with the unlined Dry Creek Ditch #2, from unintentional overflows 
from the CD Bodam lateral, and from the Howard Super-phosticle lateral.  Precipitation also likely 
contributes to the hydrology of these wetlands, but plays a relatively minor role.  The majority of 
these wetlands are herbaceous.  Common plant species in the wetlands include redtop, Baltic 
rush, Nebraska sedge (Carex nebrascensis), meadow fescue (Festuca pratensis), Macoun’s 
buttercup (Ranunculus macounii), and water smartweed (Persicaria amphibia).  Some prairie 
cordgrass (Spartina pectinata) is present as well.  Along the edges of the wetlands are both upland 
and wetland species, such as Indian grass, big bluestem, western wheatgrass, naked spike ragweed 
(Ambrosia psilostachya), and white panicle aster (Aster lanceolatus ssp. hesperius).  Numerous 
noxious weed species are present adjacent and within the wetlands including Canada thistle, 
Russian olive and teasel, the latter of which is abundant within wetlands on the East Parcel. 
 
3.3  Function & Values Assessment 

The Revised Wetland Delineation (WER 2011) included a functional assessment of the wetlands 
using City of Boulder criteria.  All of the wetlands scored 25 or less, and hence are Low 
Functioning.  Buffers from Low Functioning wetlands are 25 feet in width.  See Tables 1 and 2.   
 
3.4  Species of Concern 

Federal, state and Boulder County species of concern were addressed for the Boulder Creek 
Commons property.  Specifically, species and habitats of concern included federal threatened, 
endangered and candidate species, Colorado Division of Wildlife identified threatened and 
endangered species, and species and habitats identified and mapped by the Boulder County 
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Comprehensive Plan’s Natural Communities, Rare Plants, Riparian Corridors and Critical Wildlife 
Habitats Map.   
 
The U.S. Fish and Wildlife Service (2010) identified two fish, four birds, two mammals, and three 
plants with potential habitat in Boulder County or that may be impacted by projects that create 
water depletions in the South Platte River.  Five of 11 species including the pallid sturgeon, piping 
plover, whooping crane, least tern, and the western prairie fringed orchid are only impacted by 
projects that create water depletions in the South Platte River ecosystem.  The proposed 
development will not create any water depletions.  There is no habitat on the Boulder Creek 
Commons property for the green cutthroat trout, Mexican spotted owl, Canada lynx, or the 
Colorado butterfly plant.  Numerous habitat assessments have been conducted for the Ute Ladies’ 
tresses orchid and the Preble’s meadow jumping mouse.  No individuals or populations of the Ute 
Ladies’ tresses orchid were identified by William Jennings, a botanical consultant, during his six 
habitat surveys and assessments of the property from 1994 to 2008.  Similarly, numerous habitat 
assessments for Preble’s meadow jumping mouse were conducted by Dr. Robert Stoecker from 
2003 through 2008.  His first study in 2003 concluded that “the site is unlikely to support a 
population of Preble’s meadow jumping mice or to function as a movement corridor and therefore 
should be excluded from further considerations.”  His report was submitted to Susan Linner of the 
U.S. Fish and Wildlife Service, who responded in an August 25, 2003 letter which stated that “the 
Service finds the report acceptable and agrees that a population of Preble’s is not likely present 
within the subject area. ”  Robert Stoecker visited the project site on July 14, 2008, to update his 
2003 report.  He concluded, as before, that field trapping surveys are not needed as there is no 
appropriate habitat on the site. 
 
The Colorado Division of Wildlife has identified 74 species as being threatened, endangered or of 
a special concern in the state.  However, only 34 of these species have potential habitat in 
Boulder County.  These include two amphibians, thirteen birds, ten fish, six mammals, one reptile, 
and two mollusks or shellfish.  Of the 34 species on the list, only the black-tailed prairie dog is 
known to occur on the property.  In addition, four species could potentially occur, although their 
presence has not been documented.  These include the burrowing owl, ferruginous hawk, bald 
eagle, and the common garter snake.  Although ferruginous hawks and bald eagles may forage on 
the property, there are no raptor nests on-site or in the immediate vicinity.  Furthermore, no 
burrowing owls were present during the 2011 growing season and the common garter snake has 
not been observed. 
 
Finally, there are no natural communities, rare plants, riparian corridors, or critical wildlife habitat 
as identified by the Boulder County Comprehensive Plan on the Boulder Creek Commons 
property.  
 
 
4.0 Wetland Impacts  

All of the proposed development would occur on the West Parcel and the East Parcel would 
become open space.  As shown by Figure 4, the proposed project would permanently impact City 
regulatory Wetlands A through G (Table 3).  The total City regulatory wetland impact is 0.942 
acres which be mitigated at a 2:1 creation:impact ratio, or 1.884 acres.  In addition, portions of 
Wetland B on the West Parcel and Wetland H and I on the East Parcel may be impacted during 
the enhancement of these areas.  These impact areas total 0.791 acres and will be mitigated at a 
1:1 ratio.  Thus the total wetland mitigation and enhancement is 2.675 acres (1.884 + 0.791). 
 
Please note, Dry Creek Ditch #2 and the Howard Super-phosticle lateral are not considered 
regulatory by the City, but are considered jurisdictional by the U.S. Army Corps of Engineers 
(Corps).  In November 2008, a Wetland Permit Application was submitted to the Corps for the 
piping of Dry Creek Ditch #2.  On December 12, 2008, the Corps issued Permit No. 1992-80-484 
for the piping of the Ditch.  This permit was recently updated (See Appendix A). 
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5.0 Wetland Mitigation & Enhancements 

The 2.675 acres of wetlands to be created and enhanced occur on both the West Parcel and the 
East Parcel.  Each of these areas is described below.  Please note, each wetland mitigation 
contains creation areas and enhancement areas.  Those wetlands created in upland areas are 
considered creations and while the existing wetland area that may be disturbed will be enhanced, 
and are considered restorations.   
 
5.1  Mitigation Concept Plan  

5.1.1  West Parcel Wetland Mitigation 
Location & Land Ownership.  The West Parcel Wetland Mitigation would be constructed in the 
southwest corner of the West Parcel east of the inlet for Dry Creek Ditch #2, which will be piped.  
The creation site borders the undisturbed portion of Wetland B.  The site is bordered by a 50 foot 
wide natural area buffer on the east and north, by the Keewadin Meadows subdivision to the west, 
and by private land owned by CD Bodam to the south.  The mitigation site is privately owned by 
East Boulder Properties LLC.  See Figure 5. 
 
Landform.  Very little grading for the West Parcel Mitigation is anticipated as the majority of the 
site is dominated by an existing wetland and surrounded by a relatively flat topography only 
slightly higher in elevation.  The landscape will be lowered slightly along the east boundary of the 
site in an upland area to create appropriate habitat for the growth of herbaceous wetlands.  
Similarly, the topography for the riparian forest wetland would be lowered to an elevation slightly 
higher than the existing wetland.  The proposed grade will match the grade of the existing 
wetland.  Please note, the proposed lot to the east of this wetland would lie approximately 6 feet 
higher than the West Wetland and the lot to the north would lie approximately three feet higher.  
 
Hydrology.  Water for the existing Wetland B is provided by seepage from the CD Bodam lateral 
and the general high groundwater table.  These water sources may continue to contribute water 
for Wetland B and the proposed wetland creations surrounding Wetland B following project 
development.  However, an auxiliary water source will be provided in the event that the water 
sources are inadequate or if the CD Bodam lateral were to be piped in the future.  Specifically, 
water will be provided by a diversion from Dry Creek Ditch #2, of which the property owner has 
three shares.  
 
Vegetation.  The West Wetland would have herbaceous and forested wetland communities.  
Herbaceous wetlands would be created on the east side of Wetland B by salvaging wetland plants 
and topsoil from the wetland impact sites and by using native wetland seed and live plants.  After 
the landscape is lowered for the proposed herbaceous wetlands, topsoil and salvaged wetland 
plants will be applied.  Next, the site will be broadcast seeded with the seed mix of Table 4, 
which is characterized by seven grasses, nine sedges and rushes, and six forbs.  All of these 
wetland plants are common to wetlands on the plains of eastern Colorado.  The greenhouse 
grown shrubs, grasses, sedges/rushes, and forbs of Table 5 will be planted in appropriate habitats, 
depending on the success of the salvaged plant material and the seed mix.   
 
A riparian forest wetland will be created in the northwest corner of the mitigation site.  The 
understory will be seeded with the wetland seed mix of Table 4 and then native greenhouse 
grown plains cottonwood and peachleaf willow trees of Table 5 will be planted.  The unimpacted 
portion of the existing Wetland B will be planted with native wetland trees and shrubs of Table 5 
in small stands throughout the site to create structural diversity.  Please note, all trees will be 
located at least ten feet from existing and proposed utility mains and services. 
 
The 50 foot wide buffer area outside of the wetland mitigation on the project site would be seeded 
to the native shortgrass prairie seed mix of Table 6 and planted with the native prairie shrubs of 
Table 7 which will further enhance the ecological value of the West Wetland.  Finally, an 
integrated weed management plan would be developed and implemented for the site.  
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Populations of noxious or otherwise undesirable plant species will be quickly and effectively 
eradicated in order to create a high quality and diverse wetland community. 
 
5.1.2 East Parcel Wetland Mitigation 
One of the goals of the project is to significantly enhance the ecological value of the East Parcel.  
This will be achieved by creating new wetlands in upland sites to compensate for wetland impacts 
on the West Parcel, enhancing existing wetlands with trees and shrubs to increase structural 
diversity, and expanding the size of the existing riparian forest.  See Figure 6.   
 
Location & Land Ownership.  The East Parcel Wetland Mitigation would encompass the majority 
of the East Parcel, excluding the existing riparian cottonwood forest which would not be 
impacted.   The site is bordered by 55th Street on the north and west and private land owned by 
JF and MB Kent to the south.   City of Boulder open space and South Boulder Creek lie to the east.  
The mitigation site is privately owned by East Boulder Properties LLC. 
 
Landform.  Most of the existing wetlands on this parcel are infested with undesirable populations 
of weeds.  Therefore, when the site is graded, the top 3-4 inches of soil in these wetlands will be 
removed and hauled off-site.  Next, the landscape of the wetland creation site will be graded to 
create a topography that slopes and drains to the east and south.  The area adjacent to the 
proposed irrigation ditch will have the lowest topography and provide habitat for the herbaceous 
community.  Areas more distant from the ditch will be slightly higher in elevation and provide 
habitat for woody plant communities.  A detailed grading plan will be developed prior to project 
commencement. 
 
Hydrology.  Water for the wetland creation site will come from the Dry Creek Ditch #2, of which 
the owner of the property has 3 shares.  A portion of water rights of the property would be 
dedicated to the East Mitigation Site for use in wetland creation.  Water from the Dry Creek Ditch 
will be directed into the CD Bodam Lateral and then into the East Parcel.  The water will then be 
diverted to an irrigation ditch which will arch around the western and northern property boundary 
and extend across the Howard Super-phosticle lateral in a pipe to provide water to the area east of 
the lateral. 
 
Vegetation.  Herbaceous wetlands would be created by using native wetland seed and salvaged 
wetland plants from impact sites free of weeds.  Live greenhouse grown herbaceous plants would 
be used if necessary.  After the landscape is lowered, the salvaged wetlands would be added and 
the site would be seeded with the seed mix of Table 4.  The greenhouse grown grasses, sedges, 
rushes, and forbs of Table 5 would be planted in appropriate habitats if germination from the seed 
mix and salvaged wetland plants are sparse.   
 
Forested wetlands will be created by first seeding the area with the wetland seed mix of Table 4 
and then planting greenhouse grown plains cottonwood and peachleaf willow trees on 
approximate 20 foot centers.  Willow shrublands will be created by first seeding the site with the 
wetland seed mix of Table 4 and then sprigging native-collected sandbar willow sprigs in the 
designated areas.  Sprigs will be planted in the spring prior to leaf emergence to maximize 
success.  
 
Existing wetlands with native wetland plants and not infested with weeds will remain, but may be 
graded in some areas to enhance the hydrology.  Existing wetlands infested with weeds will be 
removed and restored to a herbaceous community using wetland plants salvaged from the West 
Parcel and the wetland seed mix of Table 4. 
 
5.2  Functions & Values 

The East and West Wetland Mitigation sites will be High Functioning wetlands.  Most ratings are 
medium (3) for each function, with the exception of wildlife habitat which has a rating of high (4).  
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The impacted wetlands had ratings of low (2) or none (1).  The created wetlands have higher 
values than the impacted wetlands because they will be larger in size, will have enhanced 
structural diversity, and will have a greater plant species diversity.  See Table 8 for detailed ratings 
for each of the wetland functions. 
 
5.3  Cost & Probability of Success 

The earthwork, herbaceous and woody plantings, and seeding will cost approximately $300,000.  
The probability for success of the restoration is high because the woody and herbaceous species 
specified are appropriate for the elevation, soil conditions and expected hydrology of the 
mitigation area, and the planted trees and shrubs will be watered until the roots become well 
developed and reach the water table.  Furthermore, these species have been successful in similar 
habitat restorations within Boulder County and elsewhere in the plains of eastern Colorado. 
 
5.4  Timetable for Construction & Monitoring 

The earthwork, seeding and planting will likely occur in 2013, commensurate with the 
construction of the West Parcel.  The monitoring of wetland establishment would be completed 
during the growing season and the Annual Monitoring Report would be submitted to the City 
before September 1 of each monitoring year. 
 
5.5  Maintenance & Monitoring 

5.5.1  Maintenance Activities 
Several times during the growing season, a wetland ecologist will visit the wetland mitigation sites 
to note the hydrological functioning, evaluate the success of the seeding and planting and note 
any problems with erosion, weeds, or animal usage.  If the seed mix has not germinated in some 
areas, these areas will be reseeded.  If shrubs or trees have died, they will be replaced to comply 
with the Success Criteria.  If weeds are a problem, they will be eradicated, and any temporary 
irrigation system will be maintained. 
 
5.5.2  Qualitative Monitoring Activities 
The East and West Wetlands will be qualitatively monitored throughout each growing season for 
five consecutive years, following seeding and planting, or until a self-sustaining community has 
been created and the success criteria are achieved.  A list of all plants growing in mitigation will 
be compiled, their potential source (seed mixes, plantings, colonizer from surrounding area, 
residual to site) indicated, and their ecological role discussed.  The vegetation will be qualitatively 
described with respect to species composition and dominance.  A wetland ecologist will 
determine the general survivability and condition of woody plantings, indicate relative vigor, 
discuss damage due to human and animal usage, and assess reasons for any plant loss.  The 
success of the wetland seed mix will be evaluated.   A list of all weeds growing in the wetlands 
will be compiled and any large populations will be mapped and described as to density and 
extent.  The hydrology will be also be monitored.  Specifically, the duration and amount of 
irrigation supplied to the wetlands will be evaluated to determine if it is appropriate for the 
development of the specified wetland communities, and any erosion or areas of instability will be 
noted.  Finally, recommendations will be provided in order to ensure the wetland mitigations 
meet the success criteria in a timely and effective manner. 
 
5.5.3  Quantitative Vegetation Monitoring Method 
Vegetation cover will be quantified along six permanently located transects within the mitigation 
sites.  Each transect will be 50 meters in length and have permanent markers at each end.  A 
photograph will be taken each monitoring year from fixed points at the ends of each transect. 
 
Vegetation cover will be quantified using a point-intercept method (Mueller-Dombois and 
Ellenberg, 1974).  One hundred points will be sampled at one meter intervals along the 50 meter 
transect.  At each meter interval, one sample point will be recorded on each side of the transect.  
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The sample point will be perpendicular to and 0.50 meters from the transect.  A tripod mounted 
ocular sighting instrument, with fine cross hairs for point definition and a magnification lens, will 
be used to record the cover data.  The sighting instrument has an adjustable mirror to allow 
sampling of overstory vegetation.  At each sample point, the tripod with the mounted sighting 
instrument is centered, and the adjustable arm oriented perpendicular to the transect, first on the 
right and then on the left.  If overstory vegetation is present, the sighting device is directed upward 
to record any overstory vegetation and then directed downward to record vegetation in potential 
shrub and herbaceous canopies.  Vegetation along the vertical profiles is recorded as first, second 
and third hits.  If vegetation is not present along the vertical profile, litter, rock, or soil is recorded.  
All vegetation hits are recorded by species. 
 
For each cover transect, the absolute percent cover of vegetation, litter, rock, and soil will be 
calculated using only first hit data.  The relative cover of each species will be calculated using all 
hit data.  The data for all six transects will be summed to describe the entire community.  Data on 
species richness (diversity) will be collected by identifying all plant species present in the two 
meter wide quadrat centered along the 50 meter cover transect and an index of floristic quality 
(FQI) will be generated. 
 
5.5.4  Success Criteria 
The wetland mitigations will be considered successful when: 

 1.884 acres of wetlands have been created. 

 0.791 acres of wetlands have been enhanced. 

 80% of the planted trees and shrubs are alive after three years. 

 It is dominated by plants of Table 4 Wetland Seed Mix, Table 5 Native Wetland Plantings, 
and desirable native colonizers. 

 It has a vegetation cover of at least 80% as determined by a point-intercept quantitative 
cover method. 

 No Colorado noxious weeds on List A are present. 

 It does not have a noxious weed cover greater than 5% absolute cover, and has no areas 
100 square feet or larger dominated by weeds. 

 It has a plant species diversity of at least 15 desirable native plants. 
 
5.5.6  Annual Reporting 
Following the creation of the new wetlands and enhancement of the existing wetland areas, an As-
Built Assessment Report will be prepared and sent to the City.  The report will document details of 
the mitigation construction, including grading of the sites, wetland impact site salvage and 
application, the planting of all trees and shrubs, as well as the seeding of the two areas.    
 
The years following completion of the As-Built Assessment Report, an Annual Monitoring Report 
will be submitted to the City each year to describe the progress of plant growth in the East and 
West Wetlands.  The Annual Monitoring Report will document all maintenance activities 
completed, including any additional seedings and/or plantings, list the plant species in the sites, 
estimate total vegetation cover, describe the developing communities, discuss weeds and weed 
control, describe how the hydrology is functioning, and assess the success of the channel 
enhancement and buffer seeding.  The report will also include the results and an analysis of the 
quantitative monitoring including photographs. 
 
5.6  Fiscal,  Administrative & Technical Competence 

Western Ecological Resource, Inc. (WER) will work with the Applicant’s earthmover, engineers 
and landscape architects to implement this mitigation plan.  WER is an ecology consulting firm 
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which provides a full range of ecological services.  WER has 34 years of professional experience 
and has 26 years of wetland experience including delineation, permitting, functional assessment 
mitigation design, creation, maintenance, and monitoring.  WER has successfully created over 100 
wetland mitigations.   One of the projects, the Wernimont Ponds Regional Stormwater Detention 
Facility located in Loveland, Colorado, was recognized for excellence in drainage and flood 
control projects by the Colorado Chapter of the American Public Works Association.  In addition, 
Ms. Margaret Langworthy of the Corps called the Wernimont Ponds project "the finest mitigation 
site I have seen in the State of Colorado."  WER’s website at www.WesternEco.com provides 
further details on their administrative and technical competence, as well as examples of successful 
wetland creations.   
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BASE: Map Data Mapquest 2008 NAVETQ or TeleAtlas

Scale 1" = 600'

FIGURE 1.  Vicinity Map
               Boulder Creek Commons
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BASE: USGS 7.5 Minute Louisville, Colorado Quadrangle
Photorevised: 1990

Scale 1" = 2000'
Contour Interval = 10'

FIGURE 2.  Project Location Map
               Hogan Pancost Property
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Table 1.  Functions & Values Assessment. Wetlands A - H 

Function Rating Confidence 
of Rating 

Comments 

Groundwater Recharge 2 b All wetlands are in swales allowing 
precipitation and surficial runoff to 
pond and supplement soil moisture, 
and may recharge groundwater levels. 

Groundwater Discharge 1 a No springs or seeps are present. 

Flood Storage/Flow Alteration 2 b None of the wetlands are located along 
a stream or other water course.  Minor 
storage of on-site stormwater runoff 
may occur. 

Shoreline Anchor/Stabilization 1 a Not Applicable.  None of the wetlands 
are located along a stream, pond or 
lake. 

Sediment Trapping/Retention 1 a Very limited input and no outlets are 
present. 

Nutrient Retention (Long term) 1 a Very limited input and no outlets are 
present. 

Nutrient Retention (Short term) 1 a Very limited input and no outlets are 
present. 

Food Chain Support (Export) 1 a No outlets are present. 

Food Chain Support (Within 
basin) 

1 a No streams to produce seasonal 
flushing. 

Fish Habitat/Aquatic Diversity 1 a No permanent water and limited 
seasonal ponding occurs. 

Wildlife Habitat 2 b Low structural and habitat diversity in a 
relatively urban setting lower the 
wildlife values. 

Active Recreation# 1 a No active recreation occurs on this 
private property. 

Passive Recreation/Heritage 
Value# 

2 a Adjacent private property owners enjoy 
the aesthetics of open space and may 
watch wildlife & birds.  No heritage 
resources are present. 

TOTAL 17  LOW FUNCTIONING 
 
 
 
 
# = not included in total 

Rating:  5=Very High; 4=High; 3=Medium; 2=Low; 1=None 

Confidence in Rating:  a=High; b=Medium; c=Low.  

High Functioning:  The additive value of all adopted functioning 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 functioning value ratings, excluding recreation, 
equals twenty-five or below.  
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Table 2.  Functions & Values Assessment. Wetlands I & J 

Function Rating 
Confidence 

of Rating 
Comments 

Groundwater Recharge 3 b Excess water from ditch, flood irrigation 
and surficial runoff ponds in portions of 
this wetland and recharges groundwater 
levels. 

Groundwater Discharge 1 a No springs or seeps present. 

Flood Storage/Flow 
Alteration 

2 a Minor flooding may occur when ditch 
carries flood event flows. 

Shoreline Anchor/ 
Stabilization 

2 b Irrigation ditch is stable and anchored 
by stands of perennial herbaceous 
plants, however no willows with their 
deep binding root masses are present. 

Sediment Trapping/Retention 2 b Portions of this wetland trap and retain 
sediments.  However, sediments are 
periodically removed from the irrigation 
ditch to facilitate the flow of water. 

Nutrient Retention (Long 
term) 

2 b Portions of this wetland trap and retain 
nutrients. 

Nutrient Retention (Short 
term) 

2 b Portions of this wetland trap and retain 
nutrients. 

Food Chain Support (Export) 2 b The irrigation ditch could potentially 
export nutrients, however there is very 
little over-hanging vegetation overall. 

Food Chain Support (Within 
basin) 

2 b Although herbaceous vegetative cover is 
high, there is little structural diversity. 

Fish Habitat/Aquatic 
Diversity 

2 b Ditch and pond have water year round.  
No fish present, but macro-invertebrates 
are potentially present. 

Wildlife Habitat 3 b Wetlands have low structural and 
habitat diversity but are surrounded by 
stands of trees and there is water. 

Active Recreation# 1 a No active recreation occurs on this 
property. 

Passive Recreation/Heritage 
Value# 

2 a Adjacent private property owners enjoy 
the aesthetics of open space and may 
watch wildlife & birds.  No heritage 
resources are present. 

TOTAL 23  LOW FUNCTIONING 

# = not included in total 
Rating:  5=Very High; 4=High; 3=Medium; 2=Low; 1=None 
Confidence in Rating:  a=High; b=Medium; c=Low.  
High Functioning:  The additive value of all adopted functioning 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 functioning value ratings, excluding recreation, 
equals twenty-five or below. 
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Table 3.  Wetland Impacts & Mitigation Requirement 

Wetland Name 
Permanent Wetland Impact 
(2:1 creation to impact ratio) 

Wetland Enhancement Impact 
(1:1 creation to impact ratio) 

sq. ft. acres sq. ft. acres 

Wetland A 
  

5,339  0.123 

Wetland B 
  

14,655  0.336 17,440 0.400 

Wetland C 
  

2,824  0.065 

Wetland D 
  

6,937  0.159 

Wetland E 
  

140  0.003 

Wetland F 
  

9,950  0.228 

Wetland G 
  

1,182  0.027 

Wetland H 4,729  0.109 

Wetland I 
  

12,282  0.282 

Wetland J 

TOTAL IMPACT 41,026  0.942 34,451 0.791 

Multiplier x 2 x 1 

MITIGATION REQUIREMENT 1.884 0.791 

GRAND TOTAL 2.675 acres 
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  3able 4.  Wetland Seed Mix 

Table 4.  Native Wetland Seed Mix 

 
Scientific Name 

 
Common Name 

 
Wetland Status* 

Seeding Rate 
PLS lbs./acre 

    
Grasses    
Andropogon gerardii Big bluestem FAC 1 
Glyceria grandis American mannagrass OBL 4 
Poa palustris Fowl bluegrass FACW ¼ 
Puccinellia airoides Nuttall alkaligrass OBL ¼ 
Sorghastrum nutans Indiangrass FACU 1 
Spartina pectinata Prairie cordgrass FACW 4 
Sporobolous airoides Alkali sacaton FAC ½ 

Total Grasses 11 
    
Sedges & Rushes    
Carex lanuginosa Wooly sedge OBL 2 
Carex nebrascensis Nebraska sedge OBL 2 
Carex praegracilis Clustered field sedge FACW ¾ 
Eleocharis palustris Creeping spikerush OBL 1 
Juncus arcticus ssp. ater Baltic rush FACW 1/8 
Juncus torreyi Torrey’s rush FACW 1/8 
Scirpus acutus Hardstem bulrush OBL 2 
Scirpus paludosus Alkali bulrush OBL 2 
Scirpus pungens Threesquare bulrush OBL 3 

Total Sedges & Rushes 13 
Forbs    
Asclepias incarnata Swamp milkweed FACW 1 
Helenium autumnale Sneezeweed FACW ¼ 
Helianthus nuttallii Marsh sunflower FAC 2 
Polygonum pensylvanica Giant smartweed OBL 2 
Saggitaria latifolia Arrowhead OBL 2 
Solidago canadensis Canada goldenrod FACU 1/8 

Total Forbs 7 3/8 

GRAND TOTAL 31 3/8 

 

 

 

 

 

* Wetland Status (2012 Great Plains List) 
OBL = Obligate Wetland 
FACW = Facultative Wetland 
FAC = Facultative 
FACU = Facultative Upland 
UPL = Obligate Upland 
NI = No Indicator (insufficient information)
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Table 5.  Native Wetland Plantings 

 
Scientific Name 

 
Common Name 

Wetland 
Status* 

Trees 
  

Populus deltoides Plains cottonwood FAC 
Salix amygdaloides Peachleaf willow FACW 

Shrubs 
  

Alnus tenuifolia Thinleaf alder FACW 
Betula occidentalis River birch FACW 
Crataegus erythropoda Red haw FAC 
Prunus virginiana  
   ssp. melanocarpa 

Chokecherry FACU 

Ribes aureum Golden currant FACU 
Salix exigua # Sandbar willow FACW 
Salix irrorata Bluestem willow FACW 

Grasses 
  

Beckmannia syzigachne Sloughgrass OBL 
Glyceria grandis American mannagrass OBL 
Poa palustris Fowl bluegrass FACW 

Sedges & Rushes 

  

Carex nebrascensis Nebraska sedge OBL 
Eleocharis palustris Creeping spikerush OBL 
Juncus torreyi Torrey’s rush FACW 
Scirpus acutus Hardstem bulrush OBL 
Scirpus americanus Threesquare bulrush OBL 
Scirpus paludosus Alkali bulrush OBL 

Forbs 
  

Acorus calamus Sweetflag OBL 
Iris missouriensis Rocky Mountain iris FACW 
Ranunculus macounii Macoun's buttercup OBL 
Sagittaria latifolia Arrowhead OBL 
Sparganium eurycarpum Burreed OBL 

 
 
 
 
 
 

# Sandbar willows to be started from cuttings 
 
* Wetland Status(2012 Great Plains List) 
OBL = Obligate Wetland 
FACW =  Facultative Wetland 
FAC =  Facultative 
FACU =  Facultative Upland  
UPL =  Obligate Upland 
NI = No Indicator (insufficient information) 
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Table 6.  Shortgrass Prairie Seed Mix 

 
Scientific Name 

 
Common Name 

Seeding Rate 
PLS lbs./acre* 

   
Grasses    
Aristida purpurea Red threeawn 2 
Buchloe dactyloides Buffalograss 4 
Chondrosum gracile Blue grama 3 
Elymus elymoides Squirreltail 1 
Pascopyrum smithii Western wheatgrass 3½  
Poa secunda Sandberg bluegrass ½  
Stipa comata Needle and thread 2½  
    
 Total Grasses 16½   
   
Forbs    
Artemisia frigida  Fringed sage 1/16 
Erysimum asperum  Plains wallflower 1/16 
Gaillardia aristata Blanket flower 1/4 
Liatris punctata Gayfeather 1/4 
Ratibida columnifera Prairie coneflower 1/4 
Rudbeckia hirta Gloriosa daisy 1/16 
Sphaeralcea coccinea Scarlet globemallow 1/16 
    
 Total Forbs 1  
   
 GGrand Total 17½  

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
* Drill seed rate.  Double application for broadcast methods. 
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Table 7.  Prairie Shrub Planting 

 
Scientific Name 

 
Common Name 

Shrubs  
Chrysothamnus nauseosus Rubber rabbitbrush 
Prunus americanus American plum 
Prunus virginiana Chokecherry 
Rhus trilobata Sumac 
Ribes aureum Yellow currant 
Ribes cereum Wax currant 
Rosa woodsii Woods' rose 
Symphoricarpos occidentalis Snowberry 
Yucca glauca Soapweed 
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Table 8.  Functions & Values Assessment – East & West Wetland Mitigations 

Function Rating Confidence Comments 

Groundwater Recharge 3 b The wetland mitigations would be created in 
depressions and swales allowing 
precipitation and surficial runoff to pond and 
recharge groundwater levels.  In addition, a 
greater acreage of wetlands will be created 
than impacted allowing for more recharge. 

Groundwater Discharge 1 a No springs or seeps are present. 
Flood Storage/Flow 
Alteration 

3 b The East Wetland is located along an 
irrigation ditch that could cause flooding 
events.  The new wetland will have greater 
flood storage capacity due to its increased 
size. 

Shoreline Anchor/ 
Stabilization 

3 b Willows will be planted along the irrigation 
ditch which will create enhanced 
stabilization functions. 

Sediment Trapping/ 
Retention 

3 b The value of this function is increased as the 
wetlands will be larger in size and the West 
Wetland will be in a basin (with an outlet) 
and able to trap and retain sediments in a 
greater capacity. 

Nutrient Retention (Long 
term) 

3 b The value of this function is increased as the 
wetlands will be larger in size and able to 
trap and retain nutrients in a greater capacity. 

Nutrient Retention (Short 
term) 

3 b The value of this function is increased as the 
wetlands will be larger in size and able to 
trap and retain nutrients in a greater capacity. 

Food Chain Support (Export) 3 b There will be increased structural diversity in 
the wetlands leading to greater value for this 
function. 

Food Chain Support (Within 
basin) 

3 b There will be increased structural diversity in 
the wetlands leading to greater value for this 
function. 

Fish Habitat/Aquatic 
Diversity 

2 b Howard ditch and pond have water year 
round.  No fish present, but macro-
invertebrates are potentially present. 

Wildlife Habitat 4 b New wetlands will have high structural 
diversity and will be larger in size. 

Active Recreation# 1 a No fishing or boating will occur in the 
wetlands. 

Passive Recreation/Heritage 
Value# 

2 a Adjacent private property owners enjoy the 
aesthetics of open space and may watch 
wildlife & birds.  No heritage resources are 
present. 

TOTAL 31  HIGH FUNCTIONING 

# = not included in total 
Rating:  5=Very High; 4=High; 3=Medium; 2=Low; 1=None Confidence in Rating:  a=High; 
b=Medium; c=Low. High Functioning:  The additive value of all adopted functioning 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 functioning value ratings, 
excluding recreation, equals twenty-five or below. 
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Appendix A.  Wetland Permit for Piping Dry Creek Ditch #2 
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1.0 INTRODUCTION 

At the request of Boulder Creek Commons, LLC (BCC, LLC), Telesto Solutions Inc. 

(Telesto) prepared this report to document a ground water evaluation for the proposed 

development of the Hogan-Pancost Property (Project) located in Boulder, Colorado.  The 

Project (approximately 19.5 acres) is located in the lowest portion of the South Boulder 

Creek watershed, which drains approximately 132 square miles from the headwaters on 

James Peak to its confluence with Boulder Creek northeast of Valmont and 55th Street.  

The Project and surrounding areas overlie a thin (10 to 30 feet thick) unconfined aquifer 

with a high water table that fluctuates seasonally.  The fluctuating ground water table is 

affected by processes throughout the entire watershed.  During spring, the aquifer water 

table rises due to snow melt and generally higher rainfall within the entire watershed.  

Locally, the high water table tends to persist through the summer due to ditch flows, local 

pond/reservoir leakage, residential lawn watering, and flood irrigation.  During the high 

water table period (spring and summer), some houses in neighborhoods adjacent to the 

Project area have used sump pumps to prevent ground water seepage into basements.  

The water table drops during the fall and winter months and sump pumping is not 

generally required during this period.  This pattern of a fluctuating water table exits prior 

to any development activities at the Project site.

Residents in the adjacent neighborhoods are concerned that development of residential 

housing in the Project area could cause the water table to rise higher and lead to increased 

basement sump pumping rates.  In response to this concern, Telesto was commissioned 

by BCC, LLC to evaluate how the ground water system will respond to the presence of 

new residential properties in the Project area.  The Project area is a minor subset of the 

entire watershed (0.025% of water shed area), and BCC, LLC can only control changes 

within the Project area as a part of its development.  Thus, Telesto’s evaluation is based 

on estimates of ground water recharge conditions within the Project area before and after 

residential development and the potential effects on neighbor’s basement pumping.  The 

results of a numerical ground water flow model confirm Telesto’s conclusions.  The 

model incorporates the properties of the unconfined aquifer and important hydrologic 
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features that can affect the ground water system.  Of particular interest are the effects of:  

1) seepage from unlined irrigation ditches, and 2) the change from current flood irrigation 

to residential lawn/shrub watering and storm water management within the Project area 

after development.  Although flood irrigation was discontinued before the 2008 growing 

season, it is considered a reasonable baseline case because it represents the conditions 

that would be present if the property was not developed and flood irrigation was resumed.    

Figure 1 is a site map showing the Project area, layout of adjacent residential 

neighborhoods, and boundaries of the study area.  Figure 2 shows the important 

hydrologic features within the study area including ponds and irrigation ditches.  The 

eastern boundary of the study area conforms to South Boulder Creek, which is a major 

perennial stream and in hydraulic connection with the unconfined aquifer.  Also shown is 

the Area of Interest, within which are some houses that have had to use basement sumps 

during certain times of the year to control high water tables.

The evaluation presented herein, requires estimation of various flux rates under different 

land uses and conditions.  The calculations and supporting documentation for parameters 

used in the analysis are presented in Attachment 1.  

2.0 THE HYDROLOGIC PROCESS 

Figure 3 (a through d) is a conceptual depiction of the hydrologic process near the Project 

and Area of Interest.  This process is common along the Front Range and is prevalent 

throughout the west.  In the late fall and during the winter (Figure 3a), the ground water 

table has dropped because:  

 South Boulder Creek has drained the area due to its low flow condition 
 The amount of recharge reaching the ground water table is limited because 

snow melt is not prevalent, surface ponds are not full and residential lawn 
watering does not exist. 

The lower ground water table in the late fall and winter does not intersect basement 

sumps in the Area of Interest, resulting in no pumping during this time. 
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In early spring (Figure 3b), flow in South Boulder Creek starts to increase due to 

mountain snow melt from high in the basin, surface ponds start to be filled, local 

snowmelt starts, and precipitation near the Project and Area of Interest increases.  These 

increases start to fill the aquifer and the water table begins to rise. 

By late spring and early summer (Figure 3c), the aquifer has been filled by inflows from 

South Boulder Creek, leaking ponds and irrigation ditches, natural precipitation recharge, 

and recharge from residential lawn watering.  The ground water table is now high enough 

that it intersects basement sumps in the Area of Interest, which then must be pumped.  

The amount of water supplying the aquifer required to cause this rise in the water table is 

on the order of 10,000 gallons per minute (gpm) as indicated by the ground water model 

presented in Appendix A. 

As summer progresses, South Boulder Creek no longer carries snowmelt from high in the 

basin and the flow is now sustained by the ground water stored in the aquifer, and South 

Boulder Creek begins to drain the aquifer (Figure 3d).  Locally, the water table remains 

elevated in respect to winter conditions due to recharge from residential lawn watering, 

pasture watering, leakage of surface ponds and reservoirs, and ditch leakage.  As these 

mechanisms cease in early fall, the water table experiences a more rapid decline back to 

winter conditions (Figure 3a). 

Of the hydrologic processes described, precipitation recharge, ditch leakage and pasture 

watering occur currently on the Project site and are the only hydrologic variables on site 

that may be manipulated in order to affect minimal changes in the natural hydrologic 

process.  As depicted in Figure 3, the Project is a small component of the overall 

hydrologic process.  The entire recharge in the Project area from flood irrigation and 

ditch leakage is measured in tenths of a percent of the recharge in the area immediately 

surrounding the Area of Interest.  The remainder of the report is intended to put this 

difference and the ability to affect changes on the ground water system into context.  Also, 

the analyses provided herein are based on two different time periods (Winter Period – 

Figure 3a, and Summer Period – Figure 3d) as these two time periods represent the times 

where significant differences to basement sump pumping occur. 
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3.0 LOCAL MECHANISMS AFFECTING THE GROUND WATER 
SYSTEM 

3.1 Area of Interest 

Information exists to describe the annual response of the ground system under current 

conditions; that is, prior to any development in the Project area.  Current conditions 

include snowmelt and higher rainfall in the spring, ditch flows, flood irrigation, and 

residential lawn watering during the summer. 

During August 2005, Telesto sent questionnaires to residents within and adjacent to the 

Area of Interest.  Respondents indicated that little or no basement sump pumping is 

required during the fall and winter, but pumping needs to be performed by some 

residences during the spring and summer.  Based on qualitative analyses of the 

questionnaire results, the total spring/summer sump pumping rate within the Area of 

Interest is estimated to be about 40 gallons per minute (gpm) (See Attachment 1.1). 

The Area of Interest exists on both side of Dry Creek Ditch #2, which typically flows 

from March through August.  Because Dry Creek Ditch #2 is unlined, water likely seeps 

from the channel into the underlying ground water having localized impact on the ground 

water table.  In addition, flood irrigation is currently practiced within the Project area 

(east of the Area of Interest) and intense sprinkler irrigation is performed on a 7-acre 

single-residence property directly south of the Project area.  Ditch leakage, reservoir and 

pond leakage, flood irrigation, and summer lawn watering in the residential areas south 

and west of the Area of Interest are the most probable causes of the sustained high water 

table in the Area of Interest during the spring and summer (Figure 3d).  These 

mechanisms are currently leading to basement sump pumping at some houses in the 

adjacent neighborhoods; that is, prior to any residential development within the Project 

area. 
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3.2 Project Area – Pre-Development 

Figure 4 shows the general hydrologic processes associated with the Project area in its 

current state (before development).  Table 1 shows rainfall in the Boulder area from 1990 

though November 2008.  For this period, the average annual rainfall is 20.8 in/yr, of 

which 13.4 inches occurs from April through September (referred to in this report as the 

Summer Period) and 7.4 inches occurs from October through March (Winter Period).

For the Front Range of Colorado natural recharge from precipitation falling on native 

ground (without irrigation) is about 10 percent of mean annual rainfall (See Attachment 

1.2).  Of the remaining 90 percent, the majority is used by vegetation through 

evapotranspiration and the remainder becomes storm water runoff (when large storms are 

prevalent or snowmelt is rapid).   

Current summer recharge for the Project area is summarized in Table 2.  The area to be 

developed currently has flood-irrigated pasture grass.  The amount of net irrigation water 

(irrigation plus precipitation) is typically 3 feet (36 inches) per irrigation season (See 

Attachment 1.3).  For inefficient flood irrigation, about one-half of the net irrigation 

water becomes deep percolation that recharges the underlying ground water (See 

Attachment 1.4).   

3.3 Post-Project Development 

Figure 5 show the anticipated hydrologic components after development of the Project 

area.  Three large changes will occur when the site is developed:  1) storm water runoff 

within the Project area will drain to a series of bioswales that contain moderate water-use 

plants, 2) flood irrigation will cease and be replaced by efficient lawn watering and low 

water demand landscaping, and 3) impermeable surfaces (e.g., houses, driveways, 

sidewalks) will be added.   

It is estimated that one-third of the storm water runoff entering the bioswales will 

evapotranspire to the atmosphere and two-thirds will percolate downward and provide 

seepage recharge to ground water (See Attachment 1.5).  The bioswales are designed to 

contain all storm runoff within the Project area and prevent surface water flows to 
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adjacent properties except during extreme rainfall events.  Before development, storm 

water flows through and out of irrigation ditches and was removed from the Project area. 

Within the Project area, impermeable features such as roads, driveways, and roofing will 

eliminate some of the infiltration that is now occurring over the entire Project area.  It is 

estimated that 50% of the developed Project area will consist of impermeable features 

(Drexel Barrell & Company, personal communication).  These features, however, will 

increase storm water runoff and snowmelt, which will be routed to the bioswales.  Ninety 

percent of precipitation falling on impervious areas becomes runoff to the bioswales and 

becomes subject to the hydrologic process within the bioswales.  No direct recharge to 

ground water takes place beneath impermeable areas. 

Sprinkler-irrigated acreage includes turf and shrub areas within residential developments, 

parks, and ball fields.  Due to covenants and deed restrictions that will be placed on the 

developed Project area, approximately 25% of the Project area will be irrigated lawn 

(turf) and shrubs.  The remaining 25% of the Project area will consist of non-irrigated, 

low water-use plants.  During the winter, both of these landscapes will provide recharge 

similar to that of natural vegetation.  In the Front Range of Colorado, total turf irrigation 

application amount including rainfall is 30 inches per season, of which 10 inches 

becomes deep recharge that can reach the water table (See Attachment 1.6).  Thus, during 

the summer months, approximately 10 inches of recharge will occur over the irrigated 

turf and shrub areas. 

Table 3 provides a summary of the anticipated flows from the Project area after 

development for the winter and summer months.  The table converts depths of water (as 

provided herein the discussion) into flow rates in gallons per minute for the ease of 

comparison.  The equations for calculating the values in Table 3 are provided in Figure 5.  

The assumptions and parameters used in the equations are contained within this report 

section (Section 3.3).
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4.0 DISCUSSION 

Residential sump pumping occurs when the ground water table rises to the level of the 

drain/sump system installed just below the basement slab.  As shown in Appendix A, the 

amount of water addition to the system in the area near the Project and Area of Interest is 

on the order of 10,000 gpm.  The primary factors supplying this water, as shown in 

Figures 3c and 3d is recharge from South Boulder Creek, seepage from unlined irrigation 

ditches, and irrigation of pasture and residential lawns and shrubs.  Until the sum of these 

mechanisms provide a significant amount of water, the ground water table does not rise 

sufficiently to invoke basement sump pumping in the Area of Interest.   

Table 4 summarizes mechanisms contributing to ground water that can be affected by 

development of the Project area.  For the winter period (Table 4a), there is no ditch 

seepage, and recharge conditions outside the Project area are the same for pre- and post-

development.  The only significant change is a nominal increase in recharge within the 

Project area associated with the use of bioswales for management of storm runoff and 

snow melt (an estimate change from 1.49 to 3.73 gpm).  However, this estimate does not 

take into consideration that the bioswale channel bottom will be covered with loamy soils 

to retain water and facilitate vegetative growth.  Since loamy soils are limited in their 

ability to transmit water (See Attachment 1.5), this is likely an overestimation of the 

change in recharge. 

However, the magnitudes of both the pre- and post-development recharge values for the 

Project area are much smaller than summer values, and not nearly close to the magnitude 

of water required to raise the ground water levels to those that affect basement sump 

pumping.  Thus, the improved storm water management system (bioswales) has a very 

positive impact by diminishing surface water flows to neighboring areas while causing no 

measureable change to the ground water system. 

For the summer period (Table 4b), there are only two mechanisms that change from pre- 

to post-development.  The developer has agreed to pipe Dry Creek Ditch #2 along the 

western boundary of the Project area.  This will totally eliminate the seepage that now 
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occurs along this portion of the irrigation ditch, which causes localized increases in the 

ground water table.  Within the Project area, conversion from flood irrigation to sprinkler 

irrigation and management of storm water using bioswales will significantly reduce 

recharge (as shown in Table 3).  These changes will reduce the water contribution to the 

ground water system, which will tend to reduce localized effects on the water table 

elevation in the residential area and result in reduced basement sump pumping.  Because 

all other summer mechanisms are unchanged, the only logical conclusion is that 

development in the Project area will lead to a reduction in basement sump pumping 

within the adjacent neighborhoods.  There are simply no mechanisms associated with the 

development that could cause the summer pumping rates to increase. 

5.0 CONFIRMATION OF RESULTS USING GROUND WATER 
MODELING 

To quantify the effects of the housing development, a numerical ground water flow 

model was developed for the Project and adjacent area.  A detailed description of the 

model is provided in Appendix A.  Using the public-domain program MODFLOW, 

salient features of the flow system were incorporated including: natural and irrigation 

recharge, flood irrigation, seepage from unlined irrigation ditches, bioswale seepage, 

perennial South Boulder Creek, wetlands, etc. 

For winter conditions, the model was calibrated to ground water levels measured at onsite 

and offsite wells, the known sump pumping rate of about 40 gpm at one residence south 

of the Project area, and the fact that residences within the Area of Interest do not 

generally sump pump during the winter.  For summer conditions with higher recharge 

and seepage from irrigation ditches, model verification was performed so that the model 

continued to simulate the approximate 40 gpm pumping rate at the south residence and 

the estimated total sump pumping rate of about 40 gpm within the Area of Interest (See 

Attachment 1.1). 

To evaluate post-development winter conditions, the only pertinent change to the model 

was an increase in recharge within the Project area from 1.49 to 3.73 gpm.  This reflects a 
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change from natural winter recharge to recharge associated with mixed-density housing 

and the use of bioswales for management of storm runoff and snow melt.  After making 

this change, the model predicted that there will be no basement sump pumping within the 

Area of Interest, which is the same as the current situation. 

To evaluate post-development summer conditions, the following changes were made to 

the model: 

 Seepage from Dry Creek Ditch #2 was eliminated along the western boundary 
of the Project area, consistent with plans by the developer to pipe this segment 
of the ditch. 

 Recharge within the Project area was reduced from 36.3 to 11.8 gpm, which 
reflects a change from current flood irrigation to recharge associated with 
mixed-density housing and the use of bioswales. 

With these changes, the model predicted that within the Area of Interest, total basement 

sump pumping will decrease from 41.1 gpm (current) to 36.8 gpm (post-development).  

This result confirms the conclusion of the previous section that summer sump pumping 

will decrease after site development. 

6.0 CONCLUSIONS 

The conclusions of this evaluation are as follows: 

 Compared to current winter conditions, the development of the Project area 
will cause a modest increase in total winter recharge within the Project area.  
However, there are large benefits of improved storm water management that 
far outweigh the increase in winter recharge.  Also, the amount of recharge 
increase pales in comparison to the amount required to raise the water table to 
sump pumping elevations and thus, will not be noticed.  Ground water 
modeling indicates that this increase will not lead to winter basement sump 
pumping in the neighborhoods adjacent to the proposed development. 

 Compared to current summer conditions, the housing development will 
eliminate ditch seepage along the western boundary of the Project area and 
also decrease recharge within the Project area.  Because all other hydrologic 
factors remain the same, the only logical conclusion is that the housing 
development will lead to a reduction in ground water recharge and thus a 
potential to reduce residential sump pumping.   
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 Ground water modeling predicts that after development, the total summer 
sump pumping flow rate will be about 4.3 gpm lower than the current 
pumping rate of about 41.1 gpm. 

Based on this evaluation, it is Telesto’s professional opinion that the proposed housing 

development will not adversely affect the basement sump pumping currently being 

performed by the residents and, in fact, will lead to a reduction in the total pumping rate.  

Telesto’s opinion is contingent on the assumptions that: 1) two-thirds of storm runoff 

within the Project area is lost to the atmosphere by bioswale evapotranspiration, 2) turf 

and shrub irrigation rates are not higher than standard residential values associated with 

use of sprinklers, and 3) there is no change in the current operation of irrigation ditches, 

with the exception that Dry Creek Ditch #2 will be piped along the western boundary of 

the Project area. 

The most important conclusion of this study is that the proposed housing development on 

the Hogan-Pancost Property can only lead to a decrease in sump pumping in nearby 

residences.  This conclusion is based on accepted hydrologic principals and sound logic.  

The ground water flow model provides a quantitative estimate of the decrease in the 

sump pumping rate.  Thus, two methods of analyses indicate the same results; that project 

development cannot logically lead to increased basement sump pumping.  
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Table 1 Boulder Area Rainfall 

Rainfall amounts in inches 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1990 0.96 1.60 0.75 1.04 1.32 4.55 2.16 1.73 0.39 4.23 1.13 1.84

1991 0.93 3.30 0.01 1.05 0.15 0.43 2.41 2.90 3.59 3.11 2.08 1.21

1992 0.79 2.56 0.84 0.67 0.00 5.17 0.46 1.70 0.96 1.13 3.08 0.02

1993 2.42 2.17 0.55 0.25 0.90 2.15 2.56 1.73 3.38 1.40 1.04 3.32

1994 1.02 2.25 0.49 0.86 1.37 1.61 3.46 1.35 0.93 0.35 2.56 0.54

1995 0.59 1.51 0.25 0.64 1.53 1.21 5.45 9.59 4.03 0.72 1.45 2.96

1996 0.28 1.43 0.37 1.89 0.29 2.16 1.49 4.63 2.77 1.96 0.63 3.48

1997 2.70 1.52 0.68 0.87 1.83 0.91 5.77 2.19 3.69 1.14 5.27 1.92

1998 1.12 1.53 1.05 1.07 0.23 3.41 4.56 1.82 1.85 4.02 0.97 0.66

1999 1.33 0.81 1.01 0.65 0.08 1.09 7.55 1.84 0.82 2.54 5.54 2.62

2000 1.28 0.89 0.44 0.29 0.55 2.56 1.50 1.60 1.53 2.09 0.72 2.51

2001 0.40 1.02 0.36 0.73 0.86 2.01 3.02 3.62 1.09 1.76 1.64 1.77

2002 2.44 0.78 0.02 1.07 0.44 1.50 0.20 3.20 1.18 0.09 1.44 1.52

2003 0.45 0.80 0.84 0.09 1.52 5.44 2.99 2.62 2.69 0.71 3.52 0.35

2004 2.32 1.99 0.35 0.82 1.31 1.09 5.66 1.28 3.96 3.44 2.88 2.07

2005 2.80 0.34 0.43 1.40 0.31 1.22 3.86 1.91 2.68 0.42 1.63 0.52

2006 3.71 0.74 3.05 0.44 0.68 2.08 1.04 1.14 1.32 2.63 1.23 1.25

2007 1.38 0.47 2.10 1.68 0.86 1.69 2.24 1.79 0.38 0.80 1.82 1.92

2008 1.18 0.13 n/a 0.46 0.63 1.47 1.13 4.21 1.58 0.09 2.97 1.84

Monthly Average 1.48 1.36 0.76 0.84 0.78 2.20 3.03 2.68 2.04 1.72 2.19 1.70

Seasonal Average

Annual Average 20.8

Winter Conditions Summer Conditions

7.4 13.4
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Table 2 Recharge within the Project Area before Development 
Inflow to Area

Period
Inflow (P + I)

(inch) ET (inch)
Runoff (Ro)

(inch)
Recharge (R) 

(inch)
Average Flow 

(R, gpm)

Winter 7.4 4.995 1.665 0.74 1.49
Summer 36 13.5 4.5 18 36.27

Outflow from Area
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Table 4 Effect of Proposed Development on Basement Sump Pumping 

a.  Winter Period 

Description Pre-
Development

Post-
Development

Effect on Basement 
Sump Pumping Conclusion

Recharge within Project 
area

0.000338
ft/day 

0.000838
ft/day 

Increased recharge not 
sufficient to result in 
sump pumping (a) 

Development will 
not cause basement 

sump pumping 
within the Area of 

Interest

Dry Creek Ditch #2 
seepage along west 
Project area boundary 

None None No change 

Seepage from other 
irrigation ditches None None No change 

Recharge within 7-Acre 
property

0.000304
ft/day 

0.000304
ft/day No change 

Residential areas Variable
recharge

Variable
recharge No change 

Parks and commercial Variable
recharge

Variable
recharge No change 

(a) Confirmed by numerical ground water flow model 

b.  Summer Period 

Description Pre-
Development

Post-
Development

Effect on Basement 
Sump Pumping Conclusion

Recharge within Project 
area

0.00822
ft/day 

0.00251
ft/day 

Decrease will tend to 
reduce sump pumping 

Development will 
reduce basement 
sump pumping 

within the Area of 
Interest

Dry Creek Ditch #2 
seepage along west 
Project area boundary 

Significant None Decrease will tend to 
reduce sump pumping 

Seepage from other 
irrigation ditches Variable Variable No change 

Recharge within 7-Acre 
property

0.00740
ft/day 

0.00740
ft/day No change 

Residential areas Variable
recharge

Variable
recharge No change 

Parks and commercial Variable
recharge

Variable
recharge No change 
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APPENDIX A 
GROUND WATER FLOW MODEL 
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Introduction 

A numerical ground water flow model was used to quantify the effects that bioswales and 

lawn/shrub watering in the Project area could have on water levels and sump rates in 

neighborhoods adjacent to the Project site.  The extent of the ground water model is 

shown on Figure A-1.  The evaluation focused on the Area of Interest shown on Figure 

A-2, because some houses in this area have historically operated sumps during the 

summer period.  The model was used to evaluate if future conditions in the Project area 

and proposed ditch lining/piping will cause the sump pumping rates to increase or 

decrease from historical values. 

Calculations were performed using the publicly available program MODFLOW, which 

was configured to simulate two-dimensional (horizontal) ground water flow in an 

unconfined aquifer with a variable-elevation base.  The model allowed for spatially 

variable recharge, the prescribed head boundary associated with South Boulder Creek, 

ponds, irrigation ditches, and operation of basement drains (sumps). 

Finite Difference Mesh and External Boundary Conditions 

The extent of the ground water model is shown on Figures A-1 and A-2.  As indicated, 

the Project area is located in the east-central portion of the model.  Figure A-3 shows the 

finite difference mesh used to discretize the modeled area.  Separate flow models, using 

the same mesh, were developed to simulate winter and summer conditions within and 

adjacent to the Project area. 

The same external boundary conditions were used by the models for winter and summer 

conditions.  As shown on Figure A-3, the external boundaries consist of the following: 

Western model boundary – no-flow. 
Northern model boundary – prescribed uniform head conforming to the 

estimated regional ground water level in the 
unconfined aquifer. 

Southern model boundary – prescribed spatially variable head conforming to 
estimated regional ground water levels in the 
unconfined aquifer. 
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Eastern model boundary – prescribed spatially variable head conforming to 
the water level in South Boulder Creek (creek 
water level was assumed approximately 2 feet 
below the adjacent ground surface).  Modeled as 
river cells. 

Note that on Figure A-3, the black cells east of South Boulder Creek are inactive and not 

used in the MODFLOW calculations. 

Ground Surface 

For an unconfined ground water system, ground surface is effectively the top of the 

aquifer.  Based on the U.S. Geological Survey (USGS) Digital Elevation Model (DEM), 

interpolated surface elevations were assigned to each cell in the finite difference mesh.  

When compared with surveyed elevations in the Project area, it was found that the DEM 

surface could be lower than actual ground surface by up to several feet. 

Aquifer Base 

The configuration of the aquifer base was interpolated from depth-to-bedrock estimates 

in existing boreholes.  The depth-to-bedrock values were inferred from total depth 

measurements available in the Colorado Department of Water Resources water well 

database.  A subset of the wells within the model area with total depths greater than 10 

feet and less than 30 feet were included in the interpolation.  This is because geologic 

information indicated that the unconsolidated sediments are 10 to 30 feet thick 

throughout the study area and most water wells in the unconfined aquifer are terminated 

at the bedrock/sediment contact.  Additional borings were available from geotechnical 

investigations conducted in the Project and adjacent areas.  Based on ground surface 

elevations provided by the DEM, the depth-to-bedrock values were converted to top-of-

bedrock elevations.  Figure A-4 shows the locations of boreholes used to evaluate 

bedrock and the interpolated elevation contours for the top-of-bedrock.  Bedrock is 

known to have very low hydraulic conductivity, so the elevation contours shown on 

Figure A-4 are assumed to represent the base of the unconfined aquifer.  Using this map, 
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interpolated aquifer-base elevations were assigned to each cell in the finite difference 

model.

Aerial Recharge 

Based on the analyses presented in the main report, the ground water model was divided 

into recharge zones conforming to (1) natural ground, (2) the Project area, (3) 

commercial buildings and parking lots, (4) irrigated ball fields and parks, and (5) existing 

residential areas.  The recharge zones are shown on Figure A-5 and the recharge fluxes 

applied to these areas are summarized in Table A-1. 

Internal Model Features 

Internal features of the numerical model consisted of river cells and drain cells. 

A river cell considers the existence of surface water in a river channel or pond, and 

allows ground water recharge or discharge depending on the ground water level within 

the cell.  If the ground water level is above the specified river elevation, there is discharge 

of ground water to surface water.  If the ground water level is below the river elevation, 

the ground water system receives recharge at the river cell.  The amount of ground water 

discharge or recharge is controlled by a river conductance factor, and the elevation 

difference between the specified river level and the ground water level.  The conductance 

factor is commonly interpreted to represent a flow resistance (i.e., reduced permeability) 

along the bed of the stream channel.  At a river cell, the basic equation controlling flow 

into or out of the ground water system is as follows: 

GbRRR H,EmaxHCQ

where:

 QR = flow rate of recharge (+) to or discharge (-) from the underlying ground 
water system [ft3/day]; computed by model 

 CR = river conductance factor [ft2/day]; specified input 
 HR = fixed river water-level elevation [ft msl]; specified input 
 Eb = stream channel bottom elevation [ft msl]; specified input 
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 HG =  ground water system hydraulic head [ft msl]; computed by model  

The river conductance factor (CR) is related to other parameters as follows: 

b
WLKC RRb

R

where:

 Kb = hydraulic conductivity of the channel bed [ft/day] 
 LR =  length of the river channel within the cell [ft] 
 WR = width of the river channel within the cell [ft] 
 b = channel bed thickness [ft] 

In the MODFLOW model, river cells were used to simulate the effects of ponds and 

flowing irrigation canals, principally Dry Creek Ditch #2, and the Superphostical Ditch. 

A drain cell operates as prescribed head cell if the water table in adjacent cells is higher 

than a specified drain elevation for the cell.  In this case ground water discharge occurs at 

the cell.  If the adjacent water table is lower than the specified drain elevation, the cell 

operates as a continuity cell with no discharge from, or recharge to, the ground water 

system.  Drain cells can lead to ground water discharge, but cannot provide any recharge 

to the aquifer.  In the MODFLOW model drain cells were used to simulate the effects of 

basement sumps. 

Internal features associated with the winter model are shown on Figure A-6.  River cells 

were specified for ponds and several irrigation ditches that were observed to flow during 

the winter.  Drain cells were also situated along a known wetland area in the southeast 

portion of the model.  A property owner located south of the Project area (not within the 

Area of Interest) indicated that he has four sumps that discharge year round.  One finite 

difference cell located at his property was specified as a drain cell for both winter and 

summer conditions.  No drain cells were specified within the Area of Interest because 

residents indicated that their sumps do not generally operate during the winter months.  
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Internal features for the summer model are shown on Figure A-7.  Drain cells were 

specified within Area of Interest, and the winter drain cell located south of the Project 

area was retained.  Also retained were the drain cells situated along the known wetland 

area in the southeast portion of the model.  River cells were specified for ponds and along 

the alignment of flowing irrigation ditches, including Dry Creek Ditch #2 and the 

Superphostical Ditch, both located along the Project boundary.  Depending on the water 

table elevation, ground water can either discharge to a ditch or be recharged from a ditch.  

Note that a currently lined portion of the Superphostical Ditch was not modeled with 

river cells. 

Initial Hydraulic Properties 

Telesto previously designed and implemented a dewatering system for the Boulder 

Community Hospital facility located at the northeast corner of Arapahoe Road and 

Foothills Parkway, which is about 1.25 miles northeast of the Project.  The hospital is 

situated above the same unconfined aquifer that exists in the Project area.  Operation of 

the dewatering system provides reliable data for estimating the hydraulic conductivity of 

the unconsolidated materials that comprise the unconfined aquifer.  Based on analyses 

developed for that project, the initial best-estimate hydraulic conductivity of the 

unconfined aquifer was set at 100 ft/day. 

Specific yield is another parameter associated with unconfined aquifers.  However, 

because specific yield affects the transient response of an aquifer, it was not relevant to 

the steady-state model runs used for this evaluation. 

The initial conductance of a river cell representing an irrigation ditch was based on a bed 

hydraulic conductivity (Kb) of 100 ft/day (same as the aquifer), channel length (LR) equal 

to the average cell dimension, channel width (WR) ranging between 5 and 10 feet based 

on field observations, and bed thickness (b) equal to 1 foot.  The river level elevation 

(HR) was assumed to be 1 foot higher than the channel bottom elevation (EB).  The initial 

conductance for a river cell representing a pond was computed in a similar manner except 

LR and WR were equal to the actual length and width of the cell. 
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Winter Model Calibration 

The winter model was calibrated using the following information: 

 Estimated water levels in four water wells outside the Project area 
 Winter 2006 and winter 2007 water levels measured in four piezometers 

located within the Project area 
 Dry Creek Ditch #2 is dry and the Superphostical Ditch contains a small 

amount of flowing water 
 Two ditches in the southeast portion of the study area were observed to have 

flowing water which drains to South Bounder Creek 
 The water level elevation in a wet pond is similar to the water table elevation 

in the adjacent ground water 
 Houses in the Area of Interest do not perform basement sumping, so the water 

table is below the basement elevations 
 Estimated flow to the sump located south of the Project area is about 40 gpm. 

To perform the calibration, the winter model was run in steady-state mode using the best-

estimate aquifer hydraulic conductivity of 100 ft/day and current winter recharge fluxes 

provided in Table A-1 for Run 1.  Water levels in wet ponds were set at or near the 

adjacent DEM ground elevations. 

The winter model was calibrated by adjusting (1) aquifer hydraulic conductivity, (2) river 

conductances, (3) water level elevations at wet ponds, ditches, and South Boulder Creek, 

and (4) prescribed heads along the north and south boundaries of the model.  The 

calibration targets were estimated ground water level elevations in the four wells 

identified in the Colorado Department of Water Resources water well database and four 

piezometers installed within the Project area (see Figure A-6).  The ground water 

elevation at each water well was computed by subtracting the reported depth-to-water 

measurement from the DEM ground surface elevation.  The water level elevation in each 

piezometer was computed by subtracting the depth-to-water measurement from a 

surveyed measuring point elevation (top of standpipe).  An additional calibration target 

was the approximate 40 gpm sump pumping rate in the drain cell representing the 

property owner located south of the Project area. 
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A reasonable calibration was achieved by (1) retaining the initial aquifer hydraulic 

conductivity value of 100 ft/day, (2) making no adjustments to the river cell conductances, 

(3) making slight changes to water level elevations at wet ponds, ditches, and South 

Boulder Creek, and (4) making slight changes to the north and south prescribed head 

boundaries.  The hydraulic head distribution simulated by the calibrated winter model is 

shown on Figure A-8, and a comparison of winter calibration targets with model 

predictions is provided in Table A-2. 

Summer Model Verification 

The only information available regarding the flow to sumps was anecdotal in that 

residents pump in the summer but not in the winter, and only general information on the 

pumping times and quantities from two households were obtained.  Quantitative 

information on the sumps such as elevation and measured pumping rates were not 

available.

Therefore, in the summer model, the elevation of each drain cell within the Area of 

Interest was set to less than 0.1 foot above the water-table elevation simulated by the 

winter model at the same location.  This was a conservative measure in that any 

appreciable rise in the water table for summer conditions would lead to ground water 

discharge in the drain cells used to represent the basement sumps.  Recharge fluxes were 

set equal to the summer values shown in Table A-1 for Run 3.  The summer model was 

then verified using the following information: 

 Water levels measured during summer 2006 and summer 2007 in the four 
piezometers installed within the Project area 

 Estimated total sump pumping rate within the Area of Interest of about 40 
gpm based on anecdotal information (See Attachment 1.6) 

 Estimated sump rate of 40 gpm at the known sump located south of the 
Project area 

 Historical observation of wet ground (water table at ground surface) in certain 
portions of the study area during the summer. 

Summer verification consisted of a series of steady-state model runs that included minor 

adjustments to river cell conductance.  The data used to verify the model were: (1) 
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measured water levels in the four water wells and four piezometers discussed previously, 

(2) estimated total sumping flow rate of about 40 gpm within the Area of Interest, and (3) 

estimated flow rate of 40 gpm in the sump located south of the Project area (See 

Attachment 1.6). 

A reasonable verification was achieved by making relatively small adjustments to the 

conductances for river cells representing Dry Creek Ditch #2, Superphostical Ditch, and 

two wet ponds located near the north boundary of the Project area.  The distribution of 

hydraulic head simulated by the summer model is shown on Figure A-9, and a 

comparison of summer known and model-simulated values is provided in Table A-2.  In 

the verified summer model, the total sumping rate within the Area of Interest was 

computed to be 41.1 gpm.   

It should be noted that the focus of the study was to estimate the change in flow to the 

sumps as a result of the proposed development.  Therefore, it is the relative change in the 

sump pumping rate and not the absolute magnitude of the simulated flow that is of 

primary importance to the evaluation.   

The final input parameters used in the calibrated model are summarized in Table A-3.  

Following verification calibration, it was Telesto’s opinion that the model was 

sufficiently accurate for evaluating the impacts of the housing development on water 

table elevations and basement sump flows.   

Simulation of Post-Development Conditions 

To simulate post-development winter conditions, the calibrated winter model was run 

with a Project area recharge flux of 0.000883 ft/day, which is 2.6 times higher than the 

pre-development (current) recharge flux of 0.000338 ft/day.  At the higher winter 

recharge flux, the water table rise within the project area was negligible and there was no 

discharge to drains representing the basement sumps in the Area of Interest.  Thus, the 

model predicts that the housing development will not lead to basement sumping during 

the winter months, which is the current situation.
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To evaluate post-development summer conditions, the calibrated summer model was 

modified by (1) decreasing recharge flux in the Project area from the summer pre-

development value of 0.00822 ft/day (flood irrigation) to the post-development value of 

0.00251 ft/day and (2) eliminating river cells along the segment of Dry Creek Ditch #2 to 

be lined/piped by the developer.  With no changes to any other inputs, the model was 

then run in steady-state mode.  In this manner, the model was used to predict the change 

in water table elevation due to future housing development, and the degree to which 

development would change basement sumping rates during the summer period.  The 

hydraulic head distribution simulated by the post-development summer model is shown 

on Figure A-10. 

A comparison of results for the calibrated summer model (current conditions) and the 

modified summer model (post-development conditions) is provided in Table A-4.  As 

shown, the water table within the Project area is predicted to rise or fall by no more than 

0.7 feet for post-development summer conditions, which is not significant with regard to 

building foundations and wetlands. 

From pre- to post-development summer conditions, the total basement sumping flow rate 

within the Area of Interest is predicted to decrease from 41.1 to 36.8 gpm.  This decrease 

of 4.3 gpm is attributed to the effects of piping Dry Creek Ditch #2 and ending flood 

irrigation within the Project area. 
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Table A-1 Aerial Recharge Used in Ground Water Model 

Recharge
Zone 

Figure
A-5 Map 

Color

Winter Recharge 
(ft/day)

Summer Recharge 
(ft/day)

Current Post-
Development Current Post-

Development
Run 1 Run 2 Run 3 Run 4 

Project Area 
(a) Yellow 0.000338 0.000838 0.00822 0.00251 

Natural
Ground Green 0.000338 0.000612 

Commercial Dark Blue 0 0

Ball Fields 
and Parks 

Light
Blue 0.000338 0.00457 

Existing
Residential

Development 
(b)

Red 0.000203 0.00274 

7-Acre
Residence
South of 

Project Area 

Light
Green 0.000304 0.00740 

(a) Currently a pasture that is flood-irrigated in the summer.  Future mixed-density housing with turf/shrubs, low water-use plants,
and bioswales 

(b) Medium-density housing 
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Table A-2 Calibration Targets 

Calibration Target 
Description 

Pre-Development Winter Model Pre-Development Summer Model 

Target Value 

Model-Simulated
Value

(Difference from 
Target)

Target Value 

Model- Simulated 
Value

(Difference from 
Target)

Run 1 Run 3 

Sump flow rate in Area of 
Interest
(gpm) 

0.0 0.0 

Not measured. 
Estimated to be 
about 40 gpm 

based on 
anecdotal

information 

41.1

Flow rate to known sump 
south of Project area 

(gpm) 

Approximately 
40 gpm 
based on 
anecdotal

information 

39.0

Approximately 
40 gpm 
based on 
anecdotal

information 

43.9

Well 1 water level (a)

(ft msl) 5285.0 5287.6
(+2.6) 5285.0 5290.2

(+5.2)

Well 2 water level (a)

(ft msl) 5323.5 5318.1
(-5.4) 5323.5 5320.3

(-3.2)

Well 3 water level (a)

(ft msl) 5319.8 5325.3
(+5.5) 5319.8 5327.6

(+7.8)

Well 4 water level (a)

(ft msl) 5343.8 5338.0
(-5.8) 5343.8 5346.7

(+2.9)

Boring 1 water level (b)

(ft msl) 5309.0 5310.2
(+1.2) 5311.8 5310.2

(-1.6)

Boring 2 water level (b)

(ft msl) 5314.9 5315.7
(+0.8) 5316.1 5316.5

(+0.4)

Boring 3 water level (b)

(ft msl) 5315.4 5317.2
(+1.8) 5318.3 5318.7

(+0.4)

Boring 4 water level (b)

(ft msl) 5318.5 5318.9
(+0.4) 5320.5 5319.2

(-1.3)

(a)  Based on depth-to-water measurement reported in the Colorado Division of Water Resources water well database and estimated
ground surface elevation 

(b)  Measured by Drexel Barrell & Company during 2006 and 2007
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Table A-3 Calibrated Model Input 

Category Parameter Units Value(s) and/or Description 

Aquifer 
hydraulic 
properties 

Aquifer hydraulic conductivity ft/day 100 

Aquifer specific yield -- (a) 

Model 
lateral
boundaries 

East boundary conforming to 
South Boulder Creek ft msl Prescribed head.  Head values approximately 2 feet below 

adjacent ground surface 

West boundary No flow 

North boundary ft msl 
Prescribed constant head of 5,272 ft msl based on regional 
aquifer water levels and slight changes made during model 

calibration (see Figure A-9) 

South boundary ft msl 
Prescribed variable head ranging between 5,346 and 5,397 ft 
msl based on regional ground water levels and slight changes 

made during model calibration (see Figure A-9) 

Internal 
features 

Drain cells in Area of Interest ft msl Drain bottom elevation set to less than 0.1 feet above the 
simulated winter ground water level elevation 

River cells used for irrigation 
ditches ft msl 

Channel bottom elevation at or near the adjacent ground 
surface.  River level in cell approximately 1 foot higher than 

channel bottom; modified slightly during calibration 

River cells used for ponds ft msl Pond water level elevation at or near the adjacent ground 
surface.   

River cells used for South 
Boulder Creek ft msl River elevation approximately 2 feet lower than adjacent 

ground surface.   

River cell conductance used to 
simulate flowing ditches. ft2/day 

Conductance (CR) computed using the following parameters:  
Channel width (WR) = 10 ft.  Channel length (LR) equal to 

longest dimension of cell (50 or 100 ft).  Bed thickness (b) = 1 
ft.  Channel bed hydraulic conductivity (Kb) = 50 ft/day for 
Dry Creek Ditch #2.  Kb = 3.5 ft/day for the Superphostical 

Ditch.  Kb = 50 ft/day for ditches located in southeast portion 
of the study area. 

River cell water level used to 
simulate flowing ditches ft msl 

Bed elevation (Eb) at or near the adjacent ground surface.  
River level (HR) generally 1 foot higher than bed elevation; 

adjusted slightly during calibration. 

River cells used to simulate 
ponds 

Specified water level (HR) similar to ground surface.  
Conductance set to very high value so the cell is effectively a 

fixed head feature, with head equal to HR

Aquifer 
vertical
boundaries 

Ground surface ft msl Based on USGS digital elevation model (DEM). 

Aquifer base ft msl No flow.  Variable elevation based on DEM and water well - 
geotechnical boring data.  See Figure A-3. 

Sources and 
sinks Aerial recharge ft/day See Table A-1 

(a) Steady-state simulations; aquifer specific yield (storage coefficient) not applicable

Agenda Item 5A     Page 198 of 784



Boulder Creek Commons, LLC Telesto Solutions, Inc. 
R:\Boulder_Creek_Commons\Boulder_Creek_Commons\Products\2010-11_Report_Rev_4\Appendix_A\2010-11-09_Appendix_A.doc November 2010 

Table A-4 Effect of Housing Development and Ditch Lining/Piping on Summer 
Conditions

Description Units 

Pre-development
(calibrated

summer model) 

Post-
development

(modified
summer model) 

Change attributed 
to residential 

development and 
ditch piping 

Run 3 Run 4 

Project Area recharge gpm 36.3 11.1 - 25.2 

Total sump pumping flow rate in 
Area of Interest gpm 41.1 36.8 - 4.3 

Project area borehole 1 water level  ft 5310.2 5310.6 + 0.4 

Project area borehole 2 water level  ft 5316.5 5316.2 - 0.3 

Project area borehole 3 water level  ft 5318.7 5318.0 - 0.7 

Project area borehole 4 water level  ft 5319.2 5319.0 - 0.2 
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Calculations and Supporting Documentation for 
Parameters Used in the Analysis
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1.1 Sump Pumping 

For reference, the total sump pumping rate of 40 gpm within the Area of Interest is 

derived from anecdotal information reported by the resident of 260 Cimmaron Way:  

“Maximum water (estimate) pumped from basement has been 5-6 gal every 22 

seconds [~18 gpm].  Presently, (Aug 05) about 5-6 gpm every 5 minutes [~1 

gpm].”   

Averaging the estimated pumping rates (9.5 gpm) and multiplying by the number of 

residents adjacent to the property along Cimmaron Way (5) yields a total estimated 

pumping rate of 42.5 gpm which is similar to the model simulated sump pumping rate of 

43.9 gpm.  Also, the averaged pumping rate is consistent with the anecdotal flow reported 

by the resident of 260 Cimmaron Way: 

“May2003 – snow & rain (Mar, Apr) water in basement.  Ditch about ½ full pumping 
over 15,000 gpd [10.4 gpm].”
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1.2 Native Ground Recharge Rate 

The assumption that 10% of mean annual rainfall becomes recharge (deep percolation) is 

higher than what would be expected based on the precipitation and vegetation 

consumptive use.  

Assuming native ground is populated with pasture grasses, the potential 

evapotranspiration is 24.3 in/yr.  Annual precipitation is approximately 20.8 in/yr, or 

about 86% of the potential evapotranspiration.  Potential evapotranspiration exceeds 

precipitation during the growing season and recharge during the growing season is zero.

During the winter frost period of December through February, approximately 2.6 inches 

of precipitation occurs.  The ground is frozen so this precipitation is removed through 

runoff, evaporation or sublimation.  During the winter non-frost period months (October, 

November, and March) the soil within the root zone of native vegetation has the potential 

to store approximately 4.4 inches of the winter precipitation (NRCS, Map Unit 

Description for Niwot Soils).  Native vegetation has adapted to the dry climate and uses 

the all available water very efficiently.

Using a water balance approach and assuming that 2.6 inches of the winter precipitation 

is removed through runoff, evaporation / sublimation and 4.4 inches is stored within the 

native vegetation root zone, the maximum recharge to the aquifer is 0.7 inches or 3.3% of 

annual precipitation.  Thus, the assumption that 10% of the mean annual rainfall becomes 

recharge is an over estimation of the amount of recharge in these areas. 
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1.3 Flood Irrigation Application Rate 

Net irrigation water (irrigation plus precipitation) of 36 inches per irrigation season was 

estimated by scaling the recommended irrigation level for urban lawns (30 in/yr), 

presented in Table 4.14 of Water Requirements for Urban Lawns (Danielson, 1980), to 

the amount required for pasture grasses (36.6 in/yr).  The scale factor is based on the ratio 

of the estimated potential evapotranspiration for pasture grasses (23.46 in/yr) to Kentucky 

bluegrass (19.25).  Potential evapotranspiration was estimated based on:  

 The stochastic weather generator CLIGEN was used to generate a daily 
weather data set for Boulder including precipitation, precipitation duration, 
temperature, solar radiation, wind velocity, and dew point. 

 Daily potential evaporation was calculated using the Penman-Monteith 
equation.

 Daily potential evaporation was adjusted (reduced) using the crop coefficients 
for pasture grasses and Kentucky bluegrass. 
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1.4 Flood Irrigation Recharge Rate 

The assumption that 50% of the net irrigation water for flood irrigation becomes deep 

percolation is consistent with the typical application efficiencies of irrigation systems 

listed in Colorado State University Extension Bulletin 514 (Bauder, T.A. and R.M. 

Waskom and A. Andales, 2008).  Table 1 of the bulletin lists the efficiency of flood 

irrigation as being 20% to 50% (e.g., 50% of the net irrigation water was used by the 

plants).  For purposes of this study, it was assumed that the flood irrigation was 50% 

efficient and the remainder becomes deep percolation to the aquifer.  This assumption 

results in higher recharge to the aquifer because it assumes that evaporation from water 

surfaces and runoff losses are zero.  
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1.5 Bioswale ET and Recharge Rate 

The estimate that one-third of the storm water runoff entering the bioswales will 

evapotranspire to the atmosphere and two-thirds will percolate downward and provide 

seepage recharge to ground water is supported by a mass balance calculation on the 

inflows and outflows from the bioswale (Table 1).  Recharge to aquifer from the bioswale 

was estimated using the following equation:  

Recharge = Precipitation bioswale

+ Irrigation bioswale

+ Runoff landscaped and impervious areas 

– Evapotranspiration bioswale

The calculation was based on the following:

 CLIGEN was used to generate a daily weather data set for Boulder. 
 Assumed total water application rate of 30 inches (including precipitation) 

during the growing season. 
 Runoff was calculated using the SCS curve number method: 

 Impervious area CN = 98  
 Landscaped area CN = 69 
 All runoff was assumed to enter the bioswale. 
 During the winter frost period, it is assumed that frozen ground prevents 

infiltration and all precipitation becomes runoff. 
 Daily potential evaporation was calculated using the Penman-Monteith 

equation.
 Daily potential evaporation was adjusted (reduced) using the crop coefficients 

for cattails (bioswale bottom) and Kentucky bluegrass (bioswale side slopes). 
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According to Appendix C of the Conceptual Storm Water Management and Floodplain 

Mitigation Report (Section 10.5, item 6), bioswale vegetation will conform to the 

following recommendation: 

“6. Vegetation - Vegetate the channel bottom and side slopes to provide solid 

entrapment and biological nutrient uptake. Cover the channel bottom with loamy 

soils upon which cattails, sedges, and reeds should be established. Side slopes 

should be planted with native or irrigated turf grasses.” 

Per the recommendation, the channel bottom will be covered with loamy soils to retain 

water and facilitate vegetative growth.  Because the hydraulic conductivity of a loamy 

soil (0.055 ft/day to 11.5 ft/day, [Leij et. al., 1996]) is significantly lower than the 

estimated native soil hydraulic conductivity (100 ft/day), recharge to the aquifer in the 

bioswale area will be reduced.  

The effect of the bioswale was investigated by modifying the numerical model to include 

additional recharge to the aquifer along the length of the bioswale.  In order to maximize 

recharge to the aquifer, it was assumed that the hydraulic conductivity of the loamy soils 

was the same as the aquifer hydraulic conductivity.

Recharge (Table 1) was applied to the model assuming that cattails, sedges and reeds 

would be present along the entire length of the bioswale under summer conditions.  

Additional drain cells were added to represent homes north of the intersection of 

Kewanee Dr. and Cimmaron Way.  Ground water modeling predicts that after 

development, the total summer sump pumping flow rate will be about 2.0 gpm lower than 

the simulated pumping rate for current conditions.   
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Table 1 Bioswale Recharge Estimate 

Component Summer 
 (in) 

Winter
 (in) 

Area
(acre) 

Precipitation 13.1 7.7 2.52 

Irrigation
  Cattails (1) - - 
  KY Bluegrass 16.9 - 1.83 

Runoff from Impervious Areas (CN=98) 7.89 4.19 9.6 

Runoff Landscaped Areas (CN=69) 0.30 0.03 9.6 
  Winter Frost Period (Dec, Jan, Feb) - 2.59 (2) 9.6 

Evapotranspiration 
  Summer (cattails) 24.3 (3) 0.69 
  Summer (KY Bluegrass) 19.3 (3) 1.83 

Bioswale Recharge 36.0 33.7 2.52 
(1) It was assumed that precipitation and runoff are sufficient to sustain cattails and no additional 

irrigation is required.  
(2) It was assumed that the ground will be frozen during the months of December, January, and 

February and 100% of the precipitation during these months becomes runoff to the bioswale.  
(3) It was assumed that no evapotranspiration occurs during the winter season.  
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1.6 Irrigation Rate 

Net irrigation water of 30 inches per irrigation season is consistent with the 

recommended irrigation level for urban lawns presented in Water Requirements for 

Urban Lawns (Danielson, 1980).  In Table 4.14, the recommended irrigation level for 

urban lawns in Longmont, CO at 80% of maximum irrigation is 30.5 inches May through 

October.

The assumption that 10 inches of 30 inches (33%) of the total applied water (irrigation 

and rainfall) becomes recharge (deep percolation) is approximately three times the 

amount of recharge that would be estimated using the Cottonwood Curve.     

The Cottonwood Curve is the most widely used method for estimating deep percolation 

in lawn irrigation along the Front Range and has been accepted by the Colorado Water 

Court and the Office of the State Engineer for estimating deep percolation.  The 

applicability of the Cottonwood Curve in estimating deep percolation has been 

corroborated by the work of Ramchand Oad and Michael DiSpigno (1996) who stated: 

“With respect to deep percolation, the CSU lysimetry research gave essentially similar 

results as the linear portion of the Cottonwood Curve and as the Gronning Line.” 

The Cottonwood Curve is based on a lysimeter study performed by W.W. Wheeler and 

Associates at the request of the Cottonwood Water and Sanitation District to quantify the 

amount of deep percolation from lawn irrigation.  The Cottonwood Curve was developed 

based on the measured data from forty lysimeters installed in Cherry Creek and southeast 

metropolitan Denver and demonstrates a relationship between water application, deep 

percolation and potential consumptive use of turf grass.
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1.0 INTRODUCTION 

At the request of BCC, LLC (BCC), Telesto Solutions, Inc. (Telesto) has prepared this 

report to document a ground water recharge evaluation for Boulder Creek Commons 

(Project) located in Boulder, Colorado. The Project (approximately 19.44 acres) is 

located in the lowest portion of the South Boulder Creek watershed.  The watershed 

drains an area of approximately 132 square miles from the headwaters on James Peak to 

its confluence with Boulder Creek northeast of Valmont and 55th Street (Figure 1).  The 

Project and surrounding areas overlie a thin (10 to 30 feet thick) unconfined aquifer with 

a high water table that fluctuates seasonally in response to processes occurring 

throughout the entire watershed.  During spring, the aquifer water table rises due to 

snowmelt and generally higher rainfall within the entire watershed.  Locally, the high 

water table persists through the summer due to ditch leakage, local pond/reservoir 

leakage, and residential lawn watering.  Prior to 2008, flood irrigation within the Project 

area also contributed to the high summer water table.  During the high water table period 

(spring and summer), some houses in neighborhoods adjacent to the Project area have 

used sump pumps to prevent ground water seepage into basements.  The water table 

drops during the fall and winter months and sump pumping is not generally required.  

This pattern of a fluctuating water table exists prior to any development activities at the 

Project site.

Residents in the adjacent neighborhood are concerned that development of residential 

housing in the Project area could cause the water table to rise higher than normal and lead 

to increased basement sump pumping rates.  In response to this concern, Telesto was 

commissioned by BCC to evaluate how the ground water system will respond to the 

presence of new residential properties in the Project area.  The Project area is a minor 

subset of the entire watershed (0.025% of the total watershed area), and BCC can only 

control changes within the Project area as a part of its development.  Thus, Telesto’s 

evaluation is based on estimates of ground water recharge conditions within the Project 

area before and after residential development and the potential effects on adjacent 

neighbor’s sump pumping.   
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The evaluation presented herein incorporates the relevant hydrologic processes that affect 

the amount of water flowing to the ground water system (i.e., “recharge”).  Of particular 

interest are the effects of:  1) the change from pre-development flood irrigation to 

residential lawn/shrub watering and storm water management within the Project area 

after development, 2) the change from the current non-irrigated condition to the 

developed condition, and 3) eliminating seepage from Dry Creek Ditch No. 2 across the 

Project area.  Although flood irrigation was discontinued before the 2008 growing season, 

it is considered a reasonable baseline case because it represents the conditions that would 

be present if the property was not developed and flood irrigation was resumed.  For 

comparative purposes, an evaluation is also presented for the current, non-irrigated case.

Figure 2 is a site map showing the Project area and the layout of adjacent residential 

neighborhoods.  Figure 3 shows the important hydrologic features (irrigation ditches and 

basement sumps) immediately adjacent to the Project area.  Also shown is the Area of 

Interest, within which some houses have had to use basement sumps when ground water 

levels are elevated during the spring and summer.   

2.0 APPROACH 

The evaluation requires a two-part approach.  First, a rigorous water balance was 

completed to estimate the areal recharge to ground water under pre-development and post 

development land uses.  Second, using the rise in the water levels when the ditch was first 

turned on in late April 2012; the leakage rate from Dry Creek Ditch No. 2 was estimated 

using an analytical element ground water model.   

A water balance was used to estimate the areal recharge to the ground water system for 

pre-development flood irrigation conditions, current pre-development non-irrigated 

conditions, and post-development conditions.  In a water balance, each component of the 

hydrologic process, including precipitation, irrigation, evapotranspiration, and runoff is 

estimated and then recharge is calculated as the difference of precipitation plus irrigation 

minus evapotranspiration and runoff.  Brief descriptions of the calculations used to 

estimate evapotranspiration and runoff are presented in Appendix A.  The relative 
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difference between the recharge estimated for each scenario provides an indication of 

how land use changes affect recharge to the ground water system.   

If the recharge is relatively higher for a given scenario, more water will enter the ground 

water system.  If the recharge is relatively less, not as much water will enter the ground 

water system.  When inflows to the ground water system are higher than the outflows 

from the system the water level rises.  When inflows to the ground water system are 

lower than the system outflows, the water level lowers.  The magnitude of the response 

(i.e., water level change) is dependent on several factors including the change in recharge, 

the ability of the ground water system to transmit water, and the size of the Area of 

Interest compared to the size of the watershed and ground water system.  An alternative 

method such as an analytical model or a numerical model is needed to estimate the 

magnitude of the water level change.  A numerical model has been developed for the site 

and has been used for this purpose (Telesto, 2010a, 2010b). 

The Dry Creek Ditch No. 2 summer leakage rate was estimated using an analytical 

element ground water model.  The model is focused on the Project area and incorporates 

the properties of the ground water system that affect transmission of water (i.e., saturated 

thickness and hydraulic conductivity).  The model frames the area in the local context by 

incorporating the relevant hydrologic components.  These include the prescribed head 

boundaries associated with the Howard Superphostical Ditch, transient flux boundaries 

associated with Dry Creek Ditch No. 2 and Bodam Lateral, and pumping from nearby 

residential sump pumps.  A detailed description of the analytical ground water model is 

provided in Appendix B. 

3.0 THE HYDROLOGIC PROCESS 

Figures 4a, 4b, 4c, and 4d present a conceptual depiction of the hydrologic process near 

the Project area and the Area of Interest. This process is common along the Colorado 

Front Range and is prevalent throughout the west.  In the late fall and during the winter 

(Figure 4a), the ground water table has dropped because:

 South Boulder Creek has drained the area due to its low flow condition 
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 The amount of recharge reaching the ground water table is limited because 
snowmelt is not prevalent, surface ponds are not full and residential lawn 
watering does not exist. 

The lower ground water table in the late fall, and winter, generally does not intersect 

basement sumps in the Area of Interest and no sump pumping is required. 

In early spring (Figure 4b), flow in South Boulder Creek starts to increase due to 

mountain snow melt from high in the basin, surface ponds start to be filled, local 

snowmelt starts, and precipitation near the Project area and Area of Interest increases.  

These increases start to fill the aquifer and the water table begins to rise. 

By late spring and early summer (Figure 4c), the aquifer has been filled by inflows from 

South Boulder Creek, leaking ponds and irrigation ditches, natural precipitation recharge, 

and recharge from residential lawn watering.  The ground water table is now high enough 

that it intersects basement sumps in the Area of Interest, which then must be pumped.  

The amount of water recharging the aquifer required to cause this rise in the water table is 

on the order of 10,000 gallons per minute (Telesto, 2010a, 2010b). 

As summer progresses, South Boulder Creek no longer carries snowmelt from high in the 

basin.  Ground water flow is now sustained by the water stored in the aquifer, and South 

Boulder Creek begins to drain the aquifer (Figure 4d).  Locally, the water table remains 

elevated in comparison to winter conditions due to recharge from residential lawn 

watering, recirculation from neighborhood sumps, pasture flood irrigation, leakage of 

surface ponds and reservoirs, and ditch leakage.  As these mechanisms cease in early fall, 

the water table experiences a more rapid decline back to winter conditions (Figure 4a). 

Of the hydrologic processes described, recharge from precipitation, ditch leakage and 

pasture flood irrigation occurring within the Project area are the only hydrologic variables 

on site that may be manipulated in order to affect minimal changes in the natural 

hydrologic process.  As depicted in Figures 4a-d, the Project is a small component of the 

overall hydrologic process.
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The analyses provided herein are based on two different time periods (Winter Period – 

Figure 4a, and Summer Period – Figure 4d) because these periods represent the times 

where significant differences to basement sump pumping occur. 

4.0 LOCAL MECHANISMS AFFECTING THE GROUND WATER 
SYSTEM 

4.1 Area of Interest 

The Project area and the Area of Interest lie on either side of Dry Creek Ditch No. 2, 

which typically flows from March through August.  Because Dry Creek Ditch No. 2 is 

unlined, water seeps from the channel into the underlying ground water system thereby 

having a localized impact on the ground water table.  In addition, flood irrigation has 

been historically practiced within the Project area and intense sprinkler irrigation is 

currently performed on a 7-acre single-residence property directly south of the Project 

area.  Ditch leakage, reservoir and pond leakage, flood irrigation, and summer lawn 

watering in the residential areas south and west of the Area of Interest are the most 

probable causes of the sustained high water table in the Area of Interest during the spring 

and summer (Figure 4d).  These mechanisms are currently leading to basement sump 

pumping at some houses in the adjacent neighborhoods; that is, prior to any residential 

development within the Project area. 

During August 2005, Telesto sent questionnaires to residents in the surrounding 

neighborhoods.  Consistent with the hydrologic process described in Section 3, 

respondents indicated that little or no basement sump pumping is required during the fall 

and winter, but pumping needs is required at some residences during the spring and 

summer.  From May 5, 2011 to October 25, 2011, Telesto periodically measured the 

sumping rate at a residence adjacent to the west property line (260 Cimmaron Way).  

During this time, the sump-pumping rate ranged from a minimum of 0.5 gpm to a 

maximum of 8.1 gpm (Appendix A).  
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4.2 Recharge Calculation 

Recharge to ground water can be estimated by performing a water balance for the Project 

area.  A steady-state water balance is an accounting of all the water flowing into or out of 

a system.  For the Project area, the following equation describes the various components 

of the soil water balance present at the site:  

R = L + P + I – ET – RO 

Where:
R = Recharge to ground water 
L = Ditch leakage 
P = Precipitation 
I = Irrigation water 
ET = Evapotranspiration
RO = Runoff 

With the exception of recharge, which is calculated based on the other components, each 

water balance component can be estimated.  The various components of the water 

balance are illustrated in Figure 5, which shows the general hydrologic processes for the 

Project area under pre-development flood irrigation conditions.

The analysis presented herein is focused on quantifying the pre- and post-development 

changes to recharge.  The Dry Creek Ditch No. 2 pre-development leakage rate was 

estimated because piping of the ditch across the Project area will eliminate this source of 

recharge to ground water.  However, Howard Superphostical Ditch and the unnamed 

ditch (located along the east parcel south property line) leakage rates are expected to be 

similar pre- and post-development and were not quantified in the analysis.

As mentioned in Section 2.0, an analytical element ground water model was used to 

estimate the Dry Creek Ditch No. 2 leakage rate.  A detailed description of the model can 

be found in Appendix B. 
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A stochastic weather generator (Cligen, USDA) was used to produce a long term daily 

synthetic precipitation data set that was scaled to equal the Boulder average annual 

precipitation.  Cligen was used because there is missing data in the daily measured 

precipitation record and because Cligen also provides estimates of the daily temperature, 

dewpoint, wind, and solar radiation data needed for estimating evapotranspiration.  

Although the synthetic data set summer (13.1 in) and winter period (7.8 in) averages are 

slightly different than the measured data (13.5 inches and 7.4 inches, respectively), the 

data set is considered valid because local precipitation will always vary slightly from the 

values measured at the weather station.  Runoff in response to precipitation was estimated 

using the SCS curve number method (USDA, 1986).  For the winter frost period 

(December through February), the ground is normally frozen so precipitation occurring 

during this period becomes runoff, evaporates or sublimes.   

Irrigation rates used in the estimate are based on the data sources presented Appendix A.  

Appendix A also provides a brief description of the Penman-Monteith method and crop 

specific values used to estimate vegetation evapotranspiration rates. 

4.3 Pre-Development Flood Irrigation Recharge 

Figure 5 shows the general hydrologic processes associated with the Project area under 

pre-development flood irrigation conditions.   

Historically, the Project area was covered with flood-irrigated pasture grass.  The amount 

of net irrigation water (irrigation plus precipitation) is typically 3 feet (36 inches, 

Appendix A) per irrigation season.  During the summer, recharge from precipitation and 

flood irrigation is offset by evapotranspiration, which removes approximately one-half of 

the inflow.  A small portion of the precipitation becomes storm water runoff when large 

storms are prevalent or snowmelt is rapid.  As shown in Table 2, leakage from Dry Creek 

Ditch No. 2 comprises the majority of the pre-development summer recharge. 

Under pre-development flood irrigation conditions the total winter recharge is estimated 

to be 10.2 gpm and the total summer recharge is estimated to be 116.0 gpm (Table 2).  
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Total annual recharge under flood irrigation pre-development conditions, including 

recharge from Dry Creek Ditch No. 2, is estimated to be 126.2 gpm.  

4.4 Pre-Development Non-Irrigation Recharge 

Figure 6 shows the general hydrologic processes associated with the Project area under 

pre-development non-irrigated conditions.  Flood irrigation was discontinued before the 

2008 growing season; therefore, the irrigation rate under current conditions is zero.  As 

shown in Table 3, evapotranspiration exceeds precipitation and leakage from Dry Creek 

Ditch No. 2 comprises 100% of the pre-development summer recharge.  Also, a small 

portion of the precipitation becomes storm water runoff when large storms are prevalent 

or snowmelt is rapid. 

Under pre-development, non-irrigated conditions, the total winter recharge is estimated to 

be 10.2 gpm and the total summer recharge is estimated to be 64.7 gpm.  Total annual 

recharge under current pre-development conditions, including recharge from Dry Creek 

Ditch No. 2, is 74.9 gpm (Table 3).

4.5 Post-Development Recharge 

Figure 7 shows the anticipated hydrologic components following development when 

several large changes will occur:

 Storm water runoff within the Project area will drain to a series of stormwater 
swales

 Flood irrigation will not be reinitiated and would be replaced by efficient lawn 
watering and low water demand landscaping  

 impermeable surfaces (e.g., houses, driveways, sidewalks) will be added  
 Dry Creek Ditch No. 2 will be piped across the Project area. 

Following development there will be four primary land use types within the Project area: 

 Irrigated lawn (turf) and shrubs (~5.82 acres)
 Irrigated low use water plants (~4.26 acres) 
 Non-irrigation open space areas (~0.39 acres) 
 Impervious areas (~8.97 acres) 
 Stormwater swale (assumed to be zero acres). 
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Approximately 30% of the developed Project area will be sprinkler-irrigated lawn (turf) 

and shrubs areas.  Approximately 22% of the area will consist of irrigated, low water-use 

plants.  A summary of the recharge estimate for all post-development irrigated areas is 

provided in Table 4a.  For purposes of this evaluation, it was assumed that the required 

lawn, shrub, and low use water plant irrigation rates are the same.  This assumption is 

conservative (i.e., predicts more recharge) because it results in a slightly higher recharge 

estimate for the area landscaped with low use water plants.   

Approximately 2% of the Project area will consist of non-irrigated open space areas.  A 

summary of the recharge estimate for all post-development non-irrigated areas is 

presented in Table 4b. 

Approximately 46% of the developed area will consist of impermeable features such as 

roads, driveways, and roofing that will eliminate some of the infiltration that is now 

occurring over the entire Project area.  No direct recharge to ground water takes place 

beneath impermeable areas.  However, these features will increase storm water runoff 

and snowmelt which will be routed to the storm water swales.  A summary of the 

recharge estimate for all post-development impervious areas is provided in Table 4c.

The stormwater swales are designed to contain all storm runoff within the Project area 

and prevent surface water flows to adjacent properties except during extreme rainfall 

events.  Therefore, for purposes of this evaluation it was assumed that 100% of the storm 

water runoff entering the stormwater swales from irrigated, non-irrigated, and impervious 

areas will percolate downward and provide seepage recharge to ground water.  This 

assumption is conservative (i.e., predicts more recharge) because a portion of the swale 

influent water flowing will evaporate or be evapotranspired by plants growing in the 

swales.  A summary of the storm water swale recharge estimate is provided in Table 4d. 

Following development the total winter recharge is estimated to be 12.5 gpm and the total 

summer recharge is estimated to be 13.7 gpm (Table 4e).  Total annual recharge under 

post-development conditions is 26.2 gpm.  Following development, recharge within the 
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Project area is reduced dramatically during the summer months due to piping of Dry 

Creek Ditch No. 2.

5.0 DISCUSSION 

Residential sump pumping occurs when the ground water table rises to the level of the 

sump system installed just below the adjacent neighbor’s basement slabs.  The amount of 

recharge occurring within the South Boulder Creek watershed is on the order of 10,000 

gpm (Telesto, 2010a, 2010b).  As shown in Figure 4c, the primary factors supplying this 

water, are recharge from South Boulder Creek, seepage from unlined irrigation ditches, 

pasture flood irrigation and residential lawn watering.  Until the sum of these 

mechanisms provide a significant amount of water to the ground water, the water table 

does not rise sufficiently to invoke basement sump pumping in the Area of Interest.

The winter recharge rates under pre- and post-development conditions are summarized in 

Table 5.  For the winter period, there is no ditch seepage, and recharge conditions inside 

the Project area are nearly the same pre- and post-development.  The only change is a 

nominal increase in winter recharge within the Project area.  However, the magnitude of 

the pre-development to post-development winter recharge increase is not enough to raise 

the ground water levels to those needed to affect basement sump pumping.  Thus, during 

the winter, the improved storm water management system (stormwater swales) has a 

positive impact by diminishing surface water flows to neighboring areas while causing no 

measureable change to the ground water system. 

For the summer period (Table 5), the primary change from pre- to post-development is 

the piping of Dry Creek Ditch No. 2 along the Project area western boundary.  This will 

totally eliminate the ditch leakage that now occurs along this portion of the ditch, which 

currently causes localized increases in the ground water table.  Compared to current non-

irrigated conditions summer recharge to ground water will decrease by approximately 51 

gpm.   
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When comparing the conversion from historic flood irrigation to sprinkler irrigation and 

the management of storm water using swales and a detention pond, summer recharge is 

reduced by 102.3 gpm (Table 5).  This reduction in recharge to the ground water system 

will tend to reduce localized increases of the water table elevation in the Area of Interest.  

Because recharge within the Project area, and in particular, along the western property 

boundary, is reduced, the only logical conclusion is that development in the Project area 

will lead to a potential reduction in basement sump pumping within the Area of Interest.  

There are simply no mechanisms associated with the development that could cause the 

summer pumping rates to increase. 

6.0 CONCLUSIONS 

The conclusions of this evaluation are as follows: 

 Compared to current winter conditions, the development of the Project area 
will cause a nominal increase in total winter recharge within the Project area.  
However, there are large benefits of improved storm water management that 
outweigh the increase in winter recharge.  Also, the amount of recharge 
increase is insignificant in comparison to the amount or recharge required to 
raise the water table to sump pumping elevations and thus, will not be noticed.

 Compared to flood irrigation and current non-irrigated summer conditions, the 
development will reduce the total summer recharge to ground water.  This 
reduction is caused in a large part by the piping of Dry Creek Ditch No. 2 
which will eliminate ditch seepage along the Project area western boundary.  
Cessation of historic flood irrigation will also decrease areal recharge within 
the Project area.  Thus, the only logical conclusion is that the development 
will lead to a reduction in ground water recharge and potentially to reduced 
residential sump pumping by the adjacent residents.   

Based on this evaluation, the proposed housing development will not adversely affect the 

basement sump pumping currently being performed by the adjacent residents and, in fact, 

may lead to a reduction in the total sump pumping rate.  This conclusion is contingent on 

the assumptions that: 1) turf and shrub irrigation rates are not higher than standard 

residential values associated with use of sprinklers, and 2) there is no change in the 

current operation of irrigation ditches, with the exception that Dry Creek Ditch No. 2 will 

be piped along the western boundary of the Project area. 
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The most important conclusion of this study is that the proposed housing development 

can only result in a decrease in ground water recharge and may lead to a decrease in 

sump pumping in nearby residences.   
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Table 1 Boulder Area Measured Rainfall 

Year 
Winter (inches) Summer (inches) 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
1990 0.96 1.6 0.75 1.04 1.32 4.55 2.16 1.73 0.39 4.23 1.13 1.84 
1991 0.93 3.3 0.01 1.05 0.15 0.43 2.41 2.9 3.59 3.11 2.08 1.21 
1992 0.79 2.56 0.84 0.67 0 5.17 0.46 1.7 0.96 1.13 3.08 0.02 
1993 2.42 2.17 0.55 0.25 0.9 2.15 2.56 1.73 3.38 1.4 1.04 3.32 
1994 1.02 2.25 0.49 0.86 1.37 1.61 3.46 1.35 0.93 0.35 2.56 0.54 
1995 0.59 1.51 0.25 0.64 1.53 1.21 5.45 9.59 4.03 0.72 1.45 2.96 
1996 0.28 1.43 0.37 1.89 0.29 2.16 1.49 4.63 2.77 1.96 0.63 3.48 
1997 2.7 1.52 0.68 0.87 1.83 0.91 5.77 2.19 3.69 1.14 5.27 1.92 
1998 1.12 1.53 1.05 1.07 0.23 3.41 4.56 1.82 1.85 4.02 0.97 0.66 
1999 1.33 0.81 1.01 0.65 0.08 1.09 7.55 1.84 0.82 2.54 5.54 2.62 
2000 1.28 0.89 0.44 0.29 0.55 2.56 1.5 1.6 1.53 2.09 0.72 2.51 
2001 0.4 1.02 0.36 0.73 0.86 2.01 3.02 3.62 1.09 1.76 1.64 1.77 
2002 2.44 0.78 0.02 1.07 0.44 1.5 0.2 3.2 1.18 0.09 1.44 1.52 
2003 0.45 0.8 0.84 0.09 1.52 5.44 2.99 2.62 2.69 0.71 3.52 0.35 
2004 2.32 1.99 0.35 0.82 1.31 1.09 5.66 1.28 3.96 3.44 2.88 2.07 
2005 2.8 0.34 0.43 1.4 0.31 1.22 3.86 1.91 2.68 0.42 1.63 0.52 
2006 3.71 0.74 3.05 0.44 0.68 2.08 1.04 1.14 1.32 2.63 1.23 1.25 
2007 1.38 0.47 2.1 1.68 0.86 1.69 2.24 1.79 0.38 0.8 1.82 1.92 
2008 1.18 0.13 1.33 0.46 0.63 1.47 1.13 4.21 1.58 0.09 2.97 1.84 
2009 3.26 0.93 1.39 0.62 0.27 1.89 5.88 3.08 2.7 1.42 0.33 0.42 
2010 0.95 0.61 0.48 0.28 1.37 3.3 3.63 2.71 3.36 2.31 1.07 0.25 
2011 1.65 0.98 1.92 0.96 1.02 0.33 2.41 5.16 1.35 2.87 1.08 2.56 

Totals 7.4 13.5 

20.9 
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Table 2 Pre-Development Recharge (Flood Irrigation) 

Hydrologic Process Depth Area Rate 
(in) (acre) (gpm) 

Dry Creek Ditch No. 2 Leakage - - 
  Summer - - 64.7 
  Winter  0
Precipitation 
  Annual 20.9 19.44 - 
  Summer 13.1 19.44 26.3 
  Winter  7.8 19.44 15.7 
Irrigation 
  Summer 36.0 19.44 72.3 
  Winter 0.0 - 0 

Evapotranspiration Table 3
 Pre-Development 
Recharge (Non-Irrigated) 

   
  Summer (Pasture Grasses) 23.5 19.44 47.1 
  Winter 0 19.44 0.0 
Runoff (CN = 61) 
  Summer 0.12 19.44 0.2 
  Winter 0.01 19.44 0.0 
  Winter Frost Period 2.7 19.44 5.4 

Areal Recharge 
  Summer (182.5 days) 25.5 19.44 51.3 
  Winter (182.5 days) 5.1 19.44 10.2 

Total 61.5

Total Recharge 
  Summer 116.0
  Winter 10.2
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Table 3 Pre-Development Recharge (Non-Irrigated) 

Hydrologic Process Depth Area Rate 
(in) (acre) (gpm) 

Dry Creek Ditch No. 2 Leakage - - 
  Summer - - 64.7 
  Winter  0
Precipitation 
  Annual 20.9 19.44 - 
  Summer 13.1 19.44 26.3 
  Winter  7.8 19.44 15.7 
Irrigation 
  Summer 0.0 - 0.0 
  Winter 0.0 - 0 
Evapotranspiration    
  Summer (Pasture Grasses) 23.5 19.44 47.1 
  Winter 0 19.44 0.0 
Runoff (CN = 61) 
  Summer 0.12 19.44 0.2 
  Winter 0.01 19.44 0.0 
  Winter Frost Period 2.7 19.44 5.4 

Areal Recharge 
  Summer (182.5 days) 25.5 19.44 -21.1(1)

  Winter (182.5 days) 5.1 19.44 10.2 
Total 61.5

Total Recharge 
  Summer 64.7
  Winter 10.2

(1) Summer evapotranspiration exceeds precipitation; therefore, net summer areal recharge is 
zero.
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Table 4a Post-Development Recharge – Irrigated Lawn (Turf) and 
Shrubs; Irrigated Low Use Water Plants 

Hydrologic Process Depth Area Rate 
(in) (acre) (gpm) 

Precipitation 
  Annual 20.9 10.08 - 
  Summer 13.1 10.08 13.6 
  Winter  7.8 10.08 8.1 
Irrigation (2)

  Irrigation Delivery Efficiency 77.5%   
  Summer  11.9 (1) 10.08 12.4 
  Winter 0.0 - 0.0 
Evapotranspiration    
  Summer (KY Bluegrass) 19.3 5.82 11.6 
  Summer (Low water use plants) 9.8 4.26 4.31 
  Winter 0 10.08 0.0 
Runoff (CN = 61) 
  Summer 0.12 10.08 0.1 
  Winter 0.01 10.08 0.0 
  Winter Frost Period 2.7 10.08 2.8 

Areal Recharge 
  Summer (182.5 days) 9.6 10.08 10.0 
  Winter (182.5 days) 5.1 10.08 5.3 

Total 15.3
 (1) Assuming 77.5% irrigation delivery efficiency (fixed solid).  Summer precipitation (minus 
runoff) will provide a portion of the water needed, the remainder is provided by irrigation. 
(2)  Lawn (turf), shrubs, and low use water plants are assumed to have the same irrigation 
requirements.    
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Table 4b Post-Development Recharge – Non-irrigated Open Space 
Areas

Hydrologic Process Depth Area Rate 
(in) (acre) (gpm) 

Precipitation 
  Annual 20.9 0.39 - 
  Summer 13.1 0.39 0.5 
  Winter  7.8 0.39 0.3 
Irrigation 
  Summer (Low water use plants) 0.0 0.39 0.0 
  Winter 0.0 0.39 0.0 
Evapotranspiration    
  Summer (Low water use plants) 9.8 0.39 0.4 
  Winter 0 0.39 0.0 
Runoff (CN = 61) 
  Summer 0.12 0.39 0.0 
  Winter 0.01 0.39 0.0 
  Winter Frost Period 2.7 0.39 0.1 

Areal Recharge 
  Summer (182.5 days) 3.2 0.39 0.1 
  Winter (182.5 days) 5.1 0.39 0.2 

Total 0.3
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Table 4c Post-Development Recharge – Impervious Areas 

Hydrologic Process Depth Area Rate 
(in) (acre) (gpm) 

Precipitation 
  Annual 20.9 8.97 - 
  Summer 13.1 8.97 12.1 
  Winter  7.8 8.97 7.2 
Irrigation 
  Summer 0 8.97 0 
  Winter 0 8.97 0 
Evapotranspiration    
  Summer  0 8.97 0 
  Winter 0 8.97 0 
Runoff (CN = 61) 
  Summer 8.18 8.97 7.6 
  Winter 4.36 8.97 4.0 

Areal Recharge 
  Summer (182.5 days) 0 8.97 0 
  Winter (182.5 days) 0 8.97 0 

Total 0
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Table 4d Post-Development Recharge – Stormwater Swales 

Run-on from Other Areas Rate
(gpm)

Summer 
   Impervious Areas 7.6
   Landscaped Areas w/ Irrigation 0.13
   Landscaped Areas w/o Irrigation 0
Winter
   Impervious Areas 4.0
   Landscaped Areas w/ Irrigation 0.0
   Landscaped Areas w/ Irrigation
  (frost period) 2.8 
   Landscaped Areas w/o Irrigation 0.0 
   Landscaped Areas w/o Irrigation
  (frost period) 0.1 

Areal Recharge 
  Summer (182.5 days) 7.7
  Winter (182.5 days) 7.0

Total 14.7
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Table 4e Post-Development Recharge Summary 

Hydrologic Process Rate
(gpm)

Summer 
   Irrigated lawn, shrubs, and low 

water use plants.   10.0 
   Non-irrigated low use water plants 0.1 
   Impervious Areas 0.0
   Swale 7.7

Total 17.8
Winter
   Irrigated lawn, shrubs and low 

water use plants 5.3 
   Non-irrigated low use water plants 0.2 
   Impervious Areas 0.0
   Swale 7.0

Total 12.5
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Table 5 Recharge Summary 

Developed
(gpm)

Current
Non-irrigated

(gpm)

Flood
Irrigation 

(gpm)
Summer    
  Areal Recharge 17.8 0 51.3 
  Dry Creek Ditch No. 2 Leakage  0 64.7 64.7 
    Summer Total 17.8 64.7 116.0 
    Post- minus pre-development - -51.0 -102.3 

   
Winter    
  Areal Recharge 12.5 10.2 10.2 
  Dry Creek Ditch No. 2 Leakage  0 0 0 
    Winter Total  12.5 10.2 10.2 
    Post- minus pre-development - +2.3 +2.3 

Annual Total 30.3 74.9 126.2 
Post- minus pre-development - -48.7 -51.3 
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APPENDIX A 

Calculations and Supporting Documentation for 
Parameters Used in the Areal Recharge Analysis 
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Boulder Creek Commons A-1 Telesto Solutions, Inc. 
r:\boulder_creek_commons\boulder_creek_commons\products\2012-06-21_water_balance_report\03_appendix_a\appendix_a.docx June 2012 

1.0 EVAPOTRANSPIRATION 

The United Nations Food & Agriculture Organization recommends the Penman-Monteith 

method for determining reference evapotranspiration (ETr).  Once the reference 

evapotranspiration is determined, the evapotranspiration rates for other crops can be 

estimated by scaling the reference ETr (in this case, alfalfa), using crop coefficients and 

growing season data (Table 1). 

The Crop Coefficient (Kc) is the fraction of water lost from the crop relative to reference 

crop evapotranspiration.  The crop coefficient is used with evaporation from a reference 

crop (e.g.  ETr = alfalfa) to estimate crop specific evapotranspiration rates. The crop 

coefficient is a dimensionless number (usually between .1 and 1.2) that is multiplied by 

the standardized surface evapotranspiration value (ETr) to arrive at a crop specific 

evapotranspiration (ETc) estimate.  
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Crop Coefficients Kc and Growing Season Dates 

Crop
Turfgrass

(cool-
season)

Turfgrass
(warm-
season)

Pasture
Grasses

Kentucky
Blue

Grass 

Low 
Water

Use
Plants

Reference 1 1 2 3 4 
Season Length 183 182 204 200 204 b

Start of 
irrigation/germination 2-Apr 2-Apr 25-Mar 27-Mar b 25-Mar b

Initial Season 17-May 17-May 1-Apr a 16-Apr a 1-Apr b
Rapid Growth Season 2-Jul 2-Jul 1-Jun a 6-May a 1-Jun b

Mid Season 17-Aug 16-Aug 5-Jul a 5-Jul a 5-Jul b
End of irrigation/harvest 1-Oct 1-Oct 15-Oct 13-Oct 15-Oct b

          
Initial Season Kc 0.80 0.60 0.875 0.6 0.375 d

Rapid Growth Season Kc 
Mid Season Kc 0.80 0.60 0.83 0.78 0.375 d

End of irr/harvest Kc 0.80 0.60 1.09 0.74 0.375 d

References:  
1. http://biomet.ucdavis.edu/irrigation_scheduling/bis/BIS.htm BISe.xls 
2. Part 683 - Water Requirements CO683.50(p) Longmont, Co TR-21 Blaney Criddle 

Method 
3. IDS Consumptive Use Model Version 3.3.127 (http://www.ids.colostate.edu)  
4. Water Use Category: Low Percentage of Reference ET = 25-50%  

(http://www.greenco.org/bmp_downloads/BMP_Manual_Appendices.pdf) 

Notes:
a. Initial, Rapid Growth, and Mid-season dates estimated based on monthly Kc values.  
b. Assumed to be same as pasture grasses and modified for 200 day growing season. 
c. Assumed to be same as pasture grasses.  
d. Average of 25%-50% 
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2.0 SCS CURVE NUMBER METHOD FOR ESTIMATING 
RUNOFF

The SCS Runoff Curve Number (CN) method using the following equation to estimate 

runoff:

Where:

Q = runoff (in) 
P = rainfall (in) 
S = potential maximum retention after runoff begins (in) and 
Ia = initial abstraction (in) 

Initial abstraction (Ia) is all losses before runoff begins.  It includes water retained in 

surface depressions, water intercepted by vegetation, evaporation, and infiltration. Ia is 

highly variable but generally is correlated with soil and cover parameters.  Through 

studies of many small agricultural watersheds, Ia was found to be approximated by the 

following empirical equation: 

Ia = 0.2S

By removing Ia as an independent parameter, this approximation allows use of a 

combination of S and P to produce a unique runoff amount.  Substituting for Ia gives: 

S is related to the soil and cover conditions of the watershed through the CN. CN has a 

range of 0 to 100, and S is related to CN by: 
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Curve Number Determination 

Reference: Reference: USDA Urban Hydrology for Small Watersheds TR-55 

Hydrologic Soil Group:

NRCS web soil survey: According to NRCS, Hogan-Pancost is covered by 0”-14” of 
“Niwot and Similar Soils” which are described as a “loam” Hydrologic Soil Group “C” 

2008 Soils Report: Topsoil, clayey, silty to very silty, sandy, dark brown 

HSG Soil textures (TR-55, p. A-1) 
A = Sand, loamy sand, or sandy loam 
B = Silt loam or loam 
C = Sandy clay loam 
D = Clay loam, silty clay loam, sandy clay, silty clay, or clay. 

Note: NRCS web soil survey indicates a HSG “C” for this area.  Based on Site specific 
soils report and field observations the top soil is assumed to be HSG “B”.  Choosing HSG 
B over C will result in lower CN, less runoff, and an increased estimate of recharge.  

Hydrologic Condition: Good (Good hydrologic condition indicates that the soil usually 
has a low runoff potential for that specific hydrologic soil group, cover type, and 
treatment.  

Curve Numbers:

Pre-Development: CN = 61 

 TR-55 Table 2-2c Runoff curve numbers for other agricultural lands Pasture, 
grassland, or range—continuous forage for grazing 

 HSG B 
 Hydrologic Condition = Good: > 75% ground cover and lightly or only 

occasionally grazed.  

Post-Development:   

CN = 61 (lawns) 

 TR-55 Table 2-2a Runoff curve numbers for urban areas Fully developed 
urban areas (vegetation established) Open space (lawns, parks, golf courses, 
cemeteries, etc.) 

 HSG B 
 Hydrologic Condition = Good condition (grass cover > 75%). 

CN = 98 (impervious areas) 
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TR-55 Table 2-2a Runoff curve numbers for urban areas.  Fully developed urban areas 
(vegetation established) Impervious areas: Paved parking lots, roofs, driveways, etc. 
Streets and roads: Paved; curbs and storm sewers. 

Open space (lawns, parks, golf courses, cemeteries, etc.): 

Hydrologic Soil Group   A B C D 
Poor condition (grass cover < 50%)    68  79  86  89 
Fair condition (grass cover 50% to 75%)   49  69  79  84 
Good condition (grass cover > 75%)   39  61  74  80 

TR-55 Table 2-2c Runoff curve numbers for other agricultural lands 

Pasture, grassland, or range—continuous forage for grazing 
HSG A B C D 
Poor  68  79  86  89 
Fair  49  69  79  84 
Good  39  61  74  80 

Poor: <50%) ground cover or heavily grazed with no mulch. 
Fair: 50 to 75% ground cover and not heavily grazed. 
Good: > 75% ground cover and lightly or only occasionally grazed.
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3.0 MEASURED SUMP PUMPING RATES 

The total summer sump pumping rate of 28 gpm within the Area of Interest is derived 

from average sumping rate measured at 260 Cimmaron Way between May 6, 2011 and 

September 23, 2011 of 4.67 gpm (Table 1) multiplied by the number of homes adjacent 

to the west property line (6, 210, 220, 220, 230, 240, 250, 260 Cimmaron Way).  

Table 1.1 Measured Sumping Rates at 260 Cimmaron Way 

Date
Sump 1 Sump 1 Sump 1 Sump 1 Sump 2 Sump 2 Sump 2 Sump 2 Total Total

NoteVol
(gal)

Cycle 
(min)

Rate
(gpm)

Rate
(gpd)

Vol
(gal)

Cycle 
(min)

Rate
(gpm)

Rate
(gpd)

(gpd) (gpm)

4/7/11 4.35 - - - 3.94 - - - 0 0.0 (1)

5/4/11 4.35 - - - 3.94 - - - 0 0.0 (1)

5/5/11 4.35 4.0 1.1 1565 3.94 4.0 1.0 1418 2983 2.1 (1)

5/6/11 4.35 1.75 2.5 3577 3.94 11.0 0.4 515 4093 2.8 (1)

5/20/11 4.35 1.0 4.3 6260 3.94 4.0 1.0 1418 7678 5.3 (1)

5/27/11 4.35 1.5 2.9 4173 3.94 3.0 1.3 1890 6063 4.2 (1)

6/23/11 4.35 1.1 4.0 5691 3.94 - - - 5691 4.0 (2)

7/12/11 4.35 1.1 4.0 5726 3.94 0.9 4.2 6000 11726 8.1 (2)

8/23/11 4.35 0.9 5.1 7298 3.94 2.1 1.9 2703 10001 6.9 (2)

9/1/11 4.35 2.2 2.0 2834 3.94 6.9 0.6 819 3653 2.5 (2)

9/23/11 4.35 1.7 2.5 3587 3.94 4.5 0.9 1262 4850 3.4 (2)

10/21/11 4.35 6.5 0.7 963 3.94 - - - 963 0.7 (1)

10/25/11 4.35 8.0 0.5 779 3.94 - - - 779 0.5 (2)

4/27/12 4.35 3.0 1.5 2107 3.94 - - - 2107 1.5 (2)

5/2/12 4.35 3.7 1.2 1705 3.94 - - - 1705 1.2 (2)

(1) Ron Craig, Resident 260 Cimmaron Way 
(2) Telesto Solutions, Inc. 
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4.0 FLOOD IRRIGATION APPLICATION RATE 

Net irrigation water (irrigation plus precipitation) of 36 inches per irrigation season was 

estimated by scaling the recommended irrigation level for urban lawns (30 in/yr), 

presented in Table 4.14 of Water Requirements for Urban Lawns (Danielson, 1980), to 

the amount required for pasture grasses (36.6 in/yr).  The scale factor is based on the ratio 

of the estimated potential evapotranspiration for pasture grasses (23.46 in/yr) to Kentucky 

bluegrass (19.25).  Potential evapotranspiration was estimated based on:  

 The stochastic weather generator CLIGEN was used to generate a daily 
weather data set for Boulder including precipitation, precipitation duration, 
temperature, solar radiation, wind velocity, and dew point. 

 Daily potential evaporation was calculated using the Penman-Monteith 
equation.

 Daily potential evaporation was adjusted (reduced) using the crop coefficients 
for pasture grasses and Kentucky bluegrass. 
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5.0 IRRIGATION RATE 

Net irrigation water of 30 inches per irrigation season is consistent with the 

recommended irrigation level for urban lawns presented in Water Requirements for 

Urban Lawns (Danielson, 1980).  In Table 4.14, the recommended irrigation level for 

urban lawns in Longmont, CO at 80% of maximum irrigation is 30.5 inches May through 

October.

The assumption that 10 inches of 30 inches (33%) of the total applied water (irrigation 

and rainfall) becomes recharge (deep percolation) is approximately three times the 

amount of recharge that would be estimated using the Cottonwood Curve.     

The Cottonwood Curve is the most widely used method for estimating deep percolation 

in lawn irrigation along the Front Range and has been accepted by the Colorado Water 

Court and the Office of the State Engineer for estimating deep percolation.  The 

applicability of the Cottonwood Curve in estimating deep percolation has been 

corroborated by the work of Ramchand Oad and Michael DiSpigno (1996) who stated: 

“With respect to deep percolation, the CSU lysimetry research gave essentially similar 

results as the linear portion of the Cottonwood Curve and as the Gronning Line.” 

The Cottonwood Curve is based on a lysimeter study performed by W.W. Wheeler and 

Associates at the request of the Cottonwood Water and Sanitation District to quantify the 

amount of deep percolation from lawn irrigation.  The Cottonwood Curve was developed 

based on the measured data from forty lysimeters installed in Cherry Creek and southeast 

metropolitan Denver and demonstrates a relationship between water application, deep 

percolation and potential consumptive use of turf grass. 
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Introduction 

An analytical element model was used to simulate the Project area ground water system 

and estimate the leakage rate from Dry Creek Ditch No. 2 that would be eliminated once 

the ditch is piped across the Project area (Figure B-1). 

Calculations were performed using the publicly available program TWODAN 5.0 (Fits 

Geosolutions), which was configured to simulate two-dimensional (horizontal) ground 

water flow in an unconfined aquifer with a constant-base elevation.  The model is 

centered on the Project area and incorporates the relevant hydrologic components 

including prescribed head boundaries associated with the Howard Superphostical Ditch, 

transient flux boundaries associated with Dry Creek Ditch No. 2 and Bodam Lateral, and 

pumping from nearby residential sump pumps. 

Model 

TWODAN is a multi-functional analytic element model used for simulating two-

dimensional ground water flow.  TWODAN includes a suite of modeling features that 

allow for simulating simple or complex systems.  The aquifer modeled can consist of one 

or two hydraulically connected confined and/or unconfined layers.  In addition, the model 

allows for both steady-state and transient simulations (implemented using transient 

injection or extraction wells).  The model also allows for discharge-specified and head-

specified linesinks.  Head-specified linesinks are typically used to represent constant-

head boundaries.  Discharge-specified linesinks can be used to model infiltration trenches.  

However, only steady state linesinks are allowed.  Therefore, transient wells must be used 

to simulate time-dependent discharge boundaries (i.e., Dry Creek Ditch No. 2). 

Approach

Annual changes in water level at the site have been measured for two periods, March 

2006 through May 2007, and May 2011 through May 2012 (Table B-1).  On April 25, 

2012, flow in Dry Creek Ditch No. 2 was observed to start flowing across the Project area.

Over the next two days, water levels across the site were measured, during which time 
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there was no precipitation.  Therefore, the change (increase) in water levels in wells 

located near Dry Creek Ditch No. 2, in particular monitoring well B-3, can be directly 

attributed to leakage from the ditch.  Water level changes observed at wells potentially 

influenced by neighborhood sump pumping (e.g., B-1) and those located further from the 

ditch (e.g., B-2, B-4, PVC-SW, and PVC-SE) exhibit less influence from Dry Creek 

Ditch No. 2.  Due to the close proximity of monitoring well B-3 to Dry Creek Ditch No. 

2, and the absence of nearby sumps, the monitoring well B-3 water level data were used 

as the primary basis of the analysis.  

The approach used to estimate the Dry Creek Ditch No. 2 leakage rate was to:  

 Create a steady state model and calibrate the model to data measured on April 
25, 2012 (day ditch flow started).

 Add transient recharge from Dry Creek Ditch No. 2 to the model and calibrate 
to the transient data measured on April 26, 2012 and April 27, 2012.   

 Keeping all model parameters consistent with the transient model, validate the 
model using transient data measured between May 6, 2011 and July 12, 2011.  

The following sections describe the model configuration, calibration, and validation.

Model Input 

The calibrated model inputs are summarized in Table B-2.  

Aquifer Description 

TWODAN requires basic information on the ground water system configuration 

including the aquifer bottom elevation, layer thickness, and hydraulic conductivity.

The aquifer was split into two layers, a lower layer representing sand and gravel, and an 

upper layer representing surface loam.  The aquifer bottom elevation was set equal to the 

bedrock elevation observed at monitoring well B-1.  Total aquifer thickness of 10.67 feet 

was estimated based on the average of depth-to-bedrock measurements for monitoring 

wells B-1, B-2, and B-3.  Based on the NRCS soil description for the site, the upper loam 

layer was assumed to average 14-inches (1.167 feet) and have a hydraulic conductivity of  
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0.1 ft/day (6.0 in/hr).  The lower layer of 9.5-feet was based on the total aquifer thickness 

minus the thickness of the overlying loam.   

The hydraulic conductivity of the lower layer was based on operation of the Boulder 

Community Hospital dewatering system.  The hospital is situated above the same 

unconfined aquifer that exists in the Project area.  Operation of the dewatering system 

provides reliable data for estimating the hydraulic conductivity of the unconsolidated 

materials that comprise the unconfined aquifer.  Based on analyses developed for hospital 

dewatering system, the hydraulic conductivity of the lower unconfined aquifer layer was 

set at 100 ft/day. 

Reference Head 

TWODAN requires specification of a Reference Head at one point in the flow domain 

outside the area of interest.  The head at the reference point is set such that heads and 

gradients outside of the outermost features of the model are reasonable.  The reference 

head used here was positioned ~4300 feet SSE of the southwest property corner.  The 

reference head is located beyond the model boundaries and once set does not affect the 

simulation inside the model area. 

Storativity / Transmissivity 

In order to evaluate the transient response of the aquifer the aquifer storage properties 

must be specified.  Storativity (specific yield in unconfined aquifers) is the volume of 

water that an aquifer releases from or takes into storage per unit surface area of the 

aquifer per unit change in hydraulic head.

The aquifer material of the west parcel has described as clayey sand and clayey gravel.  

In unconsolidated deposits specific yield may range from a minimum of 0.03 for sandy 

clay (mud) to a maximum value of 0.35 for coarse sand, gravelly sand or fine sand1.

During the transient calibration, a reasonable match was obtained between and measured 

1 Johnson, A.I. 1967.  Specific yield.  U.S. Geological Survey Water Supply Paper 1662-D. 74 p. 
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simulated water levels using a fixed specific yield value of 0.20.  This is comparable to 

the values commonly used by the Colorado Office of the State Engineer which range 

from 15% to 25% (2 CCR 410-1 5.7).  TWODAN uses the ratio of Storativity / 

Transmissivity where transmissivity is equal to the hydraulic conductivity multiplied by 

the saturated thickness.  The values used to estimate transmissivity are described in the 

following section.

Uniform Flow 

The uniform flow defines a uniform cross flow (aquifer discharge) in the model.  Both 

the magnitude of uniform aquifer discharge and the angle of the discharge are defined.  

The magnitude of the discharge (12.933 ft2/day) is equal to the transmissivity multiplied 

by the hydraulic gradient.  Coupled with the hydraulic conductivity of 100 feet/day, the 

data measured at monitoring wells B-1 and B-3 on April 25, 2012 and April 27, 2012 

were used to estimate the saturated thickness (11.5 feet) and hydraulic gradient (0.011246 

ft/ft).   

Aerial Recharge 

Based on the water balance analyses presented in the main report, during the summer 

period (April through September) the sum of runoff and evapotranspiration exceeds 

precipitation under current (2012) non-irrigated conditions.  Therefore, recharge for the 

summer period within the Project area was set to zero in the model.

Model Features 

The Project area is surrounded by irrigation ditches on all sides (Figure B-1).  Dry Creek 

Ditch No. 2 is located along the west boundary, the Howard-Superphostical ditch is 

located along the northeast property boundary, and the Bodam Lateral is located along 

the west parcel south property boundary.  There is also an Unnamed Ditch along the 

south property boundary of the east parcel (Figure B-2).  With the exception of the 

Bodam Lateral, all ditches are unlined and are in hydraulic connection with the 

underlying ground water system.  When water levels in the Bodam Lateral are high, 

water also spills over a portion of the ditch lining and recharges the ground water system.   
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Steady State Calibration  

The steady state model was calibrated using the following information: 

 Measured water levels April 25, 2012 for six Project Area monitoring wells. 
 Dry Creek Ditch No. 2 is dry. 
 Superphostical Ditch contains flowing water at the elevations surveyed on 

May 9, 2012. 
 Bodam Lateral is dry. 
 The Unnamed Ditch is dry. 
 Houses in the Area of Interest do not perform basement sumping, so the water 

table is below the basement elevations. 
 No basement sumping at the house south of the Project area (assumed).  

To perform the calibration, the model was run in steady-state mode using an aquifer 

hydraulic conductivity of 100 ft/day.  Based on the water balance, the summer recharge 

rate was set to zero. 

The steady state model was calibrated by adjusting prescribed heads along the north and 

south boundaries of the model.  A reasonable calibration was achieved by making only 

slight changes to the north and south prescribed head boundaries.  The water levels 

simulated by the calibrated steady state model are shown in Figure B-2, and a comparison 

of calibration targets with model predictions is provided in Table B-3. 

Transient Calibration

The steady state model was calibrated using the following information: 

 Measured water levels April 26, 2012 and April 27, 2012 for six Project area 
monitoring wells. 

 No precipitation during the observation period. 
 Dry Creek Ditch No. 2 contains flowing water. 
 Superphostical Ditch contains flowing water at the elevations surveyed on 

May 9, 2012. 
 Bodam Lateral contains flowing water. 
 The Unnamed Ditch contains flowing water at an elevation approximately 

equal to the ground surface elevation. 
 Houses in the Area of Interest perform basement sumping at the rate measured 

on April 27, 2012 at 260 Cimmaron Way. 
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 House south of the Project area has four sumps each pumping at a rate equal 
to the 260 Cimmaron Way pumping rate. 

There was no precipitation during the observation period.  Therefore, the change 

(increase) in water level at monitoring well B-3, which is located near Dry Creek Ditch 

No. 2, is directly attributable to leakage from Dry Creek Ditch No. 2.     

Water level changes observed at wells located further from the ditch (e.g., B-2, B-4, 

PVC-SW, PVC-SE), and those potentially influenced by neighborhood sump pumping 

(e.g., B-1), exhibit less influence from Dry Creek Ditch No. 2.  The data from these wells 

are useful for model water level calibration but are less useful for estimating the Dry 

Creek Ditch No. 2 leakage rate.

Transient wells were added to the steady state model to simulate the transient recharge 

from Dry Creek Ditch No. 2.  Transient wells were also added to simulate a small amount 

of recharge from the Bodam Lateral leakage due to water overtopping a portion of the 

liner.  All other model values were kept consistent with the steady state model.

The transient model was calibrated by adjusting transient well recharge rates until a 

reasonable match was obtained with the observation period calibration targets.  Because 

of its close proximity to Dry Creek Ditch No. 2, and the absence of nearby sumps, special 

consideration was given to matching the time dependent water levels measured at 

monitoring well B-3 during calibration. 

A Dry Creek Ditch No. 2 steady leakage rate of 64.7 gpm was found to be sufficient to 

calibrate the transient model.  The results of the model calibration are shown in Figure B-

3.  A comparison of daily calibration targets with model predictions is provided in Tables 

B-4a, B-4b, and B-4c.  A summary of the average difference between measured and 

simulated water levels over the three day calibration period is provided in Table B-4d.  

Table B-5 shows a comparison of the measured and simulated water levels at monitoring 

well B-3.  As can be seen from Tables B-4(a-d), B-5, and Figure B-3, the transient model 

reasonably simulates the change in water level during the observation period.

Agenda Item 5A     Page 287 of 784



BCC, LLC B-7 Telesto Solutions, Inc. 
r:\boulder_creek_commons\boulder_creek_commons\products\2012-06-21_water_balance_report\03_appendix_b\appendix_b.doc June 2012 

 Transient Validation

The transient model was validated using the following information: 

 Measured water levels May 6, 2011 and July 12, 2011 for six Project area 
monitoring wells. 

 Dry Creek Ditch No. 2 was assumed to start flowing on May 6, 2011. 
 Superphostical Ditch contains flowing water at the elevations surveyed on 

May 9, 2012. 
 Bodam Lateral contains flowing water. 
 The Unnamed Ditch contains flowing water at an elevation approximately 

equal to the ground surface elevation. 
 Houses in the Area of Interest perform basement sumping at the average rate 

measured between May 6, 2011 and July 12, 2011 at 260 Cimmaron Way. 
 House south of the Project area has four sumps each with a sumping rate equal 

to the average rate measured between May 6, 2012 and July 12, 2011 at 260 
Cimmaron Way. 

The model was run for a period of 67 days (May 5, 2011 to July 12, 2011) while keeping 

all model values unchanged from the transient model calibration.  The water levels 

simulated by the model are shown in Figure B-5.  A comparison of measured and 

simulated water levels at monitoring well B-3 demonstrates that the calibrated model 

reasonably simulates the change in water levels (Figure B-6) during the 2011 validation 

period.  Based on the results of the model validation, the model is sufficiently accurate 

for evaluating the Dry Creek Ditch No. 2 leakage rate.   

Discussion and Conclusions 

Validation of the model using the 2011 data set demonstrates that the model reasonably 

simulates the change in water levels at the start of the irrigation season.  Thus, the 

estimated leakage rate of approximately 64.7 gpm from Dry Creek Ditch No. 2 is also 

considered reasonable for the first start of the irrigation season.

The estimated leakage rate of 64.7 also corresponds well to the average rate used by the 

ditch company for estimating ditch leakage.  When using the ditch company’s leakage 

rate of 20%, and a flow rate equal to the piped ditch design capacity (28 gpm), the 

average leakage rate across the Project area is calculated to be approximately 51.5 gpm.  
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Although this rate is slightly lower, it is consistent with the estimated leakage rate of 64.7 

gpm.    

The ditch leakage rate would be expected to vary over time in response to changes in 

ditch water level and ground water levels. When the difference between the ditch water 

level and ground water level is larger, the leakage rate will be relatively higher.  When 

the water level difference is smaller, the leakage rate will be relatively lower.   

The model was calibrated and validated using data from time periods where the initial 

water level difference was relatively large.  Therefore, the estimated rate likely represents 

an upper bound.  However, it demonstrates that leakage from Dry Creek Ditch No. 2 can 

contribute significant recharge to the ground water system (up to 2.8 million 

gallons/month) during the initial part of the ditch irrigation season.  If Dry Creek Ditch 

No. 2 is piped as proposed, this significant source of recharge to ground water across the 

Project area will be removed.  Thus, piping of Dry Creek Ditch No. 2 will benefit the 

neighbors to the west of the Project area by significantly reducing this source of recharge 

to ground water.
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Table B-1 Measured Water Level Data 

Date B-1 B-2 B-3 B-4 PVC--SE PVC-SW 
3/31/2006 5312.0 5317.5 5319.9 5321.5 - - 
4/7/2006 5312.0 5317.6 5320.4 5321.4 - - 
4/14/2006 5312.2 5317.8 5320.7 5322.7 - - 
4/20/2006 5312.8 5318.4 5321.0 5323.2 - - 
4/28/2006 5313.1 5319.2 5321.4 5323.8 - - 
5/5/2006 5313.6 5319.4 5321.4 5323.9 - - 
5/12/2006 5314.7 5319.5 5321.5 5323.9 - - 
5/19/2006 5315.0 5319.8 5321.7 5324.0 - - 
5/29/2006 5314.9 5319.9 5321.7 5324.0 - - 
6/5/2006 5314.9 5321.9 5321.6 5323.9 - - 
6/21/2006 5314.8 5321.9 5321.5 5323.7 - - 
7/7/2006 5314.7 5321.9 5321.7 5323.4 - - 
7/19/2006 5314.3 5321.9 5321.8 5322.8 - - 
8/19/2006 5313.4 5321.4 5320.3 5322.5 - - 
9/29/2006 5312.9 5318.7 5319.5 5320.7 - - 
10/20/2006 5312.4 5318.3 5319.1 5321.8 - - 
11/22/2006 5312.6 5319.1 5319.3 5322.0 - - 
12/15/2006 5312.2 5319.1 5318.8 5322.0 - - 
1/4/2007 5312.1 5318.8 - 5323.3 - - 
1/11/2007 5313.2 5320.0 5321.4 5323.9 - - 
2/15/2007 5314.3 - 5321.6 5323.6 - - 
3/9/2007 5313.8 5320.9 5321.3 5322.9 - - 
4/19/2007 5313.2 5320.1 5320.3 5322.3 - - 
5/15/2007 5314.1 5320.0 5320.4 5323.9 - - 
5/22/2007 5314.5 5319.7 5320.9 5323.5 - - 
5/29/2007 5314.7 5319.4 5321.2 5322.4 - - 
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Table B-1 Measured Water Level Data (continued) 

Date B-1 B-2 B-3 B-4 PVC--SE PVC-SW 
5/6/2011 - - - - 5320.4 5319.7 
5/16/2011 - - 5321.2 - 5323.0 5321.9 
5/22/2011 - - 5320.5 - 5324.1 5323.0 
5/23/2011 5314.7 5319.4 5321.5 - 5324.0 5323.0 
5/23/2011 5314.8 5319.4 5321.5 5323.4 5324.2 5322.8 
5/31/2011 5314.4 5319.8 5321.4 5322.4 5323.5 5322.6 
6/8/2011 5314.3 5319.4 5321.1 5321.5 5322.9 5322.2 
6/14/2011 5314.3 5319.2 5321.44 5321.43 5323.0 5322.1 
6/23/2011 5314.3 5318.9 5321.2 5321.1 5323.0 5322.1 
7/12/2011 5313.9 5318.6 5321.5 5323.7 5323.9 5322.7 
8/23/2011 5313.5 5317.6 5320.9 5322.0 5322.6 5321.6 
9/23/2011 5313.4 5318.3 5320.4 5322.1 5322.9 5321.7 
10/25/2011 5312.2 5318.0 5319.2 5320.6 5321.5 5320.7 
11/21/2011 5312.1 5318.2 5318.8 5321.3 5321.5 5320.7 
12/21/2011 5311.7 5317.7 5318.2 5321.1 5320.9 5320.1 
1/25/2012 5311.9 5318.1 5318.8 5321.7 5321.4 5320.4 
2/22/2012 5311.7 5317.8 5318.4 5322.5 5321.2 5320.1 
3/22/2012 5312.1 5318.3 5319.1 5321.6 5322.1 5319.7 
4/25/2012 5312.15 5317.86 5319.36 5321.42 5321.25 5320.71 
4/26/2012 5312.18 5317.84 5319.77 5322.08 5321.56 5320.75 
4/27/2012 5312.35 5317.82 5319.94 5322.05 5321.76 5320.80 
5/2/2012 5312.64 5317.74 5320.16 5321.55 5322.08 5320.94 
5/9/2012 5313.08 5317.76 5320.52 5322.76 5322.30 5322.03 
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Table B-2 Model Input Summary 

Units
Steady-State
Calibration 

Transient
Calibration 

Transient
Validation 1.0 COMMENT

Aquifer      
  Model Bottom ft 5306.13 5306.13 5306.13 B-1 Bedrock Elev 
  Layer 1 Thickness ft 1.167 1.167 1.167 NRCS
  Layer 1 Hydraulic Cond. ft/day 12 12 12 NRCS

  Layer 2 Thickness ft 9.5 9.5 9.5 
Total depth minus layer 

1 thickness 

  Layer 2 Hydraulic Cond. ft/day 100 100 100 
BCH Dewatering 

System
Reference Head   0 0  
  X ft 0 0 0 -
  Y ft 0 0 0 -
  Z ft 5330 5330 5330 Assumed 
S/T  0.000174 0.000174 0.000174  
  Storativity  0.2 0.2 0.2 Assumed 
  Transmissivity ft2/day 1150 1150 1150 =K*b = 100 * 11.5 
Uniform_Flow   0 0  
  Gradient ft/ft 0.01124 0.01124 0.01124 Avg. 4/25/12 & 4/27/12
  Transmissivity ft2/day 1150 1150 1150 =K*b = 100 * 11.5 
  Qo (= T * I) ft2/day 12.93 12.933 12.933 Avg. 4/25/12 & 4/27/12
  Angle deg 88.26 88.26 88.26 B-3 to B-1 
Global_Rech. ft/day 0 0 0 Summer Water Balance
Prescribed Head Boundaries      
  South Boundary Condition ft 5334.5 5334.5 5334.5 Calibrated 
  North Boundary Condition ft 5308.13 5308.13 5308.13 Calibrated 
  Howard Superphostical – SE ft 5319.4 5319.4 5319.4 5/9/12 Survey 
  Howard Superphostical - E ft 5318.2 5318.2 5318.2 5/9/12 Survey 
  Howard Superphostical - NW ft 5312.1 5312.1 5312.1 5/9/12 Survey 
  East  0 5324 5324 Topo mid-point 
No Flow Boundaries      

West - - - - - 
  East - South Boulder Creek - - - - -
Transient Wells      

  Dry Creek Ditch No. 2 gpm - -64.7 -64.7 
Calibrated 
Recharge

  Bodam Lateral gpm - -6.2 -6.2 
Calibrated 
Recharge

  220 Cimmaron Way gpm - 1.5 4.90 
Assumed same as  

260 Cimmaron Way 

  230 Cimmaron Way gpm - 1.5 4.90 
Assumed same as  

260 Cimmaron Way 

  240 Cimmaron Way gpm - 1.5 4.90 
Assumed same as  

260 Cimmaron Way 

  250 Cimmaron Way gpm - 1.5 4.90 
Assumed same as  

260 Cimmaron Way 

  260 Cimmaron Way gpm - 1.5 4.90 
Measured 4/27/12 
Average Measured 

5/6/11 - 7/12/11 

  Bodam Sumps (x4) gpm - 1.5 4.90 
Estimated at 4x  

260 Cimmaron Way 
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Table B-3 Steady State Calibration Targets (Measured 4/12/25) 

Monitoring Well x y Observed Simulated Difference
B-1 3161.4 5921.3 5312.1 5312.7 0.59 
B-2 3600.0 5453.4 5317.9 5317.9 0.08 
B-3 3100.0 5266.2 5319.4 5319.4 0.01 
B-4 4195.4 5170.9 5321.4 5319.9 -1.47 

PVC-SE 3796.9 5107.3 5321.6 5321.2 -0.39 
PVC-SW 3498.1 5189.2 5320.8 5320.4 -0.34 

Mean (modeled - observed) = -0.25 
Standard deviation = 2.77 

Sum of squared = 2.77 
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Table B-4a Transient Calibration Targets (Measured 4/25/2012) 

Monitoring Well x y Observed Simulated Difference
B-1 3161.4 5921.3 5312.2 5312.8 0.61 
B-2 3600.0 5453.4 5317.8 5318.2 0.37 
B-3 3100.0 5266.2 5319.8 5319.5 0.19 
B-4 4195.4 5170.9 5322.1 5321.1 -0.36 

PVC-SE 3796.9 5107.3 5321.6 5322.1 0.53 
PVC-SW 3498.1 5189.2 5320.8 5320.9 0.10 

Mean (modeled - observed) = 0.24 
Standard deviation = 0.35 

Sum of squared = 0.96 
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Table B-4b Transient Calibration Targets (Measured 4/26/2012) 

Monitoring Well x y Observed Simulated Difference
B-1 3161.4 5921.3 5312.2 5312.8 0.60 
B-2 3600.0 5453.4 5317.8 5318.2 0.39 
B-3 3100.0 5266.2 5319.8 5319.7 -0.03 
B-4 4195.4 5170.9 5322.1 5321.1 -1.02 

PVC-SE 3796.9 5107.3 5321.6 5322.1 0.53 
PVC-SW 3498.1 5189.2 5320.8 5320.9 0.11 

Mean (modeled - observed) = 0.10 
Standard deviation = 0.60 

Sum of squared = 1.85 
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Table B-4c Transient Calibration Targets (Measured 4/27/2012) 

Monitoring Well x y Observed Simulated Difference
B-1 3161.4 5921.3 5312.3 5312.8 0.48 
B-2 3600.0 5453.4 5317.8 5318.2 0.41 
B-3 3100.0 5266.2 5319.9 5319.9 0.00 
B-4 4195.4 5170.9 5322.1 5321.1 -1.00 

PVC-SE 3796.9 5107.3 5321.8 5322.1 0.33 
PVC-SW 3498.1 5189.2 5320.8 5320.9 0.08 

Mean (modeled - observed) = 0.05 
Standard deviation = 0.55 

Sum of squared = 1.50 
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Table B-4d Transient Calibration Targets (Measured 4/25/2012-4/27/2012) 

Monitoring Well x y Observed Simulated Difference
B-1 3161.4 5921.3 variable variable 0.56 
B-2 3600.0 5453.4 variable variable 0.39 
B-3 3100.0 5266.2 variable variable 0.05 
B-4 4195.4 5170.9 variable variable -0.79 

PVC-SE 3796.9 5107.3 variable variable 0.46 
PVC-SW 3498.1 5189.2 variable variable 0.09 

Mean (modeled - observed) = 0.13 
Standard deviation = 0.50 

Sum of squared = 1.33 
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Table B-5 Transient Validation (Well B-3) 

Date Observed Simulated Difference 
5/16/2011 5321.2 5320.603 -0.58 
5/23/2011 5321.5 5320.873 -0.59 
5/31/2011 5321.4 5321.069 -0.32 
6/8/2011 5321.1 5321.207 0.07 
6/14/2011 5321.44 5321.289 -0.15 
6/23/2011 5321.2 5321.389 0.18 
7/12/2011 5321.5 5321.546 0.06 

Mean (modeled - observed) = -0.2 
Standard deviation = 0.31 

Sum of squared = 0.86 

Agenda Item 5A     Page 299 of 784



FIGURES

Agenda Item 5A     Page 300 of 784



P
R

O
JE

C
T:

TA
S

K
P

R
E

P
A

R
E

D
FO

R
:

1
32

0-
10

0
P

R
E

P
A

R
E

D
B

Y
:

B
O

U
LD

ER
 C

R
EE

K
 

C
O

M
M

O
N

S,
 L

LC
.

FI
G

U
R

E
 B

-1
A

N
A

LY
T

IC
A

L 
E

LE
M

E
N

T
M

O
D

E
L 

E
X

T
E

N
T

 &
 F

E
A

T
U

R
E

S

D
ry

 C
re

ek
 D

itc
h 

N
o.

 2

B
od

am
La

te
ra

l

H
ow

ar
d 

Su
pe

rp
ho

st
ic

al
D

itc
h

U
nn

am
ed

D
itc

h`

Su
m

ps

26
0,

 2
50

, 2
40

, 2
30

, 2
20

 
C

im
m

ar
on

 W
ay

 S
um

ps

A
na

ly
tic

al
 

M
od

el
 E

xt
en

t

So
ut

h 
B

ou
ld

er
 C

re
ek

B
-1

B
-2

B
-3

B
-4

PV
C

-S
W PV

C
-S

E

A
ge

nd
a 

Ite
m

 5
A

   
  P

ag
e 

30
1 

of
 7

84



P
R

O
JE

C
T:

TA
S

K
P

R
E

P
A

R
E

D
FO

R
:

1
32

0-
10

0
P

R
E

P
A

R
E

D
B

Y
:

B
O

U
LD

ER
 C

R
EE

K
 

C
O

M
M

O
N

S,
 L

LC
.

FI
G

U
R

E
 B

-2
S

T
E

A
D

Y
 S

T
A

T
E

 M
O

D
E

L 
S

IM
U

LA
T

E
D

 W
A

T
E

R
 L

E
V

E
LS

53
30

53
28

53
26

53
24

53
22

53
20

53
18

53
16

53
14

53
12

53
10

B
-1

B
-2

B
-3

B
-4

PV
C

-S
W PV

C
-S

E

M
on

ito
rin

g
W

el
l

D
iff

er
en

ce
A

pr
il

25
,2

01
2

B
-1

0.
59

B
-2

0.
08

B
-3

0.
01

B
-4

-1
.4

7
P

V
C

-S
E

-0
.3

9
P

V
C

-S
W

-0
.3

4

A
ge

nd
a 

Ite
m

 5
A

   
  P

ag
e 

30
2 

of
 7

84



P
R

O
JE

C
T:

TA
S

K
P

R
E

P
A

R
E

D
FO

R
:

1
32

0-
10

0
P

R
E

P
A

R
E

D
B

Y
:

B
O

U
LD

ER
 C

R
EE

K
 

C
O

M
M

O
N

S,
 L

LC
.

FI
G

U
R

E
 B

-3
T

R
A

N
S

IE
N

T
 M

O
D

E
L 

S
IM

U
LA

T
E

D
 W

A
T

E
R

 L
E

V
E

LS

53
12

53
10

53
14 53

16 53
18 53

20 53
22 53

24 53
26 53

28
53

30

Dry Creek Ditch No. 2

B
od

am
La

te
ra

l U
nn

am
ed

 D
itc

h`

Su
m

ps

Sumps

B
-1

B
-2

B
-3

B
-4

PV
C

-S
W PV

C
-S

E

M
on

ito
rin

g
W

el
l

D
iff

er
en

ce
A

pr
il 

25
-2

7,
 2

01
2

B
-1

0.
56

B
-2

0.
39

B
-3

0.
05

B
-4

-0
.7

9
P

V
C

-S
E

0.
46

P
V

C
-S

W
0.

09

A
ge

nd
a 

Ite
m

 5
A

   
  P

ag
e 

30
3 

of
 7

84



P
R

O
JE

C
T:

TA
S

K
P

R
E

P
A

R
E

D
FO

R
:

1
32

0-
10

0
P

R
E

P
A

R
E

D
B

Y
:

B
O

U
LD

ER
 C

R
EE

K
 

C
O

M
M

O
N

S,
 L

LC
.

FI
G

U
R

E
 B

-4
20

12
 S

IM
U

LA
T

E
D

 W
A

T
E

R
 L

E
V

E
LS

 A
T

 M
O

N
IT

O
R

IN
G

 W
E

LL
 B

-3
 

A
ge

nd
a 

Ite
m

 5
A

   
  P

ag
e 

30
4 

of
 7

84



P
R

O
JE

C
T:

TA
S

K
P

R
E

P
A

R
E

D
FO

R
:

1
32

0-
10

0
P

R
E

P
A

R
E

D
B

Y
:

B
O

U
LD

ER
 C

R
EE

K
 

C
O

M
M

O
N

S,
 L

LC
.

FI
G

U
R

E
 B

-5
T

R
A

N
S

IE
N

T
 V

A
LI

D
A

T
IO

N
 M

O
D

E
L 

S
IM

U
LA

T
E

D
 W

A
T

E
R

 L
E

V
E

LS
FO

R
 J

U
LY

 1
2,

 2
01

1

Dry Creek Ditch No. 2

Sumps

U
nn

am
ed

 D
itc

h`
B

od
am

La
te

ra
l

Su
m

ps

53
30

53
28

53
26

53
24

53
22

53
20

53
18

53
16

53
14

53
12

53
10

B
-1

B
-2

B
-3

B
-4

PV
C

-S
W PV

C
-S

E

A
ge

nd
a 

Ite
m

 5
A

   
  P

ag
e 

30
5 

of
 7

84



P
R

O
JE

C
T:

TA
S

K
P

R
E

P
A

R
E

D
FO

R
:

1
32

0-
10

0
P

R
E

P
A

R
E

D
B

Y
:

B
O

U
LD

ER
 C

R
EE

K
 

C
O

M
M

O
N

S,
 L

LC
.

FI
G

U
R

E
 B

-6
20

11
 S

IM
U

LA
T

E
D

 W
A

T
E

R
 L

E
V

E
LS

 A
T

 M
O

N
IT

O
R

IN
G

 W
E

LL
 B

-3
 

N
ot

e:
 T

he
 d

at
a 

sh
ow

n 
fo

r B
-3

 o
n 

5/
6/

11
 (5

31
8.

9 
ft)

 w
as

 e
st

im
at

ed
 b

as
ed

 o
n 

th
e 

P
V

C
-S

W
 e

le
va

tio
n 

fo
r 5

/6
/1

1 
(5

31
9.

68
 ft

) m
in

us
 th

e 
di

ffe
re

nc
e 

(0
.8

 ft
) 

be
tw

ee
n 

th
e 

tw
o 

lo
ca

tio
ns

 m
ea

su
re

d 
on

 5
/1

6/
11

. 

A
ge

nd
a 

Ite
m

 5
A

   
  P

ag
e 

30
6 

of
 7

84



 

 
 

Agenda Item 5A     Page 307 of 784

Attachment I



 

 
 

 

 

 

 

Agenda Item 5A     Page 308 of 784



 

 
 

 

 

 

 

 

Agenda Item 5A     Page 309 of 784



 

 
 

 

 

 

Agenda Item 5A     Page 310 of 784



 

 
 

 

 

 

 

 

 

 

Agenda Item 5A     Page 311 of 784



 

 
 

 

 

Agenda Item 5A     Page 312 of 784



 

 
 

 

Agenda Item 5A     Page 313 of 784



 

 
 

 

“We have discussed an underdrain system for the homes immediately adjacent to the Bodam Lateral.  
The foundations of these homes are above the historical high ground water elevation but are down 
gradient from the lateral.  We have looked at a few design alternatives to confirm that an underdrain 
system, should it be needed to serve these specific homes, would have a viable outfall the system either 
to a pond via storm drain or to the wetland mitigation area in the SW corner of the property.  The 
remaining homes are graded such that the bottom of the foundations (assuming spread footing at 36” 
below FF elev) will generally be above the historical high ground water elevation.  In addition, these 
remaining homes back to detention pond areas or drainage swales which provide an opportunity to 
outfall a home specific underdrain should a home or homes require one. Design details of any 
underdrain system serving more than one home would be provided at Technical Document Review as 
is typical for City of Boulder project.” 
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BCC, LLC Telesto Solutions, Inc. 
r:¥boulder_creek_commons¥boulder_creek_commons¥products¥2012-06-21_water_balance_report¥03_appendix_b¥tables.doc June 2012 

Table B-1 Measured Water Level Data 

Date B-1 B-2 B-3 B-4 PVC--SE PVC-SW 
3/31/2006 5312.0 5317.5 5319.9 5321.5 - - 
4/7/2006 5312.0 5317.6 5320.4 5321.4 - - 
4/14/2006 5312.2 5317.8 5320.7 5322.7 - - 
4/20/2006 5312.8 5318.4 5321.0 5323.2 - - 
4/28/2006 5313.1 5319.2 5321.4 5323.8 - - 
5/5/2006 5313.6 5319.4 5321.4 5323.9 - - 
5/12/2006 5314.7 5319.5 5321.5 5323.9 - - 
5/19/2006 5315.0 5319.8 5321.7 5324.0 - - 
5/29/2006 5314.9 5319.9 5321.7 5324.0 - - 
6/5/2006 5314.9 5321.9 5321.6 5323.9 - - 
6/21/2006 5314.8 5321.9 5321.5 5323.7 - - 
7/7/2006 5314.7 5321.9 5321.7 5323.4 - - 
7/19/2006 5314.3 5321.9 5321.8 5322.8 - - 
8/19/2006 5313.4 5321.4 5320.3 5322.5 - - 
9/29/2006 5312.9 5318.7 5319.5 5320.7 - - 
10/20/2006 5312.4 5318.3 5319.1 5321.8 - - 
11/22/2006 5312.6 5319.1 5319.3 5322.0 - - 
12/15/2006 5312.2 5319.1 5318.8 5322.0 - - 
1/4/2007 5312.1 5318.8 - 5323.3 - - 
1/11/2007 5313.2 5320.0 5321.4 5323.9 - - 
2/15/2007 5314.3 - 5321.6 5323.6 - - 
3/9/2007 5313.8 5320.9 5321.3 5322.9 - - 
4/19/2007 5313.2 5320.1 5320.3 5322.3 - - 
5/15/2007 5314.1 5320.0 5320.4 5323.9 - - 
5/22/2007 5314.5 5319.7 5320.9 5323.5 - - 
5/29/2007 5314.7 5319.4 5321.2 5322.4 - - 
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BCC, LLC Telesto Solutions, Inc. 
r:¥boulder_creek_commons¥boulder_creek_commons¥products¥2012-06-21_water_balance_report¥03_appendix_b¥tables.doc June 2012 

Table B-1 Measured Water Level Data (continued) 

Date B-1 B-2 B-3 B-4 PVC--SE PVC-SW 
5/6/2011 - - - - 5320.4 5319.7 
5/16/2011 - - 5321.2 - 5323.0 5321.9 
5/22/2011 - - 5320.5 - 5324.1 5323.0 
5/23/2011 5314.7 5319.4 5321.5 - 5324.0 5323.0 
5/23/2011 5314.8 5319.4 5321.5 5323.4 5324.2 5322.8 
5/31/2011 5314.4 5319.8 5321.4 5322.4 5323.5 5322.6 
6/8/2011 5314.3 5319.4 5321.1 5321.5 5322.9 5322.2 
6/14/2011 5314.3 5319.2 5321.44 5321.43 5323.0 5322.1 
6/23/2011 5314.3 5318.9 5321.2 5321.1 5323.0 5322.1 
7/12/2011 5313.9 5318.6 5321.5 5323.7 5323.9 5322.7 
8/23/2011 5313.5 5317.6 5320.9 5322.0 5322.6 5321.6 
9/23/2011 5313.4 5318.3 5320.4 5322.1 5322.9 5321.7 
10/25/2011 5312.2 5318.0 5319.2 5320.6 5321.5 5320.7 
11/21/2011 5312.1 5318.2 5318.8 5321.3 5321.5 5320.7 
12/21/2011 5311.7 5317.7 5318.2 5321.1 5320.9 5320.1 
1/25/2012 5311.9 5318.1 5318.8 5321.7 5321.4 5320.4 
2/22/2012 5311.7 5317.8 5318.4 5322.5 5321.2 5320.1 
3/22/2012 5312.1 5318.3 5319.1 5321.6 5322.1 5319.7 
4/25/2012 5312.15 5317.86 5319.36 5321.42 5321.25 5320.71 
4/26/2012 5312.18 5317.84 5319.77 5322.08 5321.56 5320.75 
4/27/2012 5312.35 5317.82 5319.94 5322.05 5321.76 5320.80 
5/2/2012 5312.64 5317.74 5320.16 5321.55 5322.08 5320.94 
5/9/2012 5313.08 5317.76 5320.52 5322.76 5322.30 5322.03 
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Scott Parker

From: Schum, Heidi [SchumH@bouldercolorado.gov]
Sent: Tuesday, February 12, 2013 5:00 PM
To: Scott Parker
Subject: FW: Errors in Hogan-Pancost report
Attachments: hplaterals.pdf

 

 
 

 

 
 

 
 

 

Agenda Item 5A     Page 343 of 784



 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
  

 
  
 
Dear Sirs, 
 
I am writing in regards to a number of serious errors you have published in the May 2010 Hogan-Pancost 
Groundwater Hydrology Monitoring & Wetland Delineation Report. My apologies, I sent the below message to 
Terry Fairbanks at Telesto last week but did not include your firm, the authors of the report. 
 
As you can see in the below message there are a number of errors including a gross miscalculation of the 
irrigation ditch flows in the area and a lack of understanding of the irrigation hydrology. Your report has been 
part of the public record for almost 3 years and will be used as part of the upcoming City of Boulder Site and 
Annexation review.  
 
Seeing orders of magnitude errors in such an important report cause myself and my neighbors who have had 
numerous basement flooding problems a great deal of concern. These  errors may have given the developer, and 
the City of Boulder staff, Planning Board and Council an incorrect understanding of the area irrigation 
hydrology and of the scope and extent of possible groundwater problems. Furthermore, these errors may have 
led your firm to incorrect conclusions regarding the nature of the wetlands on the site.  
 
These errors need to be corrected before the upcoming Site Review. Given the tight time frame on this our 
group would appreciate a prompt response. 
 
Thank you for your time, 
Jeff McWhirter 
President, Southeast Boulder Neighborhoods Association (SEBNA) 

---------- Forwarded message ---------- 
From: Jeff McWhirter <jeff.mcwhirter@gmail.com> 
Date: Thu, Feb 7, 2013 at 4:56 AM 
Subject: ditch flow calculation errors 
To: tfairbanks@telesto-inc.com, "Knapp, Katie" <KnappK@bouldercolorado.gov> 
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Mr Fairbanks, 
 
I am one of the Hogan-Pancost neighbors. I'm not sure if we have met in the past and I didn't get a chance to 
meet with you at the community meeting last week. 
 
I am writing to inform you that I have recently discovered a very large error in the groundwater reports that 
needs to be addressed. In Appendix A of the May 2010 Groundwater Hydrology Monitoring & Wetland 
Delineation Report ditch flow measurements are reported for the west and east laterals. Unfortunately when 
converting from cubic feet/second to gallons/minute a conversion error occurred. 
 
The conversion factor of 0.13368 is applied incorrectly. Instead of dividing by the conversion factor the CFS is 
multiplied by the conversion factor. In other words there are 7.5 gallons per cubic foot, not 1/7.5 gallons.  
 
The following incorrect calculations are given in the Appendix: 
                       East wier       West wier   
CFS:              1.6786                  1.0081 
G/second:      0.2244                  0.1348 
G/day:         19388.16             11646.72 
 
The correct values should be: 
G/second:      12.55                  7.54 
G/day:         1084912            651554 
 
 
The correct value is 56 times greater than the given value. 
 
Also, in the above report as well as in the 2 groundwater reports an important feature of the irrigation hydrology 
on the Bodam property is not noted. As seen in the attached PDF there is a junction box on the lateral at the 
southeast corner of the property. A 15 inch pipe diverts considerable flow to the northwest to feed the 
decorative pond.  This flow is not noted in any of the reports and is at least the same amount of flow that was 
measured along the west lateral. In the wetlands report the pond is described as being fed by the lateral from the 
north. This is incorrect. The pond is fed by the lateral branch from the south and the pond's outlet runs north. 
 
Furthermore, as seen in the PDF, the  intent of the Bodam irrigation is to recharge the groundwater. As noted in 
the wetlands report the water is diverted into a storage well on the west side of the property specifically for 
recharge purposes. While there may be a small amount of water that "spills over a portion of the ditch lining and 
recharges the ground water system" the majority of the lateral flow is diverted into the storage well and pond for 
recharge purposes by design.  
 
With the conversion error corrected and taking into account the pond lateral there is at least 900 GPM of 
irrigation water being brought onto the property. This value is probably on the low side as the irrigation has 
changed and the east lateral no longer flows. This is more than 2 orders of magnitude difference from the 6.2 
GPM that is given in the 2012 GW report.  
 
Dr McCurry is doing a thorough review of these new findings as well as of the 2012 groundwater report. But, I 
wanted to give you a heads up so you don't get blindsided by these errors. The errors need to be corrected before 
the upcoming Site Review. 
 
If you have any questions please feel free to contact myself or Dr McCurry  mccurry@comcast.net 
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Ms Knapp  - could you please forward this information to the Andersen 4th party reviewer. 
 
-Jeff 
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The impacts of urbanization on groundwater systems and recharge

Introduction
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General hydrogeologic effects

Altered topography

Altered vegetation

Groundwater temperatures

Changing water table elevations 

Construction and pumping effects

Altered permeability field
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Groundwater recharge
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Conclusions

References
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Memorandum

To:   Jeff McWhirter, President, South East Boulder Neighborhoods Association 
From:  Gordon McCurry, Ph.D., McCurry Hydrology LLC 
Date:  April 10, 2013 
Subject: Review Ground Water Recharge Evaluation, Boulder Creek Commons, Boulder 

Colorado prepared by Telesto Solutions Inc, dated June 2012, and Boulder Creek 
Commons Ground Water Engineering Peer Review prepared by Anderson 
Consulting Engineers, March 11, 2013 

I have completed a review of the above-reference reports and offer the following comments. The 
opinions expressed in this memorandum are my own, based on over 28 years of professional 
ground water hydrology experience including having evaluated the data and developed a flow 
model for the South Boulder Creek watershed that includes the subject property. 

General Comments

1. The Boulder Creek Commons Ground Water Recharge Evaluation report (Recharge Report) 
attempts to compare current pre-development conditions on the Hogan-Pancost property with 
those following its development. The Recharge Report includes numerous errors on both 
quantitative and conceptual levels. The errors bias the potential impacts of the proposed 
development by showing minimal impacts and lead to incorrect conclusions regarding the 
potential impacts.  When these errors are corrected, the ground water impacts will be more 
severe after the development is constructed. 

2. The key finding of the Recharge Report is that lining Dry Creek Ditch #2 will reduce post-
development recharge and will lower groundwater levels beneath the Hogan-Pancost property 
and beneath nearby homes. Lining the ditch will indeed reduce summer recharge. However, 
since this ditch is full of water only a few weeks per year, lining it does not change the finding 
that post-development summer recharge will be at least two and possibly up to four times larger 
than current recharge. The higher recharge will lead to associated increases in groundwater levels 
and impacts to nearby homes.

3. The Recharge Report fails to consider a significant source of water that flows onto the Hogan-
Pancost property from the Bodham property immediately to the south. Excluding such a large 
component of the water inflow to the property renders the technical assessments questionable.  

4. The Recharge Report suggests that neighborhood sump pumping occurs only in the summer 
season. This contradicts many years of winter sump pumping that has occurred in the 
neighborhood near the Hogan-Pancost property. The existence of high groundwater levels in the 
winter makes the approximately 50 percent increase in post-development winter recharge all the 
more important.
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Mr. Jeff McWhirter 
April 10, 2012 
Page 2 

5. The Boulder Creek Commons Ground Water Engineering Peer Review (Peer Review) 
identifies many errors and raises valid concerns with the Recharge Report.  Unfortunately, the 
Peer Review misses two key flaws with the Recharge Report - the significant overestimate of 
leakage from the Dry Creek Ditch #2 during the current summer conditions and the considerable 
inflow of water from the Bodham property to the south.  

Key Issues
1.  The Recharge Report overestimates leakage from Dry Creek Ditch #2 (Ditch) as it traverses 
the Property. 

 The ditch is full of water only a few weeks per season as it crosses the property and 
receives incidental leakage from the Bodham Lateral at other times, based on personal 
observations of residents of neighboring properties. In contrast, the Recharge Report 
assumes a maximum leakage rate for the full 6-month summer season.  

 Adjusting the reported flow by the amount of time the ditch is actually full of water
results in a much smaller season-average flow compared to the 64.7 gpm presented in the 
Recharge Report.  

o Assuming the Ditch is full of water 2 weeks per season on average, the 
seasonally-averaged flow is 5 gpm  (64.7 gpm * 2weeks/26 weeks per season) 

o Assuming the Ditch is full of water 4 weeks per season, the seasonally-averaged 
flow is 10 gpm 

 When compared to the summer post-development recharge rate of 17.8 gpm (which 
should be 19.2 gpm, per comment #2 below), the pre-development recharge rate is 
significantly less, indicating the post-development recharge will be approximately two to 
four times higher due to this factor alone. This will result in impacts to neighbors in the 
form of increased sump pumping and basement flood risks.  

 The reported diversion of this ditch is at the headgate on South Boulder Creek. Most of 
the usage of this ditch water is upstream (south) of South Boulder Road, south of the 
Property, according to Mr Bob Crifasi, Dry Creek Ditch Company Secretary. 

 Ditch loss rate is based on a highly simplified model of the site using water levels over a 
2-day period from only 1 well while ignoring water levels from 5 others. Results should 
be considered highly speculative at best. No observations have been made of ditch flow 
that would validate the findings 

2. The Recharge Report calculates recharge incorrectly, leading to wrong conclusions. 
 The irrigation efficiency used in the recharge calculations may be unrealistically high at 

77.5%. Any reduction in recharge efficiency would lead to much higher post-
development irrigation-based recharge. 

 An incorrect runoff curve number is reported for runoff from impervious surfaces. A 
value of 61 is given; a value of 98 is more realistic. When the correct curve number is 
used, post-development runoff increases from 7.6 to 11.9 gpm in summer and from 4.0 to 
7.0 gpm in winter. These values should be corrected on Tables 4d, 4e and 5. The result is 
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Mr. Jeff McWhirter 
April 10, 2012 
Page 3 

a 50% increase in post-development winter recharge and an increase in post-development 
summer recharge by a factor of 2.3 to 4.7 compared to current recharge conditions based 
on this error alone. 

 The post-development summer irrigation-based recharge is too low due to a math error in 
Table 4a based on the methods reported in Appendix A.4 (should be 13.8 not 12.4 gpm). 
When combined with the corrected values for runoff into swales (see comment in 
previous bullet) the resulting summer post-development recharge rate should be 23.4 
gpm, not 17.8 gpm as reported in Tables 4e and 5. If the concerns raised in the Peer 
Review (see Peer Review page 4, comment 3) are correct, the post-development summer 
recharge could be considerably higher than 23.4 gpm. 

 The evapotranspiration rate (ET) is too high and the runoff is too low for current summer 
conditions. This is a result of the incorrect runoff curve number and incorrect ET rate for 
the mostly bare soil conditions that exist on the property for most of the year.

3. The model used to estimate loss from the Ditch has many conceptual and quantitative errors, 
causing the results to be viewed with much skepticism. 

 The flat base of the model results in the aquifer being represented as a rectangular box. 
Borehole data reported by EEC in June 2012 in its report titled Preliminary Geotechnical 
Subsurface Exploration, Boulder Creek Commons, Boulder, Colorado shows the depth to 
bedrock varies from 2.5 to 14 feet across the Property, with thinning to the east. 

 The primary source of inflow into the property, recharge from the CD Bodham property 
immediately to the south is not included. This groundwater inflow has a dominating 
effect on water levels on the Property. 

 The model assumes that 5 sump pumps operate in the neighborhood west of the Property. 
There are six homes on Cimmaron Way with sump pumps and most have two sumps. It is 
not known whether these pumps were operating during the April 25-27, 2012 period 
simulated, but it would not be expected for pumps to be operating during a period of no 
rain and before regional ditch operations began. Assuming no sump pumping would 
reduce the ditch leakage by more than 10 percent of the estimated rate. 

 A fine grained clay-rich soil exists in the upper several feet throughout the site and 
extends into the water table in many locations on the Property at times of the year (see 
Groundwater Hydrology Monitoring & Wetland Delineation Report, Hogan Pancost 
Property, Boulder County, Colorado by Western Ecological Resource, Inc, May 2010). 
This soil consistency is likely to cause a rapid water level response to recharge events (as 
observed) due to confined aquifer conditions that would occur when water levels rise to 
or above its base. When confining aquifer conditions occur, relatively little recharge 
water would be needed to generate the response seen in the wells. The model did not 
consider this possibility, instead simulating the aquifer as if it were uniformly sand and 
gravel. The result is a higher modeled ditch seepage rate than could be explained by 
incorporating the fine-grained soils into the model. 
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 The Recharge Report (Appendix B, pages B-2 to B-3) indicates that the model includes 
both the fine grained shallow soils and the deeper sand and gravel. However, Table B-2 
indicates that only a single value is used to represent the aquifer permeability, and this 
value is for the sand and gravel deposits (Transmissivity of 1150 ft2/day, the product of 
the hydraulic conductivity for the sand and gravel of 100 ft/day and the total saturated 
thickness of 11.5 ft). The report is highly misleading in this regard. 

 The model bases its ditch leakage on results from a single well, even though data for 6 
wells are available.  The selection of water level data from a single well (well B-3) is 
justified because it is close to the Ditch and away from sump pumps. However, well B-1 
would have been a more logical choice since it is equally close to the ditch and much 
farther from any sump pumps (see Figure B-1 in the Recharge Report).  The model 
overestimates water levels in well B-1 by 0.56 feet on average over the three days of 
simulating ditch loss (see Table B-4d of the Recharge Report). This is a very large over-
estimate in the context of the water level variation across the site and is a result of too 
large a ditch recharge rate. The poor match to the other 4 wells on-site (ranging from -
1.0 to 0.5 feet; see Tables B-4a through B-4c of the Recharge Report) indicate that the 
model is a very poor match to site conditions during the period evaluated. Therefore the 
model as it is currently constructed is not an adequate tool to evaluate ditch loss. 

 The model validation (see page B-7 of the Recharge Report) is based on two key 
assumptions that are unsupported by the data, and therefore does not validate the findings 
of the model. The first assumption is when the ditch started flowing during the 2011 
period used for model validation; there is no evidence presented to support this. The 
second assumption is the ‘observed’ water level in well B-3; this well was not measured 
at the critical starting time during the model validation period but was estimated from 
measurements in a well hundreds of feet away. During the April 2012 results this same 
well had no correlation whatsoever to the water levels in well B-3.  Excluding the first 
estimated water level for this well results in essentially no change in measured water 
levels during the model validation period, even though the model shows a large increase 
in water levels. Perhaps the more realistic finding from the 2011 period is that the ditch 
losses are very small (less than a foot, according to Figure B-6 of the Recharge Report) 
and have a small effect on water levels at well B-3.  

 The model does not include a sensitivity analysis of key model inputs. This is a standard 
component to any modeling exercise in which model inputs are varied over reasonable 
ranges and the resulting effect on water levels is presented. Given the large uncertainty in 
variable aquifer thickness, aquifer hydraulic conductivity, sump pump usage, recharge 
from the property to the south, and effect of the shallow low-permeability confining soils 
on ditch leakage rates, evaluating the validity of the model results is not possible. Instead, 
one questions whether the combination of model inputs was created to cause the largest 
possible ditch leakage rate in the pre-development scenario. Other comments provided in 
this Memorandum support that question. 
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 The model does not place the post-development recharge from runoff into the detention 
basin locations where the current Site Development Plan indicates it will go into. Several 
of these detention basins are located along the western edge of the property. Focused 
recharge into these basins will amplify impacts of runoff-based recharge, which is nearly 
half of the total estimated post-development summer recharge and over half the post-
development winter recharge. 

4. The Recharge Report misrepresents neighborhood sump pump usage. 
 There are dozens of homes with sump pumps in the neighborhoods to the south, 

southwest, west and northwest of the Hogan-Pancost property.  Focusing the evaluation 
on only a few homes immediately west of the property is grossly inadequate. 

 There has been a long history of winter use of sump pumps in many homes. Assuming 
sump pumping occurs only in late summer is wrong. The 25 percent increase in winter 
recharge at the property in post-development compared to current conditions, as reported 
in the Recharge Report, results in unequivocal impacts that existing homeowners will be 
faced with. 

5. There are fundamental conceptual errors in the depiction of seasonal changes in groundwater 
levels at the site.

 The reported conceptual model does not consider the effect of significant recharge from 
the CD Bodham property located immediately to the south. Any assessment of 
hydrologic changes on the property must incorporate this aspect. 

 The Recharge Report overly simplifies the description of groundwater flow through the 
portion of the South Boulder Creek valley that includes the Hogan-Pancost property. The 
simplifications include: 

o Exaggerating the aquifer thickness  by stating it is 10-30 feet when the actual 
aquifer thickness is 2.5 -14 feet based on numerous soils borings in and near the 
property.

o Ignoring the fact that the entire South Boulder Creek watershed alluvial aquifer 
constricts near the property so that the width of the property represents 
approximately 25 percent of the entire aquifer width at that location. This 
constriction of the groundwater basin helps explain why water levels are so 
shallow at the site, and suggests that small changes in recharge beneath the 
property could result in large impacts to nearby neighbors. 

 The discussion of seasonal changes in groundwater levels relates the spring/summer high 
groundwater levels to neighborhood sump pump usage. These seasonal fluctuations have 
always existed yet neighborhood sump pumping has been a recent phenomenon, starting 
in about the mid-1990’s. The basement flooding is correlated instead to development 
activities including the raised soccer fields at East Boulder Community Center. 

 The discussion of seasonal changes in groundwater levels does not mention the 
significant variability that occurs in precipitation, stream flow, agricultural irrigation, 
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residential lawn water and ditch flow across the site. All of these can affect groundwater 
levels at the property so ignoring these is misleading, at best.  

 The report assumes that the baseline condition at the property is flood irrigation. This 
assumption has not been valid for over 6 years, since flood irrigation on the property 
ceased in 2007.  Any analyses of pre- and post-development effects should not consider 
this dated and unjustified assumption. 

Conclusions

The Ground Water Recharge Evaluation report (Telesto Solutions Inc, June 2012), as with its 
2011 Ground Water Evaluation report, includes numerous errors and inconsistencies that lead to 
incorrect conclusions regarding the potential impacts of developing the Hogan-Pancost property 
on ground water levels in surrounding neighborhoods. The errors include both the water balance 
and ground water modeling portions of the report. When these errors are corrected, the ground 
water impacts will be more severe after the development is constructed compared to current 
conditions.

The assessment also fails to include an analysis of the effects of likely site construction activities 
on local groundwater flow, including the focusing recharge in the drainage swales and wetlands, 
and the decrease in aquifer area due to soil compaction, installation of foundation footers, and 
low-permeability materials placed in utility corridors trenches.  

There are many reasons for the high ground water levels that exist beneath and in the vicinity of 
the Hogan-Pancost property.  The proposed development of this property is very likely to 
increase ground water levels in both summer and winter seasons, with the associated impacts to 
nearby homeowners including increased sump pump usage and greater risks to basement 
flooding.

The Peer Review report identifies many concerns that must be addressed in order to justify the 
conclusions made in the Recharge Report. It also identifies the need to install low-permeability 
backfill materials in the utility corridor trenches that could impede the flow of groundwater 
beneath the site. The Peer Report, however, fails to note that summer recharge under current 
conditions is overestimated by a factor of 6-11 due to a significant conceptual error in how long 
Dry Creek Ditch #2 actually flows across the property. Once corrected, the post-development 
recharge is approximately two to four times greater in summer and 50% greater in winter than 
current recharge. These increases in post-development recharge are likely to lead to higher 
groundwater levels and adverse impacts to neighboring homeowners. 
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“Existing StormWater Plan
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Proposed Conditions
Preliminary Storm Water Plan
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Routing Schematics and Tables”

7.0 STORMWATER DETENTION
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Urban Storm Drainage Criteria

Manual, Volume 3 – Best Management Practices

Agenda Item 5A Page 378 of 784



Preliminary StormWater Report November 2012
Boulder Creek Commons Subdivision P a g e | 12

The Sanitas Group, LLC 1022 Willow Place I Louisville, CO 80027 303.981.9238

8.0 STORMWATER QUALITY AND EROSION CONTROL

Agenda Item 5A Page 379 of 784



Preliminary StormWater Report November 2012
Boulder Creek Commons Subdivision P a g e | 13

The Sanitas Group, LLC 1022 Willow Place I Louisville, CO 80027 303.981.9238

Urban

Storm Drainage Criteria Manual, Volume 3 – Best Management Practices
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10.0 FLOOD PLAIN MITIGATION
South Boulder Creek Flood Mapping Study

Existing StormWater Plan
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South Boulder Creek Major Drainageway Plan

 

 

 

 

 

“South Boulder Creek Major Drainageway Plan”
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Conceptual Storm Water Management Plan and Flood

Mitigation Report

 

 

 

11.0 GROUNDWATER
Boulder Creek Commons Ground

Water Recharge Evaluation
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12.0 CONCLUSIONS
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X-DE

Project Description
1006-HYD-10YR-X-DE.SPF

Project Options
CFS
Elevation
Rational
User-Defined
Kinematic Wave
YES
NO

Analysis Options
May 06, 2012 00:00:00
May 08, 2012 00:00:00
May 06, 2012 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
0
16
23
17
4
2
0
0
21
10
11
0
0
0
0
0
0

Rainfall Details
10 year(s)

        Outlets ........................................................................
Pollutants ............................................................................
Land Uses ...........................................................................

Return Period.......................................................................

Links....................................................................................
        Channels ....................................................................
        Pipes ..........................................................................
        Pumps ........................................................................
        Orifices .......................................................................
        Weirs ..........................................................................

Nodes...................................................................................
        Junctions ....................................................................
        Outfalls .......................................................................
        Flow Diversions ..........................................................
        Inlets ...........................................................................
        Storage Nodes ...........................................................

Runoff (Dry Weather) Time Step ........................................
Runoff (Wet Weather) Time Step .......................................
Reporting Time Step ...........................................................
Routing Time Step ..............................................................

Rain Gages .........................................................................
Subbasins............................................................................

Enable Overflow Ponding at Nodes ....................................
Skip Steady State Analysis Time Periods ...........................

Start Analysis On ................................................................
End Analysis On .................................................................
Start Reporting On ..............................................................
Antecedent Dry Days ..........................................................

File Name ...........................................................................

Flow Units ...........................................................................
Elevation Type ....................................................................
Hydrology Method ...............................................................
Time of Concentration (TOC) Method ................................
Link Routing Method ...........................................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X-DE

Subbasin Summary
Subbasin Area Weighted Total Total Total Peak Time of
ID Runoff Rainfall Runoff Runoff Runoff Concentration

Coefficient Volume
(ac) (in) (in) (ft³) (cfs) (days hh:mm:ss)

H-1 15.71 0.3000 1.88 0.56 32106.37 7.69 0  01:09:00
H-2 1.14 0.3000 1.79 0.54 2222.21 0.62 0  00:59:00
H-3 2.30 0.3000 1.57 0.47 3932.38 1.71 0  00:38:00
H-4 0.28 0.3000 1.30 0.39 396.40 0.30 0  00:22:00
H-5 2.73 0.3000 1.39 0.42 4122.52 2.62 0  00:26:00
OS-01 7.83 0.7000 0.96 0.67 19071.77 28.68 0  00:11:00
OS-02 3.22 0.8900 0.91 0.81 9502.83 15.71 0  00:10:00
OS-03 0.81 0.5000 1.00 0.50 1476.03 2.03 0  00:12:00
OS-04 3.06 0.5000 1.05 0.52 5809.38 7.38 0  00:13:00
OS-05 4.99 0.5000 0.96 0.48 8694.58 13.05 0  00:11:00
OS-06 1.59 0.5000 1.18 0.59 3405.30 3.31 0  00:17:00
OS-07 1.45 0.5000 0.96 0.48 2526.48 3.79 0  00:11:00
OS-08 1.14 0.5000 0.87 0.43 1791.84 3.29 0  00:09:00
OS-09 9.45 0.4500 1.37 0.61 21062.35 13.93 0  00:25:00
OS-10 9.35 0.4400 1.37 0.60 20398.24 13.48 0  00:25:00
OS-11 5.05 0.3200 1.53 0.49 8982.44 4.24 0  00:35:00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X-DE

Node Summary
SN Element Element Initial Surcharge Peak Max HGL Time of Total Time

ID Type Water Elevation Inflow Elevation Peak Flooded
Elevation Attained Flooding

Occurrence
(ft) (ft) (cfs) (ft) (days hh:mm) (min)

1 DP01 Junction 5331.93 5333.93 42.34 5332.74 0  00:00 0.00
2 DP01a Junction 5332.93 5334.93 28.68 5333.75 0  00:00 0.00
3 DP02 Junction 5330.43 5330.93 46.58 5330.87 0  00:00 0.00
4 DP03 Junction 5330.43 5330.93 23.29 5330.78 0  00:00 0.00
5 DP04 Junction 5330.43 6330.93 23.29 5330.77 0  00:00 0.00
6 DP05 Junction 5323.34 5323.84 31.10 5323.68 0  00:00 0.00
7 DP06 Junction 5323.34 5323.84 15.55 5323.34 0  00:00 0.00
8 DP07 Junction 5323.34 5323.84 15.55 5323.64 0  00:00 0.00
9 DP08 Junction 5316.53 5319.53 21.93 5316.84 0  00:00 0.00

10 DP09 Junction 5328.93 5331.93 30.04 5330.54 0  00:00 0.00
11 DP10 Junction 5324.08 5327.08 36.95 5325.69 0  00:00 0.00
12 DP11 Junction 5315.80 5318.80 52.64 5317.49 0  00:00 0.00
13 DP12 Junction 5315.45 5318.45 8.23 5315.45 0  00:00 0.00
14 DP13 Junction 5324.80 5325.10 4.24 5324.95 0  00:00 0.00
15 DPH1 Junction 5312.38 5315.38 55.11 5314.07 0  00:00 0.00
16 DPH2 Junction 5321.00 5327.00 1.84 5321.00 0  00:00 0.00
17 DPH3 Junction 5322.25 5328.25 6.01 5322.40 0  00:00 0.00
18 Out-DP06 Outfall 15.55 5322.33
19 Out-DPH1 Outfall 55.11 5312.38
20 Out-DPH2 Outfall 1.84 5321.00
21 Out-DPH3 Outfall 6.01 5322.25
22 DIV01 Flow Diversions 5330.43 46.58 5330.43 0.00
23 DIV02 Flow Diversions 5323.34 31.10 5323.34 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X-DE

Junction Input
Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded
ID Elevation (Max) (Max) Water Water Elevation Depth Area

Elevation Offset Elevation Depth
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²)

DP01 5331.93 5333.93 2.00 5331.93 0.00 5333.93 0.00 0.00
DP01a 5332.93 5334.93 2.00 5332.93 0.00 5334.93 0.00 0.00
DP02 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP03 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP04 5330.43 5330.93 0.50 5330.43 0.00 6330.93 1000.00 0.00
DP05 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP06 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP07 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP08 5316.53 5319.53 3.00 5316.53 0.00 5319.53 0.00 0.00
DP09 5328.93 5331.93 3.00 5328.93 0.00 5331.93 0.00 0.00
DP10 5324.08 5327.08 3.00 5324.08 0.00 5327.08 0.00 0.00
DP11 5315.80 5318.80 3.00 5315.80 0.00 5318.80 0.00 0.00
DP12 5315.45 5318.45 3.00 5315.45 0.00 5318.45 0.00 0.00
DP13 5324.80 5325.10 0.30 5324.80 0.00 5325.10 0.00 0.00
DPH1 5312.38 5315.38 3.00 5312.38 0.00 5315.38 0.00 0.00
DPH2 5321.00 5327.00 6.00 5321.00 0.00 5327.00 0.00 0.00
DPH3 5322.25 5328.25 6.00 5322.25 0.00 5328.25 0.00 0.00
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Junction Results
Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded

Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume
Attained Occurrence

(cfs) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)
DP01 42.34 15.70 5332.74 0.81 0.00 1.19 5331.93 0.00 0  00:11 0  00:00 0.00 0.00
DP01a 28.68 28.68 5333.75 0.82 0.00 1.18 5332.93 0.00 0  00:11 0  00:00 0.00 0.00
DP02 46.58 4.81 5330.87 0.44 0.00 0.06 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP03 23.29 0.00 5330.78 0.35 0.00 0.15 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP04 23.29 0.00 5330.77 0.34 0.00 0.16 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP05 31.10 10.61 5323.68 0.34 0.00 0.16 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP06 15.55 0.00 5323.34 0.00 0.00 0.50 5323.34 0.00 0  00:00 0  00:00 0.00 0.00
DP07 15.55 0.00 5323.64 0.30 0.00 0.20 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP08 21.93 13.05 5316.84 0.31 0.00 2.69 5316.53 0.00 0  00:16 0  00:00 0.00 0.00
DP09 30.04 13.93 5330.54 1.61 0.00 1.39 5328.95 0.02 0  00:12 0  00:00 0.00 0.00
DP10 36.95 13.48 5325.69 1.61 0.00 1.39 5324.10 0.02 0  00:17 0  00:00 0.00 0.00
DP11 52.64 3.31 5317.49 1.69 0.00 1.31 5315.83 0.03 0  00:20 0  00:00 0.00 0.00
DP12 8.23 8.23 5315.45 0.00 0.00 3.00 5315.45 0.00 0  00:00 0  00:00 0.00 0.00
DP13 4.24 4.24 5324.95 0.15 0.00 0.15 5324.80 0.00 0  00:35 0  00:00 0.00 0.00
DPH1 55.11 0.00 5314.07 1.69 0.00 1.31 5312.41 0.03 0  00:21 0  00:00 0.00 0.00
DPH2 1.84 1.84 5321.00 0.00 0.00 6.00 5321.00 0.00 0  00:00 0  00:00 0.00 0.00
DPH3 6.01 2.62 5322.40 0.15 0.00 5.85 5322.25 0.00 0  00:36 0  00:00 0.00 0.00
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Channel Input
Element Length Inlet Outlet Average Shape Height Width Manning's
ID Invert Invert Slope Roughness

Elevation Elevation
(ft) (ft) (ft) (%) (ft) (ft)

DP01=>DP02 150.00 5331.93 5330.43 1.0000 Trapezoidal 0.500 55.000 0.0160
DP01a=>DP01 200.00 5332.93 5331.93 0.5000 Trapezoidal 2.000 17.000 0.0160
DP03=>DP05 810.00 5330.43 5323.34 0.8800 Trapezoidal 0.500 55.000 0.0160
DP04=>DP09 150.00 5330.43 5328.93 1.0000 Trapezoidal 0.500 55.000 0.0160
DP07=>DP08 780.00 5323.34 5316.53 0.8700 Trapezoidal 0.500 55.000 0.0160
DP08=>DP11 5.00 5316.53 5315.80 14.6000 Trapezoidal 0.500 55.000 0.0500
DP09=>DP10 485.00 5328.93 5324.08 1.0000 Trapezoidal 3.000 23.000 0.0800
DP10=>DP11 865.00 5324.08 5315.80 0.9600 Trapezoidal 3.000 25.000 0.0800
DP11=>DPH1 215.00 5315.80 5312.38 1.5900 Trapezoidal 3.000 25.000 0.0800
DP13=>DPH3 170.00 5324.80 5322.25 1.5000 Trapezoidal 0.300 45.000 0.0350
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Channel Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 DP01=>DP02 42.07 0  00:11 58.58 0.72 3.62 0.69 0.44 0.87 0.00
2 DP01a=>DP01 28.14 0  00:11 167.34 0.17 4.69 0.71 0.81 0.41 0.00
3 DP03=>DP05 21.35 0  00:14 54.81 0.39 4.02 3.36 0.33 0.67 0.00
4 DP04=>DP09 23.19 0  00:12 58.58 0.40 3.12 0.80 0.34 0.68 0.00
5 DP07=>DP08 14.39 0  00:18 54.74 0.26 3.03 4.29 0.28 0.57 0.00
6 DP08=>DP11 21.93 0  00:16 71.63 0.31 3.54 0.02 0.31 0.61 0.00
7 DP09=>DP10 28.21 0  00:15 113.38 0.25 2.16 3.74 1.55 0.52 0.00
8 DP10=>DP11 34.75 0  00:26 131.37 0.26 2.03 7.10 1.55 0.52 0.00
9 DP11=>DPH1 52.52 0  00:21 169.34 0.31 2.59 1.38 1.69 0.56 0.00

10 DP13=>DPH3 4.18 0  00:36 16.00 0.26 1.23 2.30 0.15 0.50 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X-DE

Pipe Input
Element Length Inlet Outlet Total Average Pipe Pipe Pipe Manning's
ID Invert Invert Drop Slope Shape Diameter or Width Roughness

Elevation Elevation Height
(ft) (ft) (ft) (ft) (%) (in) (in)

DP02=>DIV01 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP02=>DP03 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP02=>DP04 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DIV02 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DP06 1.00 5322.33 5323.34 -1.01 -101.0000 Dummy 0.000 0.000 0.0150
DP05=>DP07 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP06=>Out-H4 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP12=>DPH1 1.00 5315.45 5312.38 3.07 307.0000 Dummy 0.000 0.000 0.0320
DP13=>Out-H1 1.00 5312.38 5312.38 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH2=>Out-DPH2 1.00 5321.00 5321.00 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH3=>OutDPH3 1.00 5322.25 5322.25 0.00 0.0000 Dummy 0.000 0.000 0.0320
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X-DE

Pipe Results
SN Element Peak Time of Design Flow Peak Flow Travel Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Velocity Time Depth Surcharged Number Condition
Occurrence

(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)
1 DP02=>DIV01 46.58 0  00:11 0.00 0.00 0.81 0.00 Calculated
2 DP02=>DP03 23.29 0  00:11 0.00 0.00 0.81 0.00 Calculated
3 DP02=>DP04 23.29 0  00:11 0.00 0.00 0.81 0.00 Calculated
4 DP05=>DIV02 31.10 0  00:14 0.00 0.00 0.34 0.00 Calculated
5 DP05=>DP06 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
6 DP05=>DP07 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
7 DP06=>Out-H4 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
8 DP12=>DPH1 8.23 0  01:09 0.00 0.00 1.69 0.00 Calculated
9 DP13=>Out-H1 55.11 0  00:21 0.00 0.00 0.15 0.00 Calculated

10 DPH2=>Out-DPH2 1.84 0  00:38 0.00 0.00 0.15 0.00 Calculated
11 DPH3=>OutDPH3 6.01 0  00:35 0.00 0.00 0.15 0.00 Calculated
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Project Description
1006-HYD-100YR-X-DE.SPF

Project Options
CFS
Elevation
Rational
User-Defined
Kinematic Wave
YES
NO

Analysis Options
May 06, 2012 00:00:00
May 08, 2012 00:00:00
May 06, 2012 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
0
16
23
17
4
2
0
0
21
10
11
0
0
0
0
0
0

Rainfall Details
100 year(s)

        Outlets ........................................................................
Pollutants ............................................................................
Land Uses ...........................................................................

Return Period.......................................................................

Links....................................................................................
        Channels ....................................................................
        Pipes ..........................................................................
        Pumps ........................................................................
        Orifices .......................................................................
        Weirs ..........................................................................

Nodes...................................................................................
        Junctions ....................................................................
        Outfalls .......................................................................
        Flow Diversions ..........................................................
        Inlets ...........................................................................
        Storage Nodes ...........................................................

Runoff (Dry Weather) Time Step ........................................
Runoff (Wet Weather) Time Step .......................................
Reporting Time Step ...........................................................
Routing Time Step ..............................................................

Rain Gages .........................................................................
Subbasins............................................................................

Enable Overflow Ponding at Nodes ....................................
Skip Steady State Analysis Time Periods ...........................

Start Analysis On ................................................................
End Analysis On .................................................................
Start Reporting On ..............................................................
Antecedent Dry Days ..........................................................

File Name ...........................................................................

Flow Units ...........................................................................
Elevation Type ....................................................................
Hydrology Method ...............................................................
Time of Concentration (TOC) Method ................................
Link Routing Method ...........................................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Subbasin Summary
Subbasin Area Weighted Total Total Total Peak Time of
ID Runoff Rainfall Runoff Runoff Runoff Concentration

Coefficient Volume
(ac) (in) (in) (ft³) (cfs) (days hh:mm:ss)

H-1 15.71 0.6000 2.60 1.56 88791.51 21.28 0  01:09:00
H-2 1.14 0.6000 2.49 1.49 6178.33 1.73 0  00:59:00
H-3 2.30 0.6000 2.21 1.33 11079.12 4.82 0  00:38:00
H-4 0.28 0.6000 1.89 1.13 1149.55 0.86 0  00:22:00
H-5 2.73 0.6000 1.99 1.19 11802.69 7.50 0  00:26:00
OS-01 7.83 0.8000 1.45 1.16 32856.87 49.36 0  00:11:00
OS-02 3.22 0.9200 1.38 1.27 14844.52 24.54 0  00:10:00
OS-03 0.81 0.7000 1.51 1.05 3099.08 4.27 0  00:12:00
OS-04 3.06 0.7000 1.56 1.10 12163.04 15.47 0  00:13:00
OS-05 4.99 0.7000 1.45 1.01 18312.95 27.52 0  00:11:00
OS-06 1.59 0.7000 1.74 1.22 7035.70 6.84 0  00:17:00
OS-07 1.45 0.7000 1.45 1.01 5321.40 8.00 0  00:11:00
OS-08 1.14 0.7000 1.31 0.92 3803.01 6.98 0  00:09:00
OS-09 9.45 0.6800 1.96 1.33 45760.87 30.25 0  00:25:00
OS-10 9.35 0.6700 1.96 1.31 44597.82 29.49 0  00:25:00
OS-11 5.05 0.6100 2.16 1.32 24179.25 11.42 0  00:35:00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Node Summary
SN Element Element Initial Surcharge Peak Max HGL Time of Total Time

ID Type Water Elevation Inflow Elevation Peak Flooded
Elevation Attained Flooding

Occurrence
(ft) (ft) (cfs) (ft) (days hh:mm) (min)

1 DP01 Junction 5331.93 5333.93 70.82 5333.01 0  00:00 0.00
2 DP01a Junction 5332.93 5334.93 49.36 5334.02 0  00:00 0.00
3 DP02 Junction 5330.43 5330.93 79.89 5330.97 0  00:00 0.00
4 DP03 Junction 5330.43 5330.93 39.95 5330.87 0  00:00 0.00
5 DP04 Junction 5330.43 5330.93 39.95 5330.86 0  00:00 0.00
6 DP05 Junction 5323.34 5323.84 58.55 5323.77 0  00:00 0.00
7 DP06 Junction 5323.34 5323.84 29.28 5323.34 0  00:00 0.00
8 DP07 Junction 5323.34 5323.84 29.28 5323.73 0  00:00 0.00
9 DP08 Junction 5316.53 5319.53 45.44 5316.94 0  00:00 0.00

10 DP09 Junction 5328.93 5331.93 54.55 5331.07 0  00:00 0.00
11 DP10 Junction 5324.08 5327.08 70.82 5326.31 0  00:00 0.00
12 DP11 Junction 5315.80 5318.80 106.76 5318.20 0  00:00 0.00
13 DP12 Junction 5315.45 5318.45 22.78 5315.45 0  00:00 0.00
14 DP13 Junction 5324.80 5325.10 11.42 5325.05 0  00:00 0.00
15 DPH1 Junction 5312.38 5315.38 113.22 5314.78 0  00:00 0.00
16 DPH2 Junction 5321.00 5327.00 5.20 5321.00 0  00:00 0.00
17 DPH3 Junction 5322.25 5328.25 16.59 5322.50 0  00:00 0.00
18 Out-DP06 Outfall 29.28 5322.33
19 Out-DPH1 Outfall 113.22 5312.38
20 Out-DPH2 Outfall 5.20 5321.00
21 Out-DPH3 Outfall 16.59 5322.25
22 DIV01 Flow Diversions 5330.43 79.89 5330.43 0.00
23 DIV02 Flow Diversions 5323.34 58.55 5323.34 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Junction Input
Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded
ID Elevation (Max) (Max) Water Water Elevation Depth Area

Elevation Offset Elevation Depth
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²)

DP01 5331.93 5333.93 2.00 5331.93 0.00 5333.93 0.00 0.00
DP01a 5332.93 5334.93 2.00 5332.93 0.00 5334.93 0.00 0.00
DP02 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP03 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP04 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP05 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP06 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP07 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP08 5316.53 5319.53 3.00 5316.53 0.00 5319.53 0.00 0.00
DP09 5328.93 5331.93 3.00 5328.93 0.00 5331.93 0.00 0.00
DP10 5324.08 5327.08 3.00 5324.08 0.00 5327.08 0.00 0.00
DP11 5315.80 5318.80 3.00 5315.80 0.00 5318.80 0.00 0.00
DP12 5315.45 5318.45 3.00 5315.45 0.00 5318.45 0.00 0.00
DP13 5324.80 5325.10 0.30 5324.80 0.00 5325.10 0.00 0.00
DPH1 5312.38 5315.38 3.00 5312.38 0.00 5315.38 0.00 0.00
DPH2 5321.00 5327.00 6.00 5321.00 0.00 5327.00 0.00 0.00
DPH3 5322.25 5328.25 6.00 5322.25 0.00 5328.25 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Junction Results
Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded

Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume
Attained Occurrence

(cfs) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)
DP01 70.82 24.54 5333.01 1.08 0.00 0.92 5331.94 0.01 0  00:11 0  00:00 0.00 0.00
DP01a 49.36 49.36 5334.02 1.09 0.00 0.91 5332.94 0.01 0  00:11 0  00:00 0.00 0.00
DP02 79.89 10.19 5330.97 0.54 0.00 0.01 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP03 39.95 0.00 5330.87 0.44 0.00 0.06 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP04 39.95 0.00 5330.86 0.43 0.00 0.07 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP05 58.55 22.27 5323.77 0.43 0.00 0.07 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP06 29.28 0.00 5323.34 0.00 0.00 0.50 5323.34 0.00 0  00:00 0  00:00 0.00 0.00
DP07 29.28 0.00 5323.73 0.39 0.00 0.11 5323.34 0.00 0  00:13 0  00:00 0.00 0.00
DP08 45.44 27.52 5316.94 0.41 0.00 2.59 5316.53 0.00 0  00:15 0  00:00 0.00 0.00
DP09 54.55 30.25 5331.07 2.14 0.00 0.86 5328.96 0.03 0  00:12 0  00:00 0.00 0.00
DP10 70.82 29.49 5326.31 2.23 0.00 0.77 5324.11 0.03 0  00:17 0  00:00 0.00 0.00
DP11 106.76 6.84 5318.20 2.40 0.00 0.60 5315.84 0.04 0  00:18 0  00:00 0.00 0.00
DP12 22.78 22.78 5315.45 0.00 0.00 3.00 5315.45 0.00 0  00:00 0  00:00 0.00 0.00
DP13 11.42 11.42 5325.05 0.25 0.00 0.05 5324.80 0.00 0  00:35 0  00:00 0.00 0.00
DPH1 113.22 0.00 5314.78 2.40 0.00 0.60 5312.42 0.04 0  00:19 0  00:00 0.00 0.00
DPH2 5.20 5.20 5321.00 0.00 0.00 6.00 5321.00 0.00 0  00:00 0  00:00 0.00 0.00
DPH3 16.59 7.50 5322.50 0.25 0.00 5.75 5322.25 0.00 0  00:36 0  00:00 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Channel Input
Element Length Inlet Outlet Average Shape Height Width Manning's
ID Invert Invert Slope Roughness

Elevation Elevation
(ft) (ft) (ft) (%) (ft) (ft)

DP01=>DP02 150.00 5331.93 5330.43 1.0000 Trapezoidal 0.550 60.000 0.0160
DP01a=>DP01 200.00 5332.93 5331.93 0.5000 Trapezoidal 2.000 17.000 0.0160
DP03=>DP05 810.00 5330.43 5323.34 0.8800 Trapezoidal 0.500 55.000 0.0160
DP04=>DP09 150.00 5330.43 5328.93 1.0000 Trapezoidal 0.500 55.000 0.0160
DP07=>DP08 780.00 5323.34 5316.53 0.8700 Trapezoidal 0.500 55.000 0.0160
DP08=>DP11 5.00 5316.53 5315.80 14.6000 Trapezoidal 0.500 55.000 0.0500
DP09=>DP10 485.00 5328.93 5324.08 1.0000 Trapezoidal 3.000 23.000 0.0800
DP10=>DP11 865.00 5324.08 5315.80 0.9600 Trapezoidal 3.000 25.000 0.0800
DP11=>DPH1 215.00 5315.80 5312.38 1.5900 Trapezoidal 3.000 25.000 0.0800
DP13=>DPH3 170.00 5324.80 5322.25 1.5000 Trapezoidal 0.300 45.000 0.0350
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Channel Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 DP01=>DP02 70.34 0  00:11 74.04 0.95 4.12 0.61 0.54 0.98 0.00
2 DP01a=>DP01 48.53 0  00:11 167.34 0.29 5.48 0.61 1.08 0.54 0.00
3 DP03=>DP05 37.30 0  00:14 54.81 0.68 4.58 2.95 0.42 0.85 0.00
4 DP04=>DP09 39.80 0  00:12 58.58 0.68 3.57 0.70 0.43 0.85 0.00
5 DP07=>DP08 27.44 0  00:17 54.74 0.50 3.48 3.74 0.37 0.75 0.00
6 DP08=>DP11 45.44 0  00:15 71.63 0.63 4.26 0.02 0.41 0.83 0.00
7 DP09=>DP10 52.04 0  00:15 113.38 0.46 2.71 2.98 2.08 0.69 0.00
8 DP10=>DP11 69.01 0  00:26 131.37 0.53 2.42 5.96 2.19 0.73 0.00
9 DP11=>DPH1 106.59 0  00:19 169.34 0.63 3.13 1.14 2.40 0.80 0.00

10 DP13=>DPH3 11.29 0  00:36 16.00 0.71 1.63 1.74 0.25 0.84 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Pipe Input
Element Length Inlet Outlet Total Average Pipe Pipe Pipe Manning's
ID Invert Invert Drop Slope Shape Diameter or Width Roughness

Elevation Elevation Height
(ft) (ft) (ft) (ft) (%) (in) (in)

DP02=>DIV01 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP02=>DP03 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP02=>DP04 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DIV02 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DP06 1.00 5322.33 5323.34 -1.01 -101.0000 Dummy 0.000 0.000 0.0320
DP05=>DP07 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP06=>Out-H4 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP12=>DPH1 1.00 5315.45 5312.38 3.07 307.0000 Dummy 0.000 0.000 0.0320
DP13=>Out-H1 1.00 5312.38 5312.38 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH2=>Out-DPH2 1.00 5321.00 5321.00 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH3=>OutDPH3 1.00 5322.25 5322.25 0.00 0.0000 Dummy 0.000 0.000 0.0320
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X-DE

Pipe Results
SN Element Peak Time of Design Flow Peak Flow Travel Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Velocity Time Depth Surcharged Number Condition
Occurrence

(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)
1 DP02=>DIV01 79.89 0  00:11 0.00 0.00 1.08 0.00 Calculated
2 DP02=>DP03 39.95 0  00:11 0.00 0.00 1.08 0.00 Calculated
3 DP02=>DP04 39.95 0  00:11 0.00 0.00 1.08 0.00 Calculated
4 DP05=>DIV02 58.55 0  00:13 0.00 0.00 0.43 0.00 Calculated
5 DP05=>DP06 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
6 DP05=>DP07 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
7 DP06=>Out-H4 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
8 DP12=>DPH1 22.78 0  01:09 0.00 0.00 2.40 0.00 Calculated
9 DP13=>Out-H1 113.22 0  00:19 0.00 0.00 0.25 0.00 Calculated

10 DPH2=>Out-DPH2 5.20 0  00:38 0.00 0.00 0.25 0.00 Calculated
11 DPH3=>OutDPH3 16.59 0  00:35 0.00 0.00 0.25 0.00 Calculated
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Project Description
1006-HYD-10YR-X.SPF

Project Options
CFS
Elevation
Rational
User-Defined
Kinematic Wave
YES
NO

Analysis Options
May 23, 2012 00:00:00
May 25, 2012 00:00:00
May 23, 2012 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
0
17
26
20
4
2
0
0
24
12
12
0
0
0
0
0
0

Rainfall Details
10 year(s)

        Outlets ........................................................................
Pollutants ............................................................................
Land Uses ...........................................................................

Return Period.......................................................................

Links....................................................................................
        Channels ....................................................................
        Pipes ..........................................................................
        Pumps ........................................................................
        Orifices .......................................................................
        Weirs ..........................................................................

Nodes...................................................................................
        Junctions ....................................................................
        Outfalls .......................................................................
        Flow Diversions ..........................................................
        Inlets ...........................................................................
        Storage Nodes ...........................................................

Runoff (Dry Weather) Time Step ........................................
Runoff (Wet Weather) Time Step .......................................
Reporting Time Step ...........................................................
Routing Time Step ..............................................................

Rain Gages .........................................................................
Subbasins............................................................................

Enable Overflow Ponding at Nodes ....................................
Skip Steady State Analysis Time Periods ...........................

Start Analysis On ................................................................
End Analysis On .................................................................
Start Reporting On ..............................................................
Antecedent Dry Days ..........................................................

File Name ...........................................................................

Flow Units ...........................................................................
Elevation Type ....................................................................
Hydrology Method ...............................................................
Time of Concentration (TOC) Method ................................
Link Routing Method ...........................................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Subbasin Summary
Subbasin Area Weighted Total Total Total Peak Time of
ID Runoff Rainfall Runoff Runoff Runoff Concentration

Coefficient Volume
(ac) (in) (in) (ft³) (cfs) (days hh:mm:ss)

Ax 9.46 0.3000 1.65 0.50 16998.20 6.24 0  00:45:03
Bx 9.51 0.3000 1.84 0.55 19021.24 4.91 0  01:03:57
Cx 0.17 0.3000 1.49 0.45 275.23 0.14 0  00:31:25
Dx 0.30 0.3000 1.25 0.38 408.38 0.34 0  00:20:04
Ex 2.73 0.3000 1.62 0.49 4826.12 1.88 0  00:42:17
OS-01 7.83 0.7000 0.96 0.67 19071.77 28.68 0  00:11:00
OS-02 3.22 0.8900 0.91 0.81 9502.83 15.71 0  00:10:00
OS-03 0.81 0.5000 1.00 0.50 1476.03 2.03 0  00:12:00
OS-04 3.06 0.5000 1.05 0.52 5809.38 7.38 0  00:13:00
OS-05 4.99 0.5000 0.96 0.48 8694.58 13.05 0  00:11:00
OS-06 1.59 0.5000 1.18 0.59 3405.30 3.31 0  00:17:00
OS-07 1.45 0.5000 0.96 0.48 2526.48 3.79 0  00:11:00
OS-08 1.14 0.5000 0.87 0.43 1791.84 3.29 0  00:09:00
OS-09 9.45 0.4500 1.37 0.61 21062.35 13.93 0  00:25:00
OS-10 9.35 0.4400 1.37 0.60 20398.24 13.48 0  00:25:00
OS-11 5.05 0.3200 1.53 0.49 8982.44 4.24 0  00:35:00
OS-12 2.01 0.3200 0.94 0.30 2203.48 3.41 0  00:10:42
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Node Summary
SN Element Element Initial Surcharge Peak Max HGL Time of Total Time

ID Type Water Elevation Inflow Elevation Peak Flooded
Elevation Attained Flooding

Occurrence
(ft) (ft) (cfs) (ft) (days hh:mm) (min)

1 DP01 Junction 5331.93 5333.93 42.34 5332.74 0  00:00 0.00
2 DP01a Junction 5332.93 5334.93 28.68 5333.75 0  00:00 0.00
3 DP02 Junction 5330.43 5330.93 46.58 5330.87 0  00:00 0.00
4 DP03 Junction 5330.43 5330.93 23.29 5330.78 0  00:00 0.00
5 DP04 Junction 5330.43 5330.93 23.29 5330.77 0  00:00 0.00
6 DP05 Junction 5323.34 5323.84 31.10 5323.68 0  00:00 0.00
7 DP06 Junction 5323.34 5323.84 15.55 5323.34 0  00:00 0.00
8 DP07 Junction 5323.34 5323.84 15.55 5323.64 0  00:00 0.00
9 DP08 Junction 5316.53 5319.53 21.93 5316.84 0  00:00 0.00

10 DP09 Junction 5328.93 5331.93 30.04 5330.54 0  00:00 0.00
11 DP10 Junction 5324.08 5327.08 36.95 5325.64 0  00:00 0.00
12 DP11 Junction 5315.80 5318.80 52.71 5317.49 0  00:00 0.00
13 DP12 Junction 5315.30 5317.30 4.94 5316.08 0  00:00 0.00
14 DP13 Junction 5315.80 5318.80 3.31 5315.80 0  00:00 0.00
15 DP14 Junction 5324.08 5327.08 37.03 5325.69 0  00:00 0.00
16 DP15 Junction 5324.80 5325.10 4.24 5324.95 0  00:00 0.00
17 DP16 Junction 5319.50 5320.50 3.41 5319.90 0  00:00 0.00
18 DPH1 Junction 5312.38 5315.38 59.42 5314.07 0  00:00 0.00
19 DPH2 Junction 5321.00 5327.00 0.34 5321.00 0  00:00 0.00
20 DPH3 Junction 5322.25 5328.25 5.81 5322.40 0  00:00 0.00
21 Out-DP06 Outfall 15.55 5322.33
22 Out-DPH1 Outfall 59.42 5312.38
23 Out-DPH2 Outfall 0.34 5321.00
24 Out-DPH3 Outfall 5.81 5322.25
25 DIV01 Flow Diversions 5330.43 46.58 5330.43 0.00
26 DIV02 Flow Diversions 5323.34 31.10 5323.34 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Junction Input
Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded
ID Elevation (Max) (Max) Water Water Elevation Depth Area

Elevation Offset Elevation Depth
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²)

DP01 5331.93 5333.93 2.00 5331.93 0.00 5333.93 0.00 0.00
DP01a 5332.93 5334.93 2.00 5332.93 0.00 5334.93 0.00 0.00
DP02 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP03 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP04 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP05 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP06 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP07 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP08 5316.53 5319.53 3.00 5316.53 0.00 5319.53 0.00 0.00
DP09 5328.93 5331.93 3.00 5328.93 0.00 5331.93 0.00 0.00
DP10 5324.08 5327.08 3.00 5324.08 0.00 5327.08 0.00 0.00
DP11 5315.80 5318.80 3.00 5315.80 0.00 5318.80 0.00 0.00
DP12 5315.30 5317.30 2.00 5315.30 0.00 5317.30 0.00 0.00
DP13 5315.80 5318.80 3.00 5315.80 0.00 5318.80 0.00 0.00
DP14 5324.08 5327.08 3.00 5324.08 0.00 5327.08 0.00 0.00
DP15 5324.80 5325.10 0.30 5324.80 0.00 5325.10 0.00 0.00
DP16 5319.50 5320.50 1.00 5319.50 0.00 5320.50 0.00 0.00
DPH1 5312.38 5315.38 3.00 5312.38 0.00 5315.38 0.00 0.00
DPH2 5321.00 5327.00 6.00 5321.00 0.00 5327.00 0.00 0.00
DPH3 5322.25 5328.25 6.00 5322.25 0.00 5328.25 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Junction Results
Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded

Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume
Attained Occurrence

(cfs) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)
DP01 42.34 15.70 5332.74 0.81 0.00 1.19 5331.93 0.00 0  00:11 0  00:00 0.00 0.00
DP01a 28.68 28.68 5333.75 0.82 0.00 1.18 5332.93 0.00 0  00:11 0  00:00 0.00 0.00
DP02 46.58 4.81 5330.87 0.44 0.00 0.06 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP03 23.29 0.00 5330.78 0.35 0.00 0.15 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP04 23.29 0.00 5330.77 0.34 0.00 0.16 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP05 31.10 10.61 5323.68 0.34 0.00 0.16 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP06 15.55 0.00 5323.34 0.00 0.00 0.50 5323.34 0.00 0  00:00 0  00:00 0.00 0.00
DP07 15.55 0.00 5323.64 0.30 0.00 0.20 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP08 21.93 13.05 5316.84 0.31 0.00 2.69 5316.53 0.00 0  00:16 0  00:00 0.00 0.00
DP09 30.04 13.93 5330.54 1.61 0.00 1.39 5328.95 0.02 0  00:12 0  00:00 0.00 0.00
DP10 36.95 13.48 5325.64 1.56 0.00 1.44 5324.10 0.02 0  00:15 0  00:00 0.00 0.00
DP11 52.71 0.00 5317.49 1.69 0.00 1.31 5315.83 0.03 0  00:20 0  00:00 0.00 0.00
DP12 4.94 4.91 5316.08 0.78 0.00 1.22 5315.33 0.03 0  01:04 0  00:00 0.00 0.00
DP13 3.31 3.31 5315.80 0.00 0.00 3.00 5315.80 0.00 0  00:00 0  00:00 0.00 0.00
DP14 37.03 0.14 5325.69 1.61 0.00 1.39 5324.10 0.02 0  00:17 0  00:00 0.00 0.00
DP15 4.24 4.24 5324.95 0.15 0.00 0.15 5324.80 0.00 0  00:35 0  00:00 0.00 0.00
DP16 3.41 3.41 5319.90 0.40 0.00 0.60 5319.50 0.00 0  00:10 0  00:00 0.00 0.00
DPH1 59.42 6.24 5314.07 1.69 0.00 1.31 5312.42 0.04 0  00:21 0  00:00 0.00 0.00
DPH2 0.34 0.34 5321.00 0.00 0.00 6.00 5321.00 0.00 0  00:00 0  00:00 0.00 0.00
DPH3 5.81 1.88 5322.40 0.15 0.00 5.85 5322.25 0.00 0  00:36 0  00:00 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Channel Input
Element Length Inlet Outlet Average Shape Height Width Manning's
ID Invert Invert Slope Roughness

Elevation Elevation
(ft) (ft) (ft) (%) (ft) (ft)

DP01=>DP02 150.00 5331.93 5330.43 1.0000 Trapezoidal 0.500 55.000 0.0160
DP01a=>DP01 200.00 5332.93 5331.93 0.5000 Trapezoidal 2.000 17.000 0.0160
DP03=>DP05 810.00 5330.43 5323.34 0.8800 Trapezoidal 0.500 55.000 0.0160
DP04=>DP09 150.00 5330.43 5328.93 1.0000 Trapezoidal 0.500 55.000 0.0160
DP07=>DP08 780.00 5323.34 5316.53 0.8700 Trapezoidal 0.500 55.000 0.0160
DP08=>DP11 5.00 5316.53 5315.80 14.6000 Trapezoidal 0.500 55.000 0.0500
DP09=>DP10 485.00 5328.93 5324.08 1.0000 Trapezoidal 3.000 23.000 0.0800
DP11=>DPH1 215.00 5315.80 5312.38 1.5900 Trapezoidal 3.000 25.000 0.0800
DP12=>DPH1 60.00 5315.30 5312.38 4.8700 Parabolic 1.000 2.000 0.0320
DP14=>DP11 865.00 5324.08 5315.80 0.9600 Trapezoidal 3.000 25.000 0.0800
DP15=>DPH3 170.00 5324.80 5322.25 1.5000 Trapezoidal 0.300 45.000 0.0350
DP16=>DP12 707.00 5319.50 5315.30 0.5900 Parabolic 1.000 15.000 0.0350
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Channel Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 DP01=>DP02 42.07 0  00:11 58.58 0.72 3.62 0.69 0.44 0.87 0.00
2 DP01a=>DP01 28.14 0  00:11 167.34 0.17 4.69 0.71 0.81 0.41 0.00
3 DP03=>DP05 21.35 0  00:14 54.81 0.39 4.02 3.36 0.33 0.67 0.00
4 DP04=>DP09 23.19 0  00:12 58.58 0.40 3.12 0.80 0.34 0.68 0.00
5 DP07=>DP08 14.39 0  00:18 54.74 0.26 3.03 4.29 0.28 0.57 0.00
6 DP08=>DP11 21.93 0  00:16 71.63 0.31 3.54 0.02 0.31 0.61 0.00
7 DP09=>DP10 28.21 0  00:15 113.38 0.25 2.16 3.74 1.55 0.52 0.00
8 DP11=>DPH1 52.60 0  00:21 169.34 0.31 2.59 1.38 1.69 0.56 0.00
9 DP12=>DPH1 4.93 0  01:04 8.03 0.61 5.33 0.19 0.78 0.78 0.00

10 DP14=>DP11 34.84 0  00:26 131.37 0.27 2.03 7.10 1.55 0.52 0.00
11 DP15=>DPH3 4.18 0  00:36 16.00 0.26 1.23 2.30 0.15 0.50 0.00
12 DP16=>DP12 2.61 0  00:17 24.78 0.11 3.24 3.64 0.34 0.34 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Pipe Input
Element Length Inlet Outlet Total Average Pipe Pipe Pipe Manning's
ID Invert Invert Drop Slope Shape Diameter or Width Roughness

Elevation Elevation Height
(ft) (ft) (ft) (ft) (%) (in) (in)

DP02=>DIV01 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP02=>DP03 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP02=>DP04 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP05=>DIV02 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP05=>DP06 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP05=>DP07 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP06=>Out-H4 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP10=>DP14 0.01 5324.08 5324.08 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP13=>DP11 0.01 5315.80 5315.80 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP13=>Out-H1 1.00 5312.38 5312.38 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH2=>Out-DPH2 1.00 5321.00 5321.00 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH3=>OutDPH3 1.00 5322.25 5322.25 0.00 0.0000 Dummy 0.000 0.000 0.0320
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-X

Pipe Results
SN Element Peak Time of Design Flow Peak Flow Travel Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Velocity Time Depth Surcharged Number Condition
Occurrence

(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)
1 DP02=>DIV01 46.58 0  00:11 0.00 0.00 0.81 0.00 Calculated
2 DP02=>DP03 23.29 0  00:11 0.00 0.00 0.81 0.00 Calculated
3 DP02=>DP04 23.29 0  00:11 0.00 0.00 0.81 0.00 Calculated
4 DP05=>DIV02 31.10 0  00:14 0.00 0.00 0.34 0.00 Calculated
5 DP05=>DP06 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
6 DP05=>DP07 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
7 DP06=>Out-H4 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
8 DP10=>DP14 36.95 0  00:17 0.00 0.00 1.55 0.00 Calculated
9 DP13=>DP11 3.31 0  00:17 0.00 0.00 0.78 0.00 Calculated

10 DP13=>Out-H1 59.42 0  00:21 0.00 0.00 0.78 0.00 Calculated
11 DPH2=>Out-DPH2 0.34 0  00:20 0.00 0.00 0.34 0.00 Calculated
12 DPH3=>OutDPH3 5.81 0  00:37 0.00 0.00 0.34 0.00 Calculated
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X

Project Description
1006-HYD-100YR-X.SPF

Project Options
CFS
Elevation
Rational
User-Defined
Kinematic Wave
YES
NO

Analysis Options
May 23, 2012 00:00:00
May 25, 2012 00:00:00
May 23, 2012 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
0
17
26
20
4
2
0
0
24
12
12
0
0
0
0
0
0

Rainfall Details
100 year(s)

        Outlets ........................................................................
Pollutants ............................................................................
Land Uses ...........................................................................

Return Period.......................................................................

Links....................................................................................
        Channels ....................................................................
        Pipes ..........................................................................
        Pumps ........................................................................
        Orifices .......................................................................
        Weirs ..........................................................................

Nodes...................................................................................
        Junctions ....................................................................
        Outfalls .......................................................................
        Flow Diversions ..........................................................
        Inlets ...........................................................................
        Storage Nodes ...........................................................

Runoff (Dry Weather) Time Step ........................................
Runoff (Wet Weather) Time Step .......................................
Reporting Time Step ...........................................................
Routing Time Step ..............................................................

Rain Gages .........................................................................
Subbasins............................................................................

Enable Overflow Ponding at Nodes ....................................
Skip Steady State Analysis Time Periods ...........................

Start Analysis On ................................................................
End Analysis On .................................................................
Start Reporting On ..............................................................
Antecedent Dry Days ..........................................................

File Name ...........................................................................

Flow Units ...........................................................................
Elevation Type ....................................................................
Hydrology Method ...............................................................
Time of Concentration (TOC) Method ................................
Link Routing Method ...........................................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X

Subbasin Summary
Subbasin Area Weighted Total Total Total Peak Time of
ID Runoff Rainfall Runoff Runoff Runoff Concentration

Coefficient Volume
(ac) (in) (in) (ft³) (cfs) (days hh:mm:ss)

Ax 9.46 0.6000 2.31 1.39 47629.30 17.50 0  00:45:03
Bx 9.51 0.6000 2.55 1.53 52714.03 13.61 0  01:03:57
Cx 0.17 0.6000 2.11 1.26 780.01 0.41 0  00:31:25
Dx 0.28 0.6000 1.83 1.10 1112.96 0.92 0  00:20:04
Ex 2.73 0.6000 2.28 1.37 13546.83 5.29 0  00:42:17
OS-01 7.83 0.8000 1.45 1.16 32856.87 49.36 0  00:11:00
OS-02 3.22 0.9200 1.38 1.27 14844.52 24.54 0  00:10:00
OS-03 0.81 0.7000 1.51 1.05 3099.08 4.27 0  00:12:00
OS-04 3.06 0.7000 1.56 1.10 12163.04 15.47 0  00:13:00
OS-05 4.99 0.7000 1.45 1.01 18312.95 27.52 0  00:11:00
OS-06 1.59 0.7000 1.74 1.22 7035.70 6.84 0  00:17:00
OS-07 1.45 0.7000 1.45 1.01 5321.40 8.00 0  00:11:00
OS-08 1.14 0.7000 1.31 0.92 3803.01 6.98 0  00:09:00
OS-09 9.45 0.6800 1.96 1.33 45760.87 30.25 0  00:25:00
OS-10 9.35 0.6700 1.96 1.31 44597.82 29.49 0  00:25:00
OS-11 5.05 0.6100 2.16 1.32 24179.25 11.42 0  00:35:00
OS-12 2.01 0.5400 1.42 0.77 5596.26 8.68 0  00:10:42
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X

Node Summary
SN Element Element Initial Surcharge Peak Max HGL Time of Total Time

ID Type Water Elevation Inflow Elevation Peak Flooded
Elevation Attained Flooding

Occurrence
(ft) (ft) (cfs) (ft) (days hh:mm) (min)

1 DP01 Junction 5331.93 5333.93 70.82 5333.01 0  00:00 0.00
2 DP01a Junction 5332.93 5334.93 49.36 5334.02 0  00:00 0.00
3 DP02 Junction 5330.43 5330.93 79.89 5330.97 0  00:00 0.00
4 DP03 Junction 5330.43 5330.93 39.95 5330.87 0  00:00 0.00
5 DP04 Junction 5330.43 5330.93 39.95 5330.86 0  00:00 0.00
6 DP05 Junction 5323.34 5323.84 58.55 5323.77 0  00:00 0.00
7 DP06 Junction 5323.34 5323.84 29.28 5323.34 0  00:00 0.00
8 DP07 Junction 5323.34 5323.84 29.28 5323.73 0  00:00 0.00
9 DP08 Junction 5316.53 5319.53 45.44 5316.94 0  00:00 0.00

10 DP09 Junction 5328.93 5331.93 54.55 5331.07 0  00:00 0.00
11 DP10 Junction 5324.08 5327.08 70.82 5326.17 0  00:00 0.00
12 DP11 Junction 5315.80 5318.80 106.96 5318.21 0  00:00 0.00
13 DP12 Junction 5315.30 5317.30 13.64 5315.86 0  00:00 0.00
14 DP13 Junction 5315.80 5318.80 6.84 5315.80 0  00:00 0.00
15 DP14 Junction 5324.08 5327.08 71.04 5326.31 0  00:00 0.00
16 DP15 Junction 5324.80 5325.10 11.42 5325.05 0  00:00 0.00
17 DP16 Junction 5319.50 5320.50 8.68 5320.12 0  00:00 0.00
18 DPH1 Junction 5312.38 5315.38 124.53 5314.79 0  00:00 0.00
19 DPH2 Junction 5321.00 5327.00 0.92 5321.00 0  00:00 0.00
20 DPH3 Junction 5322.25 5328.25 15.82 5322.50 0  00:00 0.00
21 Out-DP06 Outfall 29.28 5322.33
22 Out-DPH1 Outfall 124.53 5312.38
23 Out-DPH2 Outfall 0.92 5321.00
24 Out-DPH3 Outfall 15.82 5322.25
25 DIV01 Flow Diversions 5330.43 79.89 5330.43 0.00
26 DIV02 Flow Diversions 5323.34 58.55 5323.34 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X

Junction Input
Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded
ID Elevation (Max) (Max) Water Water Elevation Depth Area

Elevation Offset Elevation Depth
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²)

DP01 5331.93 5333.93 2.00 5331.93 0.00 5333.93 0.00 0.00
DP01a 5332.93 5334.93 2.00 5332.93 0.00 5334.93 0.00 0.00
DP02 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP03 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP04 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP05 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP06 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP07 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP08 5316.53 5319.53 3.00 5316.53 0.00 5319.53 0.00 0.00
DP09 5328.93 5331.93 3.00 5328.93 0.00 5331.93 0.00 0.00
DP10 5324.08 5327.08 3.00 5324.08 0.00 5327.08 0.00 0.00
DP11 5315.80 5318.80 3.00 5315.80 0.00 5318.80 0.00 0.00
DP12 5315.30 5317.30 2.00 5315.30 0.00 5317.30 0.00 0.00
DP13 5315.80 5318.80 3.00 5315.80 0.00 5318.80 0.00 0.00
DP14 5324.08 5327.08 3.00 5324.08 0.00 5327.08 0.00 0.00
DP15 5324.80 5325.10 0.30 5324.80 0.00 5325.10 0.00 0.00
DP16 5319.50 5320.50 1.00 5319.50 0.00 5320.50 0.00 0.00
DPH1 5312.38 5315.38 3.00 5312.38 0.00 5315.38 0.00 0.00
DPH2 5321.00 5327.00 6.00 5321.00 0.00 5327.00 0.00 0.00
DPH3 5322.25 5328.25 6.00 5322.25 0.00 5328.25 0.00 0.00
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  B1006
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    1006-HYD-100YR-X

Junction Results
Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded

Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume
Attained Occurrence

(cfs) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)
DP01 70.82 24.54 5333.01 1.08 0.00 0.92 5331.94 0.01 0  00:11 0  00:00 0.00 0.00
DP01a 49.36 49.36 5334.02 1.09 0.00 0.91 5332.94 0.01 0  00:11 0  00:00 0.00 0.00
DP02 79.89 10.19 5330.97 0.54 0.00 0.01 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP03 39.95 0.00 5330.87 0.44 0.00 0.06 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP04 39.95 0.00 5330.86 0.43 0.00 0.07 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP05 58.55 22.27 5323.77 0.43 0.00 0.07 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP06 29.28 0.00 5323.34 0.00 0.00 0.50 5323.34 0.00 0  00:00 0  00:00 0.00 0.00
DP07 29.28 0.00 5323.73 0.39 0.00 0.11 5323.34 0.00 0  00:13 0  00:00 0.00 0.00
DP08 45.44 27.52 5316.94 0.41 0.00 2.59 5316.53 0.00 0  00:15 0  00:00 0.00 0.00
DP09 54.55 30.25 5331.07 2.14 0.00 0.86 5328.96 0.03 0  00:12 0  00:00 0.00 0.00
DP10 70.82 29.49 5326.17 2.09 0.00 0.91 5324.11 0.03 0  00:15 0  00:00 0.00 0.00
DP11 106.96 0.00 5318.21 2.41 0.00 0.59 5315.84 0.04 0  00:18 0  00:00 0.00 0.00
DP12 13.64 13.61 5315.86 0.56 0.00 1.44 5315.32 0.02 0  00:15 0  00:00 0.00 0.00
DP13 6.84 6.84 5315.80 0.00 0.00 3.00 5315.80 0.00 0  00:00 0  00:00 0.00 0.00
DP14 71.04 0.41 5326.31 2.23 0.00 0.77 5324.11 0.03 0  00:17 0  00:00 0.00 0.00
DP15 11.42 11.42 5325.05 0.25 0.00 0.05 5324.80 0.00 0  00:35 0  00:00 0.00 0.00
DP16 8.68 8.68 5320.12 0.62 0.00 0.38 5319.50 0.00 0  00:10 0  00:00 0.00 0.00
DPH1 124.53 17.49 5314.79 2.41 0.00 0.59 5312.42 0.04 0  00:19 0  00:00 0.00 0.00
DPH2 0.92 0.92 5321.00 0.00 0.00 6.00 5321.00 0.00 0  00:00 0  00:00 0.00 0.00
DPH3 15.82 5.29 5322.50 0.25 0.00 5.75 5322.25 0.00 0  00:36 0  00:00 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X

Channel Input
Element Length Inlet Outlet Average Shape Height Width Manning's
ID Invert Invert Slope Roughness

Elevation Elevation
(ft) (ft) (ft) (%) (ft) (ft)

DP01=>DP02 150.00 5331.93 5330.43 1.0000 Trapezoidal 0.550 60.000 0.0160
DP01a=>DP01 200.00 5332.93 5331.93 0.5000 Trapezoidal 2.000 17.000 0.0160
DP03=>DP05 810.00 5330.43 5323.34 0.8800 Trapezoidal 0.500 55.000 0.0160
DP04=>DP09 150.00 5330.43 5328.93 1.0000 Trapezoidal 0.500 55.000 0.0160
DP07=>DP08 780.00 5323.34 5316.53 0.8700 Trapezoidal 0.500 55.000 0.0160
DP08=>DP11 5.00 5316.53 5315.80 14.6000 Trapezoidal 0.500 55.000 0.0500
DP09=>DP10 485.00 5328.93 5324.08 1.0000 Trapezoidal 3.000 23.000 0.0800
DP11=>DPH1 215.00 5315.80 5312.38 1.5900 Trapezoidal 3.000 25.000 0.0800
DP12=>DPH1 60.00 5315.30 5312.38 4.8700 Parabolic 1.000 15.000 0.0320
DP14=>DP11 865.00 5324.08 5315.80 0.9600 Trapezoidal 3.000 25.000 0.0800
DP15=>DPH3 170.00 5324.80 5322.25 1.5000 Trapezoidal 0.300 45.000 0.0350
DP16=>DP12 708.00 5319.50 5315.30 0.5900 Parabolic 1.000 15.000 0.0350
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X

Channel Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 DP01=>DP02 70.34 0  00:11 74.04 0.95 4.12 0.61 0.54 0.98 0.00
2 DP01a=>DP01 48.53 0  00:11 167.34 0.29 5.48 0.61 1.08 0.54 0.00
3 DP03=>DP05 37.30 0  00:14 54.81 0.68 4.58 2.95 0.42 0.85 0.00
4 DP04=>DP09 39.80 0  00:12 58.58 0.68 3.57 0.70 0.43 0.85 0.00
5 DP07=>DP08 27.44 0  00:17 54.74 0.50 3.48 3.74 0.37 0.75 0.00
6 DP08=>DP11 45.44 0  00:15 71.63 0.63 4.26 0.02 0.41 0.83 0.00
7 DP09=>DP10 52.04 0  00:15 113.38 0.46 2.71 2.98 2.08 0.69 0.00
8 DP11=>DPH1 106.79 0  00:19 169.34 0.63 3.13 1.14 2.40 0.80 0.00
9 DP12=>DPH1 13.63 0  01:04 77.57 0.18 4.56 0.22 0.45 0.45 0.00

10 DP14=>DP11 69.30 0  00:26 131.37 0.53 2.42 5.96 2.19 0.73 0.00
11 DP15=>DPH3 11.29 0  00:36 16.00 0.71 1.63 1.74 0.25 0.84 0.00
12 DP16=>DP12 7.14 0  00:15 24.76 0.29 4.08 2.89 0.55 0.55 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X

Pipe Input
Element Length Inlet Outlet Total Average Pipe Pipe Pipe Manning's
ID Invert Invert Drop Slope Shape Diameter or Width Roughness

Elevation Elevation Height
(ft) (ft) (ft) (ft) (%) (in) (in)

DP02=>DIV01 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP02=>DP03 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP02=>DP04 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DIV02 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DP06 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP05=>DP07 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP06=>Out-H4 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP10=>DP14 0.00 5324.08 5324.08 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP13=>DP11 0.01 5315.80 5315.80 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP13=>Out-H1 1.00 5312.38 5312.38 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH2=>Out-DPH2 1.00 5321.00 5321.00 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH3=>OutDPH3 1.00 5322.25 5322.25 0.00 0.0000 Dummy 0.000 0.000 0.0320

  The Sanitas Group, LLC   Page 8 of 9
  9/25/2012 

6:08 AM
Agenda Item 5A Page 430 of 784



  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-X

Pipe Results
SN Element Peak Time of Design Flow Peak Flow Travel Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Velocity Time Depth Surcharged Number Condition
Occurrence

(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)
1 DP02=>DIV01 79.89 0  00:11 0.00 0.00 1.08 0.00 Calculated
2 DP02=>DP03 39.95 0  00:11 0.00 0.00 1.08 0.00 Calculated
3 DP02=>DP04 39.95 0  00:11 0.00 0.00 1.08 0.00 Calculated
4 DP05=>DIV02 58.55 0  00:13 0.00 0.00 0.43 0.00 Calculated
5 DP05=>DP06 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
6 DP05=>DP07 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
7 DP06=>Out-H4 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
8 DP10=>DP14 70.82 0  00:17 0.00 0.00 2.08 0.00 Calculated
9 DP13=>DP11 6.84 0  00:17 0.00 0.00 0.45 0.00 Calculated

10 DP13=>Out-H1 124.53 0  00:19 0.00 0.00 0.45 0.00 Calculated
11 DPH2=>Out-DPH2 0.92 0  00:20 0.00 0.00 0.55 0.00 Calculated
12 DPH3=>OutDPH3 15.82 0  00:36 0.00 0.00 0.55 0.00 Calculated
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Nh Niwot soils C 24.0 100.0%

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

 Dominant Condition

Hydrologic Soil Group–Boulder County Area, Colorado B1006 - Boulder Creek Commons

Web Soil Survey
National Cooperative Soil Survey

5/10/2012
Page 3 of 4
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Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is
either some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute
being aggregated, the first step of the aggregation process is to derive one attribute
value for each of a map unit's components. From this set of component attributes,
the next step of the aggregation process derives a single value that represents the
map unit as a whole. Once a single value for each map unit is derived, a thematic
map for soil map units can be rendered. Aggregation must be done because, on
any soil map, map units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a
critical factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for
the components in a map unit. For each group, percent composition is set to the
sum of the percent composition of all components participating in that group. These
groups now represent "conditions" rather than components. The attribute value
associated with the group with the highest cumulative percent composition is
returned. If more than one group shares the highest cumulative percent
composition, the corresponding "tie-break" rule determines which value should be
returned. The "tie-break" rule indicates whether the lower or higher group value
should be returned in the case of a percent composition tie.

The result returned by this aggregation method represents the dominant condition
throughout the map unit only when no tie has occurred.

 

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

 Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Hydrologic Soil Group–Boulder County Area, Colorado B1006 - Boulder Creek Commons

Web Soil Survey
National Cooperative Soil Survey

5/10/2012
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Preliminary StormWater Report November 2012
Boulder Creek Commons Subdivision

The Sanitas Group, LLC 1022 Willow Place I Louisville, CO 80027 303.981.9238
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Project:
Basin ID:

Design Information (Input): Design Information (Input):
Catchment Drainage Imperviousness Ia = 36.36 percent Catchment Drainage Imperviousness Ia = 36.36 percent
Catchment Drainage Area A = 2.980 acres Catchment Drainage Area A = 2.980 acres
Predevelopment NRCS Soil Group Type = C A, B, C, or D Predevelopment NRCS Soil Group Type = C A, B, C, or D
Return Period for Detention Control T = 10 years (2, 5, 10, 25, 50, or 100) Return Period for Detention Control T = 100 years (2, 5, 10, 25, 50, or 100)
Time of Concentration of Watershed Tc = 17 minutes Time of Concentration of Watershed Tc = 17 minutes
Allowable Unit Release Rate q = 0.59 cfs/acre Allowable Unit Release Rate q = 1.64 cfs/acre
One-hour Precipitation P1 = 1.61 inches One-hour Precipitation P1 = 2.61 inches
Design Rainfall IDF Formula   i = C1* P1/(C2+Tc)^C3 Design Rainfall IDF Formula   i = C1* P1/(C2+Tc)^C3

Coefficient One C1 = 28.50  Coefficient One C1 = 28.50  
Coefficient Two C2 = 10   Coefficient Two C2 = 10   
Coefficient Three C3 = 0.789   Coefficient Three C3 = 0.789   

Determination of Average Outflow from the Basin (Calculated): Determination of Average Outflow from the Basin (Calculated):
Runoff Coefficient C = 0.40 Runoff Coefficient C = 0.58
Inflow Peak Runoff Qp-in = 4.06 cfs Inflow Peak Runoff Qp-in = 9.55 cfs
Allowable Peak Outflow Rate Qp-out = 1.76 cfs Allowable Peak Outflow Rate Qp-out = 4.89 cfs

Mod. FAA Minor Storage Volume = 2,987 cubic feet Mod. FAA Major Storage Volume = 5,772 cubic feet
Mod. FAA Minor Storage Volume = 0.069 acre-ft Mod. FAA Major Storage Volume = 0.132 acre-ft

5 <- Enter Rainfall Duration Incremental Increase Value Here (e.g. 5 for 5-Minutes)
Rainfall Rainfall Inflow Adjustment Average Outflow Storage Rainfall Rainfall Inflow Adjustment Average Outflow Storage
Duration Intensity Volume Factor Outflow Volume Volume Duration Intensity Volume Factor Outflow Volume Volume
minutes inches / hr cubic feet "m" cfs cubic feet cubic feet minutes inches / hr cubic feet "m" cfs cubic feet cubic feet
(input) (output) (output) (output) (output) (output) (output) (input) (output) (output) (output) (output) (output) (output)

0 0.00 0 0.00 0.00 0 0 0 0.00 0 0.00 0.00 0 0
5 5.42 1,937 1.00 1.76 527 1,410 5 8.78 4,553 1.00 4.89 1,466 3,087

10 4.32 3,087 1.00 1.76 1,055 2,032 10 7.00 7,257 1.00 4.89 2,932 4,325
15 3.62 3,883 1.00 1.76 1,582 2,301 15 5.87 9,128 1.00 4.89 4,398 4,730
20 3.13 4,484 0.93 1.63 1,952 2,533 20 5.08 10,541 0.93 4.52 5,425 5,116
25 2.78 4,963 0.84 1.48 2,215 2,748 25 4.50 11,667 0.84 4.11 6,158 5,509
30 2.50 5,360 0.78 1.38 2,479 2,881 30 4.05 12,600 0.78 3.83 6,891 5,709
35 2.28 5,699 0.74 1.31 2,743 2,956 35 3.69 13,396 0.74 3.63 7,624 5,772
40 2.09 5,993 0.71 1.25 3,007 2,987 40 3.40 14,088 0.71 3.48 8,357 5,731
45 1.94 6,254 0.69 1.21 3,270 2,984 45 3.15 14,701 0.69 3.37 9,090 5,611
50 1.81 6,488 0.67 1.18 3,534 2,954 50 2.94 15,251 0.67 3.27 9,823 5,427
55 1.70 6,700 0.65 1.15 3,798 2,902 55 2.76 15,749 0.65 3.20 10,556 5,193
60 1.61 6,894 0.64 1.13 4,061 2,832 60 2.60 16,205 0.64 3.14 11,289 4,916
65 1.52 7,073 0.63 1.11 4,325 2,748 65 2.47 16,625 0.63 3.08 12,023 4,603
70 1.45 7,239 0.62 1.09 4,589 2,650 70 2.34 17,015 0.62 3.04 12,756 4,260
75 1.38 7,393 0.61 1.08 4,853 2,541 75 2.23 17,379 0.61 3.00 13,489 3,891
80 1.32 7,539 0.61 1.07 5,116 2,422 80 2.14 17,720 0.61 2.96 14,222 3,499
85 1.26 7,675 0.60 1.05 5,380 2,295 85 2.05 18,042 0.60 2.93 14,955 3,087
90 1.21 7,804 0.59 1.05 5,644 2,161 90 1.97 18,345 0.59 2.91 15,688 2,657
95 1.17 7,927 0.59 1.04 5,908 2,019 95 1.89 18,633 0.59 2.88 16,421 2,212
100 1.12 8,043 0.59 1.03 6,171 1,872 100 1.82 18,907 0.59 2.86 17,154 1,753
105 1.09 8,154 0.58 1.02 6,435 1,719 105 1.76 19,168 0.58 2.84 17,887 1,281
110 1.05 8,261 0.58 1.01 6,699 1,562 110 1.70 19,418 0.58 2.82 18,620 798
115 1.02 8,362 0.57 1.01 6,962 1,400 115 1.65 19,657 0.57 2.80 19,353 304
120 0.99 8,460 0.57 1.00 7,226 1,234 120 1.60 19,887 0.57 2.79 20,086 -200
125 0.96 8,554 0.57 1.00 7,490 1,064 125 1.55 20,107 0.57 2.78 20,819 -712
130 0.93 8,645 0.57 0.99 7,754 891 130 1.51 20,320 0.57 2.76 21,553 -1,232
135 0.90 8,732 0.56 0.99 8,017 715 135 1.47 20,526 0.56 2.75 22,286 -1,760
140 0.88 8,816 0.56 0.99 8,281 535 140 1.43 20,724 0.56 2.74 23,019 -2,295
145 0.86 8,898 0.56 0.98 8,545 353 145 1.39 20,916 0.56 2.73 23,752 -2,836
150 0.84 8,977 0.56 0.98 8,809 169 150 1.36 21,102 0.56 2.72 24,485 -3,383
155 0.82 9,054 0.55 0.98 9,072 -18 155 1.32 21,282 0.55 2.71 25,218 -3,936
160 0.80 9,128 0.55 0.97 9,336 -208 160 1.29 21,457 0.55 2.70 25,951 -4,494
165 0.78 9,201 0.55 0.97 9,600 -399 165 1.26 21,628 0.55 2.70 26,684 -5,057
170 0.76 9,271 0.55 0.97 9,864 -592 170 1.24 21,793 0.55 2.69 27,417 -5,624
175 0.75 9,340 0.55 0.96 10,127 -787 175 1.21 21,954 0.55 2.68 28,150 -6,196
180 0.73 9,407 0.55 0.96 10,391 -984 180 1.18 22,111 0.55 2.67 28,883 -6,772
185 0.72 9,472 0.55 0.96 10,655 -1,183 185 1.16 22,265 0.55 2.67 29,616 -7,352
190 0.70 9,535 0.54 0.96 10,918 -1,383 190 1.14 22,414 0.54 2.66 30,350 -7,935
195 0.69 9,598 0.54 0.96 11,182 -1,585 195 1.12 22,560 0.54 2.66 31,083 -8,522
200 0.68 9,658 0.54 0.95 11,446 -1,788 200 1.09 22,703 0.54 2.65 31,816 -9,113
205 0.66 9,718 0.54 0.95 11,710 -1,992 205 1.07 22,842 0.54 2.65 32,549 -9,706
210 0.65 9,776 0.54 0.95 11,973 -2,198 210 1.06 22,979 0.54 2.64 33,282 -10,303
215 0.64 9,833 0.54 0.95 12,237 -2,405 215 1.04 23,113 0.54 2.64 34,015 -10,902
220 0.63 9,888 0.54 0.95 12,501 -2,613 220 1.02 23,243 0.54 2.63 34,748 -11,505
225 0.62 9,943 0.54 0.95 12,765 -2,822 225 1.00 23,372 0.54 2.63 35,481 -12,109
230 0.61 9,996 0.54 0.94 13,028 -3,032 230 0.99 23,498 0.54 2.62 36,214 -12,717
235 0.60 10,049 0.54 0.94 13,292 -3,243 235 0.97 23,621 0.54 2.62 36,947 -13,326
240 0.59 10,100 0.54 0.94 13,556 -3,455 240 0.95 23,742 0.54 2.62 37,680 -13,938
245 0.58 10,151 0.53 0.94 13,819 -3,669 245 0.94 23,861 0.53 2.61 38,413 -14,552
250 0.57 10,201 0.53 0.94 14,083 -3,883 250 0.92 23,978 0.53 2.61 39,146 -15,169
255 0.56 10,249 0.53 0.94 14,347 -4,098 255 0.91 24,092 0.53 2.61 39,880 -15,787
260 0.55 10,297 0.53 0.94 14,611 -4,313 260 0.90 24,205 0.53 2.60 40,613 -16,407
265 0.55 10,345 0.53 0.94 14,874 -4,530 265 0.88 24,316 0.53 2.60 41,346 -17,030
270 0.54 10,391 0.53 0.93 15,138 -4,747 270 0.87 24,425 0.53 2.60 42,079 -17,654
275 0.53 10,437 0.53 0.93 15,402 -4,965 275 0.86 24,532 0.53 2.59 42,812 -18,279
280 0.52 10,482 0.53 0.93 15,666 -5,184 280 0.85 24,638 0.53 2.59 43,545 -18,907
285 0.52 10,526 0.53 0.93 15,929 -5,404 285 0.84 24,742 0.53 2.59 44,278 -19,536
290 0.51 10,569 0.53 0.93 16,193 -5,624 290 0.83 24,844 0.53 2.59 45,011 -20,167
295 0.50 10,612 0.53 0.93 16,457 -5,844 295 0.82 24,945 0.53 2.58 45,744 -20,799
300 0.50 10,655 0.53 0.93 16,720 -6,066 300 0.81 25,045 0.53 2.58 46,477 -21,432

Mod. FAA Minor Storage Volume (cubic ft.) = 2,987 Mod. FAA Major Storage Volume (cubic ft.) = 5,772
Mod. FAA Minor Storage Volume (acre-ft.) = 0.0686 Mod. FAA Major Storage Volume (acre-ft.) = 0.1325

Determination of MAJOR Detention Volume Using Modified FAA Method

(For catchments less than 160 acres only.  For larger catchments, use hydrograph routing method)
(NOTE: for catchments larger than 90 acres, CUHP hydrograph and routing are recommended)

UDFCD DETENTION VOLUME ESTIMATING WORKBOOK Version 2.2, Released January 2010

Determination of MINOR Detention Volume Using Modified FAA Method

DETENTION VOLUME BY THE MODIFIED FAA METHOD
(See USDCM Volume 2 Storage Chapter for description of method)

Boulder Creek Commons - Preliminary Design
DET01 - Basins A4 and A8

B1006-DET01-UD_Detention_2.2, Modified FAA 9/26/2012, 4:19 AM
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Project:
Basin ID:

UDFCD DETENTION VOLUME ESTIMATING WORKBOOK Version 2.2, Released January 2010

DETENTION VOLUME BY THE MODIFIED FAA METHOD
(See USDCM Volume 2 Storage Chapter for description of method)

Boulder Creek Commons - Preliminary Design
DET01 - Basins A4 and A8
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B1006-DET01-UD_Detention_2.2, Modified FAA 9/26/2012, 4:19 AM

Agenda Item 5A Page 448 of 784



 Sheet 1 of 4
Designer:
Company:
Date:
Project:
Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 42.2 %

B) Tributary Area's Imperviousness Ratio (i = Ia / 100 ) i = 0.422

C)  Contributing Watershed Area Area = 9.910 ac

D)  For Watersheds Outside of the Denver Region, Depth of Average d6 = in
      Runoff Producing Storm

E)  Design Concept
     (Select EURV when also designing for flood control)

F)  Design Volume (1.2 WQCV) Based on 40-hour Drain Time VDESIGN= 0.184 ac-ft
      (VDESIGN = (1.0 * (0.91 * i3 - 1.19 * i2 + 0.78 * i) / 12 * Area * 1.2)

G)  For Watersheds Outside of the Denver Region, VDESIGN OTHER= ac-ft
      Water Quality Capture Volume (WQCV) Design Volume
      (VWQCV OTHER = (d6*(VDESIGN/0.43))

H)  User Input of Water Quality Capture Volume (WQCV) Design Volume VDESIGN USER= ac-ft
      (Only if a different WQCV Design Volume is desired)

I)  Predominant Watershed NRCS Soil Group

J)  Excess Urban Runoff Volume (EURV) Design Volume
       For HSG A: EURVA = (0.1878i - 0.0104)*Area EURV =  ac-f t
       For HSG B: EURVB = (0.1178i - 0.0042)*Area
       For HSG C/D: EURVC/D = (0.1043i - 0.0031)*Area

Design Procedure Form:  Extended Detention Basin (EDB)

Boulder Creek Commons - Preliminary Design

The Sanitas Group, LLC
September 26, 2012

Boulder, CO

LRE

Choose One

Excess Urban Runoff Volume (EURV)

Choose One

A

B

C / D

Water Quality Capture Volume (WQCV)

2. Basin Shape: Length to Width Ratio L : W = 3.0 : 1
(A basin length to width ratio of at least 2:1 will improve TSS reduction.)

3. Basin Side Slopes 

A)  Basin Maximum Side Slopes Z = 4.00 ft / ft
      (Horizontal distance per unit vertical, 4:1 or flatter preferred)

4. Inlet

A)  Describe means of providing energy dissipation at concentrated 
      inflow locations:

B1006-UD-BMP_v3_01-DET01EDB, EDB 9/26/2012, 4:35 AM
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 Sheet 2 of 4
Designer:
Company:
Date:
Project:
Location:

5. Forebay

A)  Minimum Forebay Volume VFMIN = 0.003 ac-ft
 (VFMIN = of the WQCV)

B)  Actual Forebay Volume VF = ac-ft

C) Forebay Depth DF = in
 (DF = inch maximum)

D) Forebay Discharge

i) Undetained 100-year Peak Discharge Q100 = cfs

ii) Forebay Discharge Design Flow QF = cfs
    (QF = 0.02 * Q100)

E) Forebay Discharge Design

F) Discharge Pipe Size (minimum 8-inches) Calculated DP = in

G) Rectangular Notch Width Calculated WN = in

6. Trickle Channel

A)  Type of Trickle Channel

F)  Slope of Trickle Channel S = ft / ft

7. Micropool and Outlet Structure

LRE

Boulder, CO

(flow too small for berm w/ pipe)

Boulder Creek Commons - Preliminary Design
September 26, 2012
The Sanitas Group, LLC

Design Procedure Form:  Extended Detention Basin (EDB)

Choose One

Wall with Rect. Notch

Berm With Pipe

Choose One

Concrete

Soft Bottom

Wall with V-Notch Weir

A)  Depth of Micropool (2.5-feet minimum) DM = ft

B) Surface Area of Micropool (10 ft2 minimum) AM = sq ft

C)  Outlet Type

D)  Depth of Design Volume (EURV or 1.2 WQCV) Based on the Design H = feet
      Concept Chosen Under 1.E.

E)  Volume to Drain Over Prescribed Time WQCV = 0.153 ac-ft

F)  Drain Time TD = hours
     (Min TD for WQCV= 40 hours; Max TD for EURV= 72 hours)

G)  Recommended Maximum Outlet Area per Row, (Ao) Ao = square inches

H)  Orifice Dimensions:
       i)  Circular Orifice Diameter or Dorifice = inches
       ii) Width of 2" High Rectangular Orifice Worifice = inches

I)  Number of Columns nc = number

J)  Actual Design Outlet Area per Row (Ao) Ao = square inches

K)  Number of Rows (nr) nr = number

L)  Total Outlet Area (Aot) Aot = square inches

M)  Depth of WQCV (HWQCV) HWQCV = feet
     (Estimate using actual stage-area-volume relationship and VWQCV)

N)  Ensure Minimum 40 Hour Drain Time for WQCV TD WQCV = hours

Choose One
Orifice Plate

Other (Describe):

B1006-UD-BMP_v3_01-DET01EDB, EDB 9/26/2012, 4:35 AM
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Project:
Basin ID:

Design Information (Input): Design Information (Input):
Catchment Drainage Imperviousness Ia = 34.16 percent Catchment Drainage Imperviousness Ia = 34.16 percent
Catchment Drainage Area A = 4.650 acres Catchment Drainage Area A = 4.650 acres
Predevelopment NRCS Soil Group Type = C A, B, C, or D Predevelopment NRCS Soil Group Type = C A, B, C, or D
Return Period for Detention Control T = 10 years (2, 5, 10, 25, 50, or 100) Return Period for Detention Control T = 100 years (2, 5, 10, 25, 50, or 100)
Time of Concentration of Watershed Tc = 18 minutes Time of Concentration of Watershed Tc = 18 minutes
Allowable Unit Release Rate q = 0.59 cfs/acre Allowable Unit Release Rate q = 1.64 cfs/acre
One-hour Precipitation P1 = 1.61 inches One-hour Precipitation P1 = 2.61 inches
Design Rainfall IDF Formula   i = C1* P1/(C2+Tc)^C3 Design Rainfall IDF Formula   i = C1* P1/(C2+Tc)^C3

Coefficient One C1 = 28.50  Coefficient One C1 = 28.50  
Coefficient Two C2 = 10   Coefficient Two C2 = 10   
Coefficient Three C3 = 0.789   Coefficient Three C3 = 0.789   

Determination of Average Outflow from the Basin (Calculated): Determination of Average Outflow from the Basin (Calculated):
Runoff Coefficient C = 0.40 Runoff Coefficient C = 0.57
Inflow Peak Runoff Qp-in = 6.19 cfs Inflow Peak Runoff Qp-in = 14.30 cfs
Allowable Peak Outflow Rate Qp-out = 2.74 cfs Allowable Peak Outflow Rate Qp-out = 7.63 cfs

Mod. FAA Minor Storage Volume = 4,595 cubic feet Mod. FAA Major Storage Volume = 8,463 cubic feet
Mod. FAA Minor Storage Volume = 0.105 acre-ft Mod. FAA Major Storage Volume = 0.194 acre-ft

5 <- Enter Rainfall Duration Incremental Increase Value Here (e.g. 5 for 5-Minutes)
Rainfall Rainfall Inflow Adjustment Average Outflow Storage Rainfall Rainfall Inflow Adjustment Average Outflow Storage
Duration Intensity Volume Factor Outflow Volume Volume Duration Intensity Volume Factor Outflow Volume Volume
minutes inches / hr cubic feet "m" cfs cubic feet cubic feet minutes inches / hr cubic feet "m" cfs cubic feet cubic feet
(input) (output) (output) (output) (output) (output) (output) (input) (output) (output) (output) (output) (output) (output)

0 0.00 0 0.00 0.00 0 0 0 0.00 0 0.00 0.00 0 0
5 5.42 3,023 1.00 2.74 823 2,199 5 8.78 6,982 1.00 7.63 2,288 4,694

10 4.32 4,818 1.00 2.74 1,646 3,171 10 7.00 11,129 1.00 7.63 4,576 6,553
15 3.62 6,060 1.00 2.74 2,469 3,591 15 5.87 13,998 1.00 7.63 6,863 7,135
20 3.13 6,997 0.95 2.59 3,111 3,886 20 5.08 16,164 0.95 7.21 8,648 7,516
25 2.78 7,745 0.86 2.35 3,523 4,222 25 4.50 17,891 0.86 6.53 9,792 8,099
30 2.50 8,364 0.80 2.19 3,934 4,430 30 4.05 19,322 0.80 6.08 10,936 8,387
35 2.28 8,892 0.75 2.07 4,346 4,547 35 3.69 20,542 0.75 5.75 12,080 8,463
40 2.09 9,352 0.72 1.98 4,757 4,595 40 3.40 21,604 0.72 5.51 13,223 8,381
45 1.94 9,759 0.70 1.91 5,169 4,590 45 3.15 22,544 0.70 5.32 14,367 8,177
50 1.81 10,124 0.68 1.86 5,580 4,544 50 2.94 23,387 0.68 5.17 15,511 7,876
55 1.70 10,455 0.66 1.82 5,992 4,463 55 2.76 24,151 0.66 5.05 16,655 7,496
60 1.61 10,757 0.65 1.78 6,403 4,354 60 2.60 24,850 0.65 4.94 17,799 7,051
65 1.52 11,036 0.64 1.75 6,815 4,221 65 2.47 25,495 0.64 4.86 18,943 6,552
70 1.45 11,295 0.63 1.72 7,226 4,069 70 2.34 26,093 0.63 4.78 20,087 6,006
75 1.38 11,537 0.62 1.70 7,638 3,899 75 2.23 26,651 0.62 4.72 21,231 5,420
80 1.32 11,763 0.61 1.68 8,049 3,714 80 2.14 27,174 0.61 4.66 22,375 4,800
85 1.26 11,977 0.60 1.66 8,461 3,516 85 2.05 27,667 0.60 4.61 23,519 4,148
90 1.21 12,178 0.60 1.64 8,872 3,306 90 1.97 28,132 0.60 4.57 24,662 3,470
95 1.17 12,369 0.59 1.63 9,284 3,085 95 1.89 28,574 0.59 4.53 25,806 2,768
100 1.12 12,551 0.59 1.62 9,696 2,855 100 1.82 28,994 0.59 4.49 26,950 2,044
105 1.09 12,724 0.58 1.60 10,107 2,617 105 1.76 29,394 0.58 4.46 28,094 1,300
110 1.05 12,890 0.58 1.59 10,519 2,371 110 1.70 29,777 0.58 4.43 29,238 539
115 1.02 13,049 0.58 1.58 10,930 2,119 115 1.65 30,144 0.58 4.40 30,382 -238
120 0.99 13,201 0.57 1.58 11,342 1,860 120 1.60 30,496 0.57 4.38 31,526 -1,030
125 0.96 13,348 0.57 1.57 11,753 1,595 125 1.55 30,835 0.57 4.36 32,670 -1,835
130 0.93 13,489 0.57 1.56 12,165 1,324 130 1.51 31,161 0.57 4.34 33,814 -2,653
135 0.90 13,625 0.57 1.55 12,576 1,049 135 1.47 31,476 0.57 4.32 34,958 -3,482
140 0.88 13,757 0.56 1.55 12,988 769 140 1.43 31,780 0.56 4.30 36,101 -4,321
145 0.86 13,885 0.56 1.54 13,399 485 145 1.39 32,075 0.56 4.28 37,245 -5,171
150 0.84 14,008 0.56 1.53 13,811 197 150 1.36 32,360 0.56 4.27 38,389 -6,030
155 0.82 14,128 0.56 1.53 14,222 -95 155 1.32 32,636 0.56 4.25 39,533 -6,897
160 0.80 14,244 0.56 1.52 14,634 -390 160 1.29 32,905 0.56 4.24 40,677 -7,772
165 0.78 14,357 0.55 1.52 15,045 -688 165 1.26 33,166 0.55 4.22 41,821 -8,655
170 0.76 14,467 0.55 1.52 15,457 -990 170 1.24 33,420 0.55 4.21 42,965 -9,545
175 0.75 14,574 0.55 1.51 15,868 -1,295 175 1.21 33,667 0.55 4.20 44,109 -10,442
180 0.73 14,678 0.55 1.51 16,280 -1,602 180 1.18 33,908 0.55 4.19 45,253 -11,345
185 0.72 14,780 0.55 1.50 16,691 -1,912 185 1.16 34,143 0.55 4.18 46,397 -12,254
190 0.70 14,879 0.55 1.50 17,103 -2,224 190 1.14 34,372 0.55 4.17 47,540 -13,168
195 0.69 14,976 0.55 1.50 17,515 -2,539 195 1.12 34,596 0.55 4.16 48,684 -14,088
200 0.68 15,071 0.54 1.49 17,926 -2,855 200 1.09 34,815 0.54 4.15 49,828 -15,014
205 0.66 15,163 0.54 1.49 18,338 -3,174 205 1.07 35,029 0.54 4.14 50,972 -15,943
210 0.65 15,254 0.54 1.49 18,749 -3,495 210 1.06 35,238 0.54 4.14 52,116 -16,878
215 0.64 15,343 0.54 1.49 19,161 -3,818 215 1.04 35,443 0.54 4.13 53,260 -17,817
220 0.63 15,430 0.54 1.48 19,572 -4,143 220 1.02 35,644 0.54 4.12 54,404 -18,760
225 0.62 15,515 0.54 1.48 19,984 -4,469 225 1.00 35,841 0.54 4.11 55,548 -19,707
230 0.61 15,598 0.54 1.48 20,395 -4,797 230 0.99 36,033 0.54 4.11 56,692 -20,658
235 0.60 15,680 0.54 1.48 20,807 -5,127 235 0.97 36,223 0.54 4.10 57,836 -21,613
240 0.59 15,761 0.54 1.47 21,218 -5,458 240 0.95 36,408 0.54 4.10 58,979 -22,571
245 0.58 15,839 0.54 1.47 21,630 -5,790 245 0.94 36,591 0.54 4.09 60,123 -23,533
250 0.57 15,917 0.54 1.47 22,041 -6,124 250 0.92 36,770 0.54 4.08 61,267 -24,498
255 0.56 15,993 0.53 1.47 22,453 -6,460 255 0.91 36,946 0.53 4.08 62,411 -25,466
260 0.55 16,068 0.53 1.47 22,864 -6,796 260 0.90 37,119 0.53 4.07 63,555 -26,436
265 0.55 16,142 0.53 1.46 23,276 -7,134 265 0.88 37,289 0.53 4.07 64,699 -27,410
270 0.54 16,214 0.53 1.46 23,687 -7,473 270 0.87 37,456 0.53 4.06 65,843 -28,387
275 0.53 16,285 0.53 1.46 24,099 -7,814 275 0.86 37,620 0.53 4.06 66,987 -29,366
280 0.52 16,355 0.53 1.46 24,510 -8,155 280 0.85 37,782 0.53 4.06 68,131 -30,348
285 0.52 16,424 0.53 1.46 24,922 -8,498 285 0.84 37,942 0.53 4.05 69,275 -31,333
290 0.51 16,492 0.53 1.46 25,333 -8,841 290 0.83 38,099 0.53 4.05 70,418 -32,319
295 0.50 16,559 0.53 1.45 25,745 -9,186 295 0.82 38,254 0.53 4.04 71,562 -33,309
300 0.50 16,625 0.53 1.45 26,157 -9,531 300 0.81 38,406 0.53 4.04 72,706 -34,300

Mod. FAA Minor Storage Volume (cubic ft.) = 4,595 Mod. FAA Major Storage Volume (cubic ft.) = 8,463
Mod. FAA Minor Storage Volume (acre-ft.) = 0.1055 Mod. FAA Major Storage Volume (acre-ft.) = 0.1943

Determination of MAJOR Detention Volume Using Modified FAA Method

(For catchments less than 160 acres only.  For larger catchments, use hydrograph routing method)
(NOTE: for catchments larger than 90 acres, CUHP hydrograph and routing are recommended)

UDFCD DETENTION VOLUME ESTIMATING WORKBOOK Version 2.2, Released January 2010

Determination of MINOR Detention Volume Using Modified FAA Method

DETENTION VOLUME BY THE MODIFIED FAA METHOD
(See USDCM Volume 2 Storage Chapter for description of method)

Boulder Creek Commons - Preliminary Design
DET02 - Basins A5, A6 and A7

B1006-DET02-UD_Detention_2.2, Modified FAA 9/26/2012, 3:58 AM
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Project:
Basin ID:

UDFCD DETENTION VOLUME ESTIMATING WORKBOOK Version 2.2, Released January 2010

DETENTION VOLUME BY THE MODIFIED FAA METHOD
(See USDCM Volume 2 Storage Chapter for description of method)

Boulder Creek Commons - Preliminary Design
DET02 - Basins A5, A6 and A7
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Major Storm Inflow Volume Major Storm Outflow Volume Major Storm Storage Volume

B1006-DET02-UD_Detention_2.2, Modified FAA 9/26/2012, 3:58 AM
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Project:
Basin ID:

Design Information (Input): Design Information (Input):
Catchment Drainage Imperviousness Ia = 42.46 percent Catchment Drainage Imperviousness Ia = 42.46 percent
Catchment Drainage Area A = 6.250 acres Catchment Drainage Area A = 6.250 acres
Predevelopment NRCS Soil Group Type = C A, B, C, or D Predevelopment NRCS Soil Group Type = C A, B, C, or D
Return Period for Detention Control T = 10 years (2, 5, 10, 25, 50, or 100) Return Period for Detention Control T = 100 years (2, 5, 10, 25, 50, or 100)
Time of Concentration of Watershed Tc = 20 minutes Time of Concentration of Watershed Tc = 20 minutes
Allowable Unit Release Rate q = 0.59 cfs/acre Allowable Unit Release Rate q = 1.64 cfs/acre
One-hour Precipitation P1 = 1.61 inches One-hour Precipitation P1 = 2.61 inches
Design Rainfall IDF Formula   i = C1* P1/(C2+Tc)^C3 Design Rainfall IDF Formula   i = C1* P1/(C2+Tc)^C3

Coefficient One C1 = 28.50  Coefficient One C1 = 28.50  
Coefficient Two C2 = 10   Coefficient Two C2 = 10   
Coefficient Three C3 = 0.789   Coefficient Three C3 = 0.789   

Determination of Average Outflow from the Basin (Calculated): Determination of Average Outflow from the Basin (Calculated):
Runoff Coefficient C = 0.43 Runoff Coefficient C = 0.59
Inflow Peak Runoff Qp-in = 8.43 cfs Inflow Peak Runoff Qp-in = 18.74 cfs
Allowable Peak Outflow Rate Qp-out = 3.69 cfs Allowable Peak Outflow Rate Qp-out = 10.25 cfs

Mod. FAA Minor Storage Volume = 6,910 cubic feet Mod. FAA Major Storage Volume = 11,667 cubic feet
Mod. FAA Minor Storage Volume = 0.159 acre-ft Mod. FAA Major Storage Volume = 0.268 acre-ft

5 <- Enter Rainfall Duration Incremental Increase Value Here (e.g. 5 for 5-Minutes)
Rainfall Rainfall Inflow Adjustment Average Outflow Storage Rainfall Rainfall Inflow Adjustment Average Outflow Storage
Duration Intensity Volume Factor Outflow Volume Volume Duration Intensity Volume Factor Outflow Volume Volume
minutes inches / hr cubic feet "m" cfs cubic feet cubic feet minutes inches / hr cubic feet "m" cfs cubic feet cubic feet
(input) (output) (output) (output) (output) (output) (output) (input) (output) (output) (output) (output) (output) (output)

0 0.00 0 0.00 0.00 0 0 0 0.00 0 0.00 0.00 0 0
5 5.42 4,367 1.00 3.69 1,106 3,261 5 8.78 9,714 1.00 10.25 3,075 6,639

10 4.32 6,961 1.00 3.69 2,213 4,748 10 7.00 15,483 1.00 10.25 6,150 9,333
15 3.62 8,756 1.00 3.69 3,319 5,437 15 5.87 19,475 1.00 10.25 9,225 10,250
20 3.13 10,110 1.00 3.69 4,425 5,685 20 5.08 22,488 1.00 10.25 12,300 10,188
25 2.78 11,190 0.90 3.32 4,978 6,212 25 4.50 24,891 0.90 9.23 13,838 11,053
30 2.50 12,086 0.83 3.07 5,531 6,554 30 4.05 26,882 0.83 8.54 15,375 11,507
35 2.28 12,849 0.79 2.90 6,084 6,764 35 3.69 28,579 0.79 8.05 16,913 11,667
40 2.09 13,513 0.75 2.77 6,638 6,875 40 3.40 30,057 0.75 7.69 18,450 11,607
45 1.94 14,101 0.72 2.66 7,191 6,910 45 3.15 31,364 0.72 7.40 19,988 11,377
50 1.81 14,628 0.70 2.58 7,744 6,884 50 2.94 32,537 0.70 7.18 21,525 11,012
55 1.70 15,106 0.68 2.51 8,297 6,809 55 2.76 33,600 0.68 6.99 23,063 10,538
60 1.61 15,543 0.67 2.46 8,850 6,693 60 2.60 34,573 0.67 6.83 24,600 9,973
65 1.52 15,946 0.65 2.41 9,403 6,543 65 2.47 35,470 0.65 6.70 26,138 9,332
70 1.45 16,320 0.64 2.37 9,956 6,364 70 2.34 36,302 0.64 6.59 27,675 8,627
75 1.38 16,669 0.63 2.34 10,509 6,160 75 2.23 37,078 0.63 6.49 29,213 7,866
80 1.32 16,997 0.63 2.30 11,063 5,934 80 2.14 37,806 0.63 6.41 30,750 7,056
85 1.26 17,305 0.62 2.28 11,616 5,689 85 2.05 38,491 0.62 6.33 32,288 6,204
90 1.21 17,596 0.61 2.25 12,169 5,427 90 1.97 39,139 0.61 6.26 33,825 5,314
95 1.17 17,872 0.61 2.23 12,722 5,150 95 1.89 39,753 0.61 6.20 35,363 4,391
100 1.12 18,135 0.60 2.21 13,275 4,860 100 1.82 40,338 0.60 6.15 36,900 3,438
105 1.09 18,385 0.60 2.19 13,828 4,557 105 1.76 40,895 0.60 6.10 38,438 2,457
110 1.05 18,625 0.59 2.18 14,381 4,243 110 1.70 41,427 0.59 6.06 39,975 1,452
115 1.02 18,854 0.59 2.16 14,934 3,920 115 1.65 41,938 0.59 6.02 41,513 425
120 0.99 19,074 0.58 2.15 15,488 3,587 120 1.60 42,428 0.58 5.98 43,050 -622
125 0.96 19,286 0.58 2.14 16,041 3,246 125 1.55 42,899 0.58 5.95 44,588 -1,689
130 0.93 19,490 0.58 2.13 16,594 2,897 130 1.51 43,353 0.58 5.91 46,125 -2,772
135 0.90 19,687 0.57 2.12 17,147 2,540 135 1.47 43,791 0.57 5.88 47,663 -3,872
140 0.88 19,878 0.57 2.11 17,700 2,178 140 1.43 44,214 0.57 5.86 49,200 -4,986
145 0.86 20,062 0.57 2.10 18,253 1,809 145 1.39 44,624 0.57 5.83 50,738 -6,114
150 0.84 20,240 0.57 2.09 18,806 1,434 150 1.36 45,020 0.57 5.81 52,275 -7,255
155 0.82 20,413 0.56 2.08 19,359 1,054 155 1.32 45,405 0.56 5.79 53,813 -8,407
160 0.80 20,581 0.56 2.07 19,913 668 160 1.29 45,779 0.56 5.77 55,350 -9,571
165 0.78 20,744 0.56 2.07 20,466 279 165 1.26 46,142 0.56 5.75 56,888 -10,746
170 0.76 20,903 0.56 2.06 21,019 -116 170 1.24 46,495 0.56 5.73 58,425 -11,930
175 0.75 21,058 0.56 2.05 21,572 -514 175 1.21 46,839 0.56 5.71 59,963 -13,123
180 0.73 21,208 0.56 2.05 22,125 -917 180 1.18 47,174 0.56 5.69 61,500 -14,326
185 0.72 21,355 0.55 2.04 22,678 -1,323 185 1.16 47,501 0.55 5.68 63,038 -15,536
190 0.70 21,499 0.55 2.04 23,231 -1,733 190 1.14 47,820 0.55 5.66 64,575 -16,755
195 0.69 21,639 0.55 2.03 23,784 -2,146 195 1.12 48,132 0.55 5.65 66,113 -17,981
200 0.68 21,776 0.55 2.03 24,338 -2,562 200 1.09 48,436 0.55 5.64 67,650 -19,214
205 0.66 21,909 0.55 2.02 24,891 -2,981 205 1.07 48,734 0.55 5.63 69,188 -20,454
210 0.65 22,040 0.55 2.02 25,444 -3,403 210 1.06 49,025 0.55 5.61 70,725 -21,700
215 0.64 22,169 0.55 2.02 25,997 -3,828 215 1.04 49,310 0.55 5.60 72,263 -22,952
220 0.63 22,294 0.55 2.01 26,550 -4,256 220 1.02 49,589 0.55 5.59 73,800 -24,211
225 0.62 22,417 0.54 2.01 27,103 -4,686 225 1.00 49,863 0.54 5.58 75,338 -25,474
230 0.61 22,538 0.54 2.00 27,656 -5,118 230 0.99 50,131 0.54 5.57 76,875 -26,744
235 0.60 22,656 0.54 2.00 28,209 -5,553 235 0.97 50,395 0.54 5.56 78,413 -28,018
240 0.59 22,772 0.54 2.00 28,763 -5,990 240 0.95 50,653 0.54 5.55 79,950 -29,297
245 0.58 22,886 0.54 1.99 29,316 -6,429 245 0.94 50,907 0.54 5.54 81,488 -30,581
250 0.57 22,998 0.54 1.99 29,869 -6,870 250 0.92 51,156 0.54 5.54 83,025 -31,869
255 0.56 23,108 0.54 1.99 30,422 -7,313 255 0.91 51,401 0.54 5.53 84,563 -33,162
260 0.55 23,217 0.54 1.99 30,975 -7,758 260 0.90 51,641 0.54 5.52 86,100 -34,459
265 0.55 23,323 0.54 1.98 31,528 -8,205 265 0.88 51,878 0.54 5.51 87,638 -35,760
270 0.54 23,428 0.54 1.98 32,081 -8,654 270 0.87 52,110 0.54 5.50 89,175 -37,065
275 0.53 23,530 0.54 1.98 32,634 -9,104 275 0.86 52,339 0.54 5.50 90,713 -38,373
280 0.52 23,632 0.54 1.98 33,188 -9,556 280 0.85 52,565 0.54 5.49 92,250 -39,685
285 0.52 23,732 0.54 1.97 33,741 -10,009 285 0.84 52,787 0.54 5.48 93,788 -41,001
290 0.51 23,830 0.53 1.97 34,294 -10,464 290 0.83 53,005 0.53 5.48 95,325 -42,320
295 0.50 23,927 0.53 1.97 34,847 -10,920 295 0.82 53,220 0.53 5.47 96,863 -43,642
300 0.50 24,022 0.53 1.97 35,400 -11,378 300 0.81 53,433 0.53 5.47 98,400 -44,967

Mod. FAA Minor Storage Volume (cubic ft.) = 6,910 Mod. FAA Major Storage Volume (cubic ft.) = 11,667
Mod. FAA Minor Storage Volume (acre-ft.) = 0.1586 Mod. FAA Major Storage Volume (acre-ft.) = 0.2678

DETENTION VOLUME BY THE MODIFIED FAA METHOD
(See USDCM Volume 2 Storage Chapter for description of method)

Boulder Creek Commons - Preliminary Design
DET03 - Basins A9, A10, A11 and A12

Determination of MAJOR Detention Volume Using Modified FAA Method

(For catchments less than 160 acres only.  For larger catchments, use hydrograph routing method)
(NOTE: for catchments larger than 90 acres, CUHP hydrograph and routing are recommended)

UDFCD DETENTION VOLUME ESTIMATING WORKBOOK Version 2.2, Released January 2010

Determination of MINOR Detention Volume Using Modified FAA Method

B1006-DET03-UD_Detention_2.2, Modified FAA 9/26/2012, 3:38 AM
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Project:
Basin ID:

DETENTION VOLUME BY THE MODIFIED FAA METHOD
(See USDCM Volume 2 Storage Chapter for description of method)

Boulder Creek Commons - Preliminary Design
DET03 - Basins A9, A10, A11 and A12

UDFCD DETENTION VOLUME ESTIMATING WORKBOOK Version 2.2, Released January 2010

-60,000

-40,000

-20,000

0

20,000

40,000

60,000

80,000

100,000

120,000

0 50 100 150 200 250 300 350

Vo
lu

m
e 

(C
ub

ic
 F

ee
t)

Duration (Minutes)

Inflow and Outflow Volumes vs. Rainfall Duration

Minor Storm Inflow Volume Minor Storm Outflow Volume Minor Storm Storage Volume

Major Storm Inflow Volume Major Storm Outflow Volume Major Storm Storage Volume

B1006-DET03-UD_Detention_2.2, Modified FAA 9/26/2012, 3:38 AM

Agenda Item 5A Page 458 of 784



Agenda Item 5A Page 459 of 784



Agenda Item 5A Page 460 of 784



Project:
Basin ID:

Design Information (Input): Design Information (Input):
Catchment Drainage Imperviousness Ia = 26.28 percent Catchment Drainage Imperviousness Ia = 26.28 percent
Catchment Drainage Area A = 2.120 acres Catchment Drainage Area A = 2.120 acres
Predevelopment NRCS Soil Group Type = C A, B, C, or D Predevelopment NRCS Soil Group Type = C A, B, C, or D
Return Period for Detention Control T = 10 years (2, 5, 10, 25, 50, or 100) Return Period for Detention Control T = 100 years (2, 5, 10, 25, 50, or 100)
Time of Concentration of Watershed Tc = 25 minutes Time of Concentration of Watershed Tc = 25 minutes
Allowable Unit Release Rate q = 0.59 cfs/acre Allowable Unit Release Rate q = 1.64 cfs/acre
One-hour Precipitation P1 = 1.61 inches One-hour Precipitation P1 = 2.61 inches
Design Rainfall IDF Formula   i = C1* P1/(C2+Tc)^C3 Design Rainfall IDF Formula   i = C1* P1/(C2+Tc)^C3

Coefficient One C1 = 28.50  Coefficient One C1 = 28.50  
Coefficient Two C2 = 10   Coefficient Two C2 = 10   
Coefficient Three C3 = 0.789   Coefficient Three C3 = 0.789   

Determination of Average Outflow from the Basin (Calculated): Determination of Average Outflow from the Basin (Calculated):
Runoff Coefficient C = 0.37 Runoff Coefficient C = 0.56
Inflow Peak Runoff Qp-in = 2.18 cfs Inflow Peak Runoff Qp-in = 5.34 cfs
Allowable Peak Outflow Rate Qp-out = 1.25 cfs Allowable Peak Outflow Rate Qp-out = 3.48 cfs

Mod. FAA Minor Storage Volume = 1,505 cubic feet Mod. FAA Major Storage Volume = 3,141 cubic feet
Mod. FAA Minor Storage Volume = 0.035 acre-ft Mod. FAA Major Storage Volume = 0.072 acre-ft

5 <- Enter Rainfall Duration Incremental Increase Value Here (e.g. 5 for 5-Minutes)
Rainfall Rainfall Inflow Adjustment Average Outflow Storage Rainfall Rainfall Inflow Adjustment Average Outflow Storage
Duration Intensity Volume Factor Outflow Volume Volume Duration Intensity Volume Factor Outflow Volume Volume
minutes inches / hr cubic feet "m" cfs cubic feet cubic feet minutes inches / hr cubic feet "m" cfs cubic feet cubic feet
(input) (output) (output) (output) (output) (output) (output) (input) (output) (output) (output) (output) (output) (output)

0 0.00 0 0.00 0.00 0 0 0 0.00 0 0.00 0.00 0 0
5 5.42 1,275 1.00 1.25 375 899 5 8.78 3,127 1.00 3.48 1,043 2,084

10 4.32 2,032 1.00 1.25 750 1,281 10 7.00 4,985 1.00 3.48 2,086 2,899
15 3.62 2,556 1.00 1.25 1,126 1,430 15 5.87 6,270 1.00 3.48 3,129 3,141
20 3.13 2,951 1.00 1.25 1,501 1,450 20 5.08 7,240 1.00 3.48 4,172 3,068
25 2.78 3,266 1.00 1.25 1,876 1,390 25 4.50 8,014 1.00 3.48 5,215 2,798
30 2.50 3,527 0.92 1.15 2,064 1,464 30 4.05 8,655 0.92 3.19 5,737 2,918
35 2.28 3,750 0.86 1.07 2,251 1,499 35 3.69 9,201 0.86 2.98 6,258 2,943
40 2.09 3,944 0.81 1.02 2,439 1,505 40 3.40 9,677 0.81 2.82 6,780 2,897
45 1.94 4,116 0.78 0.97 2,627 1,489 45 3.15 10,098 0.78 2.70 7,301 2,797
50 1.81 4,269 0.75 0.94 2,814 1,455 50 2.94 10,475 0.75 2.61 7,823 2,653
55 1.70 4,409 0.73 0.91 3,002 1,407 55 2.76 10,818 0.73 2.53 8,344 2,473
60 1.61 4,537 0.71 0.89 3,190 1,347 60 2.60 11,131 0.71 2.46 8,866 2,265
65 1.52 4,654 0.69 0.87 3,377 1,277 65 2.47 11,420 0.69 2.41 9,387 2,032
70 1.45 4,763 0.68 0.85 3,565 1,199 70 2.34 11,687 0.68 2.36 9,909 1,779
75 1.38 4,865 0.67 0.83 3,752 1,113 75 2.23 11,937 0.67 2.32 10,430 1,507
80 1.32 4,961 0.66 0.82 3,940 1,021 80 2.14 12,172 0.66 2.28 10,952 1,220
85 1.26 5,051 0.65 0.81 4,128 923 85 2.05 12,392 0.65 2.25 11,473 919
90 1.21 5,136 0.64 0.80 4,315 820 90 1.97 12,601 0.64 2.22 11,995 606
95 1.17 5,216 0.63 0.79 4,503 713 95 1.89 12,799 0.63 2.20 12,516 282
100 1.12 5,293 0.63 0.78 4,691 602 100 1.82 12,987 0.63 2.17 13,038 -51
105 1.09 5,366 0.62 0.77 4,878 488 105 1.76 13,166 0.62 2.15 13,560 -393
110 1.05 5,436 0.61 0.77 5,066 370 110 1.70 13,338 0.61 2.13 14,081 -743
115 1.02 5,503 0.61 0.76 5,253 250 115 1.65 13,502 0.61 2.12 14,603 -1,101
120 0.99 5,567 0.60 0.76 5,441 126 120 1.60 13,660 0.60 2.10 15,124 -1,464
125 0.96 5,629 0.60 0.75 5,629 0 125 1.55 13,811 0.60 2.09 15,646 -1,834
130 0.93 5,689 0.60 0.75 5,816 -128 130 1.51 13,958 0.60 2.07 16,167 -2,210
135 0.90 5,746 0.59 0.74 6,004 -258 135 1.47 14,099 0.59 2.06 16,689 -2,590
140 0.88 5,802 0.59 0.74 6,191 -390 140 1.43 14,235 0.59 2.05 17,210 -2,975
145 0.86 5,855 0.59 0.73 6,379 -524 145 1.39 14,367 0.59 2.04 17,732 -3,365
150 0.84 5,907 0.58 0.73 6,567 -659 150 1.36 14,494 0.58 2.03 18,253 -3,759
155 0.82 5,958 0.58 0.73 6,754 -796 155 1.32 14,618 0.58 2.02 18,775 -4,156
160 0.80 6,007 0.58 0.72 6,942 -935 160 1.29 14,739 0.58 2.01 19,296 -4,558
165 0.78 6,055 0.58 0.72 7,130 -1,075 165 1.26 14,856 0.58 2.00 19,818 -4,962
170 0.76 6,101 0.57 0.72 7,317 -1,216 170 1.24 14,969 0.57 1.99 20,339 -5,370
175 0.75 6,146 0.57 0.71 7,505 -1,359 175 1.21 15,080 0.57 1.99 20,861 -5,781
180 0.73 6,190 0.57 0.71 7,692 -1,502 180 1.18 15,188 0.57 1.98 21,382 -6,194
185 0.72 6,233 0.57 0.71 7,880 -1,647 185 1.16 15,293 0.57 1.97 21,904 -6,611
190 0.70 6,275 0.57 0.71 8,068 -1,793 190 1.14 15,396 0.57 1.97 22,425 -7,030
195 0.69 6,316 0.56 0.71 8,255 -1,940 195 1.12 15,496 0.56 1.96 22,947 -7,451
200 0.68 6,356 0.56 0.70 8,443 -2,087 200 1.09 15,594 0.56 1.96 23,468 -7,874
205 0.66 6,395 0.56 0.70 8,631 -2,236 205 1.07 15,690 0.56 1.95 23,990 -8,300
210 0.65 6,433 0.56 0.70 8,818 -2,385 210 1.06 15,784 0.56 1.95 24,511 -8,728
215 0.64 6,470 0.56 0.70 9,006 -2,535 215 1.04 15,875 0.56 1.94 25,033 -9,157
220 0.63 6,507 0.56 0.70 9,193 -2,686 220 1.02 15,965 0.56 1.94 25,554 -9,589
225 0.62 6,543 0.56 0.69 9,381 -2,838 225 1.00 16,054 0.56 1.93 26,076 -10,022
230 0.61 6,578 0.55 0.69 9,569 -2,991 230 0.99 16,140 0.55 1.93 26,598 -10,458
235 0.60 6,613 0.55 0.69 9,756 -3,144 235 0.97 16,225 0.55 1.92 27,119 -10,894
240 0.59 6,647 0.55 0.69 9,944 -3,297 240 0.95 16,308 0.55 1.92 27,641 -11,333
245 0.58 6,680 0.55 0.69 10,131 -3,452 245 0.94 16,390 0.55 1.92 28,162 -11,773
250 0.57 6,713 0.55 0.69 10,319 -3,607 250 0.92 16,470 0.55 1.91 28,684 -12,214
255 0.56 6,745 0.55 0.69 10,507 -3,762 255 0.91 16,549 0.55 1.91 29,205 -12,657
260 0.55 6,776 0.55 0.69 10,694 -3,918 260 0.90 16,626 0.55 1.91 29,727 -13,101
265 0.55 6,807 0.55 0.68 10,882 -4,075 265 0.88 16,702 0.55 1.90 30,248 -13,546
270 0.54 6,838 0.55 0.68 11,070 -4,232 270 0.87 16,777 0.55 1.90 30,770 -13,993
275 0.53 6,868 0.55 0.68 11,257 -4,389 275 0.86 16,851 0.55 1.90 31,291 -14,440
280 0.52 6,897 0.54 0.68 11,445 -4,547 280 0.85 16,923 0.54 1.89 31,813 -14,889
285 0.52 6,927 0.54 0.68 11,632 -4,706 285 0.84 16,995 0.54 1.89 32,334 -15,339
290 0.51 6,955 0.54 0.68 11,820 -4,865 290 0.83 17,065 0.54 1.89 32,856 -15,791
295 0.50 6,983 0.54 0.68 12,008 -5,024 295 0.82 17,134 0.54 1.89 33,377 -16,243
300 0.50 7,011 0.54 0.68 12,195 -5,184 300 0.81 17,203 0.54 1.88 33,899 -16,696

Mod. FAA Minor Storage Volume (cubic ft.) = 1,505 Mod. FAA Major Storage Volume (cubic ft.) = 3,141
Mod. FAA Minor Storage Volume (acre-ft.) = 0.0345 Mod. FAA Major Storage Volume (acre-ft.) = 0.0721

DETENTION VOLUME BY THE MODIFIED FAA METHOD
(See USDCM Volume 2 Storage Chapter for description of method)

Boulder Creek Commons - Preliminary Design
DET04 - Basins B1 and B2

Determination of MAJOR Detention Volume Using Modified FAA Method

(For catchments less than 160 acres only.  For larger catchments, use hydrograph routing method)
(NOTE: for catchments larger than 90 acres, CUHP hydrograph and routing are recommended)

UDFCD DETENTION VOLUME ESTIMATING WORKBOOK Version 2.2, Released January 2010

Determination of MINOR Detention Volume Using Modified FAA Method

B1006-DET04-UD_Detention_2.2, Modified FAA 9/26/2012, 2:53 AM
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Project:
Basin ID:

DETENTION VOLUME BY THE MODIFIED FAA METHOD
(See USDCM Volume 2 Storage Chapter for description of method)

Boulder Creek Commons - Preliminary Design
DET04 - Basins B1 and B2

UDFCD DETENTION VOLUME ESTIMATING WORKBOOK Version 2.2, Released January 2010
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 Sheet 1 of 4
Designer:
Company:
Date:
Project:
Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 26.3 %

B) Tributary Area's Imperviousness Ratio (i = Ia / 100 ) i = 0.263

C)  Contributing Watershed Area Area = 2.120 ac

D)  For Watersheds Outside of the Denver Region, Depth of Average d6 = in
      Runoff Producing Storm

E)  Design Concept
     (Select EURV when also designing for flood control)

F)  Design Volume (1.2 WQCV) Based on 40-hour Drain Time VDESIGN= 0.030 ac-ft
      (VDESIGN = (1.0 * (0.91 * i3 - 1.19 * i2 + 0.78 * i) / 12 * Area * 1.2)

G)  For Watersheds Outside of the Denver Region, VDESIGN OTHER= ac-ft
      Water Quality Capture Volume (WQCV) Design Volume
      (VWQCV OTHER = (d6*(VDESIGN/0.43))

H)  User Input of Water Quality Capture Volume (WQCV) Design Volume VDESIGN USER= ac-ft
      (Only if a different WQCV Design Volume is desired)

I)  Predominant Watershed NRCS Soil Group

J)  Excess Urban Runoff Volume (EURV) Design Volume
       For HSG A: EURVA = (0.1878i - 0.0104)*Area EURV =  ac-f t
       For HSG B: EURVB = (0.1178i - 0.0042)*Area
       For HSG C/D: EURVC/D = (0.1043i - 0.0031)*Area

Design Procedure Form:  Extended Detention Basin (EDB)

Boulder Creek Commons - Preliminary Design

The Sanitas Group, LLC
September 26, 2012

Boulder, CO

LRE

Choose One

Excess Urban Runoff Volume (EURV)

Choose One

A

B

C / D

Water Quality Capture Volume (WQCV)

2. Basin Shape: Length to Width Ratio L : W = 3.0 : 1
(A basin length to width ratio of at least 2:1 will improve TSS reduction.)

3. Basin Side Slopes 

A)  Basin Maximum Side Slopes Z = 4.00 ft / ft
      (Horizontal distance per unit vertical, 4:1 or flatter preferred)

4. Inlet

A)  Describe means of providing energy dissipation at concentrated 
      inflow locations:

B1006-UD-BMP_v3_01-DET04EDB, EDB 9/26/2012, 2:57 AM
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 Sheet 2 of 4
Designer:
Company:
Date:
Project:
Location:

5. Forebay

A)  Minimum Forebay Volume VFMIN = 0.000 ac-ft A FOREBAY MAY NOT BE
 (VFMIN = of the WQCV) NECESSARY FOR THIS SIZE SITE

B)  Actual Forebay Volume VF = 0.000 ac-ft

C) Forebay Depth DF = 0.0 in
 (DF = inch maximum)

D) Forebay Discharge

i) Undetained 100-year Peak Discharge Q100 = cfs

ii) Forebay Discharge Design Flow QF = cfs
    (QF = 0.02 * Q100)

E) Forebay Discharge Design

F) Discharge Pipe Size (minimum 8-inches) Calculated DP = in

G) Rectangular Notch Width Calculated WN = in

6. Trickle Channel

A)  Type of Trickle Channel

F)  Slope of Trickle Channel S = ft / ft

7. Micropool and Outlet Structure

LRE

Boulder, CO

(flow too small for berm w/ pipe)

Boulder Creek Commons - Preliminary Design
September 26, 2012
The Sanitas Group, LLC

Design Procedure Form:  Extended Detention Basin (EDB)

Choose One

Wall with Rect. Notch

Berm With Pipe

Choose One

Concrete

Soft Bottom

Wall with V-Notch Weir

A)  Depth of Micropool (2.5-feet minimum) DM = ft

B) Surface Area of Micropool (10 ft2 minimum) AM = sq ft

C)  Outlet Type

D)  Depth of Design Volume (EURV or 1.2 WQCV) Based on the Design H = feet
      Concept Chosen Under 1.E.

E)  Volume to Drain Over Prescribed Time WQCV = 0.025 ac-ft

F)  Drain Time TD = hours
     (Min TD for WQCV= 40 hours; Max TD for EURV= 72 hours)

G)  Recommended Maximum Outlet Area per Row, (Ao) Ao = square inches

H)  Orifice Dimensions:
       i)  Circular Orifice Diameter or Dorifice = inches
       ii) Width of 2" High Rectangular Orifice Worifice = inches

I)  Number of Columns nc = number

J)  Actual Design Outlet Area per Row (Ao) Ao = square inches

K)  Number of Rows (nr) nr = number

L)  Total Outlet Area (Aot) Aot = square inches

M)  Depth of WQCV (HWQCV) HWQCV = feet
     (Estimate using actual stage-area-volume relationship and VWQCV)

N)  Ensure Minimum 40 Hour Drain Time for WQCV TD WQCV = hours

Choose One
Orifice Plate

Other (Describe):
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Preliminary StormWater Report November 2012
Boulder Creek Commons Subdivision

The Sanitas Group, LLC 1022 Willow Place I Louisville, CO 80027 303.981.9238

APPENDIX C
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Project Description
1006-HYD-10YR-P.SPF

Project Options
CFS
Elevation
Rational
User-Defined
Kinematic Wave
YES
NO

Analysis Options
Oct 03, 2012 00:00:00
Oct 05, 2012 00:00:00
Oct 03, 2012 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
0
30
47
35
5
2
0
5
45
18
21
0
2
4
0
0
0

Rainfall Details
10 year(s)

        Outlets ........................................................................
Pollutants ............................................................................
Land Uses ...........................................................................

Return Period.......................................................................

Links....................................................................................
        Channels ....................................................................
        Pipes ..........................................................................
        Pumps ........................................................................
        Orifices .......................................................................
        Weirs ..........................................................................

Nodes...................................................................................
        Junctions ....................................................................
        Outfalls .......................................................................
        Flow Diversions ..........................................................
        Inlets ...........................................................................
        Storage Nodes ...........................................................

Runoff (Dry Weather) Time Step ........................................
Runoff (Wet Weather) Time Step .......................................
Reporting Time Step ...........................................................
Routing Time Step ..............................................................

Rain Gages .........................................................................
Subbasins............................................................................

Enable Overflow Ponding at Nodes ....................................
Skip Steady State Analysis Time Periods ...........................

Start Analysis On ................................................................
End Analysis On .................................................................
Start Reporting On ..............................................................
Antecedent Dry Days ..........................................................

File Name ...........................................................................

Flow Units ...........................................................................
Elevation Type ....................................................................
Hydrology Method ...............................................................
Time of Concentration (TOC) Method ................................
Link Routing Method ...........................................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Subbasin Summary
Subbasin Area Weighted Total Total Total Peak Time of
ID Runoff Rainfall Runoff Runoff Runoff Concentration

Coefficient Volume
(ac) (in) (in) (ft³) (cfs) (days hh:mm:ss)

A01 0.28 0.3500 0.88 0.31 313.05 0.56 0  00:09:21
A02 0.53 0.5000 0.82 0.41 792.65 1.61 0  00:08:08
A03 1.86 0.3500 1.46 0.51 3450.17 1.90 0  00:30:03
A04 0.76 0.4400 0.86 0.38 1045.59 1.92 0  00:09:04
A05 2.35 0.4500 1.16 0.52 4461.45 4.52 0  00:16:19
A06 0.66 0.5000 0.94 0.47 1130.82 1.75 0  00:10:39
A07 1.64 0.5000 1.11 0.56 3309.98 3.73 0  00:14:39
A08 2.22 0.5000 1.15 0.58 4633.70 4.84 0  00:15:47
A09 1.33 0.5000 1.11 0.55 2674.66 3.05 0  00:14:25
A10 1.62 0.4500 1.17 0.53 3093.20 3.07 0  00:16:41
A11 0.80 0.5000 0.97 0.49 1408.44 2.08 0  00:11:06
A12 2.50 0.6000 1.11 0.66 6025.80 6.87 0  00:14:27
A13 0.17 0.4200 0.83 0.35 215.37 0.43 0  00:08:22
B1 1.19 0.4700 1.05 0.49 2129.61 2.71 0  00:12:55
B2 0.93 0.3900 1.18 0.46 1549.54 1.52 0  00:16:46
C 0.33 0.3500 1.48 0.52 620.51 0.33 0  00:31:22
Dx 0.30 0.3000 1.25 0.38 408.38 0.34 0  00:20:04
Ex 2.73 0.3000 1.62 0.49 4826.12 1.88 0  00:42:17
OS-01 7.83 0.7000 0.96 0.67 19071.77 28.68 0  00:11:00
OS-02 3.22 0.8900 0.91 0.81 9502.83 15.71 0  00:10:00
OS-03 0.81 0.5000 1.00 0.50 1476.03 2.03 0  00:12:00
OS-04 3.06 0.5000 1.05 0.52 5809.38 7.38 0  00:13:00
OS-05 4.99 0.5000 0.96 0.48 8694.58 13.05 0  00:11:00
OS-06 1.59 0.5000 1.18 0.59 3405.30 3.31 0  00:17:00
OS-07 1.45 0.5000 0.96 0.48 2526.48 3.79 0  00:11:00
OS-08 1.14 0.5000 0.87 0.43 1791.84 3.29 0  00:09:00
OS-09 9.45 0.4500 1.37 0.61 21062.35 13.93 0  00:25:00
OS-10 9.35 0.4400 1.37 0.60 20398.24 13.48 0  00:25:00
OS-11 5.05 0.3200 1.53 0.49 8982.44 4.24 0  00:35:00
OS-12 2.01 0.3200 0.94 0.30 2203.48 3.41 0  00:10:42
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Node Summary
SN Element Element Initial Surcharge Peak Max HGL Time of Total Time

ID Type Water Elevation Inflow Elevation Peak Flooded
Elevation Attained Flooding

Occurrence
(ft) (ft) (cfs) (ft) (days hh:mm) (min)

1 DP01 Junction 5331.93 5333.93 42.34 5332.74 0  00:00 0.00
2 DP01a Junction 5332.93 5334.93 28.68 5333.75 0  00:00 0.00
3 DP02 Junction 5330.43 5330.93 46.58 5330.87 0  00:00 0.00
4 DP03 Junction 5330.43 5330.93 23.29 5330.78 0  00:00 0.00
5 DP04 Junction 5330.43 5330.93 23.29 5330.77 0  00:00 0.00
6 DP05 Junction 5323.34 5323.84 31.10 5323.68 0  00:00 0.00
7 DP06 Junction 5323.34 5323.84 15.55 5323.34 0  00:00 0.00
8 DP07 Junction 5323.34 5323.84 15.55 5323.64 0  00:00 0.00
9 DP09 Junction 5328.93 5331.93 30.04 5330.54 0  00:00 0.00

10 DP10 Junction 5324.08 5327.08 36.95 5325.64 0  00:00 0.00
11 DP11 Junction 5315.50 5318.00 54.55 5317.02 0  00:00 0.00
12 DP11a Junction 5315.50 5318.00 8.09 5315.50 0  00:00 0.00
13 DP12 Junction 5315.65 5317.30 4.94 5315.93 0  00:00 0.00
14 DP13 Junction 5315.80 5319.00 3.31 5315.80 0  00:00 0.00
15 DP14 Junction 5322.40 5325.40 37.13 5323.86 0  00:00 0.00
16 DP15 Junction 5324.80 5325.10 4.24 5324.95 0  00:00 0.00
17 DP16 Junction 5319.50 5320.50 3.41 5319.80 0  00:00 0.00
18 DP17 Junction 5322.68 5325.00 3.05 5323.03 0  00:00 0.00
19 DP18 Junction 5320.50 5325.00 12.87 5321.51 0  00:00 0.00
20 DP19 Junction 5320.50 5325.00 3.90 5321.32 0  00:00 0.00
21 DP20 Junction 5318.03 5321.88 7.99 5319.10 0  00:00 0.00
22 DP21 Junction 5316.50 5321.00 11.82 5317.56 0  00:00 0.00
23 DP22 Junction 5316.34 5319.00 7.88 5317.06 0  00:00 0.00
24 DP23 Junction 5315.80 5319.00 45.39 5317.24 0  00:00 0.00
25 DP24 Junction 5321.32 5325.11 8.39 5322.33 0  00:00 0.00
26 DP25 Junction 5321.86 5325.60 6.87 5322.87 0  00:00 0.00
27 DP26 Junction 5322.12 5322.12 1.75 5322.39 0  00:00 0.00
28 DP27 Junction 5318.43 5322.00 9.12 5318.81 0  00:00 0.00
29 DP28 Junction 5317.44 5322.00 3.88 5317.83 0  00:00 0.00
30 DP29 Junction 5318.53 5322.00 3.73 5318.91 0  00:00 0.00
31 DP30 Junction 5318.75 5319.75 4.37 5319.37 0  00:00 0.00
32 DP31 Junction 5315.65 5317.25 6.16 5316.23 0  00:00 0.00
33 DPH1 Junction 5315.00 5317.75 57.80 5316.49 0  00:00 0.00
34 DPH2 Junction 5321.00 5327.00 0.34 5321.00 0  00:00 0.00
35 DPH3 Junction 5322.25 5328.25 5.81 5322.40 0  00:00 0.00
36 DP32 Outfall 0.43 0.00
37 Out-DP06 Outfall 15.55 5322.33
38 Out-DPH1 Outfall 57.80 5315.00
39 Out-DPH2 Outfall 0.34 5321.00
40 Out-DPH3 Outfall 5.81 5322.25
41 DIV01 Flow Diversions 5330.43 46.58 5330.43 0.00
42 DIV02 Flow Diversions 5323.34 31.10 5323.34 0.00
43 DET01 Storage Node 5318.40 11.82 5319.63 0.00
44 DET02 Storage Node 5318.50 9.12 5319.94 0.00
45 DET03 Storage Node 5320.50 12.87 5323.02 0.00
46 DET04 Storage Node 5316.40 6.16 5316.94 0.00
47 DP08 Storage Node 5316.53 22.34 5317.25 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Junction Input
Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded
ID Elevation (Max) (Max) Water Water Elevation Depth Area

Elevation Offset Elevation Depth
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²)

DP01 5331.93 5333.93 2.00 5331.93 0.00 5333.93 0.00 0.00
DP01a 5332.93 5334.93 2.00 5332.93 0.00 5334.93 0.00 0.00
DP02 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP03 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP04 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP05 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP06 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP07 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP09 5328.93 5331.93 3.00 5328.93 0.00 5331.93 0.00 0.00
DP10 5324.08 5327.08 3.00 5324.08 0.00 5327.08 0.00 0.00
DP11 5315.50 5318.00 2.50 5315.50 0.00 5318.00 0.00 0.00
DP11a 5315.50 5318.00 2.50 5315.50 0.00 5318.00 0.00 0.00
DP12 5315.65 5317.30 1.65 5315.65 0.00 5317.30 0.00 0.00
DP13 5315.80 5319.00 3.20 5315.80 0.00 5319.00 0.00 0.00
DP14 5322.40 5325.40 3.00 5322.40 0.00 5325.40 0.00 0.00
DP15 5324.80 5325.10 0.30 5324.80 0.00 5325.10 0.00 0.00
DP16 5319.50 5320.50 1.00 5319.50 0.00 5320.50 0.00 0.00
DP17 5322.68 5325.00 2.32 5322.68 0.00 5325.00 0.00 0.00
DP18 5320.50 5325.00 4.50 5320.50 0.00 5325.00 0.00 0.00
DP19 5320.50 5325.00 4.50 5320.50 0.00 5325.00 0.00 0.00
DP20 5318.03 5321.88 3.85 5318.03 0.00 5321.88 0.00 0.00
DP21 5316.50 5321.00 4.50 5316.50 0.00 5321.00 0.00 0.00
DP22 5316.34 5319.00 2.66 5316.34 0.00 5319.00 0.00 0.00
DP23 5315.80 5319.00 3.20 5315.80 0.00 5319.00 0.00 0.00
DP24 5321.32 5325.11 3.79 5321.32 0.00 5325.11 0.00 0.00
DP25 5321.86 5325.60 3.74 5321.86 0.00 5325.60 0.00 0.00
DP26 5322.12 5323.12 1.00 5322.12 0.00 5322.12 -1.00 0.00
DP27 5318.43 5322.00 3.57 5318.43 0.00 5322.00 0.00 0.00
DP28 5317.44 5322.00 4.56 5317.44 0.00 5322.00 0.00 0.00
DP29 5318.53 5322.00 3.47 5318.53 0.00 5322.00 0.00 0.00
DP30 5318.75 5319.75 1.00 5318.75 0.00 5319.75 0.00 0.00
DP31 5315.65 5317.25 1.60 5315.65 0.00 5317.25 0.00 0.00
DPH1 5315.00 5317.75 2.75 5315.00 0.00 5317.75 0.00 0.00
DPH2 5321.00 5327.00 6.00 5321.00 0.00 5327.00 0.00 0.00
DPH3 5322.25 5328.25 6.00 5322.25 0.00 5328.25 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Junction Results
Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded

Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume
Attained Occurrence

(cfs) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)
DP01 42.34 15.70 5332.74 0.81 0.00 1.19 5331.93 0.00 0  00:11 0  00:00 0.00 0.00
DP01a 28.68 28.68 5333.75 0.82 0.00 1.18 5332.93 0.00 0  00:11 0  00:00 0.00 0.00
DP02 46.58 4.81 5330.87 0.44 0.00 0.11 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP03 23.29 0.00 5330.78 0.35 0.00 0.15 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP04 23.29 0.00 5330.77 0.34 0.00 0.16 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP05 31.10 10.61 5323.68 0.34 0.00 0.16 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP06 15.55 0.00 5323.34 0.00 0.00 0.50 5323.34 0.00 0  00:00 0  00:00 0.00 0.00
DP07 15.55 0.00 5323.64 0.30 0.00 0.20 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP09 30.04 13.93 5330.54 1.61 0.00 1.39 5328.95 0.02 0  00:12 0  00:00 0.00 0.00
DP10 36.95 13.48 5325.64 1.56 0.00 1.44 5324.10 0.02 0  00:15 0  00:00 0.00 0.00
DP11 54.55 0.00 5317.02 1.52 0.00 1.23 5315.54 0.04 0  00:19 0  00:00 0.00 0.00
DP11a 8.09 0.00 5315.50 0.00 0.00 2.50 5315.50 0.00 0  00:00 0  00:00 0.00 0.00
DP12 4.94 0.00 5315.93 0.28 0.00 2.47 5315.65 0.00 0  00:20 0  00:00 0.00 0.00
DP13 3.31 3.31 5315.80 0.00 0.00 3.20 5315.80 0.00 0  00:00 0  00:00 0.00 0.00
DP14 37.13 0.33 5323.86 1.46 0.00 1.54 5322.42 0.02 0  00:17 0  00:00 0.00 0.00
DP15 4.24 4.24 5324.95 0.15 0.00 0.15 5324.80 0.00 0  00:35 0  00:00 0.00 0.00
DP16 3.41 3.41 5319.80 0.30 0.00 0.70 5319.50 0.00 0  00:10 0  00:00 0.00 0.00
DP17 3.05 3.05 5323.03 0.35 0.00 1.97 5322.68 0.00 0  00:14 0  00:00 0.00 0.00
DP18 12.87 3.07 5321.51 1.01 0.00 3.49 5320.76 0.26 0  00:15 0  00:00 0.00 0.00
DP19 3.90 0.00 5321.32 0.82 0.00 3.68 5320.52 0.02 0  00:31 0  00:00 0.00 0.00
DP20 7.99 4.84 5319.10 1.07 0.00 2.78 5318.05 0.02 0  00:16 0  00:00 0.00 0.00
DP21 11.82 1.92 5317.56 1.06 0.00 3.44 5316.96 0.46 0  00:17 0  00:00 0.00 0.00
DP22 7.88 0.00 5317.06 0.72 0.00 3.78 5316.37 0.03 0  00:36 0  00:00 0.00 0.00
DP23 45.39 1.90 5317.24 1.44 0.00 1.76 5315.89 0.09 0  00:33 0  00:00 0.00 0.00
DP24 8.39 2.08 5322.33 1.01 0.00 2.78 5321.33 0.01 0  00:14 0  00:00 0.00 0.00
DP25 6.87 6.87 5322.87 1.01 0.00 2.73 5321.87 0.01 0  00:14 0  00:00 0.00 0.00
DP26 1.75 1.75 5322.39 0.27 0.00 0.75 5322.12 0.00 0  00:10 0  00:00 0.00 0.00
DP27 9.12 4.52 5318.81 0.38 0.00 3.19 5318.43 0.00 0  00:15 0  00:00 0.00 0.00
DP28 3.88 0.00 5317.83 0.39 0.00 4.17 5317.45 0.01 0  00:28 0  00:00 0.00 0.00
DP29 3.73 3.73 5318.91 0.38 0.00 3.09 5318.53 0.00 0  00:14 0  00:00 0.00 0.00
DP30 4.37 1.52 5319.37 0.62 0.00 0.40 5318.75 0.00 0  00:10 0  00:00 0.00 0.00
DP31 6.16 2.71 5316.23 0.58 0.00 1.02 5315.66 0.01 0  00:17 0  00:00 0.00 0.00
DPH1 57.80 0.55 5316.49 1.49 0.00 1.26 5315.04 0.04 0  00:20 0  00:00 0.00 0.00
DPH2 0.34 0.34 5321.00 0.00 0.00 6.00 5321.00 0.00 0  00:00 0  00:00 0.00 0.00
DPH3 5.81 1.88 5322.40 0.15 0.00 5.85 5322.25 0.00 0  00:36 0  00:00 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Channel Input
Element Length Inlet Outlet Average Shape Height Width Manning's
ID Invert Invert Slope Roughness

Elevation Elevation
(ft) (ft) (ft) (%) (ft) (ft)

DP01=>DP02 150.00 5331.93 5330.43 1.0000 Trapezoidal 0.550 60.000 0.0160
DP01a=>DP01 200.00 5332.93 5331.93 0.5000 Trapezoidal 2.000 17.000 0.0160
DP03=>DP05 810.00 5330.43 5323.34 0.8800 Trapezoidal 0.500 55.000 0.0160
DP04=>DP09 150.00 5330.43 5328.93 1.0000 Trapezoidal 0.500 55.000 0.0160
DP07=>DP08 780.00 5323.34 5316.53 0.8700 Trapezoidal 0.500 55.000 0.0160
DP09=>DP10 485.00 5328.93 5324.08 1.0000 Trapezoidal 3.000 23.000 0.0800
DP10=>DP14 45.00 5324.08 5322.40 3.7300 Parabolic 1.500 25.000 0.0320
DP11=>DPH1 196.00 5315.50 5315.00 0.2600 Trapezoidal 2.750 45.000 0.0700
DP12=>DPH1 95.00 5315.65 5315.00 0.6800 Trapezoidal 2.750 45.000 0.0700
DP14=>DP23 865.00 5322.40 5315.80 0.7600 User-Defined 2.750 41.000 0.0800
DP15=>DPH3 170.00 5324.80 5322.25 1.5000 Trapezoidal 0.300 45.000 0.0350
DP16=>DP30 5.00 5319.50 5318.75 15.0000 Parabolic 1.000 5.000 0.0320
DP17=>DP18 435.00 5322.68 5320.50 0.5000 User-Defined 1.020 56.000 0.0400
DP22=>DP23 124.00 5316.34 5315.85 0.4000 User-Defined 2.750 41.000 0.0320
DP26=>DP27 580.00 5322.12 5318.43 0.6400 User-Defined 1.020 56.000 0.0320
DP28=>DP21 190.00 5317.44 5316.50 0.4900 User-Defined 1.020 56.000 0.0320
DP29=>DP27 20.00 5318.53 5318.43 0.5000 User-Defined 1.020 56.000 0.0320
DP30=>DP31 610.00 5318.75 5315.65 0.5100 User-Defined 1.020 10.000 0.0320
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Channel Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 DP01=>DP02 42.07 0  00:11 74.04 0.57 3.62 0.69 0.44 0.79 0.00
2 DP01a=>DP01 28.14 0  00:11 167.34 0.17 4.69 0.71 0.81 0.41 0.00
3 DP03=>DP05 21.35 0  00:14 54.81 0.39 4.02 3.36 0.33 0.67 0.00
4 DP04=>DP09 23.19 0  00:12 58.58 0.40 3.12 0.80 0.34 0.68 0.00
5 DP07=>DP08 14.39 0  00:18 54.74 0.26 3.03 4.29 0.28 0.57 0.00
6 DP09=>DP10 28.21 0  00:15 113.38 0.25 2.16 3.74 1.55 0.52 0.00
7 DP10=>DP14 36.95 0  00:17 222.90 0.17 5.14 0.15 0.65 0.44 0.00
8 DP11=>DPH1 52.95 0  00:20 161.62 0.33 1.25 2.61 1.48 0.54 0.00
9 DP12=>DPH1 4.92 0  00:22 264.69 0.02 0.73 2.17 0.28 0.10 0.00

10 DP14=>DP23 35.26 0  00:33 182.91 0.19 2.06 7.00 1.40 0.51 0.00
11 DP15=>DPH3 4.18 0  00:36 16.00 0.26 1.23 2.30 0.15 0.50 0.00
12 DP16=>DP30 3.41 0  00:10 42.98 0.08 6.08 0.01 0.30 0.30 0.00
13 DP17=>DP18 2.53 0  00:20 49.03 0.05 2.51 2.89 0.32 0.31 0.00
14 DP22=>DP23 7.87 0  00:38 131.64 0.06 0.92 2.25 0.72 0.26 0.00
15 DP26=>DP27 1.25 0  00:19 55.24 0.02 2.58 3.75 0.22 0.22 0.00
16 DP28=>DP21 4.58 0  00:53 48.71 0.09 3.35 0.95 0.38 0.38 0.00
17 DP29=>DP27 3.71 0  00:15 48.97 0.08 1.28 0.26 0.38 0.37 0.00
18 DP30=>DP31 3.81 0  00:17 13.52 0.28 2.39 4.25 0.58 0.56 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Pipe Input
Element Length Inlet Outlet Total Average Pipe Pipe Pipe Manning's
ID Invert Invert Drop Slope Shape Diameter or Width Roughness

Elevation Elevation Height
(ft) (ft) (ft) (ft) (%) (in) (in)

DP02=>DIV01 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP02=>DP03 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP02=>DP04 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DIV02 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DP06 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP05=>DP07 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP06=>Out-H4 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP11a=>DP11 0.00 5315.50 5315.50 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP13=>DP23 0.00 5315.80 5315.80 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP13=>Out-H1 1.00 5312.38 5312.38 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP18=>DET03 0.00 5320.76 5320.76 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP19=>DP20 450.00 5320.50 5318.03 2.47 0.5500 CIRCULAR 18.000 18.000 0.0150
DP20=>DP21 290.00 5318.03 5316.50 1.53 0.5300 CIRCULAR 24.000 24.000 0.0150
DP21=>DET01 1.00 5316.95 5316.50 0.45 45.0000 Dummy 0.000 0.000 0.0150
DP23=>DP11 60.00 5315.80 5315.50 0.30 0.5000 Rectangular 18.000 120.000 0.0150
DP24=>DP18 116.00 5321.32 5320.50 0.82 0.7100 CIRCULAR 24.000 24.000 0.0150
DP25a=>DP24 112.00 5321.86 5321.32 0.54 0.4800 CIRCULAR 24.000 24.000 0.0150
DP27=>DET02 0.00 5318.43 5318.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP31=>DET04 0.00 5315.65 5315.65 0.00 0.0000 Dummy 0.000 0.000 0.0150
DPH2=>Out-DPH2 1.00 5321.00 5321.00 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH3=>OutDPH3 1.00 5322.25 5322.25 0.00 0.0000 Dummy 0.000 0.000 0.0320
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Pipe Results
SN Element Peak Time of Design Flow Peak Flow Travel Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Velocity Time Depth Surcharged Number Condition
Occurrence

(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)
1 DP02=>DIV01 46.58 0  00:11 0.00 0.00 0.81 0.00 Calculated
2 DP02=>DP03 23.29 0  00:11 0.00 0.00 0.81 0.00 Calculated
3 DP02=>DP04 23.29 0  00:11 0.00 0.00 0.81 0.00 Calculated
4 DP05=>DIV02 31.10 0  00:14 0.00 0.00 0.34 0.00 Calculated
5 DP05=>DP06 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
6 DP05=>DP07 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
7 DP06=>Out-H4 15.55 0  00:14 0.00 0.00 0.34 0.00 Calculated
8 DP11a=>DP11 8.09 0  00:17 0.00 0.00 1.48 0.00 Calculated
9 DP13=>DP23 3.31 0  00:17 0.00 0.00 0.28 0.00 Calculated

10 DP13=>Out-H1 57.80 0  00:20 0.00 0.00 0.28 0.00 Calculated
11 DP18=>DET03 12.87 0  00:16 0.00 0.00 0.32 0.00 Calculated
12 DP19=>DP20 3.90 0  00:32 6.74 3.95 1.90 0.82 0.00 Calculated
13 DP20=>DP21 7.88 0  00:17 14.24 4.66 1.04 1.06 0.00 Calculated
14 DP21=>DET01 11.82 0  00:16 0.00 0.00 1.06 0.00 Calculated
15 DP23=>DP11 44.90 0  00:33 158.04 4.28 0.23 0.53 0.00 Calculated
16 DP24=>DP18 8.36 0  00:15 16.48 5.29 0.37 1.01 0.00 Calculated
17 DP25a=>DP24 6.81 0  00:15 13.61 4.96 0.38 1.00 0.00 Calculated
18 DP27=>DET02 9.12 0  00:16 0.00 0.00 0.22 0.00 Calculated
19 DP31=>DET04 6.16 0  00:14 0.00 0.00 0.58 0.00 Calculated
20 DPH2=>Out-DPH2 0.34 0  00:20 0.00 0.00 0.58 0.00 Calculated
21 DPH3=>OutDPH3 5.81 0  00:37 0.00 0.00 0.58 0.00 Calculated
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

Storage Nodes

    Storage Node : DET01

          Input Data

5316.50
5321.00
4.50
5318.40
1.90
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DET01

Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................

  The Sanitas Group, LLC   Page 10 of 24
  10/28/2012 

5:45 PM

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)
0 0 0.000

0.5 1869 467.25
1.5 7359 5081.25
2.5 9279 13400.25
3.5 10844 23461.75
4.5 12389 35078.25

  The Sanitas Group, LLC   Page 10 of 24
  10/28/2012 

5:45 PM
Agenda Item 5A Page 495 of 784



  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

  The Sanitas Group, LLC   Page 11 of 24
  10/28/2012 

5:45 PM  The Sanitas Group, LLC   Page 11 of 24
  10/28/2012 

5:45 PM
Agenda Item 5A Page 496 of 784



  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DET01 (continued)

          Outflow Weirs

Element Weir Crest Length Weir Total Discharge
ID Type Elevation Height Coefficient

(ft) (ft) (ft)
DET01 V-Notch 5318.50 12.00 2.50 2.40

          Output Summary Results

11.82
0.00
7.88
0.00
5319.63
3.13
5318.60

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................

Peak Inflow (cfs) ............................................................
Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
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5318.60
2.1
0  00:36
0.000
0
0
0.00

Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Average HGL Elevation Attained (ft) ..............................
Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................

  The Sanitas Group, LLC   Page 12 of 24
  10/28/2012 

5:45 PM
Agenda Item 5A Page 497 of 784



  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DET02

          Input Data

5317.44
5322.00
4.56
5318.50
1.06
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DET02

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)

Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
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(ft) (ft ) (ft )
0 0 0.000

0.06 0 0.00
1.06 0 0.00
1.56 1586 396.50
2.56 6685 4532.00
3.56 11730 13739.50
4.56 19160 29184.50
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DET02 (continued)

          Outflow Orifices

Element Orifice Orifice Circular Rectangular Rectangular Orifice Orifice
ID Type Shape Orifice Orifice Orifice Invert Coefficient

Diameter Height Width Elevation
(in) (in) (in) (ft)

DET02 Side CIRCULAR 10.00 5317.44 0.61

          Output Summary Results

9.12
0.00
3.88
0.00
5319.94
2.5

Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
Max HGL Depth Attained (ft) .........................................

Peak Inflow (cfs) ............................................................
Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
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2.5
5317.53
0.0899999999999999
0  00:28
0.000
0
0
0.00

Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................
Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DET03

          Input Data

5320.50
5325.00
4.50
5320.50
0.00
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DET03

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)

Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
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(ft) (ft ) (ft )
0 0 0.000

0.5 289 72.25
1.5 3619 2026.25
2.5 9546 8608.75
3.5 15784 21273.75
4.5 25455 41893.25
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Boulder Creek Commons Subdivision

    1006-HYD-10YR-P
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DET03 (continued)

          Outflow Orifices

Element Orifice Orifice Circular Rectangular Rectangular Orifice Orifice
ID Type Shape Orifice Orifice Orifice Invert Coefficient

Diameter Height Width Elevation
(in) (in) (in) (ft)

DET03 Side CIRCULAR 10.00 5320.50 0.61

          Output Summary Results

12.87
0.00
3.90
0.00
5323.02
2.52

Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
Max HGL Depth Attained (ft) .........................................

Peak Inflow (cfs) ............................................................
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2.52
5320.55
0.0499999999999998
0  00:31
0.000
0
0
0.00

Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DET04

          Input Data

5315.65
5317.30
1.65
5316.40
0.75
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DET04

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)

Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
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(ft) (ft ) (ft )
0 0 0.000

0.35 2161 378.17
1.35 4996 3956.67
1.65 5774 5572.17
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    1006-HYD-10YR-P
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DET04 (continued)

          Outflow Weirs

Element Weir Crest Length Weir Total Discharge
ID Type Elevation Height Coefficient

(ft) (ft) (ft)
DET04 Trapezoidal 5316.40 2.00 0.90 3.33

          Output Summary Results

6.16
0.00
4.94
0.00
5316.94
1.29
5316.41

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................

Peak Inflow (cfs) ............................................................
Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
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5316.41
0.76
0  00:20
0.000
0
0
0.00

Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Average HGL Elevation Attained (ft) ..............................
Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DP08

          Input Data

5316.53
5318.00
1.47
5316.53
0.00
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DP8-Storage

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)

Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
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(ft) (ft ) (ft )
0 0 0.000
.5 2936 734.00

1.5 16617 10510.50
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    1006-HYD-10YR-P
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-10YR-P

    Storage Node : DP08 (continued)

          Outflow Weirs

Element Weir Crest Length Weir Total Discharge
ID Type Elevation Height Coefficient

(ft) (ft) (ft)
DP08=>DP11 Trapezoidal 5316.53 4.00 0.50 3.33
DP08=>DP11a Trapezoidal 5317.03 20.00 1.00 3.33

          Output Summary Results

22.34
14.21
22.05
0.00
5317.25
0.72

Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
Max HGL Depth Attained (ft) .........................................

Peak Inflow (cfs) ............................................................
Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
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0.72
5316.54
0.0100000000000002
0  00:17
0.000
0
0
0.00

Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................
Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............

  The Sanitas Group, LLC   Page 24 of 24
  10/28/2012 

5:45 PM
Agenda Item 5A Page 509 of 784



  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Project Description
1006-HYD-100YR-P.SPF

Project Options
CFS
Elevation
Rational
User-Defined
Kinematic Wave
YES
NO

Analysis Options
Oct 03, 2012 00:00:00
Oct 05, 2012 00:00:00
Oct 03, 2012 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
0
30
47
35
5
2
0
5
45
18
21
0
2
4
0
0
0

Rainfall Details
100 year(s)

        Outlets ........................................................................
Pollutants ............................................................................
Land Uses ...........................................................................

Return Period.......................................................................

Links....................................................................................
        Channels ....................................................................
        Pipes ..........................................................................
        Pumps ........................................................................
        Orifices .......................................................................
        Weirs ..........................................................................

Nodes...................................................................................
        Junctions ....................................................................
        Outfalls .......................................................................
        Flow Diversions ..........................................................
        Inlets ...........................................................................
        Storage Nodes ...........................................................

Runoff (Dry Weather) Time Step ........................................
Runoff (Wet Weather) Time Step .......................................
Reporting Time Step ...........................................................
Routing Time Step ..............................................................

Rain Gages .........................................................................
Subbasins............................................................................

Enable Overflow Ponding at Nodes ....................................
Skip Steady State Analysis Time Periods ...........................

Start Analysis On ................................................................
End Analysis On .................................................................
Start Reporting On ..............................................................
Antecedent Dry Days ..........................................................

File Name ...........................................................................

Flow Units ...........................................................................
Elevation Type ....................................................................
Hydrology Method ...............................................................
Time of Concentration (TOC) Method ................................
Link Routing Method ...........................................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Subbasin Summary
Subbasin Area Weighted Total Total Total Peak Time of
ID Runoff Rainfall Runoff Runoff Runoff Concentration

Coefficient Volume
(ac) (in) (in) (ft³) (cfs) (days hh:mm:ss)

A01 0.28 0.6000 1.33 0.80 814.14 1.44 0  00:09:21
A02 0.53 0.7000 1.26 0.88 1691.11 3.42 0  00:08:08
A03 1.86 0.6000 2.07 1.24 8392.49 4.63 0  00:30:03
A04 0.76 0.6600 1.31 0.86 2380.84 4.37 0  00:09:04
A05 2.35 0.6700 1.72 1.15 9835.67 9.95 0  00:16:19
A06 0.66 0.7000 1.42 1.00 2388.61 3.70 0  00:10:39
A07 1.64 0.7000 1.66 1.16 6905.71 7.78 0  00:14:39
A08 2.22 0.7000 1.71 1.20 9630.03 10.05 0  00:15:47
A09 1.33 0.7000 1.65 1.16 5585.88 6.37 0  00:14:25
A10 1.62 0.6700 1.73 1.16 6809.74 6.76 0  00:16:41
A11 0.80 0.7000 1.46 1.02 2964.98 4.39 0  00:11:06
A12 2.50 0.6900 1.65 1.14 10336.43 11.79 0  00:14:27
A13 0.17 0.6500 1.26 0.82 506.64 1.00 0  00:08:22
B1 1.19 0.6800 1.57 1.07 4609.12 5.86 0  00:12:55
B2 0.93 0.6300 1.74 1.10 3699.99 3.63 0  00:16:46
C 0.33 0.6000 2.10 1.26 1508.16 0.80 0  00:31:22
Dx 0.30 0.6000 1.83 1.10 1192.46 0.99 0  00:20:04
Ex 2.73 0.6000 2.28 1.37 13546.83 5.29 0  00:42:17
OS-01 7.83 0.8000 1.45 1.16 32856.87 49.36 0  00:11:00
OS-02 3.22 0.9200 1.38 1.27 14844.52 24.54 0  00:10:00
OS-03 0.81 0.7000 1.51 1.05 3099.08 4.27 0  00:12:00
OS-04 3.06 0.7000 1.56 1.10 12163.04 15.47 0  00:13:00
OS-05 4.99 0.7000 1.45 1.01 18312.95 27.52 0  00:11:00
OS-06 1.59 0.7000 1.74 1.22 7035.70 6.84 0  00:17:00
OS-07 1.45 0.7000 1.45 1.01 5321.40 8.00 0  00:11:00
OS-08 1.14 0.7000 1.31 0.92 3803.01 6.98 0  00:09:00
OS-09 9.45 0.6800 1.96 1.33 45760.87 30.25 0  00:25:00
OS-10 9.35 0.6700 1.96 1.31 44597.82 29.49 0  00:25:00
OS-11 5.05 0.6100 2.16 1.32 24179.25 11.42 0  00:35:00
OS-12 2.01 0.5400 1.42 0.77 5596.26 8.68 0  00:10:42
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Node Summary
SN Element Element Initial Surcharge Peak Max HGL Time of Total Time

ID Type Water Elevation Inflow Elevation Peak Flooded
Elevation Attained Flooding

Occurrence
(ft) (ft) (cfs) (ft) (days hh:mm) (min)

1 DP01 Junction 5331.93 5333.93 70.82 5333.01 0  00:00 0.00
2 DP01a Junction 5332.93 5334.93 49.36 5334.02 0  00:00 0.00
3 DP02 Junction 5330.43 5330.93 79.89 5330.97 0  00:00 0.00
4 DP03 Junction 5330.43 5330.93 39.95 5330.87 0  00:00 0.00
5 DP04 Junction 5330.43 5330.93 39.95 5330.86 0  00:00 0.00
6 DP05 Junction 5323.34 5323.84 58.55 5323.77 0  00:00 0.00
7 DP06 Junction 5323.34 5323.84 29.28 5323.34 0  00:00 0.00
8 DP07 Junction 5323.34 5323.84 29.28 5323.73 0  00:00 0.00
9 DP09 Junction 5328.93 5331.93 54.55 5331.07 0  00:00 0.00

10 DP10 Junction 5324.08 5327.08 70.82 5326.17 0  00:00 0.00
11 DP11 Junction 5315.50 5318.00 112.27 5317.76 0  00:00 0.00
12 DP11a Junction 5315.50 5318.00 29.00 5315.50 0  00:00 0.00
13 DP12 Junction 5315.65 5317.30 13.10 5316.15 0  00:00 0.00
14 DP13 Junction 5315.80 5319.00 6.84 5315.80 0  00:00 0.00
15 DP14 Junction 5322.40 5325.40 71.25 5324.26 0  00:00 0.00
16 DP15 Junction 5324.80 5325.10 11.42 5325.05 0  00:00 0.00
17 DP16 Junction 5319.50 5320.50 8.68 5319.97 0  00:00 0.00
18 DP17 Junction 5322.68 5325.00 6.37 5323.15 0  00:00 0.00
19 DP18 Junction 5320.50 5325.00 25.37 5322.00 0  00:00 0.00
20 DP19 Junction 5320.50 5325.00 4.72 5321.42 0  00:00 0.00
21 DP20 Junction 5318.03 5321.88 13.86 5319.62 0  00:00 0.00
22 DP21 Junction 5316.50 5321.00 19.11 5318.07 0  00:00 0.00
23 DP22 Junction 5316.34 5319.00 11.89 5317.24 0  00:00 0.00
24 DP23 Junction 5315.80 5319.00 87.56 5317.64 0  00:00 0.00
25 DP24 Junction 5321.32 5325.11 15.01 5322.82 0  00:00 0.00
26 DP25 Junction 5321.86 5325.60 11.79 5323.30 0  00:00 0.00
27 DP26 Junction 5322.12 5322.12 3.70 5322.48 0  00:00 0.00
28 DP27 Junction 5318.43 5322.00 19.81 5318.93 0  00:00 0.00
29 DP28 Junction 5317.44 5322.00 4.77 5317.86 0  00:00 0.00
30 DP29 Junction 5318.53 5322.00 7.78 5319.03 0  00:00 0.00
31 DP30 Junction 5318.75 5319.75 10.97 5319.68 0  00:00 0.00
32 DP31 Junction 5315.65 5317.25 15.30 5316.54 0  00:00 0.00
33 DPH1 Junction 5315.00 5317.75 124.28 5317.26 0  00:00 0.00
34 DPH2 Junction 5321.00 5327.00 0.99 5321.00 0  00:00 0.00
35 DPH3 Junction 5322.25 5328.25 15.82 5322.50 0  00:00 0.00
36 DP32 Outfall 1.00 0.00
37 Out-DP06 Outfall 29.28 5322.33
38 Out-DPH1 Outfall 124.28 5315.00
39 Out-DPH2 Outfall 0.99 5321.00
40 Out-DPH3 Outfall 15.82 5322.25
41 DIV01 Flow Diversions 5330.43 79.89 5330.43 0.00
42 DIV02 Flow Diversions 5323.34 58.55 5323.34 0.00
43 DET01 Storage Node 5317.90 19.11 5319.84 0.00
44 DET02 Storage Node 5318.50 19.81 5321.01 0.00
45 DET03 Storage Node 5320.50 25.37 5324.00 0.00
46 DET04 Storage Node 5316.20 15.30 5317.28 0.00
47 DP08 Storage Node 5316.53 46.65 5317.48 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Junction Input
Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded
ID Elevation (Max) (Max) Water Water Elevation Depth Area

Elevation Offset Elevation Depth
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²)

DP01 5331.93 5333.93 2.00 5331.93 0.00 5333.93 0.00 0.00
DP01a 5332.93 5334.93 2.00 5332.93 0.00 5334.93 0.00 0.00
DP02 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP03 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP04 5330.43 5330.93 0.50 5330.43 0.00 5330.93 0.00 0.00
DP05 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP06 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP07 5323.34 5323.84 0.50 5323.34 0.00 5323.84 0.00 0.00
DP09 5328.93 5331.93 3.00 5328.93 0.00 5331.93 0.00 0.00
DP10 5324.08 5327.08 3.00 5324.08 0.00 5327.08 0.00 0.00
DP11 5315.50 5318.00 2.50 5315.50 0.00 5318.00 0.00 0.00
DP11a 5315.50 5318.00 2.50 5315.50 0.00 5318.00 0.00 0.00
DP12 5315.65 5317.30 1.65 5315.65 0.00 5317.30 0.00 0.00
DP13 5315.80 5319.00 3.20 5315.80 0.00 5319.00 0.00 0.00
DP14 5322.40 5325.40 3.00 5322.40 0.00 5325.40 0.00 0.00
DP15 5324.80 5325.10 0.30 5324.80 0.00 5325.10 0.00 0.00
DP16 5319.50 5320.50 1.00 5319.50 0.00 5320.50 0.00 0.00
DP17 5322.68 5325.00 2.32 5322.68 0.00 5325.00 0.00 0.00
DP18 5320.50 5325.00 4.50 5320.50 0.00 5325.00 0.00 0.00
DP19 5320.50 5325.00 4.50 5320.50 0.00 5325.00 0.00 0.00
DP20 5318.03 5321.88 3.85 5318.03 0.00 5321.88 0.00 0.00
DP21 5316.50 5321.00 4.50 5316.50 0.00 5321.00 0.00 0.00
DP22 5316.34 5319.00 2.66 5316.34 0.00 5319.00 0.00 0.00
DP23 5315.80 5319.00 3.20 5315.80 0.00 5319.00 0.00 0.00
DP24 5321.32 5325.11 3.79 5321.32 0.00 5325.11 0.00 0.00
DP25 5321.86 5325.60 3.74 5321.86 0.00 5325.60 0.00 0.00
DP26 5322.12 5323.12 1.00 5322.12 0.00 5322.12 -1.00 0.00
DP27 5318.43 5322.00 3.57 5318.43 0.00 5322.00 0.00 0.00
DP28 5317.44 5322.00 4.56 5317.44 0.00 5322.00 0.00 0.00
DP29 5318.53 5322.00 3.47 5318.53 0.00 5322.00 0.00 0.00
DP30 5318.75 5319.75 1.00 5318.75 0.00 5319.75 0.00 0.00
DP31 5315.65 5317.25 1.60 5315.65 0.00 5317.25 0.00 0.00
DPH1 5315.00 5317.75 2.75 5315.00 0.00 5317.75 0.00 0.00
DPH2 5321.00 5327.00 6.00 5321.00 0.00 5327.00 0.00 0.00
DPH3 5322.25 5328.25 6.00 5322.25 0.00 5328.25 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Junction Results
Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded

Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume
Attained Occurrence

(cfs) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)
DP01 70.82 24.54 5333.01 1.08 0.00 0.92 5331.94 0.01 0  00:11 0  00:00 0.00 0.00
DP01a 49.36 49.36 5334.02 1.09 0.00 0.91 5332.94 0.01 0  00:11 0  00:00 0.00 0.00
DP02 79.89 10.19 5330.97 0.54 0.00 0.01 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP03 39.95 0.00 5330.87 0.44 0.00 0.06 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP04 39.95 0.00 5330.86 0.43 0.00 0.07 5330.43 0.00 0  00:11 0  00:00 0.00 0.00
DP05 58.55 22.27 5323.77 0.43 0.00 0.07 5323.34 0.00 0  00:14 0  00:00 0.00 0.00
DP06 29.28 0.00 5323.34 0.00 0.00 0.50 5323.34 0.00 0  00:00 0  00:00 0.00 0.00
DP07 29.28 0.00 5323.73 0.39 0.00 0.11 5323.34 0.00 0  00:13 0  00:00 0.00 0.00
DP09 54.55 30.25 5331.07 2.14 0.00 0.86 5328.96 0.03 0  00:12 0  00:00 0.00 0.00
DP10 70.82 29.49 5326.17 2.09 0.00 0.91 5324.11 0.03 0  00:15 0  00:00 0.00 0.00
DP11 112.27 0.00 5317.76 2.26 0.00 0.49 5315.56 0.06 0  00:21 0  00:00 0.00 0.00
DP11a 29.00 0.00 5315.50 0.00 0.00 2.50 5315.50 0.00 0  00:00 0  00:00 0.00 0.00
DP12 13.10 0.00 5316.15 0.50 0.00 2.25 5315.66 0.01 0  00:18 0  00:00 0.00 0.00
DP13 6.84 6.84 5315.80 0.00 0.00 3.20 5315.80 0.00 0  00:00 0  00:00 0.00 0.00
DP14 71.25 0.80 5324.26 1.86 0.00 1.14 5322.43 0.03 0  00:17 0  00:00 0.00 0.00
DP15 11.42 11.42 5325.05 0.25 0.00 0.05 5324.80 0.00 0  00:35 0  00:00 0.00 0.00
DP16 8.68 8.68 5319.97 0.47 0.00 0.53 5319.50 0.00 0  00:10 0  00:00 0.00 0.00
DP17 6.37 6.37 5323.15 0.47 0.00 1.85 5322.68 0.00 0  00:14 0  00:00 0.00 0.00
DP18 25.37 6.75 5322.00 1.50 0.00 3.00 5320.77 0.27 0  00:15 0  00:00 0.00 0.00
DP19 4.72 0.00 5321.42 0.92 0.00 3.58 5320.54 0.04 0  00:33 0  00:00 0.00 0.00
DP20 13.86 10.05 5319.62 1.59 0.00 2.26 5318.07 0.04 0  00:16 0  00:00 0.00 0.00
DP21 19.11 4.37 5318.07 1.57 0.00 2.93 5316.97 0.47 0  00:16 0  00:00 0.00 0.00
DP22 11.89 0.00 5317.24 0.90 0.00 3.60 5316.39 0.05 0  00:32 0  00:00 0.00 0.00
DP23 87.56 4.63 5317.64 1.84 0.00 1.36 5315.91 0.11 0  00:27 0  00:00 0.00 0.00
DP24 15.01 4.39 5322.82 1.50 0.00 2.29 5321.33 0.01 0  00:14 0  00:00 0.00 0.00
DP25 11.79 11.79 5323.30 1.44 0.00 2.30 5321.87 0.01 0  00:14 0  00:00 0.00 0.00
DP26 3.70 3.70 5322.48 0.36 0.00 0.66 5322.12 0.00 0  00:10 0  00:00 0.00 0.00
DP27 19.81 9.95 5318.93 0.50 0.00 3.07 5318.44 0.01 0  00:15 0  00:00 0.00 0.00
DP28 4.77 0.00 5317.86 0.42 0.00 4.14 5317.45 0.01 0  00:31 0  00:00 0.00 0.00
DP29 7.78 7.78 5319.03 0.50 0.00 2.97 5318.53 0.00 0  00:14 0  00:00 0.00 0.00
DP30 10.97 3.63 5319.68 0.93 0.00 0.09 5318.76 0.01 0  00:10 0  00:00 0.00 0.00
DP31 15.30 5.86 5316.54 0.89 0.00 0.71 5315.66 0.01 0  00:15 0  00:00 0.00 0.00
DPH1 124.28 1.44 5317.26 2.26 0.00 0.49 5315.06 0.06 0  00:22 0  00:00 0.00 0.00
DPH2 0.99 0.99 5321.00 0.00 0.00 6.00 5321.00 0.00 0  00:00 0  00:00 0.00 0.00
DPH3 15.82 5.29 5322.50 0.25 0.00 5.75 5322.25 0.00 0  00:36 0  00:00 0.00 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Channel Input
Element Length Inlet Outlet Average Shape Height Width Manning's
ID Invert Invert Slope Roughness

Elevation Elevation
(ft) (ft) (ft) (%) (ft) (ft)

DP01=>DP02 150.00 5331.93 5330.43 1.0000 Trapezoidal 0.550 60.000 0.0160
DP01a=>DP01 200.00 5332.93 5331.93 0.5000 Trapezoidal 2.000 17.000 0.0160
DP03=>DP05 810.00 5330.43 5323.34 0.8800 Trapezoidal 0.500 55.000 0.0160
DP04=>DP09 150.00 5330.43 5328.93 1.0000 Trapezoidal 0.500 55.000 0.0160
DP07=>DP08 780.00 5323.34 5316.53 0.8700 Trapezoidal 0.500 55.000 0.0160
DP09=>DP10 485.00 5328.93 5324.08 1.0000 Trapezoidal 3.000 23.000 0.0800
DP10=>DP14 45.00 5324.08 5322.40 3.7300 Parabolic 1.500 25.000 0.0320
DP11=>DPH1 196.00 5315.50 5315.00 0.2600 Trapezoidal 2.750 45.000 0.0700
DP12=>DPH1 95.00 5315.65 5315.00 0.6800 Trapezoidal 2.750 45.000 0.0700
DP14=>DP23 865.00 5322.40 5315.80 0.7600 User-Defined 2.750 41.000 0.0800
DP15=>DPH3 170.00 5324.80 5322.25 1.5000 Trapezoidal 0.300 45.000 0.0350
DP16=>DP30 5.00 5319.50 5318.75 15.0000 Parabolic 1.000 5.000 0.0320
DP17=>DP18 435.00 5322.68 5320.50 0.5000 User-Defined 1.020 56.000 0.0400
DP22=>DP23 124.00 5316.34 5315.85 0.4000 User-Defined 2.750 41.000 0.0320
DP26=>DP27 580.00 5322.12 5318.43 0.6400 User-Defined 1.020 56.000 0.0320
DP28=>DP21 190.00 5317.44 5316.50 0.4900 User-Defined 1.020 56.000 0.0320
DP29=>DP27 20.00 5318.53 5318.43 0.5000 User-Defined 1.020 56.000 0.0320
DP30=>DP31 610.00 5318.75 5315.65 0.5100 User-Defined 1.020 10.000 0.0320
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Channel Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 DP01=>DP02 70.34 0  00:11 74.04 0.95 4.12 0.61 0.54 0.98 0.00
2 DP01a=>DP01 48.53 0  00:11 167.34 0.29 5.48 0.61 1.08 0.54 0.00
3 DP03=>DP05 37.30 0  00:14 54.81 0.68 4.58 2.95 0.42 0.85 0.00
4 DP04=>DP09 39.80 0  00:12 58.58 0.68 3.57 0.70 0.43 0.85 0.00
5 DP07=>DP08 27.44 0  00:17 54.74 0.50 3.48 3.74 0.37 0.75 0.00
6 DP09=>DP10 52.04 0  00:15 113.38 0.46 2.71 2.98 2.08 0.69 0.00
7 DP10=>DP14 70.82 0  00:17 222.90 0.32 6.28 0.12 0.88 0.59 0.00
8 DP11=>DPH1 111.95 0  00:22 161.62 0.69 1.56 2.09 2.25 0.82 0.00
9 DP12=>DPH1 13.07 0  00:19 264.69 0.05 1.05 1.51 0.50 0.18 0.00

10 DP14=>DP23 69.30 0  00:27 182.91 0.38 2.38 6.06 1.83 0.67 0.00
11 DP15=>DPH3 11.29 0  00:36 16.00 0.71 1.63 1.74 0.25 0.84 0.00
12 DP16=>DP30 8.67 0  00:10 42.98 0.20 8.05 0.01 0.47 0.47 0.00
13 DP17=>DP18 5.47 0  00:19 49.03 0.11 2.97 2.44 0.43 0.43 0.00
14 DP22=>DP23 11.88 0  00:33 131.64 0.09 1.04 1.99 0.90 0.33 0.00
15 DP26=>DP27 2.74 0  00:18 55.24 0.05 3.12 3.10 0.31 0.31 0.00
16 DP28=>DP21 4.77 0  00:34 48.71 0.10 3.36 0.94 0.42 0.41 0.00
17 DP29=>DP27 7.74 0  00:15 48.97 0.16 1.54 0.22 0.50 0.49 0.00
18 DP30=>DP31 9.85 0  00:15 13.52 0.73 3.02 3.37 0.88 0.87 0.00
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Pipe Input
Element Length Inlet Outlet Total Average Pipe Pipe Pipe Manning's
ID Invert Invert Drop Slope Shape Diameter or Width Roughness

Elevation Elevation Height
(ft) (ft) (ft) (ft) (%) (in) (in)

DP02=>DIV01 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP02=>DP03 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP02=>DP04 1.00 5330.43 5330.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DIV02 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP05=>DP06 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP05=>DP07 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP06=>Out-H4 1.00 5322.33 5322.33 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP11a=>DP11 0.00 5315.50 5315.50 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP13=>DP23 0.00 5315.80 5315.80 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP13=>Out-H1 1.00 5312.38 5312.38 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP18=>DET03 0.00 5320.76 5320.76 0.00 0.0000 Dummy 0.000 0.000 0.0320
DP19=>DP20 450.00 5320.50 5318.03 2.47 0.5500 CIRCULAR 18.000 18.000 0.0150
DP20=>DP21 290.00 5318.03 5316.50 1.53 0.5300 CIRCULAR 24.000 24.000 0.0150
DP21=>DET01 1.00 5316.95 5316.50 0.45 45.0000 Dummy 0.000 0.000 0.0150
DP23=>DP11 60.00 5315.80 5315.50 0.30 0.5000 Rectangular 18.000 120.000 0.0150
DP24=>DP18 116.00 5321.32 5320.50 0.82 0.7100 CIRCULAR 24.000 24.000 0.0150
DP25a=>DP24 112.00 5321.86 5321.32 0.54 0.4800 CIRCULAR 24.000 24.000 0.0150
DP27=>DET02 0.00 5318.43 5318.43 0.00 0.0000 Dummy 0.000 0.000 0.0150
DP31=>DET04 0.00 5315.65 5315.65 0.00 0.0000 Dummy 0.000 0.000 0.0150
DPH2=>Out-DPH2 1.00 5321.00 5321.00 0.00 0.0000 Dummy 0.000 0.000 0.0320
DPH3=>OutDPH3 1.00 5322.25 5322.25 0.00 0.0000 Dummy 0.000 0.000 0.0320
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Pipe Results
SN Element Peak Time of Design Flow Peak Flow Travel Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Velocity Time Depth Surcharged Number Condition
Occurrence

(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)
1 DP02=>DIV01 79.89 0  00:11 0.00 0.00 1.08 0.00 Calculated
2 DP02=>DP03 39.95 0  00:11 0.00 0.00 1.08 0.00 Calculated
3 DP02=>DP04 39.95 0  00:11 0.00 0.00 1.08 0.00 Calculated
4 DP05=>DIV02 58.55 0  00:13 0.00 0.00 0.43 0.00 Calculated
5 DP05=>DP06 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
6 DP05=>DP07 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
7 DP06=>Out-H4 29.28 0  00:13 0.00 0.00 0.43 0.00 Calculated
8 DP11a=>DP11 29.00 0  00:16 0.00 0.00 2.25 0.00 Calculated
9 DP13=>DP23 6.84 0  00:17 0.00 0.00 0.50 0.00 Calculated

10 DP13=>Out-H1 124.28 0  00:22 0.00 0.00 0.50 0.00 Calculated
11 DP18=>DET03 25.37 0  00:16 0.00 0.00 0.43 0.00 Calculated
12 DP19=>DP20 4.72 0  00:35 6.74 4.26 1.76 0.92 0.00 Calculated
13 DP20=>DP21 13.64 0  00:16 14.24 5.21 0.93 1.57 0.00 Calculated
14 DP21=>DET01 19.11 0  00:16 0.00 0.00 1.57 0.00 Calculated
15 DP23=>DP11 87.56 0  00:28 158.04 5.47 0.18 0.80 0.00 Calculated
16 DP24=>DP18 14.96 0  00:15 16.48 5.97 0.32 1.49 0.00 Calculated
17 DP25a=>DP24 11.69 0  00:15 13.61 5.62 0.33 1.43 0.00 Calculated
18 DP27=>DET02 19.81 0  00:16 0.00 0.00 0.31 0.00 Calculated
19 DP31=>DET04 15.30 0  00:13 0.00 0.00 0.88 0.00 Calculated
20 DPH2=>Out-DPH2 0.99 0  00:20 0.00 0.00 0.88 0.00 Calculated
21 DPH3=>OutDPH3 15.82 0  00:36 0.00 0.00 0.88 0.00 Calculated
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

Storage Nodes

    Storage Node : DET01

          Input Data

5316.50
5321.00
4.50
5317.90
1.40
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DET01

Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
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Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)
0 0 0.000

0.5 1869 467.25
1.5 7359 5081.25
2.5 9279 13400.25
3.5 10844 23461.75
4.5 12389 35078.25
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DET01 (continued)

          Outflow Weirs

Element Weir Crest Length Weir Total Discharge
ID Type Elevation Height Coefficient

(ft) (ft) (ft)
DET01 V-Notch 5318.50 12.00 2.50 2.40

          Output Summary Results

19.11
0.00
11.89
0.00
5319.84
3.34
5318.62

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................

Peak Inflow (cfs) ............................................................
Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
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5318.62
2.12
0  00:32
0.000
0
0
0.00

Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Average HGL Elevation Attained (ft) ..............................
Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DET02

          Input Data

5317.44
5322.00
4.56
5318.50
1.06
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DET02

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)

Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
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(ft) (ft ) (ft )
0 0 0.000

0.06 0 0.00
1.06 0 0.00
1.56 1586 396.50
2.56 6685 4532.00
3.56 11730 13739.50
4.56 19160 29184.50
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DET02 (continued)

          Outflow Orifices

Element Orifice Orifice Circular Rectangular Rectangular Orifice Orifice
ID Type Shape Orifice Orifice Orifice Invert Coefficient

Diameter Height Width Elevation
(in) (in) (in) (ft)

DET02 Side CIRCULAR 10.00 5317.44 0.61

          Output Summary Results

19.81
0.00
4.77
0.00
5321.01
3.57

Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
Max HGL Depth Attained (ft) .........................................

Peak Inflow (cfs) ............................................................
Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
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3.57
5317.57
0.13
0  00:31
0.000
0
0
0.00

Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................
Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DET03

          Input Data

5320.50
5325.00
4.50
5320.50
0.00
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DET03

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)

Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
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(ft) (ft ) (ft )
0 0 0.000

0.5 289 72.25
1.5 3619 2026.25
2.5 9546 8608.75
3.5 15784 21273.75
4.5 25455 41893.25
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DET03 (continued)

          Outflow Orifices

Element Orifice Orifice Circular Rectangular Rectangular Orifice Orifice
ID Type Shape Orifice Orifice Orifice Invert Coefficient

Diameter Height Width Elevation
(in) (in) (in) (ft)

DET03 Side CIRCULAR 10.00 5320.50 0.61

          Output Summary Results

25.37
0.00
4.72
0.00
5324.00
3.5

Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
Max HGL Depth Attained (ft) .........................................

Peak Inflow (cfs) ............................................................
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3.5
5320.61
0.11
0  00:33
0.000
0
0
0.00

Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DET04

          Input Data

5315.65
5317.30
1.65
5316.20
0.55
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DET04

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)

Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
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(ft) (ft ) (ft )
0 0 0.000

0.35 2161 378.17
1.35 4996 3956.67
1.65 5774 5572.17
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DET04 (continued)

          Outflow Weirs

Element Weir Crest Length Weir Total Discharge
ID Type Elevation Height Coefficient

(ft) (ft) (ft)
DET04 Trapezoidal 5316.40 2.00 0.90 3.33

          Output Summary Results

15.30
0.00
13.10
0.00
5317.28
1.63
5316.41

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................

Peak Inflow (cfs) ............................................................
Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
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5316.41
0.76
0  00:18
0.000
0
0
0.00

Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Average HGL Elevation Attained (ft) ..............................
Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DP08

          Input Data

5316.53
5318.00
1.47
5316.53
0.00
0.00
0.00

          Storage Area Volume Curves
Storage Curve : DP8-Storage

Stage Storage Storage
Area Volume

(ft) (ft²) (ft³)

Initial Water Depth (ft) ....................................................
Ponded Area (ft²) ...........................................................
Evaporation Loss ...........................................................

Invert Elevation (ft) .........................................................
Max (Rim) Elevation (ft) .................................................
Max (Rim) Offset (ft) ......................................................
Initial Water Elevation (ft) ..............................................
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(ft) (ft ) (ft )
0 0 0.000
.5 2936 734.00

1.5 16617 10510.50
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  B1006
Boulder Creek Commons Subdivision

    1006-HYD-100YR-P

    Storage Node : DP08 (continued)

          Outflow Weirs

Element Weir Crest Length Weir Total Discharge
ID Type Elevation Height Coefficient

(ft) (ft) (ft)
DP08=>DP11 Trapezoidal 5316.53 4.00 0.50 3.33
DP08=>DP11a Trapezoidal 5317.03 20.00 1.00 3.33

          Output Summary Results

46.65
29.99
46.12
0.00
5317.48
0.95

Peak Exfiltration Flow Rate (cfm) ..................................
Max HGL Elevation Attained (ft) ....................................
Max HGL Depth Attained (ft) .........................................

Peak Inflow (cfs) ............................................................
Peak Lateral Inflow (cfs) ................................................
Peak Outflow (cfs) .........................................................
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0.95
5316.54
0.0100000000000002
0  00:16
0.000
0
0
0.00

Total Exfiltration Volume (1000-ft³) ................................
Total Flooded Volume (ac-in) ........................................
Total Time Flooded (min) ..............................................
Total Retention Time (sec) ............................................

Max HGL Depth Attained (ft) .........................................
Average HGL Elevation Attained (ft) ..............................
Average HGL Depth Attained (ft) ...................................
Time of Max HGL Occurrence (days hh:mm) ...............
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CITY OF BOULDER 
Planning and Development Services 
 
1739 Broadway, Third Floor  •  P.O. Box 791, Boulder, Colorado  80306-0791 
phone 303-441-1880  •  fax 303-441-3241  •  email  plandevelop@bouldercolorado.gov 
www.boulderplandevelop.net

March 21, 2011 

Leslie Ewy 
The Sanitas Group, LLC 
1022 Willow Place 
Louisville, Colorado 80027 

RE: Hogan Pancost Flood Flows 

Dear Leslie; 

In accordance with your request, the City of Boulder is providing 100-year flood flow rate information 
for the Hogan Pancost property located at 5399 Kewanee Drive.  This flow rate information was 
prepared by CH2M Hill on March 16, 2011, for the preferred transect locations that you requested on 
March 9, 2011.  The flow rate information was developed from the current regulatory MIKE FLOOD 
floodplain analysis for South Boulder Creek and is shown in the table below: 

100-Year Flood Flow Information 

Section

1D
Peak Flow 

(cfs)

2D
Peak Flow 

(cfs)

Combined
Peak Flow 

(cfs)
DCD1 106.10 12.86 117.91
DCD2 92.03 44.11 135.35
DCD3 56.06 74.96 130.54
DCD4 84.19 48.30 131.68
DCD5 87.04 43.81 130.12
DCD6 175.12 3.86 177.50
HP1 0.00 8.55 8.55
HP2 0.00 9.27 9.27
HP3 0.00 8.22 8.22
HP4 0.00 0.00 0.00
HP5 0.00 0.00 0.00
KEW1 0.00 48.15 48.15

The MIKE FLOOD floodplain analysis and associated floodplain mapping for South Boulder Creek was 
adopted by the City of Boulder for regulatory purposes, effective January 1, 2009.  The study has not 
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CITY OF BOULDER 
Planning and Development Services 
 
1739 Broadway, Third Floor  •  P.O. Box 791, Boulder, Colorado  80306-0791 
phone 303-441-1880  •  fax 303-441-3241  •  email  plandevelop@bouldercolorado.gov 
www.boulderplandevelop.net

been officially adopted by the Federal Emergency Management Association (FEMA) at this time and is 
subject to change.  A Letter of Map Revision (LOMR) request was sent to FEMA on December 30, 
2008.  On March 25, 2009, FEMA notified the City of Boulder that they intend to adopt the revised 
floodplain mapping.  Recently, the City of Boulder was informed by FEMA that they will not officially 
adopt the new floodplain maps until late 2011 when the digital flood insurance rate maps are adopted for 
Boulder County. 

As you are aware, all floodplain information is subject to change.  Floodwater depths, flow velocities 
and floodplain boundaries can all change based on revised topography, better surveying techniques, new 
floodplain analyses, updated hydrology, and construction activities.  The construction at the Hogan 
Pancost site will be subject to the mapping and regulations in place at the time of building permit 
application.

Please let me know if you have any questions. 

Sincerely,

Katie Knapp, P.E., CFM 
City of Boulder 
Public Works 
Floodplain and Wetland Administrator 
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PRELIMINARY STORM WATER REPORT AND PLAN FOR:

5399 KEWANEE DRIVE AND 5697 S. BOULDER ROAD
LOCATED IN THE SW1

4 OF SECTION 3 AND THE SE1
4 OF SECTION 4,

T1S, R70W, 6TH P.M., COUNTY OF BOULDER, STATE OF COLORADO
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SECTION A
Introduction

The proposed Boulder Creek Commons is to be located west of 55th Street between South

Boulder Road and Baseline Road in Boulder, Colorado. The site is proposed to contain 65

single-family detached homes, six duplex residential homes, and a 50-unit congregate

care facility. Access to the site is proposed from 55th Street and Kewanee Drive. The

November, 2010 Hogan-Pancost Property Traffic Impact Study by Drexel, Barrell &

Company (Drexel Barrell TIS) estimated the impacts of a similar proposal on this site. 

This analysis determines the traffic impacts of the proposed development on the

surrounding roadway system. The following analysis procedures were utilized in the

evaluation:

• A review and analysis of present roadway and traffic conditions in the vicinity
of the site. This task included conducting updated traffic counts and a review
of the planned and proposed roadway improvements in the general vicinity.

• A summary of the accident history at majority intersections in the area from the
Drexel Barrell TIS.

• A projection of future background traffic volumes on the adjacent roadway
system for 2032.

• An identification of potential travel demand management strategies that could
reduce vehicle-trips to and from the site.

• A determination of the average weekday and peak-hour traffic that would be
generated by the proposed development and an analysis of the estimated
directional distribution of site-generated traffic and an assignment of that traffic
to the adjacent roadway network.

• A determination of future traffic impacts associated with the proposed develop-
ment.  These impacts are based upon estimates of the total amount of traffic on
the surrounding roadway system and the resulting Levels of Service (LOS) at the
key intersections in the vicinity of the development.

• A traffic signal warrant analysis for the unsignalized intersection of South
Boulder Road/55th Street.

Boulder Creek Commons (LSC #110320) December 20, 2012
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• A determination of street and access improvements that will be necessary to
mitigate the traffic impacts associated with the proposed development.

Boulder Creek Commons (LSC #110320) December 20, 2012
LSC Transportation Consultants, Inc. Page 2
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SECTION B
Roadway and Traffic Conditions

The location of the proposed Boulder Creek Commons is shown in Figure 1. The site is

located west of 55th Street between South Boulder Road and Baseline Road. The

surrounding area is residential, education, and recreation uses.

Area Roadways

Major roadways in the vicinity of the site are illustrated in Figure 1, with the site plan

shown in Figure 2. Existing traffic volumes, lane geometry and traffic controls are shown

in Figures 3 and 4. The following is a brief discussion of existing roadway conditions and

anticipated future roadway improvements:

• South Boulder Road is a four-lane east-west arterial roadway connecting US 36
on the west with the City of Louisville to the east. It is posted at 35 mph in the
vicinity of 55th Street, but changes to 45 mph about 400 feet to the east of 55th

Street. The unsignalized intersection with Manhattan Drive is planned to be
signalized by the City of Boulder in the next one to three years.

• Baseline Road is a four-lane east-west arterial roadway in the vicinity of 55th

Street, but narrows to two lanes east of 55th Street. It is posted at 35 mph.

• 55th Street is a two-lane north-south collector street in the vicinity of the
proposed development. It connects Pearl Parkway on the north with South
Boulder Road on the south. It is posted at 25 mph in the vicinity of the site. 

• Manhattan Drive is a north-south local street connecting South Boulder Road
on the south with Baseline Road on the north. It is posted at 25 mph.

• Kewanee Drive is an east-west residential collector street that extends east from
Manhattan Drive and terminates at the site of the proposed development.

Existing Traffic Volumes

Peak-hour turning movement counts were conducted by Counter Measures, Inc. at the

Baseline Road/Manhattan Drive, Baseline Road/55th Street, South Boulder Road/

Manhattan Drive, South Boulder Road/55th Street, and Manhattan Drive/Kewanee Street

intersections on Tuesday, April 24, 2012 or Wednesday, April 25, 2012. The counts were

Boulder Creek Commons (LSC #110320) December 20, 2012
LSC Transportation Consultants, Inc. Page 3
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conducted from 6:30 to 8:30 AM and from 4:00 to 6:00 PM. Twenty-four-hour counts were

also conducted at various locations. The raw traffic count data is included in Appendix A.

The existing peak-hour traffic volumes are shown in Figure 3 and the existing lane

geometry and traffic control is shown in Figure 4. The actual peak-hours were determined

to be 7:30 AM to 8:30 AM and 5:00 PM to 6:00 PM. The existing afternoon peak-hour

volumes were adjusted to account for higher activity at East Boulder Community Park

than was occurring at the time the counts were conducted. The Manhattan Middle School

had a late start on the day counts were conducted at the Manhattan/Kewanee inter-

section, so the existing peak-hour volumes at Manhattan/Kewanee were adjusted higher.

To be conservative, both the morning and afternoon volumes were increased. These

adjustments are detailed in Figure A1 in Appendix A. 

Accident Analysis

Accident reports were obtained by the City of Boulder Police Department for the inter-

sections of S. Boulder Road/Manhattan Drive, S. Boulder Road/55th, Baseline/

Manhattan, and Baseline/55th. The data includes accidents from Year 2005 through a

portion of Year 2010. Below is a summary by intersection.

• South Boulder Road/Manhattan

A total of 17 accidents was reported at this intersection between 2005 and April
2010. One fatality was reported in October, 2007 due to a pedestrian
“improperly entering the intersection”. Two injury accidents were reported in
2005 - both cited to driver error or careless driving. The details follow:

2005: Four accidents occurred in 2005 and they were all rear-end type
accidents. Three of the four occurred on Manhattan.
2006: Three accidents occurred in 2006 and were comprised of one rear-
end and two right-angle where the turning vehicle failed to yield the right-
of-way. The rear end accident occurred on Manhattan and the right-angle
accidents occurred on Boulder Road.
2007: Four accidents occurred in 2007. Two of the four accidents were
vehicles hitting the median on Boulder Road. One swerved to avoid an
animal and the other was cited as reckless driving. A third accident was a
rear-end type accident on Manhattan where a vehicle backed into another.
The fourth was a fatality accident where an eastbound vehicle hit a
northbound pedestrian that entered the intersection improperly.

Boulder Creek Commons (LSC #110320) December 20, 2012
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2008: Four accidents occurred in 2008. One was a side-swipe on Boulder
Road due to icy road conditions. One was a southbound vehicle turning
right that collided with a parked vehicle in the westbound direction. The
site line was blocked by a fire truck. The third was a rear-end on
Manhattan and the fourth was on Boulder Road where two vehicles collided
due to an improper lane change.
2009: One accident occurred in 2009. This accident was caused by driver
error (driver’s dog jumped on him) and the vehicle hit a power pole on
Boulder Road.
2010: One accident occurred in which a single vehicle collided with several
objects on Boulder Road. Reckless driving was cited.

There does not appear to be a particular trend of accidents that could be
corrected by intersection improvements or changes. Most of the accidents over
the 5 year –plus period were due to driver error and reckless driving. No road-
way or intersection improvements are recommended due to the accident history.

• South Boulder Road/55th

Only one accident was reported at this intersection for the study years. The
accident occurred in 2006 and involved one vehicle that collided with the
median on Boulder Road. Careless driving was cited. No roadway and/or inter-
section improvements are recommended due to the accident history.

• Baseline/55th 

A total of 31 accidents occurred at this intersection between 2005 and 2009. No
fatalities were reported but four injury accidents occurred.

2005: Five accidents occurred in 2005. Four were rear-end accidents of
which three occurred on 55th Street in the southbound direction. The fifth
accident was a right-angle accident on Baseline where the turning vehicle
failed to yield the right-of-way.
2006: Six accidents occurred in 2006. Two involved single vehicles – one
hit the median on Baseline and one hit a deer. Three were rear-end
accidents – two on Baseline and one on 55th. The sixth accident was a
right-angle on Baseline where the turning vehicle didn’t yield the
right-of-way.
2007: Eight accidents occurred in 2007. Four of the eight accidents were
rear-end of which three occurred on 55th. A fifth was a sideswipe on Base-
line. The other three were right-angle accidents on Baseline where the
reason cited was failure to yield right-of-way.
2008: Eight accidents occurred in 2008. Of the eight accidents, five
involved vehicles hitting bicyclists. All five occurred during daylight hours
- four during the summer months, the other in November. The accidents
involved vehicles turning left or right and failing to yield to a bicyclist.
Three resulted in injuries. Two of the eight accidents were rear-end

Boulder Creek Commons (LSC #110320) December 20, 2012
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accidents that occurred on 55th Street. The eighth accident occurred on
Baseline and was due to an improper lane change.
2009: Four accidents occurred in 2009. Two involved single vehicles that
hit objects due to careless driving. A third was a vehicle that hit a bicyclist,
resulting in injury. The vehicle was turning left off of Baseline and hit the
bicyclist. The fourth accident was a rear-end accident on 55th. 

One pattern that is shown at this intersection is the accidents between vehicles
and bicyclists. Six accidents involving bicyclists is a pattern and this inter-
section should be annually reviewed by the City of Boulder to see if there are
any treatment/improvements that would better accommodate bicycles. 

• Baseline/Manhattan

A total of 14 accidents occurred at this intersection between 2005 and 2009. No
fatalities were reported but three injury accidents occurred.

2005: Six accidents occurred in 2005. Four were rear-end accidents of
which three occurred on Manhattan in the northbound direction. The fifth
accident was a right-angle accident where a vehicle turning onto Man-
hattan failed to yield right-of-way to a vehicle on Manhattan. The sixth
accident involved a vehicle that hit a pedestrian. The vehicle was north-
bound on Manhattan turning left onto Baseline and failed to yield to the
pedestrian crossing north on Baseline.
2006: One accident occurred in 2006. The accident was a rear-end
accident where an eastbound vehicle slowed to turn right onto Manhattan
and was rear-ended.
2007: Two accidents occurred in 2007 just south of the intersection. One
vehicle hit a parked car on Manhattan and the other hit a southbound car
as it pulled out of its parking place.
2008: One accident occurred in 2008. It also occurred south of the inter-
section and involved a vehicle pulling out of a driveway hitting a north-
bound vehicle.
2009: Four accidents occurred in 2009. One involved an eastbound vehicle
hitting a pedestrian crossing Baseline. One involved an eastbound vehicle
turning right onto Baseline and hitting a bicyclist. The third was a result
of an illegal westbound u-turn hitting an eastbound vehicle. The fourth was
a rear-end accident on Manhattan where the vehicle failed to stop.

There is no apparent pattern of accidents that appears correctable by inter-
section modifications.

The projected increase in traffic to the study intersections from the proposed project does

not indicate that accidents would increase or that there would be improvements

warranted due to accidents.

Boulder Creek Commons (LSC #110320) December 20, 2012
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Future Traffic Conditions

Projections of 2032 peak-hour traffic volumes have been made for the roadway system

adjacent to the site in order to have a basis for determining future traffic impacts. Year

2032 traffic projections, shown in Figure 5, were made assuming a 0.5 percent annual

growth rate for through movements on South Boulder Road and 1.2 percent annual

growth rate for through movements on Baseline Road and the north leg of the Baseline

Road/55th Street intersection. These growth rates are consistent with the Boulder TDM

Model and the assumptions of the Drexel Barrell TIS.

Boulder Creek Commons (LSC #110320) December 20, 2012
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SECTION C
Travel Demand Management

A separate plan has been developed for Travel Demand Management. The following is a

brief summary of that plan.

Alternative Modes and Internal Trip Reduction

Figures 6 and 7 depict nearby alternate modes facilities near the project site. The site is

located near Boulder’s extensive network of on-street and off-street bikeways. The

proximity to this network and to several bus routes will likely reduce the number of

vehicle-trips generated by Boulder Creek Commons. To encourage alternative mode use,

the applicant will investigate and evaluate the following travel demand management

strategies:

Purchase of EcoPasses for the single-family residences and access to Via’s
(formerly Special Transit) demand-response services for the congregate care
facility;

Distribution of TDM orientation packets for residents and employees and
coordination of annual follow-up surveys;

Provide sidewalks on both sides of the residential streets and two pedestrian
connections and one multi-use path connection (12' wide concrete);

Provide on-street bicycle connection between the Manhattan Drive and 55th

Street bike routes;

Signage prohibiting parking along the west lane of 55th Street adjacent to the
site.

An alternative mode reduction percentage of 15% was assumed based on comments

contained in the City of Boulder’s letter, dated August 20, 2010.
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SECTION D
Traffic Generation

Based on generation rates cited in the current edition (2008) of Trip Generation, published

by the Institute of Transportation Engineers (ITE), traffic generation estimates have been

calculated for the proposed Boulder Creek Commons. The results of these calculations

are depicted in the enclosed Table 1. 

As indicated in Table 1, with an alternate mode reduction of 15%, the proposed use is

expected to generate about 707 new external vehicle-trips during an average weekday. 

During the morning peak-hour, the site will generate a total of 49 vehicle-trips with 12

entering and 37 exiting the site. During the evening peak-hour, a total of 66 vehicle-trips

will be generated with 41 vehicles entering and 25 exiting the site. Also shown in Table 1

are the trip generation estimates of the November, 2010 land use plan. The current

proposal will generate about 69 less daily vehicle-trips than what was estimated in

November, 2010. Note that 50 of the dwelling units are congregate care units which are

estimated to generate significantly less traffic than single-family dwelling units. The

intended use of the congregate care facility is expected to generate traffic more similar to

the “Senior Housing - Attached” trip generation data in the ITE data. The slightly higher

Senior Housing - Attached rates were used in Table 1.
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SECTION E
Distribution and Assignment

Traffic Distribution

The directional distribution of generated vehicular traffic on the roadways providing

access to and from the proposed development is one of the most important elements in

planning specific access requirements and in determining its traffic impacts on

surrounding roadways and intersections. Major factors that have influenced the traffic

distribution assumptions include:

• The relative location and proposed land use of the site.

• The roadway network serving the site.

• The planned access system on the site.

• The existing traffic patterns in the area as evidenced by traffic counts
conducted in April, 2012. 

About 35 percent of site-generated traffic will utilize Baseline Road to and from the west

to access the site; 30 percent will utilize South Boulder Road to and from the west; 15

percent will utilize 55th Street to and from the north; 15 percent will utilize Baseline Road

to and from the east; and five percent will utilize S. Boulder Road to and from the east.

These trip distribution percentages are the same as used in the Drexel Barrell TIS and

were developed after discussion with the City of Boulder. These percentages are shown

graphically in Figure 8.

Project-Generated Traffic

Figure 9 illustrates the assignment of project-generated weekday peak-hour traffic onto

the adjacent street system. This assignment of project-generated traffic is based upon the

traffic distribution percentages shown in Figure 8 and the vehicle-trip generation

estimates of Table 1.
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Total Traffic

Existing plus site-generated and 2032 total traffic volumes on the adjacent roadway

network are shown in Figures 10 and 11, respectively. These total volumes were derived

by adding site-generated traffic to the existing traffic and to the 2032 background traffic. 
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SECTION F
Traffic Impacts

Average Daily Traffic Impacts

When project-generated and total traffic volumes on nearby roadways are estimated, the

relative impact of the facilities on the surrounding roadway system can be illustrated.

Figure 12 shows average daily project-generated traffic as an increment of the total

average daily traffic for the Year 2032 and expected roadway capacity.

Peak-Hour Traffic Impacts and Intersection Capacity Analysis

A more significant methodology for determining traffic impacts is to examine the Levels

of Service at individual intersections and access points that will be directly impacted by

the development. In this particular case, the expected impacts are primarily concentrated

at the intersections of Kewanee Drive/Manhattan Drive, Baseline Road/Manhattan Drive,

Baseline Road/55th Street, South Boulder Road/Manhattan Drive, and South Boulder

Road/55th Street.  To assess the short and long-term traffic impacts of the Boulder Creek

Commons, intersection Level of Service analyses have been conducted at these inter-

sections for the weekday peak-hours. The traffic volumes of Figures 3, 5, 10 and 11 have

been used in this analysis. Intersection capacities have been analyzed in accordance with

the requirements of the Highway Capacity Manual (HCM), using the “operations”

methodology. The concept of Level of Service (LOS) is used as a basis for computing

combinations of roadway operating conditions. By definition, six different Levels of Service

are used (A, B, C, D, E and F) with “A” being a free-flow condition and “E” representing

the “capacity” of a given intersection or traffic movement. The complete analysis reports

are found in Appendix B of this report and the results of the capacity analyses are shown

in Table 2. This table shows LOS conditions for 2012 and 2032 both with and without the

addition of site traffic.

• Kewanee Drive/Manhattan Drive: All approaches are expected to operate at LOS
“B” or better through the Year 2032 with or without the addition of site traffic.
A sensitivity analysis was performed that indicates LOS “B” would be
maintained even if the Manhattan Drive through volumes grow to twice that
shown in Figure 11.
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• Baseline Road/Manhattan Drive: This signalized intersection is expected to
operate at (LOS “B” with all movements operating at LOS “D” or better through
2032 with or without the addition of site traffic.

• Baseline Road/55th Street: This unsignalized intersection is expected to operate
at LOS “C” or better with all movements operating at LOS “D” or better through
2032 with or without the addition of site traffic.

• South Boulder Road/Manhattan Drive: The northbound and southbound
approaches currently operate at LOS “F” with stop-sign control and will
continue to do so with the addition of site traffic. The City of Boulder has
funding identified to signalize this intersection in the next one to three years.
After signalization, the intersection will operate at an acceptable level of service
through 2032 with or without the addition of site traffic.

• South Boulder Road/55th Street: The southbound approach is expected to
operate at LOS “D” through 2032 with the following exception: With the addition
of site traffic, the afternoon peak-hour in 2032 could operate at LOS “E” with an
average delay of about 37 seconds. It is recommended, the southbound
approach be restriped to separate 11-foot left- and right-turn lanes.

Peak-Hour Traffic Signal Warrant Study

A peak-hour warrant analysis was performed for the intersection of South Boulder Road

and 55th Street based on Warrant No. 3 of the Manual on Uniform Traffic Control Devices.

Year 2012 and 2032 traffic volumes were used for the analysis. Only 25% of southbound

right-turning traffic was assumed in the calculations because it is recommend that

separate right- and left-turn lanes be striped on the southbound approach. The analyses,

shown in Figure 13, indicate that the South Boulder Road/55th Street intersection will not

satisfy the peak-hour signal warrant through 2032 with or without the addition of site

traffic.
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SECTION G
Conclusions

Based on the foregoing analysis, the following conclusions may be made regarding the

traffic impacts of Boulder Creek Commons:

1. The site will have a full movement access to 55th Street and to Kewanee Drive.

2. The site is located near Boulder’s extensive network of on-street and off-street
bikeways. The proximity to this network and to several bus routes will likely
reduce the number of vehicle-trips generated by the site. Combined alternative
mode use is expected to be 15 percent.

3. The site is proposed to contain 65 single-family detached homes, six duplex
residential homes, and a 50-unit congregate care facility. Assuming an alter-
native mode and internal trips reduction of 15 percent, the proposed use is
expected to generate about 707 vehicle-trips during an average weekday with
about half entering the site and about half exiting the site. During the morning
peak-hour, the site will generate a total of 49 vehicle-trips with 12 entering and
37 exiting the site. During the evening peak-hour, a total of 66 vehicle-trips will
be generated with 41 vehicles entering and 25 exiting the site. 

4. Distribution of retail and residential trips is expected to be as follows:

Baseline Road to/from the west
S. Boulder Road to/from the west
55th Street to/from the north
Baseline Road to/from the east
S. Boulder Road to/from the east

35%
30%
15%
15%
5%

5. In order to reduce vehicular travel to and from the site a Travel Demand
Management TDM Program should be implemented that considers improve-
ments that would encourage alternative modes of travel. A separate TDM Plan
has been developed.

6. All movements at the site access intersections are expected to operate at good
levels of service.

7. The northbound and southbound approaches at the South Boulder Road/
Manhattan Drive intersection currently operate at LOS “F” with stop-sign
control. The City of Boulder has funding identified to signalize this intersection
in the next one to three years. After signalization, the intersection will operate
at an acceptable level of service through 2032, with or without the addition of
site traffic. 

Boulder Creek Commons (LSC #110320) December 20, 2012
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8. The southbound approach at the South Boulder Road/55th Street intersection
could operate at LOS “E” by 2032 with the addition of site traffic. It is
recommended the approach be restriped with separate 11-foot wide right- and
left-turn lanes. A peak-hour traffic signal warrant is not expected to be met
through 2032.

9. Kewanee Drive is a residential collector street with a design traffic volume of
between 1,000 and 2,500 vehicles per day per the City’s Design and Construction
Standards (DCS). The average daily volume expected on Kewanee Drive after the
addition of site traffic would be about 600 vehicles per day. For reference, a
residential street has a design traffic volume of between 500 and 1,000 vehicles
per day per the City’s DCS.

10. Traffic associated with the Boulder Creek Commons can be safely
accommodated by the adjacent roadway network with the improvements
recommended herein.

Boulder Creek Commons (LSC #110320) December 20, 2012
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APPENDIX A
Traffic Counts and Adjustments
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APPENDIX B
Capacity Analysis
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HCM Unsignalized Intersection Capacity Analysis Existing
5: Kewanee Drive & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 1
LSC, Inc.

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 3 7 125 2 2 100
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 4 8 149 2 2 119
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 274 150 151
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 274 150 151
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 100
cM capacity (veh/h) 715 896 1430

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 12 151 121
Volume Left 4 0 2
Volume Right 8 2 0
cSH 833 1700 1430
Volume to Capacity 0.01 0.09 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 9.4 0.0 0.2
Lane LOS A A
Approach Delay (s) 9.4 0.0 0.2
Approach LOS A

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 16.9% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis Existing
6: Baseline Road & 55th Street AM Peak

8/6/2012 Synchro 6 Report
CSM Page 2
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3316 1770 1863 1583 1770 1863 1583
Flt Permitted 0.28 1.00 1.00 0.64 1.00 0.74 1.00 1.00 0.73 1.00 1.00
Satd. Flow (perm) 514 1863 1583 1192 3316 1383 1863 1583 1360 1863 1583
Volume (vph) 314 172 22 17 454 328 35 38 9 41 21 165
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 341 187 24 18 493 357 38 41 10 45 23 179
RTOR Reduction (vph) 0 0 6 0 107 0 0 0 9 0 0 140
Lane Group Flow (vph) 341 187 18 18 743 0 38 41 1 45 23 39
Turn Type pm+pt Perm Perm Perm Perm Perm pm+ov
Protected Phases 7 4 8 2 6 7
Permitted Phases 4 4 8 2 2 6 6
Actuated Green, G (s) 76.0 76.0 76.0 64.4 64.4 16.0 16.0 16.0 16.0 16.0 23.6
Effective Green, g (s) 75.0 74.3 74.3 62.7 62.7 14.4 14.4 14.4 14.4 14.4 21.6
Actuated g/C Ratio 0.75 0.74 0.74 0.63 0.63 0.14 0.14 0.14 0.14 0.14 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 468 1384 1176 747 2079 199 268 228 196 268 421
v/s Ratio Prot c0.05 0.10 0.22 0.02 0.01 0.01
v/s Ratio Perm c0.50 0.01 0.02 0.03 0.00 c0.03 0.02
v/c Ratio 0.73 0.14 0.02 0.02 0.36 0.19 0.15 0.01 0.23 0.09 0.09
Uniform Delay, d1 5.4 3.7 3.3 7.1 9.0 37.7 37.5 36.7 37.9 37.1 31.4
Progression Factor 3.20 0.33 0.22 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.5 0.2 0.0 0.1 0.5 2.1 1.2 0.1 2.7 0.6 0.1
Delay (s) 22.7 1.4 0.8 7.1 9.4 39.8 38.7 36.7 40.6 37.7 31.4
Level of Service C A A A A D D D D D C
Approach Delay (s) 14.5 9.4 38.9 33.7
Approach LOS B A D C

Intersection Summary
HCM Average Control Delay 15.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 63.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Existing
9: South Boulder Road & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 3
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 82 489 53 22 1094 26 10 3 4 15 1 99
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 92 549 60 25 1229 29 11 3 4 17 1 111
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1258 609 1539 2071 304 1758 2087 629
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1258 609 1539 2071 304 1758 2087 629
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 83 97 77 92 99 61 97 74
cM capacity (veh/h) 548 966 49 43 691 43 42 425

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1 SB 1
Volume Total 92 366 243 25 819 439 19 129
Volume Left 92 0 0 25 0 0 11 17
Volume Right 0 0 60 0 0 29 4 111
cSH 548 1700 1700 966 1700 1700 61 190
Volume to Capacity 0.17 0.22 0.14 0.03 0.48 0.26 0.32 0.68
Queue Length 95th (ft) 15 0 0 2 0 0 28 103
Control Delay (s) 12.9 0.0 0.0 8.8 0.0 0.0 89.7 56.6
Lane LOS B A F F
Approach Delay (s) 1.7 0.2 89.7 56.6
Approach LOS F F

Intersection Summary
Average Delay 4.9
Intersection Capacity Utilization 52.6% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis Existing
11: Baseline Road & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 4
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 1.00 1.00 0.90 1.00 0.89
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3443 1770 3537 1770 1675 1770 1663
Flt Permitted 0.39 1.00 0.40 1.00 0.73 1.00 0.70 1.00
Satd. Flow (perm) 717 3443 738 3537 1351 1675 1307 1663
Volume (vph) 64 476 106 28 600 3 193 26 52 5 13 32
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 70 517 115 30 652 3 210 28 57 5 14 35
RTOR Reduction (vph) 0 19 0 0 0 0 0 43 0 0 26 0
Lane Group Flow (vph) 70 613 0 30 655 0 210 42 0 5 23 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 462 2217 475 2278 338 419 327 416
v/s Ratio Prot 0.18 c0.19 0.03 0.01
v/s Ratio Perm 0.10 0.04 c0.16 0.00
v/c Ratio 0.15 0.28 0.06 0.29 0.62 0.10 0.02 0.05
Uniform Delay, d1 7.0 7.7 6.6 7.8 33.3 28.9 28.2 28.5
Progression Factor 1.00 1.00 0.98 0.95 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 0.3 0.2 0.3 8.3 0.5 0.1 0.3
Delay (s) 7.7 8.0 6.7 7.7 41.6 29.3 28.3 28.8
Level of Service A A A A D C C C
Approach Delay (s) 8.0 7.7 38.1 28.7
Approach LOS A A D C

Intersection Summary
HCM Average Control Delay 13.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 51.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Existing
19: South Boulder Road & 55th Street AM Peak

8/6/2012 Synchro 6 Report
CSM Page 5
LSC, Inc.

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 50 452 1070 16 11 50
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 60 538 1274 19 13 60
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1293 1671 646
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1293 1671 646
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 89 83 86
cM capacity (veh/h) 532 77 414

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 60 269 269 849 444 73
Volume Left 60 0 0 0 0 13
Volume Right 0 0 0 0 19 60
cSH 532 1700 1700 1700 1700 231
Volume to Capacity 0.11 0.16 0.16 0.50 0.26 0.31
Queue Length 95th (ft) 9 0 0 0 0 32
Control Delay (s) 12.6 0.0 0.0 0.0 0.0 27.5
Lane LOS B D
Approach Delay (s) 1.3 0.0 27.5
Approach LOS D

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 47.1% ICU Level of Service A
Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis Existing
5: Kewanee Drive & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 1
LSC, Inc.

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 2 6 125 0 5 125
Peak Hour Factor 0.67 0.67 0.67 0.67 0.67 0.67
Hourly flow rate (vph) 3 9 187 0 7 187
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 388 187 187
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 388 187 187
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 612 856 1388

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 12 187 194
Volume Left 3 0 7
Volume Right 9 0 0
cSH 778 1700 1388
Volume to Capacity 0.02 0.11 0.01
Queue Length 95th (ft) 1 0 0
Control Delay (s) 9.7 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.7 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 20.6% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis Existing
6: Baseline Road & 55th Street PM Peak

8/6/2012 Synchro 6 Report
CSM Page 2
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3432 1770 1863 1583 1770 1863 1583
Flt Permitted 0.49 1.00 1.00 0.51 1.00 0.69 1.00 1.00 0.71 1.00 1.00
Satd. Flow (perm) 909 1863 1583 946 3432 1286 1863 1583 1326 1863 1583
Volume (vph) 195 381 135 30 247 63 110 60 25 247 90 326
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 224 438 155 34 284 72 126 69 29 284 103 375
RTOR Reduction (vph) 0 0 66 0 22 0 0 0 20 0 0 244
Lane Group Flow (vph) 224 438 89 34 334 0 126 69 9 284 103 131
Turn Type pm+pt Perm Perm Perm Perm Perm pm+ov
Protected Phases 7 4 8 2 6 7
Permitted Phases 4 4 8 2 2 6 6
Actuated Green, G (s) 59.0 59.0 59.0 51.0 51.0 33.0 33.0 33.0 33.0 33.0 37.0
Effective Green, g (s) 58.0 57.3 57.3 49.3 49.3 31.4 31.4 31.4 31.4 31.4 35.0
Actuated g/C Ratio 0.58 0.57 0.57 0.49 0.49 0.31 0.31 0.31 0.31 0.31 0.35
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 553 1067 907 466 1692 404 585 497 416 585 633
v/s Ratio Prot 0.01 c0.24 0.10 0.04 0.06 0.01
v/s Ratio Perm c0.22 0.06 0.04 0.10 0.01 c0.21 0.08
v/c Ratio 0.41 0.41 0.10 0.07 0.20 0.31 0.12 0.02 0.68 0.18 0.21
Uniform Delay, d1 12.0 11.9 9.7 13.3 14.2 26.1 24.4 23.7 30.0 24.9 22.8
Progression Factor 0.45 0.50 0.12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.1 0.2 0.3 0.3 2.0 0.4 0.1 8.8 0.7 0.2
Delay (s) 5.9 7.1 1.4 13.6 14.5 28.1 24.8 23.7 38.7 25.6 22.9
Level of Service A A A B B C C C D C C
Approach Delay (s) 5.7 14.4 26.5 29.2
Approach LOS A B C C

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 11.3
Intersection Capacity Utilization 57.9% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Existing
9: South Boulder Road & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 3
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 144 1000 20 17 610 24 44 7 42 32 1 96
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 162 1124 22 19 685 27 49 8 47 36 1 108
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 712 1146 1948 2209 573 1674 2207 356
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 712 1146 1948 2209 573 1674 2207 356
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 82 97 0 77 90 8 97 83
cM capacity (veh/h) 883 605 26 35 463 39 35 640

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1 SB 1
Volume Total 162 749 397 19 457 255 104 145
Volume Left 162 0 0 19 0 0 49 36
Volume Right 0 0 22 0 0 27 47 108
cSH 883 1700 1700 605 1700 1700 47 129
Volume to Capacity 0.18 0.44 0.23 0.03 0.27 0.15 2.20 1.12
Queue Length 95th (ft) 17 0 0 2 0 0 269 210
Control Delay (s) 10.0 0.0 0.0 11.1 0.0 0.0 737.8 181.8
Lane LOS A B F F
Approach Delay (s) 1.2 0.3 737.8 181.8
Approach LOS F F

Intersection Summary
Average Delay 46.0
Intersection Capacity Utilization 51.4% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis Existing
11: Baseline Road & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 4
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.89 1.00 0.92
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3405 1770 3536 1770 1654 1770 1719
Flt Permitted 0.39 1.00 0.26 1.00 0.73 1.00 0.71 1.00
Satd. Flow (perm) 728 3405 480 3536 1365 1654 1324 1719
Volume (vph) 100 650 220 73 575 4 170 16 48 12 16 17
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Adj. Flow (vph) 111 722 244 81 639 4 189 18 53 13 18 19
RTOR Reduction (vph) 0 33 0 0 0 0 0 40 0 0 14 0
Lane Group Flow (vph) 111 933 0 81 643 0 189 31 0 13 23 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 469 2193 309 2277 341 414 331 430
v/s Ratio Prot c0.27 0.18 0.02 0.01
v/s Ratio Perm 0.15 0.17 c0.14 0.01
v/c Ratio 0.24 0.43 0.26 0.28 0.55 0.08 0.04 0.05
Uniform Delay, d1 7.5 8.7 7.6 7.7 32.6 28.7 28.4 28.5
Progression Factor 1.00 1.00 0.73 0.76 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 0.6 2.0 0.3 6.4 0.4 0.2 0.2
Delay (s) 8.7 9.3 7.5 6.2 39.0 29.0 28.6 28.7
Level of Service A A A A D C C C
Approach Delay (s) 9.3 6.4 36.3 28.7
Approach LOS A A D C

Intersection Summary
HCM Average Control Delay 12.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 58.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Existing
19: South Boulder Road & 55th Street PM Peak

8/6/2012 Synchro 6 Report
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 120 915 556 25 35 105
Peak Hour Factor 0.91 0.91 0.91 0.91 0.91 0.91
Hourly flow rate (vph) 132 1005 611 27 38 115
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 638 1391 319
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 638 1391 319
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 86 66 83
cM capacity (veh/h) 941 114 676

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 132 503 503 407 231 154
Volume Left 132 0 0 0 0 38
Volume Right 0 0 0 0 27 115
cSH 941 1700 1700 1700 1700 304
Volume to Capacity 0.14 0.30 0.30 0.24 0.14 0.51
Queue Length 95th (ft) 12 0 0 0 0 67
Control Delay (s) 9.4 0.0 0.0 0.0 0.0 28.4
Lane LOS A D
Approach Delay (s) 1.1 0.0 28.4
Approach LOS D

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 41.2% ICU Level of Service A
Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis Existing + Site
5: Kewanee Drive & Manhattan Drive AM Peak
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 9 19 125 4 6 100
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 11 23 149 5 7 119
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 285 151 154
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 285 151 154
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 97 99
cM capacity (veh/h) 702 895 1427

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 33 154 126
Volume Left 11 0 7
Volume Right 23 5 0
cSH 822 1700 1427
Volume to Capacity 0.04 0.09 0.01
Queue Length 95th (ft) 3 0 0
Control Delay (s) 9.6 0.0 0.5
Lane LOS A A
Approach Delay (s) 9.6 0.0 0.5
Approach LOS A

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 20.2% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis Existing + Site
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3317 1770 1863 1583 1770 1863 1583
Flt Permitted 0.27 1.00 1.00 0.64 1.00 0.74 1.00 1.00 0.73 1.00 1.00
Satd. Flow (perm) 512 1863 1583 1188 3317 1380 1863 1583 1353 1863 1583
Volume (vph) 314 175 23 18 455 328 38 43 11 41 23 165
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 341 190 25 20 495 357 41 47 12 45 25 179
RTOR Reduction (vph) 0 0 6 0 106 0 0 0 10 0 0 140
Lane Group Flow (vph) 341 190 19 20 746 0 41 47 2 45 25 39
Turn Type pm+pt Perm Perm Perm Perm Perm pm+ov
Protected Phases 7 4 8 2 6 7
Permitted Phases 4 4 8 2 2 6 6
Actuated Green, G (s) 76.0 76.0 76.0 64.3 64.3 16.0 16.0 16.0 16.0 16.0 23.7
Effective Green, g (s) 75.0 74.3 74.3 62.6 62.6 14.4 14.4 14.4 14.4 14.4 21.7
Actuated g/C Ratio 0.75 0.74 0.74 0.63 0.63 0.14 0.14 0.14 0.14 0.14 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 468 1384 1176 744 2076 199 268 228 195 268 423
v/s Ratio Prot c0.05 0.10 0.22 0.03 0.01 0.01
v/s Ratio Perm c0.50 0.01 0.02 0.03 0.00 c0.03 0.02
v/c Ratio 0.73 0.14 0.02 0.03 0.36 0.21 0.18 0.01 0.23 0.09 0.09
Uniform Delay, d1 5.4 3.7 3.3 7.1 9.0 37.8 37.6 36.7 37.9 37.1 31.3
Progression Factor 3.14 0.34 0.24 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.5 0.2 0.0 0.1 0.5 2.3 1.4 0.1 2.7 0.7 0.1
Delay (s) 22.4 1.4 0.8 7.2 9.5 40.1 39.0 36.7 40.6 37.8 31.4
Level of Service C A A A A D D D D D C
Approach Delay (s) 14.3 9.5 39.2 33.7
Approach LOS B A D C

Intersection Summary
HCM Average Control Delay 16.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 63.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Existing + Site
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 84 491 53 22 1099 26 10 3 4 16 1 104
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 94 552 60 25 1235 29 11 3 4 18 1 117
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1264 611 1554 2084 306 1770 2099 632
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1264 611 1554 2084 306 1770 2099 632
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 83 97 76 92 99 57 97 72
cM capacity (veh/h) 546 964 46 42 690 42 41 423

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1 SB 1
Volume Total 94 368 243 25 823 441 19 136
Volume Left 94 0 0 25 0 0 11 18
Volume Right 0 0 60 0 0 29 4 117
cSH 546 1700 1700 964 1700 1700 58 186
Volume to Capacity 0.17 0.22 0.14 0.03 0.48 0.26 0.33 0.73
Queue Length 95th (ft) 16 0 0 2 0 0 30 117
Control Delay (s) 13.0 0.0 0.0 8.8 0.0 0.0 94.9 64.0
Lane LOS B A F F
Approach Delay (s) 1.7 0.2 94.9 64.0
Approach LOS F F

Intersection Summary
Average Delay 5.6
Intersection Capacity Utilization 53.2% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis Existing + Site
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 1.00 1.00 0.90 1.00 0.89
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3441 1770 3537 1770 1672 1770 1663
Flt Permitted 0.38 1.00 0.39 1.00 0.73 1.00 0.70 1.00
Satd. Flow (perm) 715 3441 734 3537 1351 1672 1304 1663
Volume (vph) 64 477 109 29 603 3 201 26 55 5 13 32
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 70 518 118 32 655 3 218 28 60 5 14 35
RTOR Reduction (vph) 0 20 0 0 0 0 0 45 0 0 26 0
Lane Group Flow (vph) 70 616 0 32 658 0 218 43 0 5 23 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 460 2216 473 2278 338 418 326 416
v/s Ratio Prot 0.18 c0.19 0.03 0.01
v/s Ratio Perm 0.10 0.04 c0.16 0.00
v/c Ratio 0.15 0.28 0.07 0.29 0.64 0.10 0.02 0.05
Uniform Delay, d1 7.0 7.7 6.6 7.8 33.5 28.9 28.2 28.5
Progression Factor 1.00 1.00 0.98 0.96 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 0.3 0.3 0.3 9.2 0.5 0.1 0.3
Delay (s) 7.7 8.0 6.8 7.8 42.7 29.4 28.3 28.8
Level of Service A A A A D C C C
Approach Delay (s) 8.0 7.7 38.9 28.7
Approach LOS A A D C

Intersection Summary
HCM Average Control Delay 13.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 51.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

Agenda Item 5A Page 618 of 784



HCM Unsignalized Intersection Capacity Analysis Existing + Site
19: South Boulder Road & 55th Street AM Peak

8/6/2012 Synchro 6 Report
CSM Page 5
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Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 52 453 1070 16 12 55
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 62 539 1274 19 14 65
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1293 1677 646
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1293 1677 646
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 88 81 84
cM capacity (veh/h) 532 76 414

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 62 270 270 849 444 80
Volume Left 62 0 0 0 0 14
Volume Right 0 0 0 0 19 65
cSH 532 1700 1700 1700 1700 230
Volume to Capacity 0.12 0.16 0.16 0.50 0.26 0.35
Queue Length 95th (ft) 10 0 0 0 0 37
Control Delay (s) 12.7 0.0 0.0 0.0 0.0 28.7
Lane LOS B D
Approach Delay (s) 1.3 0.0 28.7
Approach LOS D

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 47.5% ICU Level of Service A
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 7 15 125 7 20 125
Peak Hour Factor 0.67 0.67 0.67 0.67 0.67 0.67
Hourly flow rate (vph) 10 22 187 10 30 187
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 438 192 197
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 438 192 197
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 97 98
cM capacity (veh/h) 563 850 1376

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 33 197 216
Volume Left 10 0 30
Volume Right 22 10 0
cSH 732 1700 1376
Volume to Capacity 0.04 0.12 0.02
Queue Length 95th (ft) 4 0 2
Control Delay (s) 10.2 0.0 1.2
Lane LOS B A
Approach Delay (s) 10.2 0.0 1.2
Approach LOS B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 28.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3433 1770 1863 1583 1770 1863 1583
Flt Permitted 0.48 1.00 1.00 0.51 1.00 0.69 1.00 1.00 0.71 1.00 1.00
Satd. Flow (perm) 903 1863 1583 941 3433 1278 1863 1583 1320 1863 1583
Volume (vph) 195 384 139 32 251 63 113 64 26 247 96 326
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 224 441 160 37 289 72 130 74 30 284 110 375
RTOR Reduction (vph) 0 0 68 0 22 0 0 0 21 0 0 244
Lane Group Flow (vph) 224 441 92 37 339 0 130 74 9 284 110 131
Turn Type pm+pt Perm Perm Perm Perm Perm pm+ov
Protected Phases 7 4 8 2 6 7
Permitted Phases 4 4 8 2 2 6 6
Actuated Green, G (s) 59.0 59.0 59.0 51.0 51.0 33.0 33.0 33.0 33.0 33.0 37.0
Effective Green, g (s) 58.0 57.3 57.3 49.3 49.3 31.4 31.4 31.4 31.4 31.4 35.0
Actuated g/C Ratio 0.58 0.57 0.57 0.49 0.49 0.31 0.31 0.31 0.31 0.31 0.35
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 550 1067 907 464 1692 401 585 497 414 585 633
v/s Ratio Prot 0.01 c0.24 0.10 0.04 0.06 0.01
v/s Ratio Perm 0.22 0.06 0.04 0.10 0.01 c0.22 0.08
v/c Ratio 0.41 0.41 0.10 0.08 0.20 0.32 0.13 0.02 0.69 0.19 0.21
Uniform Delay, d1 12.1 11.9 9.7 13.4 14.3 26.2 24.5 23.7 30.0 25.0 22.8
Progression Factor 0.46 0.51 0.12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.1 0.2 0.3 0.3 2.1 0.4 0.1 8.9 0.7 0.2
Delay (s) 6.0 7.2 1.4 13.7 14.5 28.3 24.9 23.7 38.9 25.7 22.9
Level of Service A A A B B C C C D C C
Approach Delay (s) 5.7 14.5 26.7 29.2
Approach LOS A B C C

Intersection Summary
HCM Average Control Delay 17.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 11.3
Intersection Capacity Utilization 58.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

Agenda Item 5A Page 621 of 784



HCM Unsignalized Intersection Capacity Analysis Existing + Site
9: South Boulder Road & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 3
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Volume (veh/h) 150 1006 20 17 614 25 44 7 42 33 1 100
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 169 1130 22 19 690 28 49 8 47 37 1 112
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 718 1153 1975 2235 576 1696 2232 359
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 718 1153 1975 2235 576 1696 2232 359
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 81 97 0 76 90 0 97 82
cM capacity (veh/h) 879 602 25 33 460 37 33 638

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 WB 3 NB 1 SB 1
Volume Total 169 754 399 19 460 258 104 151
Volume Left 169 0 0 19 0 0 49 37
Volume Right 0 0 22 0 0 28 47 112
cSH 879 1700 1700 602 1700 1700 45 124
Volume to Capacity 0.19 0.44 0.23 0.03 0.27 0.15 2.34 1.21
Queue Length 95th (ft) 18 0 0 2 0 0 276 234
Control Delay (s) 10.1 0.0 0.0 11.2 0.0 0.0 808.3 217.3
Lane LOS B B F F
Approach Delay (s) 1.3 0.3 808.3 217.3
Approach LOS F F

Intersection Summary
Average Delay 51.5
Intersection Capacity Utilization 51.6% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.89 1.00 0.92
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3401 1770 3536 1770 1650 1770 1719
Flt Permitted 0.39 1.00 0.25 1.00 0.73 1.00 0.71 1.00
Satd. Flow (perm) 725 3401 468 3536 1365 1650 1319 1719
Volume (vph) 100 654 231 77 578 4 176 16 51 12 16 17
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Adj. Flow (vph) 111 727 257 86 642 4 196 18 57 13 18 19
RTOR Reduction (vph) 0 36 0 0 0 0 0 43 0 0 14 0
Lane Group Flow (vph) 111 948 0 86 646 0 196 32 0 13 23 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 467 2190 301 2277 341 413 330 430
v/s Ratio Prot c0.28 0.18 0.02 0.01
v/s Ratio Perm 0.15 0.18 c0.14 0.01
v/c Ratio 0.24 0.43 0.29 0.28 0.57 0.08 0.04 0.05
Uniform Delay, d1 7.5 8.8 7.8 7.8 32.8 28.7 28.4 28.5
Progression Factor 1.00 1.00 0.73 0.77 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 0.6 2.3 0.3 6.9 0.4 0.2 0.2
Delay (s) 8.7 9.4 7.9 6.2 39.7 29.1 28.6 28.7
Level of Service A A A A D C C C
Approach Delay (s) 9.3 6.4 36.8 28.7
Approach LOS A A D C

Intersection Summary
HCM Average Control Delay 12.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 59.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis Existing + Site
19: South Boulder Road & 55th Street PM Peak

8/6/2012 Synchro 6 Report
CSM Page 5
LSC, Inc.

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 126 916 557 26 36 109
Peak Hour Factor 0.91 0.91 0.91 0.91 0.91 0.91
Hourly flow rate (vph) 138 1007 612 29 40 120
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 641 1407 320
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 641 1407 320
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 85 64 82
cM capacity (veh/h) 940 111 675

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 138 503 503 408 233 159
Volume Left 138 0 0 0 0 40
Volume Right 0 0 0 0 29 120
cSH 940 1700 1700 1700 1700 298
Volume to Capacity 0.15 0.30 0.30 0.24 0.14 0.53
Queue Length 95th (ft) 13 0 0 0 0 74
Control Delay (s) 9.5 0.0 0.0 0.0 0.0 30.1
Lane LOS A D
Approach Delay (s) 1.1 0.0 30.1
Approach LOS D

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 41.9% ICU Level of Service A
Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis 2032 Background
5: Kewanee Drive & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 1
LSC, Inc.

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 5 10 130 5 5 105
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 12 155 6 6 125
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 295 158 161
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 295 158 161
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 693 888 1418

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 18 161 131
Volume Left 6 0 6
Volume Right 12 6 0
cSH 812 1700 1418
Volume to Capacity 0.02 0.09 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 9.5 0.0 0.4
Lane LOS A A
Approach Delay (s) 9.5 0.0 0.4
Approach LOS A

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 19.6% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis 2032 Background
6: Baseline Road & 55th Street AM Peak

8/6/2012 Synchro 6 Report
CSM Page 2
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3317 1770 1863 1583 1770 1863 1583
Flt Permitted 0.18 1.00 1.00 0.61 1.00 0.74 1.00 1.00 0.73 1.00 1.00
Satd. Flow (perm) 328 1863 1583 1136 3317 1378 1863 1583 1358 1863 1583
Volume (vph) 400 220 25 20 575 415 35 40 10 55 25 210
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 435 239 27 22 625 451 38 43 11 60 27 228
RTOR Reduction (vph) 0 0 7 0 130 0 0 0 9 0 0 160
Lane Group Flow (vph) 435 239 20 22 946 0 38 43 2 60 27 68
Turn Type pm+pt Perm Perm Perm Perm Perm pm+ov
Protected Phases 7 4 8 2 6 7
Permitted Phases 4 4 8 2 2 6 6
Actuated Green, G (s) 76.0 76.0 76.0 56.0 56.0 16.0 16.0 16.0 16.0 16.0 32.0
Effective Green, g (s) 75.0 74.3 74.3 54.3 54.3 14.4 14.4 14.4 14.4 14.4 30.0
Actuated g/C Ratio 0.75 0.74 0.74 0.54 0.54 0.14 0.14 0.14 0.14 0.14 0.30
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 462 1384 1176 617 1801 198 268 228 196 268 554
v/s Ratio Prot c0.14 0.13 0.29 0.02 0.01 0.02
v/s Ratio Perm c0.57 0.01 0.02 0.03 0.00 c0.04 0.02
v/c Ratio 0.94 0.17 0.02 0.04 0.53 0.19 0.16 0.01 0.31 0.10 0.12
Uniform Delay, d1 18.4 3.8 3.3 10.6 14.6 37.7 37.5 36.7 38.3 37.2 25.4
Progression Factor 1.38 0.26 0.12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 28.8 0.3 0.0 0.1 1.1 2.1 1.3 0.1 4.0 0.8 0.5
Delay (s) 54.2 1.2 0.4 10.8 15.7 39.8 38.8 36.7 42.3 37.9 25.9
Level of Service D A A B B D D D D D C
Approach Delay (s) 34.0 15.6 39.0 30.1
Approach LOS C B D C

Intersection Summary
HCM Average Control Delay 24.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 74.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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HCM Signalized Intersection Capacity Analysis 2032 Background
9: South Boulder Road & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 3
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.97 0.89
Flt Protected 0.95 1.00 0.95 1.00 0.97 0.99
Satd. Flow (prot) 1770 3490 1770 3526 1757 1642
Flt Permitted 0.19 1.00 0.41 1.00 0.62 0.96
Satd. Flow (perm) 351 3490 756 3526 1119 1583
Volume (vph) 85 540 55 25 1200 30 10 5 5 15 5 100
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 92 587 60 27 1304 33 11 5 5 16 5 109
RTOR Reduction (vph) 0 4 0 0 1 0 0 5 0 0 87 0
Lane Group Flow (vph) 92 643 0 27 1336 0 0 16 0 0 43 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 83.6 83.6 83.6 83.6 8.4 8.4
Effective Green, g (s) 83.6 83.6 83.6 83.6 8.4 8.4
Actuated g/C Ratio 0.84 0.84 0.84 0.84 0.08 0.08
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 293 2918 632 2948 94 133
v/s Ratio Prot 0.18 c0.38
v/s Ratio Perm 0.26 0.04 0.01 c0.03
v/c Ratio 0.31 0.22 0.04 0.45 0.17 0.32
Uniform Delay, d1 1.8 1.6 1.4 2.2 42.6 43.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.92
Incremental Delay, d2 2.8 0.2 0.1 0.5 0.9 1.4
Delay (s) 4.6 1.8 1.5 2.7 43.5 41.2
Level of Service A A A A D D
Approach Delay (s) 2.2 2.6 43.5 41.2
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 5.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 56.2% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Signalized Intersection Capacity Analysis 2032 Background
11: Baseline Road & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 4
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 1.00 0.90 1.00 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3457 1770 3536 1770 1682 1770 1669
Flt Permitted 0.31 1.00 0.33 1.00 0.72 1.00 0.70 1.00
Satd. Flow (perm) 574 3457 615 3536 1347 1682 1298 1669
Volume (vph) 65 605 110 30 760 5 195 30 55 5 15 33
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 71 658 120 33 826 5 212 33 60 5 16 36
RTOR Reduction (vph) 0 15 0 0 0 0 0 45 0 0 27 0
Lane Group Flow (vph) 71 763 0 33 831 0 212 48 0 5 25 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 2226 396 2277 337 421 325 417
v/s Ratio Prot 0.22 c0.23 0.03 0.01
v/s Ratio Perm 0.12 0.05 c0.16 0.00
v/c Ratio 0.19 0.34 0.08 0.36 0.63 0.11 0.02 0.06
Uniform Delay, d1 7.2 8.1 6.7 8.3 33.4 29.0 28.2 28.6
Progression Factor 1.00 1.00 1.63 1.57 0.97 0.94 1.00 1.00
Incremental Delay, d2 1.2 0.4 0.4 0.4 8.6 0.5 0.1 0.3
Delay (s) 8.4 8.6 11.3 13.4 41.1 27.7 28.3 28.8
Level of Service A A B B D C C C
Approach Delay (s) 8.5 13.3 37.0 28.8
Approach LOS A B D C

Intersection Summary
HCM Average Control Delay 15.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 55.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis 2032 Background
19: South Boulder Road & 55th Street AM Peak

8/6/2012 Synchro 6 Report
CSM Page 5
LSC, Inc.

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 50 500 1180 20 15 50
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 54 543 1283 22 16 54
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 1029
pX, platoon unblocked
vC, conflicting volume 1304 1674 652
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1304 1674 652
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 90 79 87
cM capacity (veh/h) 527 77 410

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 54 272 272 855 449 71
Volume Left 54 0 0 0 0 16
Volume Right 0 0 0 0 22 54
cSH 527 1700 1700 1700 1700 206
Volume to Capacity 0.10 0.16 0.16 0.50 0.26 0.34
Queue Length 95th (ft) 9 0 0 0 0 36
Control Delay (s) 12.6 0.0 0.0 0.0 0.0 31.3
Lane LOS B D
Approach Delay (s) 1.1 0.0 31.3
Approach LOS D

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 50.5% ICU Level of Service A
Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis 2032 Background
5: Kewanee Drive & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 1
LSC, Inc.

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 5 10 130 5 10 130
Peak Hour Factor 0.67 0.67 0.67 0.67 0.67 0.67
Hourly flow rate (vph) 7 15 194 7 15 194
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 422 198 201
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 422 198 201
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 98 99
cM capacity (veh/h) 582 843 1370

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 22 201 209
Volume Left 7 0 15
Volume Right 15 7 0
cSH 734 1700 1370
Volume to Capacity 0.03 0.12 0.01
Queue Length 95th (ft) 2 0 1
Control Delay (s) 10.1 0.0 0.6
Lane LOS B A
Approach Delay (s) 10.1 0.0 0.6
Approach LOS B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 25.1% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis 2032 Background
6: Baseline Road & 55th Street PM Peak

8/6/2012 Synchro 6 Report
CSM Page 2
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3432 1770 1863 1583 1770 1863 1583
Flt Permitted 0.44 1.00 1.00 0.42 1.00 0.69 1.00 1.00 0.71 1.00 1.00
Satd. Flow (perm) 824 1863 1583 777 3432 1292 1863 1583 1331 1863 1583
Volume (vph) 250 500 135 30 315 80 110 60 25 315 90 415
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 1.00
Adj. Flow (vph) 272 543 147 33 342 87 120 65 27 342 98 415
RTOR Reduction (vph) 0 0 63 0 22 0 0 0 19 0 0 270
Lane Group Flow (vph) 272 543 84 33 407 0 120 65 8 342 98 145
Turn Type pm+pt Perm Perm Perm Perm Perm pm+ov
Protected Phases 7 4 8 2 6 7
Permitted Phases 4 4 8 2 2 6 6
Actuated Green, G (s) 59.0 59.0 59.0 51.0 51.0 33.0 33.0 33.0 33.0 33.0 37.0
Effective Green, g (s) 58.0 57.3 57.3 49.3 49.3 31.4 31.4 31.4 31.4 31.4 35.0
Actuated g/C Ratio 0.58 0.57 0.57 0.49 0.49 0.31 0.31 0.31 0.31 0.31 0.35
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 506 1067 907 383 1692 406 585 497 418 585 633
v/s Ratio Prot 0.02 c0.29 0.12 0.03 0.05 0.01
v/s Ratio Perm c0.30 0.05 0.04 0.09 0.01 c0.26 0.08
v/c Ratio 0.54 0.51 0.09 0.09 0.24 0.30 0.11 0.02 0.82 0.17 0.23
Uniform Delay, d1 13.8 12.9 9.6 13.4 14.6 25.9 24.4 23.7 31.7 24.8 23.0
Progression Factor 0.41 0.45 0.09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.6 1.5 0.2 0.4 0.3 1.8 0.4 0.1 16.2 0.6 0.8
Delay (s) 9.3 7.3 1.1 13.9 14.9 27.8 24.8 23.7 47.8 25.5 23.8
Level of Service A A A B B C C C D C C
Approach Delay (s) 6.9 14.8 26.3 33.6
Approach LOS A B C C

Intersection Summary
HCM Average Control Delay 19.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 11.3
Intersection Capacity Utilization 67.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

Agenda Item 5A Page 631 of 784



HCM Signalized Intersection Capacity Analysis 2032 Background
9: South Boulder Road & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 3
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00
Frt 1.00 1.00 1.00 0.99 0.94 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.98 0.99
Satd. Flow (prot) 1770 3530 1770 3520 1711 1662
Flt Permitted 0.36 1.00 0.21 1.00 0.56 0.85
Satd. Flow (perm) 666 3530 397 3520 987 1433
Volume (vph) 145 1100 20 20 675 25 45 10 45 35 5 100
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 158 1196 22 22 734 27 49 11 49 38 5 109
RTOR Reduction (vph) 0 1 0 0 2 0 0 33 0 0 98 0
Lane Group Flow (vph) 158 1217 0 22 759 0 0 76 0 0 54 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 81.6 81.6 81.6 81.6 10.4 10.4
Effective Green, g (s) 81.6 81.6 81.6 81.6 10.4 10.4
Actuated g/C Ratio 0.82 0.82 0.82 0.82 0.10 0.10
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 543 2880 324 2872 103 149
v/s Ratio Prot c0.34 0.22
v/s Ratio Perm 0.24 0.06 c0.08 0.04
v/c Ratio 0.29 0.42 0.07 0.26 0.74 0.36
Uniform Delay, d1 2.2 2.6 1.8 2.2 43.5 41.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.86
Incremental Delay, d2 1.4 0.5 0.4 0.2 23.7 1.4
Delay (s) 3.6 3.0 2.2 2.4 67.2 37.4
Level of Service A A A A E D
Approach Delay (s) 3.1 2.4 67.2 37.4
Approach LOS A A E D

Intersection Summary
HCM Average Control Delay 7.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 54.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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HCM Signalized Intersection Capacity Analysis 2032 Background
11: Baseline Road & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 4
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 1.00 1.00 0.89 1.00 0.93
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3428 1770 3536 1770 1664 1770 1730
Flt Permitted 0.32 1.00 0.20 1.00 0.73 1.00 0.71 1.00
Satd. Flow (perm) 599 3428 379 3536 1359 1664 1318 1730
Volume (vph) 100 825 220 75 730 5 170 20 50 15 20 20
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 1.00
Adj. Flow (vph) 109 897 239 82 793 5 185 22 54 16 22 20
RTOR Reduction (vph) 0 24 0 0 0 0 0 41 0 0 15 0
Lane Group Flow (vph) 109 1112 0 82 798 0 185 36 0 16 27 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 386 2208 244 2277 340 416 330 433
v/s Ratio Prot c0.32 0.23 0.02 0.02
v/s Ratio Perm 0.18 0.22 c0.14 0.01
v/c Ratio 0.28 0.50 0.34 0.35 0.54 0.09 0.05 0.06
Uniform Delay, d1 7.7 9.4 8.1 8.2 32.6 28.7 28.5 28.6
Progression Factor 1.00 1.00 0.86 0.83 0.95 0.88 1.00 1.00
Incremental Delay, d2 1.8 0.8 3.5 0.4 6.0 0.4 0.3 0.3
Delay (s) 9.6 10.2 10.4 7.2 36.9 25.8 28.7 28.8
Level of Service A B B A D C C C
Approach Delay (s) 10.1 7.5 33.7 28.8
Approach LOS B A C C

Intersection Summary
HCM Average Control Delay 12.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 63.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis 2032 Background
19: South Boulder Road & 55th Street PM Peak

8/6/2012 Synchro 6 Report
CSM Page 5
LSC, Inc.

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 120 1000 615 25 35 105
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 130 1087 668 27 38 114
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 1029
pX, platoon unblocked 0.97
vC, conflicting volume 696 1486 348
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 696 1472 348
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 85 61 82
cM capacity (veh/h) 896 98 648

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 130 543 543 446 250 152
Volume Left 130 0 0 0 0 38
Volume Right 0 0 0 0 27 114
cSH 896 1700 1700 1700 1700 269
Volume to Capacity 0.15 0.32 0.32 0.26 0.15 0.56
Queue Length 95th (ft) 13 0 0 0 0 80
Control Delay (s) 9.7 0.0 0.0 0.0 0.0 34.4
Lane LOS A D
Approach Delay (s) 1.0 0.0 34.4
Approach LOS D

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 42.9% ICU Level of Service A
Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis 2032 Total
5: Kewanee Drive & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 1
LSC, Inc.

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 11 22 130 7 9 105
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 13 26 155 8 11 125
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 305 159 163
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 305 159 163
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 97 99
cM capacity (veh/h) 681 886 1416

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 39 163 136
Volume Left 13 0 11
Volume Right 26 8 0
cSH 806 1700 1416
Volume to Capacity 0.05 0.10 0.01
Queue Length 95th (ft) 4 0 1
Control Delay (s) 9.7 0.0 0.7
Lane LOS A A
Approach Delay (s) 9.7 0.0 0.7
Approach LOS A

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 23.0% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis 2032 Total
6: Baseline Road & 55th Street AM Peak

8/6/2012 Synchro 6 Report
CSM Page 2
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3317 1770 1863 1583 1770 1863 1583
Flt Permitted 0.18 1.00 1.00 0.61 1.00 0.74 1.00 1.00 0.73 1.00 1.00
Satd. Flow (perm) 327 1863 1583 1133 3317 1375 1863 1583 1351 1863 1583
Volume (vph) 400 223 26 21 576 415 38 45 12 55 27 210
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 435 242 28 23 626 451 41 49 13 60 29 228
RTOR Reduction (vph) 0 0 7 0 130 0 0 0 11 0 0 160
Lane Group Flow (vph) 435 242 21 23 947 0 41 49 2 60 29 68
Turn Type pm+pt Perm Perm Perm Perm Perm pm+ov
Protected Phases 7 4 8 2 6 7
Permitted Phases 4 4 8 2 2 6 6
Actuated Green, G (s) 76.0 76.0 76.0 56.0 56.0 16.0 16.0 16.0 16.0 16.0 32.0
Effective Green, g (s) 75.0 74.3 74.3 54.3 54.3 14.4 14.4 14.4 14.4 14.4 30.0
Actuated g/C Ratio 0.75 0.74 0.74 0.54 0.54 0.14 0.14 0.14 0.14 0.14 0.30
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 462 1384 1176 615 1801 198 268 228 195 268 554
v/s Ratio Prot c0.14 0.13 0.29 0.03 0.02 0.02
v/s Ratio Perm c0.57 0.01 0.02 0.03 0.00 c0.04 0.02
v/c Ratio 0.94 0.17 0.02 0.04 0.53 0.21 0.18 0.01 0.31 0.11 0.12
Uniform Delay, d1 18.5 3.8 3.3 10.7 14.6 37.8 37.6 36.7 38.3 37.2 25.4
Progression Factor 1.38 0.26 0.12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 28.8 0.3 0.0 0.1 1.1 2.4 1.5 0.1 4.0 0.8 0.5
Delay (s) 54.2 1.3 0.4 10.8 15.7 40.1 39.1 36.7 42.4 38.0 25.9
Level of Service D A A B B D D D D D C
Approach Delay (s) 33.9 15.6 39.2 30.1
Approach LOS C B D C

Intersection Summary
HCM Average Control Delay 24.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 74.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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HCM Signalized Intersection Capacity Analysis 2032 Total
9: South Boulder Road & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 3
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.97 0.89
Flt Protected 0.95 1.00 0.95 1.00 0.97 0.99
Satd. Flow (prot) 1770 3490 1770 3526 1757 1642
Flt Permitted 0.19 1.00 0.41 1.00 0.62 0.96
Satd. Flow (perm) 348 3490 755 3526 1118 1582
Volume (vph) 87 542 55 25 1205 30 10 5 5 16 5 105
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 95 589 60 27 1310 33 11 5 5 17 5 114
RTOR Reduction (vph) 0 4 0 0 1 0 0 5 0 0 86 0
Lane Group Flow (vph) 95 645 0 27 1342 0 0 16 0 0 50 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 83.3 83.3 83.3 83.3 8.7 8.7
Effective Green, g (s) 83.3 83.3 83.3 83.3 8.7 8.7
Actuated g/C Ratio 0.83 0.83 0.83 0.83 0.09 0.09
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 290 2907 629 2937 97 138
v/s Ratio Prot 0.18 c0.38
v/s Ratio Perm 0.27 0.04 0.01 c0.03
v/c Ratio 0.33 0.22 0.04 0.46 0.17 0.36
Uniform Delay, d1 1.9 1.7 1.4 2.3 42.3 43.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.88
Incremental Delay, d2 3.0 0.2 0.1 0.5 0.8 1.6
Delay (s) 4.9 1.9 1.6 2.8 43.1 39.5
Level of Service A A A A D D
Approach Delay (s) 2.3 2.7 43.1 39.5
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 5.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 56.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Signalized Intersection Capacity Analysis 2032 Total
11: Baseline Road & Manhattan Drive AM Peak

8/6/2012 Synchro 6 Report
CSM Page 4
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 1.00 0.90 1.00 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3456 1770 3536 1770 1679 1770 1669
Flt Permitted 0.31 1.00 0.33 1.00 0.72 1.00 0.69 1.00
Satd. Flow (perm) 572 3456 611 3536 1347 1679 1294 1669
Volume (vph) 65 606 113 31 763 5 203 30 58 5 15 33
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 71 659 123 34 829 5 221 33 63 5 16 36
RTOR Reduction (vph) 0 15 0 0 0 0 0 47 0 0 27 0
Lane Group Flow (vph) 71 767 0 34 834 0 221 49 0 5 25 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 368 2226 393 2277 337 420 324 417
v/s Ratio Prot 0.22 c0.24 0.03 0.01
v/s Ratio Perm 0.12 0.06 c0.16 0.00
v/c Ratio 0.19 0.34 0.09 0.37 0.66 0.12 0.02 0.06
Uniform Delay, d1 7.2 8.1 6.7 8.3 33.6 29.0 28.2 28.6
Progression Factor 1.00 1.00 1.61 1.56 0.97 0.94 1.00 1.00
Incremental Delay, d2 1.2 0.4 0.4 0.4 9.5 0.6 0.1 0.3
Delay (s) 8.4 8.6 11.2 13.3 42.2 27.7 28.3 28.8
Level of Service A A B B D C C C
Approach Delay (s) 8.6 13.3 37.8 28.8
Approach LOS A B D C

Intersection Summary
HCM Average Control Delay 15.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 56.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

Agenda Item 5A Page 638 of 784



HCM Unsignalized Intersection Capacity Analysis 2032 Total
19: South Boulder Road & 55th Street AM Peak

8/6/2012 Synchro 6 Report
CSM Page 5
LSC, Inc.

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 52 501 1180 20 16 55
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 57 545 1283 22 17 60
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 1029
pX, platoon unblocked
vC, conflicting volume 1304 1679 652
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1304 1679 652
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 89 77 85
cM capacity (veh/h) 527 77 410

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 57 272 272 855 449 77
Volume Left 57 0 0 0 0 17
Volume Right 0 0 0 0 22 60
cSH 527 1700 1700 1700 1700 207
Volume to Capacity 0.11 0.16 0.16 0.50 0.26 0.37
Queue Length 95th (ft) 9 0 0 0 0 41
Control Delay (s) 12.7 0.0 0.0 0.0 0.0 32.4
Lane LOS B D
Approach Delay (s) 1.2 0.0 32.4
Approach LOS D

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 50.9% ICU Level of Service A
Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis 2032 Total
5: Kewanee Drive & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 1
LSC, Inc.

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Free Free
Grade 0% 0% 0%
Volume (veh/h) 10 19 130 12 25 130
Peak Hour Factor 0.67 0.67 0.67 0.67 0.67 0.67
Hourly flow rate (vph) 15 28 194 18 37 194
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 472 203 212
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 472 203 212
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 97 97
cM capacity (veh/h) 536 838 1358

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 43 212 231
Volume Left 15 0 37
Volume Right 28 18 0
cSH 701 1700 1358
Volume to Capacity 0.06 0.12 0.03
Queue Length 95th (ft) 5 0 2
Control Delay (s) 10.5 0.0 1.4
Lane LOS B A
Approach Delay (s) 10.5 0.0 1.4
Approach LOS B

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 29.1% ICU Level of Service A
Analysis Period (min) 15
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HCM Signalized Intersection Capacity Analysis 2032 Total
6: Baseline Road & 55th Street PM Peak

8/6/2012 Synchro 6 Report
CSM Page 2
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.97 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3433 1770 1863 1583 1770 1863 1583
Flt Permitted 0.44 1.00 1.00 0.41 1.00 0.69 1.00 1.00 0.71 1.00 1.00
Satd. Flow (perm) 818 1863 1583 771 3433 1285 1863 1583 1325 1863 1583
Volume (vph) 250 503 139 32 319 80 113 64 26 315 96 415
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 1.00
Adj. Flow (vph) 272 547 151 35 347 87 123 70 28 342 104 415
RTOR Reduction (vph) 0 0 64 0 22 0 0 0 19 0 0 270
Lane Group Flow (vph) 272 547 87 35 412 0 123 70 9 342 104 145
Turn Type pm+pt Perm Perm Perm Perm Perm pm+ov
Protected Phases 7 4 8 2 6 7
Permitted Phases 4 4 8 2 2 6 6
Actuated Green, G (s) 59.0 59.0 59.0 51.0 51.0 33.0 33.0 33.0 33.0 33.0 37.0
Effective Green, g (s) 58.0 57.3 57.3 49.3 49.3 31.4 31.4 31.4 31.4 31.4 35.0
Actuated g/C Ratio 0.58 0.57 0.57 0.49 0.49 0.31 0.31 0.31 0.31 0.31 0.35
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 503 1067 907 380 1692 403 585 497 416 585 633
v/s Ratio Prot 0.02 c0.29 0.12 0.04 0.06 0.01
v/s Ratio Perm c0.30 0.05 0.05 0.10 0.01 c0.26 0.08
v/c Ratio 0.54 0.51 0.10 0.09 0.24 0.31 0.12 0.02 0.82 0.18 0.23
Uniform Delay, d1 13.9 12.9 9.6 13.5 14.6 26.0 24.4 23.7 31.7 24.9 23.0
Progression Factor 0.41 0.45 0.09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.7 1.6 0.2 0.5 0.3 1.9 0.4 0.1 16.6 0.7 0.8
Delay (s) 9.4 7.4 1.1 13.9 14.9 28.0 24.9 23.7 48.3 25.6 23.8
Level of Service A A A B B C C C D C C
Approach Delay (s) 7.0 14.9 26.5 33.7
Approach LOS A B C C

Intersection Summary
HCM Average Control Delay 19.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 11.3
Intersection Capacity Utilization 68.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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HCM Signalized Intersection Capacity Analysis 2032 Total
9: South Boulder Road & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 3
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00
Frt 1.00 1.00 1.00 0.99 0.94 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.98 0.99
Satd. Flow (prot) 1770 3530 1770 3520 1711 1661
Flt Permitted 0.36 1.00 0.21 1.00 0.55 0.85
Satd. Flow (perm) 662 3530 394 3520 966 1433
Volume (vph) 151 1106 20 20 679 26 45 10 45 36 5 104
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 164 1202 22 22 738 28 49 11 49 39 5 113
RTOR Reduction (vph) 0 1 0 0 2 0 0 33 0 0 101 0
Lane Group Flow (vph) 164 1223 0 22 764 0 0 76 0 0 56 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 81.5 81.5 81.5 81.5 10.5 10.5
Effective Green, g (s) 81.5 81.5 81.5 81.5 10.5 10.5
Actuated g/C Ratio 0.82 0.82 0.82 0.82 0.10 0.10
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 540 2877 321 2869 101 150
v/s Ratio Prot c0.35 0.22
v/s Ratio Perm 0.25 0.06 c0.08 0.04
v/c Ratio 0.30 0.43 0.07 0.27 0.75 0.37
Uniform Delay, d1 2.3 2.6 1.8 2.2 43.5 41.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.84
Incremental Delay, d2 1.4 0.5 0.4 0.2 26.5 1.4
Delay (s) 3.7 3.1 2.2 2.4 70.0 36.6
Level of Service A A A A E D
Approach Delay (s) 3.2 2.4 70.0 36.6
Approach LOS A A E D

Intersection Summary
HCM Average Control Delay 8.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 54.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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HCM Signalized Intersection Capacity Analysis 2032 Total
11: Baseline Road & Manhattan Drive PM Peak

8/6/2012 Synchro 6 Report
CSM Page 4
LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 1.00 1.00 0.89 1.00 0.93
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3424 1770 3536 1770 1660 1770 1730
Flt Permitted 0.32 1.00 0.20 1.00 0.73 1.00 0.70 1.00
Satd. Flow (perm) 596 3424 370 3536 1359 1660 1313 1730
Volume (vph) 100 829 231 79 733 5 176 20 53 15 20 20
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 1.00
Adj. Flow (vph) 109 901 251 86 797 5 191 22 58 16 22 20
RTOR Reduction (vph) 0 25 0 0 0 0 0 44 0 0 15 0
Lane Group Flow (vph) 109 1127 0 86 802 0 191 37 0 16 27 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 384 2205 238 2277 340 415 328 433
v/s Ratio Prot c0.33 0.23 0.02 0.02
v/s Ratio Perm 0.18 0.23 c0.14 0.01
v/c Ratio 0.28 0.51 0.36 0.35 0.56 0.09 0.05 0.06
Uniform Delay, d1 7.8 9.4 8.3 8.2 32.7 28.8 28.5 28.6
Progression Factor 1.00 1.00 0.89 0.84 0.95 0.89 1.00 1.00
Incremental Delay, d2 1.8 0.8 4.0 0.4 6.5 0.4 0.3 0.3
Delay (s) 9.6 10.3 11.3 7.3 37.6 25.9 28.8 28.8
Level of Service A B B A D C C C
Approach Delay (s) 10.2 7.7 34.1 28.8
Approach LOS B A C C

Intersection Summary
HCM Average Control Delay 12.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 64.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis 2032 Total
19: South Boulder Road & 55th Street PM Peak

8/6/2012 Synchro 6 Report
CSM Page 5
LSC, Inc.

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 126 1001 616 26 36 109
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 137 1088 670 28 39 118
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 1029
pX, platoon unblocked 0.97
vC, conflicting volume 698 1502 349
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 698 1487 349
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 85 59 82
cM capacity (veh/h) 894 95 647

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 137 544 544 446 251 158
Volume Left 137 0 0 0 0 39
Volume Right 0 0 0 0 28 118
cSH 894 1700 1700 1700 1700 264
Volume to Capacity 0.15 0.32 0.32 0.26 0.15 0.60
Queue Length 95th (ft) 13 0 0 0 0 88
Control Delay (s) 9.8 0.0 0.0 0.0 0.0 36.9
Lane LOS A E
Approach Delay (s) 1.1 0.0 36.9
Approach LOS E

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 43.5% ICU Level of Service A
Analysis Period (min) 15
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LSC TRANSPORTATION CONSULTANTS, INC.

1889 York Street
Denver, CO 80206

(303) 333-1105
FAX (303) 333-1107

E-mail: lsc@lscdenver.com

January 31, 2013

Mr. Gary Myre 
3195 11th Street 
Boulder, CO 80304

Re: Boulder Creek Commons
Boulder, CO
(LSC #110320)

Dear Mr. Myre: 

We have prepared this memorandum to supplement our December 20, 2012 Boulder Creek
Commons Traffic Impact Analysis (TIA) based on a request from City staff to help address
comments they have received from concerned citizens.

Assignment of Traffic to Manhattan Drive vs. 55th Street

The TIA assumed 35 percent of site traffic would be oriented to/from the west on Baseline
Road. It assumed 25 percent would use Manhattan Drive and ten percent would use 55th

Street between the site and Baseline Road. The City received comments stating that no one
will use the 55th Street option to go to/from the west on Baseline Road. A sensitivity analysis
was completed to determine the affect of all 35 percent using Manhattan Drive. Figure 1
shows an updated directional distribution estimate reflecting this change. Figures 2, 3, and 4
show updated site-generated traffic, updated existing traffic plus site-generated traffic, and
the updated 2032 total traffic. Comparison to the TIA shows very little change in volumes to
the intersections of Baseline Road with both Manhattan Drive and 55th Street. Table 1 shows
the estimated peak-hour levels of service at the intersection of Baseline Road and Manhattan
Drive for the 2032 total traffic. A comparison shows very little difference between the TIA
analysis and the sensitivity analysis.

Assignment of Traffic to Kewanee Street and Cimmaron Way

The TIA assumed all site traffic to/from Manhattan Drive would use Kewanee Drive. This was
to determine if the intersection of Manhattan Drive/Kewanee Drive would operate at an
acceptable level of service if it were used by all vehicles oriented west to/from the site. This
could have led to the conclusion that no site traffic will use Cimmaron Way. The updated
Figures 1 through 4 assume the vehicles oriented north on Manhattan Drive would use
Kewanee Drive to Manhattan Drive. They assume the vehicles oriented south on Manhattan
Drive would use Cimmaron Way between Manhattan Drive and Kewanee Drive. Figure 2
shows it is expected that about 320 new one-way vehicle-trips per day could be added to
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HCM Signalized Intersection Capacity Analysis 2032 Total
11: Baseline Road & Manhattan Drive AM Peak

LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 1.00 0.90 1.00 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3455 1770 3536 1770 1679 1770 1669
Flt Permitted 0.31 1.00 0.33 1.00 0.72 1.00 0.69 1.00
Satd. Flow (perm) 574 3455 611 3536 1347 1679 1294 1669
Volume (vph) 65 605 114 31 760 5 208 30 58 5 15 33
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 71 658 124 34 826 5 226 33 63 5 16 36
RTOR Reduction (vph) 0 16 0 0 0 0 0 47 0 0 27 0
Lane Group Flow (vph) 71 766 0 34 831 0 226 49 0 5 25 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 2225 393 2277 337 420 324 417
v/s Ratio Prot 0.22 c0.23 0.03 0.01
v/s Ratio Perm 0.12 0.06 c0.17 0.00
v/c Ratio 0.19 0.34 0.09 0.36 0.67 0.12 0.02 0.06
Uniform Delay, d1 7.2 8.1 6.7 8.3 33.8 29.0 28.2 28.6
Progression Factor 1.00 1.00 1.61 1.56 0.97 0.93 1.00 1.00
Incremental Delay, d2 1.2 0.4 0.4 0.4 10.1 0.6 0.1 0.3
Delay (s) 8.4 8.6 11.2 13.3 42.9 27.6 28.3 28.8
Level of Service A A B B D C C C
Approach Delay (s) 8.6 13.2 38.4 28.8
Approach LOS A B D C

Intersection Summary
HCM Average Control Delay 15.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 56.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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HCM Signalized Intersection Capacity Analysis 2032 Total
11: Baseline Road & Manhattan Drive PM Peak

LSC, Inc.

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.6 5.6 5.6 5.6 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 1.00 1.00 0.89 1.00 0.93
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 3422 1770 3536 1770 1660 1770 1730
Flt Permitted 0.32 1.00 0.20 1.00 0.73 1.00 0.70 1.00
Satd. Flow (perm) 599 3422 370 3536 1359 1660 1313 1730
Volume (vph) 100 825 234 79 730 5 178 20 53 15 20 20
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 1.00
Adj. Flow (vph) 109 897 254 86 793 5 193 22 58 16 22 20
RTOR Reduction (vph) 0 26 0 0 0 0 0 44 0 0 15 0
Lane Group Flow (vph) 109 1125 0 86 798 0 193 37 0 16 27 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 66.0 66.0 66.0 66.0 26.0 26.0 26.0 26.0
Effective Green, g (s) 64.4 64.4 64.4 64.4 25.0 25.0 25.0 25.0
Actuated g/C Ratio 0.64 0.64 0.64 0.64 0.25 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 386 2204 238 2277 340 415 328 433
v/s Ratio Prot c0.33 0.23 0.02 0.02
v/s Ratio Perm 0.18 0.23 c0.14 0.01
v/c Ratio 0.28 0.51 0.36 0.35 0.57 0.09 0.05 0.06
Uniform Delay, d1 7.7 9.4 8.3 8.2 32.8 28.8 28.5 28.6
Progression Factor 1.00 1.00 0.89 0.84 0.95 0.89 1.00 1.00
Incremental Delay, d2 1.8 0.8 4.0 0.4 6.6 0.4 0.3 0.3
Delay (s) 9.6 10.3 11.3 7.3 37.8 25.9 28.8 28.8
Level of Service A B B A D C C C
Approach Delay (s) 10.2 7.7 34.3 28.8
Approach LOS B A C C

Intersection Summary
HCM Average Control Delay 12.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.6
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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HCM Unsignalized Intersection Capacity Analysis 2032 Total
21: Cimmaron Way & Manhattan Drive AM Peak

LSC, Inc.

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Stop Stop
Volume (vph) 17 10 115 7 5 100
Peak Hour Factor 0.80 0.80 0.80 0.80 0.80 0.80
Hourly flow rate (vph) 21 12 144 9 6 125

Direction, Lane # WB 1 NB 1 SB 1
Volume Total (vph) 34 153 131
Volume Left (vph) 21 0 6
Volume Right (vph) 13 9 0
Hadj (s) -0.06 0.00 0.04
Departure Headway (s) 4.4 4.1 4.2
Degree Utilization, x 0.04 0.17 0.15
Capacity (veh/h) 749 856 848
Control Delay (s) 7.6 8.0 7.9
Approach Delay (s) 7.6 8.0 7.9
Approach LOS A A A

Intersection Summary
Delay 7.9
HCM Level of Service A
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis 2032 Total
21: Cimmaron Way & Manhattan Drive PM Peak

LSC, Inc.

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Sign Control Stop Stop Stop
Volume (vph) 10 5 120 17 10 120
Peak Hour Factor 0.80 0.80 0.80 0.80 0.80 0.80
Hourly flow rate (vph) 12 6 150 21 12 150

Direction, Lane # WB 1 NB 1 SB 1
Volume Total (vph) 19 171 163
Volume Left (vph) 13 0 13
Volume Right (vph) 6 21 0
Hadj (s) -0.03 -0.04 0.05
Departure Headway (s) 4.6 4.1 4.2
Degree Utilization, x 0.02 0.19 0.19
Capacity (veh/h) 722 867 854
Control Delay (s) 7.7 8.0 8.1
Approach Delay (s) 7.7 8.0 8.1
Approach LOS A A A

Intersection Summary
Delay 8.1
HCM Level of Service A
Intersection Capacity Utilization 24.6% ICU Level of Service A
Analysis Period (min) 15
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Introduction
This Travel Demand Management Plan has been prepared for the Boulder Creek

Commons development which is located along 55th Street between Baseline Road and

South Boulder Road in Boulder, Colorado. The site currently is an undeveloped parcel

south of the East Boulder Community Center site. The site is proposed to have a total of

65 single-family homes, six duplex residential homes, and a 50-unit congregate care

facility. The location of the Boulder Creek Commons development with respect to the

surrounding land uses and roadway system is shown in Figure 1.

Existing Alternate Modes Description
The following existing site conditions contribute to the transportation demand manage-

ment goals of the City of Boulder. The Boulder Creek Commons site and development is

well-positioned to make good use of these existing opportunities.

Existing Transit Service

There are two primary transit providers in the Boulder area. The Regional Transportation

District (RTD) is the governing body responsible for fixed-route transit (public trans-

portation) service throughout the Denver metropolitan area, including Boulder. Figure 2

illustrates the existing bus stops and transit routes within the vicinity of the site. There

are a few bus routes within or close to a one-quarter (1/4th mile) walk distance of the site,

including: 

• Route 206 connects Fairview High School, the South Boulder Recreation Center
and downtown Boulder, while passing through many east Boulder neighbor-
hoods. This route provides connections to 29th Street Mall, downtown Boulder
employment, Flatirons Industrial Park, and transfer opportunities at the Table
Mesa park-n-Ride. The nearest stops to the Boulder Creek Commons site are
0.1 miles to 0.2 miles west of the site, along Manhattan Drive. Route 206
operates at 30-minute peak and 30-minute off peak frequencies.

Boulder Creek Commons (LSC #110320) December 20, 2012
LSC Transportation Consultants, Inc. Page 1
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• The DASH route connects Lafayette with Boulder via South Boulder Road and 
Broadway. For residents of Boulder Creek Commons, this route provides
connections to the west side of the CU-Boulder campus, to downtown employ-
ment, and transfer opportunities at the Table Mesa park-n-Ride. The nearest
DASH stops are 0.3 miles south of the Boulder Creek Commons site at 55th

Street and South Boulder Road. The DASH operates on 15-minute peak and 15-
minute off peak frequencies.

• Route 209 is also nearby, at a bit longer walk-access distance of 0.5 miles, and
its frequency of operation, 10-minutes peak and 15-minutes off peak, would
make it attractive to Boulder Creek Commons residents. It provides connections
between the Fraiser Meadows neighborhood on the west side of Foothills Park-
way to the Meadows Shopping Center, the East Campus of CU-Boulder, and
directly into the heart of CU-Boulder’s Main Campus. The walk access is via a
pedestrian overpass crossing of Foothills Parkway, west of the Boulder Creek
Commons site.

The Table Mesa park-n-Ride provides Boulder Creek Commons residents, via the

previously mentioned bus services, opportunities to connect to the following bus routes

which service the rest of the Denver metropolitan area: AB (to DIA), BV & HX (to Down-

town Denver), DD (to destinations along Colorado Boulevard), DM (to the Anschutz Fitz-

simons Medical Complex and CU Health Sciences Center) and route T (to the Denver Tech

Center). This park-n-Ride is 0.8 miles southwest of the Boulder Creek Commons site.

Finally, demand-responsive services are available to both seniors and persons with

disabilities through Via (formerly Special Transit). Established in 1979, this non-profit

provides safe and affordable rides in accessible buses to people with limited mobility.

Rides are scheduled in advance, and have a 30-minute pick-up window.

Existing Bicycle and Pedestrian Network

The City of Boulder maintains an extensive bicycle and pedestrian network throughout

the City. Figure 3 shows bicycle and pedestrian paths within the vicinity of the Boulder

Creek Commons site.  Multi-use paths throughout the East Boulder Community Center

site, just to the northeast of Boulder Creek Commons, provide good linkages. On-street

bike routes or lanes accessible from East Boulder Community Center paths include: 

Boulder Creek Commons (LSC #110320) December 20, 2012
LSC Transportation Consultants, Inc. Page 4
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• 55th Street path both north and south of Boulder Creek Commons;
• Manhattan Drive;
• the Sioux Drive route with Foothills Parkway overpass; and
• South Boulder Road. 

Boulder Creek Commons (LSC #110320) December 20, 2012
LSC Transportation Consultants, Inc. Page 5
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Transportation Demand Management (TDM) Strategy

The City of Boulder’s draft residential development toolkit packages are shown below in 

Table 1. Boulder Creek Commons is a site with more than ten single-family units and 50

congregate care units. The “core elements” section of the table shows elements required

of all new residential developments, including orientation packets, participation in TDM

evaluation programs, and pedestrian, bike, and transit enhancements.

Three toolkit options are available under City of Boulder standards, Package A, Package

B, or a third option to create a custom TDM package. Based on the existing alternate

modes available around the site, Package A is most advantageous for the single-family

portion of the site, requiring the establishment of a single NECO pass participation

program. The elements of Package B are not readily available at this location. The nearest

Bcycle bike share is on 28th Street between Arapahoe and Canyon. The nearest eGo

carshare locations are at Williams Village/Bear Creek (Baseline/30th Street) and the King

Soopers at Table Mesa Drive/Broadway. 

The congregate care facility will be provided with access to Via’s (formerly Special Transit)

demand-responsive services, rather than RTD’s fixed-route system. An Alternative Trans-

portation Subsidy Fund would allow participating seniors to have subsidized rides on Via. 

Table 2 and Figure 4 show the actions that the Boulder Creek Commons intends to take

to fulfill the intent of the Site Review and TDM Plan processes.

Boulder Creek Commons (LSC #110320) December 20, 2012
LSC Transportation Consultants, Inc. Page 7
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Pkg A Pkg B Pkg A Pkg B Pkg A Pkg B Pkg A Pkg B

Orientation Packets

Evaluation

Pedestrian 
Enhancements

Bike Enhancements

Transit Enhancements

Alternative 
Transportation Subsidy 

Fund

Carshare Subsidy

Bikeshare Subsidy

NECO Pass Program 
Participation

C
O

R
E 

EL
EM

EN
TS

TDM Toolkit Element

PA
C

K
A

G
E 

EL
EM

EN
TS

Table 1
City of Boulder Residential Development Toolkit Packages

Single Family
10 Units

Single Family
11 or More Units

Multi-Family
10 Units

Multi-Family
11 or More Units

Residential Toolkit Packages

Boulder Creek Commons (LSC #110320) December 20, 2012
LSC Transportation Consultants, Inc. Page 8
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Actions for Package A

Orientation Packets

An orientation packet will be provided to each new resident of Boulder Creek Commons which includes 
brochures, maps, and other resources to inform residents of their transportation options. This packet will 
include RTD bus information, the City of Boulder bicycle and pedestrian map (or similar), and information on 
special events. This packet will be provided initially by the developer at the time of sale or by a lessor 
thereafter.

Evaluation

Through sales or lease agreement, Boulder Creek Commons residents will agree to participate in annual on-
line or paper surveys regarding their use and satisfaction with transportation demand management 
programs. The evaluation is expected to be administered by the City of Boulder using Survey Monkey or 
similar on-line tools. Boulder Creek Commons will secure agreement to participate, with the expectation that 
10-20% of residents will actually participate based on typical survey return rates. The City of Boulder will be 
responsible for data analysis and summarization.

Pedestrian 
Enhancements

The Boulder Creek Commons site proposes attached sidewalks on both sides of residential access streets 
and detached sidewalks on residential streets. In addition, two pedestrian connections and one multi-use 
path connection (12' wide concrete) will be made to the City of Boulder's multi-use path network north of the 
site.

In addition to the improvements by Boulder Creek Commons, the existing sidewalk/path along 55th Street 
serves as an important connection between Boulder Creek Commons and the East Boulder Community 
Center.

Bike Enhancements

The Boulder Creek Commons site proposes a multi-use path connection that will be made to the City of 
Boulder's multi-use path north of the site.

In addition, it is proposed that signs be placed along the main neighborhood street, in both directions, to 
show a bicycle and on-street bicycle connection between the Manhattan Drive and 55th Street bike routes.

Transit Enhancements
The proposed bicycle and pedestrian enhancements, described above, will increase both walk- and bike-
accessibility to transit routes. Information about transit service will be provided in the orientation packets, 
also described above.

C
O

R
E 

EL
EM

EN
TS

Table 2
Boulder Creek Commons TDM Plan

TDM Toolkit Element

PA
C

K
A

G
E 

EL
EM

EN
TS

NECO Pass Program 
Participation

The Boulder Creek Commons development will create an escrow account for the purchase of Neighborhood 
ECO Pass (NECO Pass) program sufficient for a period of three years for the single-family homes and 
duplexes.  Homeowners and tenants will reimburse the developer these costs through the escrow account at 
the time of sale or lease of the residential units. The cost for Pricing Zone 1 varies per household per year. 
The cost per household will be $113.00 for Year 1, $124.30 for Year 2, and $136.73 for Year 3. The 
estimated three-year cost, not including inflation, is $26,556 .

The congregate care facility will be provided with access to  Via's (formerly Special Transit) demand-
responsive services rather than RTD's fixed route system. This will be funded with an Alternative 
Transportation Subsidy Fund of $18,000 which assumes $2 per ride per unit per week for three years.

Boulder Creek Commons (LSC #110320) December 20, 2012
LSC Transportation Consultants, Inc. Page 9
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March 15, 2013

To whom it may concern,

The following provides a comprehensive list of questions and responses regarding the proposed Boulder
Creek Commons development located at 5399 Kewanee Drive. Responses are provided by City of
Boulder staff, the city contracted 4th party consultant (Anderson Consulting Engineers, Inc.), and the
developer contracted consultants.

Site Plan/Construction
1. The engineering drawing of the site shows a 12 foot wide path over the buried irrigation pipe

along dry creek ditch. Who will be responsible for maintaining the path after the development is
complete?

See attached information provided by the applicant (Attachment A).

2. Will the path be paved, dirt, or gravel?

See attached information provided by the applicant (Attachment A).

3. In the event that it is dirt or gravel, how will the weeds be dealt with?

See attached information provided by the applicant (Attachment A).

4. Almost every neighbor adjacent to the ditch/path has mature trees and most of the trees
overhang the present ditch. Major excavation will be required to bury the dry creek ditch pipe,
put in the path, and put in the flood channel. Will there be an impact to the trees during
construction and with future maintenance?

See attached information provided by the applicant (Attachment A).

5. In the current site excavation plan it shows 2 5 feet of fill being brought in across the site. Is that
correct and what is the total amount (cubic yards) that will need to be brought in. How many
truck trips will that require? What is the typical length of time for doing the site preparation?

The applicant has the following response:

“We estimate that the Boulder Creek Commons project may need 35,065 CY of imported fill. Our
earthwork estimate is based on the most current grading plan “Preliminary Grading Plan – West” dated
12/21/12.

CITY OF BOULDER 
Planning and Development Services 
 
1739 Broadway, Third Floor  •  P.O. Box 791, Boulder, Colorado  80306-0791 
phone 303-441-1880  •  fax 303-441-3241  •  email  plandevelop@bouldercolorado.gov 
www.boulderplandevelop.net
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The type of specific truck used to haul this material to the site has not been determined. The earthwork
contractor will determine the type of truck(s) used on the project. Several factors will determine the
type of truck: location of material source, weight of material, and when the fill material is needed as
earthwork progresses on site. “

Flood
6. In the storm water report they show two representative cross sections of the proposed flood

channel, one south of Kewanee and one north. Is the vertical scale the same as the horizontal
scale?

Under the drawing title, it says, “No Scale”. This indicates that it is schematic and should not be scaled
either vertically or horizontally.

7. Can it be assumed that the relative vertical positioning is representative of the design? Is the top
of the ditch pipe located below the bottom of the channel?

Assumptions on the location of the pipe should not be made based on the schematic drawing.

8. To determine flood elevations would it be safe to assume that the elevation of the bottom of the
channel is the elevation shown in the site topography plan and that the flood elevations would be
2.8 feet above that?

No, the flood water elevation per the calculations is 2.5 feet above the channel bottom. An additional
1/3 flood flow was added to show that the freeboard requirements were met and this calculation shows
the water elevation at 2.75 feet above the channel bottom, but this is not the flood water elevation.

9. The proposed flood channel depth appears to be 2.5 feet. What are the flood elevations in the
channel? Will the flood level in the channel be higher than existing flood levels or adjacent
homes?

The proposed grading ties into the existing grades at the western property line and then slopes down for
the drainage channel. Please clarify where you see the water surface elevations above the existing
homes.

See attached information provided by the applicant (Attachment A).

10. Does the 177 cfs flood flow include the flows along the Superphostical/Howard ditch that is just
over the property line? Why or why not? Would it be safe to assume it carries at least the same
amount of flood waters as Dry Creek ditch (177CSF)?

The proposed project includes the construction of a drainage channel that exits the property south of the
Superphostical/Howard ditch, therefore these flows do not merge on the project site and do not need to
be added to the design of the drainage channel. The project design will need to comply with the city
regulations and the applicant will need to demonstrate that the stormwater discharge off of the property
matches historic conditions.
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In reviewing the floodplain mapping associated with the Howard ditch, it appears that the floodwaters
associated with this ditch are more of a backwater effect that an actual conveyance of the South Boulder
Creek flood waters. I would not assume that the flood flows of these two ditches would be similar.

See attached information provided by the applicant (Attachment A).

11. How fast does the flooding come into the property?

This information would need to be extracted from the floodplain model and is not readily available.

See attached information provided by the applicant (Attachment A).

12. How long does the flooding last?

This information would need to be extracted from the floodplain model and is not readily available.

See attached information provided by the applicant (Attachment A).

13. What is the overall flood volume and duration?

This information would need to be extracted from the floodplain model and is not readily available.

See attached information provided by the applicant (Attachment A).

14. What will the depths of the 100 and 500 year FEMA floods be at Kewanee?

The design calculations for the culvert under Kewanee Drive were not included with the preliminary
drainage report but will be required with the Technical Document application.

See attached information provided by the applicant (Attachment A).

15. How much volume and flow will be directed along the street systems out to that north end in the
500 year flood?

This information is not required to show compliance with the city’s floodplain regulations and is not
readily available. It would need to be extracted from the floodplain models.

See attached information provided by the applicant (Attachment A).

16. Is the flood channel height 2.8 feet above the base elevations of the channel shown on the site
plan?

See attached information provided by the applicant (Attachment A).

17. With the regrading of the EBCC soccer fields a 20,000 square foot pile of earth was removed and
the entire south end was regraded. The width of the flood channel on the north was reduced
from 150 feet to 100 feet due to 2 5 feet of fill being brought in right to the western boundary.
How will these changes affect both the pre and post development flood flows?
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Ground conditions change over time. Only changes within the flood conveyance zone require a
floodplain analysis. Grading and filling within the flood fringe area is allowed under the city’s current
floodplain regulations.

The flood conveyance zone is the area of the floodplain that is reserved for the passage of flood waters.
As mentioned above, grading and fill within the flood fringe area is allowed under the city’s current
floodplain regulations.

See attached information provided by the applicant (Attachment A).

18. Only flood channel flow rates are given but not storm duration or storm volume. Did they not
provide or use hydrographs? Is this normal in designing such a floodway?

The project does not include a floodway, but a drainage channel is proposed along the western side of
the site. Hydrographs are not typically used for a drainage channel analysis. Storm water conveyance
systems are designed for peak flows and detention / retention systems based on volumes. The city does
not evaluate the hydrographs for conveyance systems. The city did not, and is not going to provide
hydrographs from MIKE Flood as this requires post processing of model results that the city does not
need for its studies. The peak flow value is typically the controlling design parameter for storm water
conveyance systems.

See attached information provided by the applicant (Attachment A).

19. What impacts a flood will have to the transportation system in an emergency?

Yes, there are issues with the transportation system during flood events. This is problematic throughout
the city and people need to be aware and try not to drive during a flood event. Our flood preparedness
program includes roadway inundation mapping by event so responders can act accordingly.

20. Has staff done a review of the flood study?

A floodplain analysis is not required for this project since there are not proposed impacts within the flood
conveyance zone. A preliminary drainage report (not a flood study) was submitted with the site review
application and development review staff have reviewed the report. The staff comments on the site
review application are available.

21. Is it normal for a designed flood channel to spill out into a City park without any receiving
infrastructure?

The developer is required to return the flows to pre development condition as they leave the property.
This is a common practice within the city.

22. Why isn’t there modeling being done?

Modeling is only required for improvements within the flood conveyance zone. The proposed flood
channel is not within the conveyance zone, so modeling is not required. Using the peak flows for sizing
the channel is the standard engineering practice. The 100 year peak flood flows were taken from the
MIKE Flood model and used for sizing the flood channel. The rational method was used for sizing site
infrastructure, per the City Design and Construction Standard and UDFCD Standards. Storm drainage
systems for single family residential development are designed for the 2 year event (initial storm), all
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other land uses are for the 5 year event. However, the 100 year event (major storm) must be evaluated
for sizing detention ponds

23. What will happen at the Kewanee/floodway junction in a flood? What kind of problems may
occur with the floodway impeding access to the site and also blocking access out of the site?

Please note that the flood channel is not a floodway. Both the City DCS and the UDFCD standards
recognize that street systems act as drainage systems during major storm events. During minor storm
events, residential/local street flooding can spread to the street crown, but no curb overtopping can
occur and there is a maximum depth of 6 inches in the cross pan. During the major (100 year) flood
event the flood water depths cannot exceed 18 inches. The developer is not required to have all streets
remain free from storm water during the major storm event.

24. What about blockage of the culvert?

The city factors in debris blockage in major drainageway improvement studies. This ranges from 5 100%
depending on the size of the culvert and drainageway characteristics. It will be evaluated as the design
progresses.

25. Are there other storm risks that the city has documented in the past (e.g., the Lower Basin
Storm)?

As previously discussed, the South Boulder Creek flood study and mitigation plan is using a different
storm event centered further up in the basin. Looking at the lower basin storm is not a regulatory
requirement for the development.

26. There has been a request from the neighborhood for information regarding how they can contract
with the City flood consultants to provide the detailed flood data (hydrographs and depths) from
the 100 & 500 year FEMA regulatory flood data. Who should we contact? What is the typical cost?

The city can facilitate getting this information to the neighborhood. Please provide a detailed list of
requested information and we will ask CH2MHill to provide us with a fee proposal for this work.

Groundwater

27. Why are area drains proposed on the site?

See attached information provided by the applicant (Attachment A).

28. What is the location and depth of the area drains?

See attached information provided by the applicant (Attachment A).

29. How much water is projected to be moved by the drains?

See attached information provided by the applicant (Attachment A).

30. Where will the water be routed to?
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See attached information provided by the applicant (Attachment A).

31. Is the developer intending to route groundwater through the drainage swales?

See attached information provided by the applicant (Attachment A).

32. Will the underdrains compromise the core function of the swales, i.e., to capture and detain
stormwater runoff?

See attached information provided by the applicant (Attachment A).

33. Will the underdrains either decrease groundwater flows to the wetlands to the east or increase
the flows for the adjacent homes to the west and north?

The wetland mitigation plan does not address groundwater changes, but explains that the hydrology to
support the wetland areas will come from the irrigation ditches in the area. They have 3 shares of the
Dry Creek Ditch #2 to draw from.

See attached information provided by the applicant (Attachment A).

34. Will moving groundwater to the north of the site exacerbate the sump pumping problems for the
adjacent homes?

See attached information provided by the applicant (Attachment A).

35. Is routing the outfall of a home drain system into a drainage swale allowed under City
regulations?

Permanent groundwater discharge to the proposed storm sewer system is acceptable per Section 11 5 5,
Discharges to the Storm Water Utility System, of the Boulder Revised Code, 1981. Discharge of
uncontaminated groundwater from an individual single family residential detached or duplex foundation
drainage system is exempt from discharge permit requirements. The proposed drainage swale is
considered one section of the future storm sewer system for the development.

36. Will the ditch company accept the groundwater?

See attached information provided by the applicant (Attachment A).

37. Is intercepting groundwater flow at this scale legal under state law?

See attached information provided by the applicant (Attachment A).

38. There is a large amount of water brought into the area by the Bodam lateral. Why is this feature
not mentioned in the submitted Groundwater Reports? There is a junction box on the lateral at
the southeast corner of the property where a 15 inch pipe diverts considerable flow to the
northwest to feed the decorative pond. In the wetlands report the pond is described as being fed
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by the lateral from the north. The pond is fed by the lateral branch from the south and the pond's
outlet runs north.

See attached information provided by the applicant (Attachment A).

39. The Dry Creek #2 Ditch lateral rarely ever flows. How is this addressed in the recharge estimates
in the Groundwater Reports?

See attached information provided by the applicant (Attachment A).

40. Through development, is the groundwater table typically lowered? What is the mechanism for
this lowering?

See attached information provided by the applicant (Attachment A).

41. Are the bottom of the proposed drainage swales on site located below the measured high
groundwater levels?

See attached information provided by the applicant (Attachment A).

42. In the 2012 groundwater report the leakage along dry creek ditch is quantified as follows: “The
estimated leakage rate of 64.7 also corresponds well to the average rate used by the ditch
company for estimating ditch leakage. When using the ditch company’s leakage rate of 20%, and a
flow rate equal to the piped ditch design capacity (28 gpm), the average leakage rate across the
Project area is calculated to be approximately 51.5 gpm.” How is this leakage rate applied? What
is the actual flow along the ditch that the 20% is applied to?

See attached information provided by the applicant (Attachment A).

43. The 2012 Groundwater report provides well depth measurements through 5/9/2012. Did they
take measurements after May 9th?

See attached information provided by the applicant (Attachment A).

44. Is the developer in negotiations with any property owners or the ditch company concerning
current irrigation practices?

See attached information provided by the applicant (Attachment A).

45. In Appendix A of the May 2010 Groundwater Hydrology Monitoring & Wetland Delineation Report
ditch flow measurements are reported for the west and east laterals. When converting from cubic
feet/second to gallons/minute the conversion factor of 0.13368 was applied incorrectly. Instead
of dividing by the conversion factor the CFS is multiplied by the conversion factor. In other words
there are 7.5 gallons per cubic foot, not 1/7.5 gallons. Was this corrected?

See attached information provided by the applicant (Attachment A).
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46. The developer is proposing to install an underdrain system for the homes immediately adjacent to
the Bodam Lateral. In a general construction practice sense, why would underdrains be pursued
at a location where the homes are on fill up to 5 feet thick without any basements?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

47. Will moving groundwater to the north of the site exacerbate the sump pumping problems for the
adjacent homes?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

48. There is a large amount of water brought into the area by the Bodam ditch lateral. This water is
specifically intended to recharge groundwater levels. In the 2 groundwater reports this feature is
not mentioned. The 2012 report is based on the 2010 report. Does the 2012 report
mischaracterize the irrigation hydrology and its recharge estimate?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

49. Staff has claimed that in their experience developments tend to reduce groundwater levels.
Considering that much of the groundwater on the site originates off site and consists of lateral
flow through the area what is the mechanism that will lower the groundwater levels?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

50. How will groundwater levels be affected in a “wet” year? The developer has only measured
groundwater levels in years that have received either an average amount of precipitation
(approximately 17 inches per year) or a less than average amount of precipitation.

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

51. How much leakage can be expected from the Dry Creek Ditch #2 and is this leakage the cause of
the sump pumping problems? In the 2012 report they come up with a leakage rate along the ditch
of 64 GPM. They derive this number from the groundwater model. Is the estimated leakage rate
accurate?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

52. Do the reports submitted to date accurately describe the source of groundwater, its depth, how
much it flows and its direction of flow?
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See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

53. The developer is proposing to pipe the Dry Creek Ditch #2 and also develop a flood conveyance
channel along the west side of the property. This will require extensive excavation along the ditch
corridor. Will excavation in this area and construction of the ditch pipe negatively affect
groundwater flows?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

54. The site plan shows some roads at the current grades. How will the road bed excavation, fill and
compaction affect the groundwater flows? Conversely, how will the high groundwater levels
affect the structural stability of the road way?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

55. How will utility trenches impact groundwater?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

56. How will the extensive fill dirt that will be brought onto the property affect groundwater flow?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

57. The groundwater reports and conclusions are based on simulations of the groundwater. What
other techniques make up industry standard best practices that allow one to understand
groundwater hydrology in a development of this size? For example, dye tests to determine flow
directions, pump tests to determine hydraulic conductivity, actual measurements of ditch flows to
determine leakage rates.

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).

58. To date the developer has presented the results from just 2 model based evaluations of the
groundwater hydrology. These models are based on a single parameterization of recharge rates
and hydraulic conductivity. They do not provide error estimates, confidence intervals or any
sensitivity analysis. Does this level of analysis follow normal industry standards for understanding
groundwater hydrology and the impacts that development may bring to it?

See attached information provided by Anderson Consulting Engineers, the city contracted 4th party
consultant (Attachment B).
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59. The City does not have regulations that address groundwater. How is this addressed for the
development site?

While it is true there are no current city regulations related to groundwater, the applicant completed a
Groundwater Recharge Evaluation for the proposed development at staff’s request. Recognizing that
groundwater is an area of specialization, staff felt that it was extremely important to have an expert in
this field review the information that was submitted. As you know, the city has contracted with a 3rd and
4th party consultants to review the data in advance of the Planning board hearing.

60. In Appendix A of the May 2010 Groundwater Hydrology Monitoring & Wetland Delineation Report
ditch flow measurements are reported for the west and east laterals. Unfortunately when
converting from cubic feet/second to gallons/minute a conversion error occurred.

The applicant has the following response:

“Mr. McWhirter cites an old and outdated report which was based on observations made nearly 5 years
ago. For the record, the conversion error noted by Mr. McWhirter for the flows of the adjacent irrigation
laterals do not change the wetland delineations presented in the older report. The irrigation flows were
provided as supplemental information documenting that the irrigation lateral was flowing during the
field observations made on the Boulder Creek Commons property.”

Traffic
61. To accurately gauge impacts on Kewanee and Cimmaron, the proportion of the overall

neighborhood traffic (other than Greenbelt Meadows) that will end up using the Kewanee cut
through should be quantified.

The applicant has the following response:

“The January 31, 2013 supplemental memorandum (Attachment C) included a section titled “Potential
Change in Traffic Patterns Resulting from Site Development”. This memorandum discussed the potential
for some people to use Kewanee Drive between Greenbelt Meadows and Manhattan Middle School.
Manhattan Middle School has a more regional draw than a typical neighborhood school so the amount
of local traffic on 55th Street to/from the school along Kewanee Drive should be relatively low and
concentrated at the morning and afternoon school peak hours. It also discussed the potential from some
people living along Manhattan Drive to use Kewanee Drive between Manhattan Drive and East Boulder
Community Park. It also discussed design features being proposed on Kewanee Drive within the site to
help discourage through traffic. It is anticipated that 200 vehicles trips per day could use Kewanee Drive
as a through street.”

62. What is the affect of the additional cut through traffic on the Kewanee/Manhattan and the
Manhattan/Baseline intersections?

The applicant has the following response:

“The non site traffic on Kewanee Drive is expected to be mostly redirected local traffic between
Manhattan Drive and 55th Street and not to be used as a cut through or short cut between Baseline Road
and S. Boulder Road. Examples would be Greenbelt Meadows residents driving to/from Manhattan
Middle School and residents along Manhattan Drive driving to/from East Boulder Community Park. It is
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likely some of these redirected trips currently use Baseline Road or S. Boulder Road to travel between
Manhattan Drive and 55th Street.

The levels of service (A through F) for intersections is typically determined based on the weekday
morning and afternoon peak hours – the traffic study included a capacity analysis at several intersections
including these two intersections for existing and 2032 conditions both with and without the addition of
site traffic.

The Manhattan Drive/Kewanee Drive intersection is projected to operate at LOS “A” and “B” for all
movements through 2032 with or without the addition of site traffic. This intersection can easily
accommodate the addition of site traffic and a few hundred vehicles per day of redirected local traffic.

The Baseline Road/Manhattan Drive intersection northbound left turn movement is expected to operate
at LOS “D” through 2032 with or without the addition of site traffic. During the morning peak hour the
addition of site traffic could increase delays for this movement by about one second per vehicle. During
the afternoon peak hour the increase in delay is negligible. This was based on 35 percent of site traffic
oriented north along Manhattan Drive. The supplemental memorandum increased this to 45 percent and
determined the increase in delay would go from about 1.0 seconds per vehicle to about 1.6 seconds per
vehicle and still be negligible in the afternoon peak hour. As mentioned above, the connection of
Kewanee Drive as a through street between Manhattan Drive and 55th Street is expected to be used
primarily by site traffic and redirected local traffic. The increase in delay at the intersection of Baseline
Road/Manhattan Drive due to the redirection of local traffic is expected to be minimal and not require a
change in the existing signal timings.”

63. Is it important to have a daily average count on north Manhattan to determine the percent
increase?

Traffic counts are planned to be obtained by city staff on north Manhattan during the first week of April.
This information will be made available as soon as possible.

64. It has been observed that cars trying to make a left turn from Manhattan onto Baseline start to
back up. In contacting city traffic engineers, they state that changing the timing on the light
would affect at least six other traffic lights along the Baseline/Foothills corridor. Is this the case?
How does the city plan to handle all the extra cars trying to make that left turn from Manhattan
onto Baseline this development will add?

If the level of service on Manhattan Drive at Baseline Road degrades in the future to an unacceptable
level, city staff would reallocate traffic signal green time from Baseline to Manhattan to return
Manhattan to an acceptable level of service while maintaining as high a level of service as possible on
Baseline.

The applicant has the following response which was confirmed by city staff:

“The Baseline Road corridor traffic signals are coordinated to maximize east/west through traffic
progression. Progression is a measure of the amount of time that a platoon of vehicles can pass through
multiple intersections without encountering a right light. The intent of most jurisdictions including the
City of Boulder is to maximize progression and level of service of major through corridors and operate
lower classification side streets that intersect them at a lower but still acceptable level of service. The
intersection of Baseline Road/Manhattan Drive is consistent with this strategy with the east/west
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through movements operating at LOS “A” or “B” through 2032 and the Manhattan Drive approaches
operating at LOS “C” and “D” through 2032. The northbound left turn movement is expected to operate
at LOS “D” through 2032 with or without the addition of site traffic. The increase in northbound left turn
morning peak hour traffic is expected to be 9 vehicles per hour in the traffic study and 13 vehicles per
hour in the supplemental memorandum. This relates to an average of one additional vehicle every 4 to 7
minutes. LSC does not recommend a change in the existing signal timings at any of the signalized
intersections included in the study area.”

65. The applicant’s transportation engineer revised the trip distribution to change the 10% of site
traffic that went west bound on Baseline from 55th to use Kewanee. However, they still have
20% of site traffic using 55th north. They provide no explanation or rationale for this.

The applicant has the following response:

“Section E of the traffic study discusses the assumptions used to estimate the directional distribution. The
directional distribution assumed 15 percent of site traffic would be oriented to 55th Street north of
Baseline Road and 15 percent oriented east on Baseline Road (with 10 percent using Manhattan Drive
and 5 percent using 55th Street). It assumed 35 percent would be oriented west on Baseline Road (with
25 percent using Manhattan Drive and 10 percent using 55th Street). This resulted in 35 percent to/from
the north on Manhattan Drive and 30% to/from the north on 55th Street. The supplemental
memorandum assumed all traffic oriented west on Baseline Road would use Manhattan Drive. This
resulted in 45 percent to/from the north on Manhattan Drive and 20 percent to/from the north on 55th

Street.”
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Attachment A – Supplemental Information from the Applicant 
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Attachment B – Anderson Consulting Engineers, Inc. 4th Party City 
Contracted Review 
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Attachment C – LSC Transportation Consultants, Inc. 
Supplemental Memorandum to the December 20, 2012 Boulder 

Creek Commons Traffic Impact Analysis  

Agenda Item 5A Page 684 of 784



Agenda Item 5A Page 685 of 784

Attachment Q



Agenda Item 5A Page 686 of 784



Agenda Item 5A Page 687 of 784



Agenda Item 5A Page 688 of 784



Agenda Item 5A Page 689 of 784



Agenda Item 5A Page 690 of 784



Agenda Item 5A Page 691 of 784



Agenda Item 5A Page 692 of 784



Agenda Item 5A Page 693 of 784



Agenda Item 5A Page 694 of 784



Agenda Item 5A Page 695 of 784



Agenda Item 5A Page 696 of 784



Agenda Item 5A Page 697 of 784



Agenda Item 5A Page 698 of 784



Agenda Item 5A Page 699 of 784



Agenda Item 5A Page 700 of 784



Agenda Item 5A Page 701 of 784



Agenda Item 5A Page 702 of 784



Agenda Item 5A Page 703 of 784



Agenda Item 5A Page 704 of 784



Agenda Item 5A Page 705 of 784



Agenda Item 5A Page 706 of 784



Agenda Item 5A Page 707 of 784



Agenda Item 5A Page 708 of 784



Agenda Item 5A Page 709 of 784



Agenda Item 5A Page 710 of 784



Agenda Item 5A Page 711 of 784



Agenda Item 5A Page 712 of 784



Agenda Item 5A Page 713 of 784



Agenda Item 5A Page 714 of 784



Agenda Item 5A Page 715 of 784



Agenda Item 5A Page 716 of 784



Agenda Item 5A Page 717 of 784



Agenda Item 5A Page 718 of 784



Agenda Item 5A Page 719 of 784



Agenda Item 5A Page 720 of 784



Agenda Item 5A Page 721 of 784



Agenda Item 5A Page 722 of 784



Agenda Item 5A Page 723 of 784



Agenda Item 5A Page 724 of 784



Agenda Item 5A Page 725 of 784



Agenda Item 5A Page 726 of 784



Agenda Item 5A Page 727 of 784



Agenda Item 5A Page 728 of 784



Agenda Item 5A Page 729 of 784



Agenda Item 5A Page 730 of 784



Agenda Item 5A Page 731 of 784



Agenda Item 5A Page 732 of 784



Agenda Item 5A Page 733 of 784



Agenda Item 5A Page 734 of 784



Agenda Item 5A Page 735 of 784



Agenda Item 5A Page 736 of 784



Agenda Item 5A Page 737 of 784



Agenda Item 5A Page 738 of 784



Agenda Item 5A Page 739 of 784



Agenda Item 5A Page 740 of 784



Agenda Item 5A Page 741 of 784



Agenda Item 5A Page 742 of 784



Agenda Item 5A Page 743 of 784



Agenda Item 5A Page 744 of 784



Agenda Item 5A Page 745 of 784



Agenda Item 5A Page 746 of 784



Agenda Item 5A Page 747 of 784



Agenda Item 5A Page 748 of 784



Agenda Item 5A Page 749 of 784



Agenda Item 5A Page 750 of 784



Agenda Item 5A Page 751 of 784



Agenda Item 5A Page 752 of 784



Agenda Item 5A Page 753 of 784



Agenda Item 5A Page 754 of 784



Agenda Item 5A Page 755 of 784



Agenda Item 5A Page 756 of 784



Agenda Item 5A Page 757 of 784



Agenda Item 5A Page 758 of 784



Agenda Item 5A Page 759 of 784



Agenda Item 5A Page 760 of 784



Agenda Item 5A Page 761 of 784



Agenda Item 5A Page 762 of 784



Agenda Item 5A Page 763 of 784



Agenda Item 5A Page 764 of 784



Agenda Item 5A Page 765 of 784



Agenda Item 5A Page 766 of 784



Agenda Item 5A Page 767 of 784



Agenda Item 5A Page 768 of 784



Agenda Item 5A Page 769 of 784



Agenda Item 5A Page 770 of 784



Agenda Item 5A Page 771 of 784



Agenda Item 5A Page 772 of 784



Agenda Item 5A Page 773 of 784



Agenda Item 5A Page 774 of 784



Agenda Item 5A Page 775 of 784



Agenda Item 5A Page 776 of 784

Attachment R



Agenda Item 5A Page 777 of 784



Agenda Item 5A Page 778 of 784



Agenda Item 5A Page 779 of 784



Agenda Item 5A Page 780 of 784



Agenda Item 5A Page 781 of 784



Agenda Item 5A Page 782 of 784



Agenda Item 5A Page 783 of 784



Agenda Item 5A    pg. 783a



Agenda Item 5A Page 784 of 784


