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INTRODUCTION
1.1

During the last 13 years, development has continued adding detention and stormwater infrastructure
improvements to the Town’s stormwater infrastructure. Additionally, the town and its private partners have
completed numerous regional improvements that were identified in the 2003 MDP. Development pressures
have now begun in areas where drainage improvements were not previous planned and in other areas where
the need for future improvements have been recently identified. For these reasons, the Town requested an
update to the 2003 MDP. Additional considerations for updating the 2003 MDP include: a) the NOAA rainfall
data were updated in 2013; and b) since the 2013 Floods in Northern Colorado, construction costs have
increased dramatically, bringing into question the existing finance plan’s ability to fund current improvements.
The purpose of the 2017 MDP effort was to update the 2003 MDP in high priority basins. Volume I of the
2017 MDP updates the Law Basin and Windsor Basin. Volume II of the 2017 MDP updates the Fossil Creek
(formerly Ptarmigan) and River Ridge Basins. The updated Implementation Plan and Finance Plan are
documented in Volume III and the 2017 MDP update’s Project Notebook is located in Volume IV.

5.

Hydrologic Analysis and Modeling. The 2003 MDP hydrologic model was updated to simulate the
stormwater runoff for two scenarios: (a) existing or "as is" condition; and (b) future development
conditions with existing facilities and on-site over-detention. Hydrologic model scenarios were also
utilized to design and evaluate proposed improvements in the Fossil Creek basin.

6.

Hydraulic Evaluations. Hydraulic analyses were completed to evaluate the structures identified during
the inventory of existing facilities. All proposed improvements were also evaluated during the
hydraulic analysis and modeling efforts.

7.

Drainageway Planning and Alternative Development. Storm drainage improvements were identified
to mitigate the existing and potential future flood hazard problems. Alternative stormwater
management plans were conceptually developed and internally reviewed and refined with input from
Town of Windsor staff and Water & Sewer Board.

8.

Basin Drainage Criteria. Criteria focused on planning and design of major drainageway facilities, road
crossings, and on-site detention requirements were developed in the 2003 MDP with Town of
Windsor Engineering Department staff and the Water & Sewer Board. The 2003 MDP’s drainage and
detentions criteria were used in the current effort to evaluate existing facilities and design
improvements.

9.

Funding/Fee Assessment. Stormwater fee structure and rates were developed in the 2003 MDP.
Based on the cost of proposed improvements identified in the 2017 Update, new stormwater rates
were developed. Stormwater fee structure and rates are documented in Town of Windsor Master
Drainage Plan: 2017 Update, Volume III Implementation Plan and Financing.

10.

Reporting and Technical Documentation. The results of the master planning effort for the Fossil Creek
and River Ridge basins are summarized in this report. All recommended improvements are identified
along with conceptual design drawings and cost estimates. Documentation in the form of technical
appendices and a project notebook is provided to allow replication of the steps taken to: (a) generate
the design flows, (b) estimate the capacity of the existing and future facilities, (c) develop and evaluate
the improvement plans, and (d) generate the cost estimates.

Planning Process

The scope of work followed during the master drainage plan update included the tasks described below:
1.

Scoping and Coordination Meetings. This task included a scoping meeting to discuss project goals and
objectives, schedule, deliverables, modeling criteria and level of detail, and planning concepts and
evaluation procedures. Coordination meetings were also conducted to discuss project status, overall
direction of the project and promote the exchange of information.

2.

Data Collection and Field Investigation. A detailed review of all available reports, mapping and data
pertinent to the planning efforts was conducted. This information included but was not limited to:
(a) existing drainage criteria and policies; (b) subdivision specific drainage reports; (c) land use
planning data; (d) pertinent soils and rainfall data; (e) inventories of existing facilities; (f) topographic
and aerial data (g) available mapping and utility databases; and (h) agreements with various entities
including ditch companies and Weld County. In conjunction with the collection and review of available
data, a field reconnaissance was conducted to further define and verify locations of existing drainage
or flooding problems and formulate plans for conceptual improvements at these locations.

1.1
.

Inventory of Existing Facilities. All information related to the major storm drainage facilities within
the major drainageways of each basin was compiled. The 2003 MDP inventory was updated where
necessary. Types of structures inventoried included; detention facilities, culverts, bridges, road
crossings, drainage channels, irrigation ditches, and major storm sewers. The capacity of each
structure was determined and the feasibility of integrating existing facilities into the master drainage
plan investigated.

Purpose and Scope

The current Town of Windsor Master Drainage Plan (MDP) was completed by Anderson Consulting Engineers,
Inc. (ACE) in 2003. The 2003 MDP covered ten (10) watersheds (drainage basins) identified as intersecting the
2003 Growth Management Area (GMA) of the Town of Windsor. After development of existing and future
condition hydrology, the 2003 MDP presented a suite of proposed improvements to solve existing and future
drainage problems in areas where growth was anticipated. A financing plan was presented in the 2003 MDP
after cost estimates were prepared for each improvement.

1.2

4.
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1.3

Topography, Survey Datum, and Aerial Photography

1.5

1.3.1

Survey Data and Topography

Previous studies related to stormwater management within the Town of Windsor were collected and
reviewed during the completion of this project. Reports documenting stormwater drainage conditions and
improvements in the Town of Windsor may be found in the project notebook. The information gathered from
these reports, including the available design drawings and specifications, were evaluated, and utilized during
the completion of this master planning effort. The 2003 MDP‘s report text, appendices, and project notebook
were the primary resources that formed the basis of the MDP’s 2017 Update. Numerous development
drainage reports were also incorporated into the 2017 Update.

The current study relied heavily on the FEMA post 2013 Flood LiDAR (2013 LiDAR). Portions of the Fossil Creek
and River Ridge Basins nearest to the Cache la Poudre River also utilized the 2014 FEMA post 2013 Flood reflight LiDAR data. Both sets of LiDAR were obtained from https://geodata.co.gov/#
1.3.2

Vertical Datum and Horizontal Coordinate System

1.6

The current study’s topographic mapping and survey data utilized the North American Vertical Datum of 1988
(NAVD88). The horizontal datum for the topographic base map is the North American Datum of 1983 (NAD83)
(Colorado State Plane North Zone – 0501, U.S. foot coordinate system). The 2013 and 2014 LiDAR data sets
also utilized the NAVD88 vertical data, but had to be converted to the Colorado State Plane coordinate system
before use and units of elevation were converted from meters to feet.

Previous Studies

Acknowledgements

The reports produced for the current study were prepared in cooperation with the Town of Windsor.
Representatives involved with the current study are listed below in Table 1.2.
Table 1.2 Project Participants.

1.3.3

Aerial Photography
Name
Doug Roth, P.E., CFM
Dennis Wagner, P.E.
Dean Moyer
Erin Porter
Scott Ballstadt, AICP
Scott Tometich
Terry Walker
Chris Pauley, P.E., CFM
Sarah Eberhart, EIT
Wendy Banzhof, EIT
Ben Ackert

A summary of aerial photography utilized in the study area is provided in Table 1.1. Aerial images covering
the entire study area were available from the USGS, the USDA and Google Earth.
Table 1.1 Aerial Photography Summary.
Date
April 29, 2002
July 28, 2015
September 7, 2016

Source
United States Geologic Survey – Quad Map
USDA - NAIP
Google Earth

Note: USDA – NAIP = United States Department of Agriculture – National Agricultural Imagery Program

1.4

Assignment
Engineering Department - Project Manager
Director Engineering
Director Finance and Information Technology
Utility Billing Clerk
Director Planning
GIS Coordinator
Director of Public Works
Senior Project Manager
Engineer
Engineer
Senior GIS Analyst

Data Collection
In addition to those individuals and entities listed in Table 1.2, members and representatives of the Town of

The Town of Windsor provided GIS data such as road, utility, and jurisdictional/property boundary
information. Analytical data supporting the hydrology and hydraulic modeling efforts came from various
sources and are discussed further in Chapter 3. Periodic field visits were performed in the fall of 2016 and
spring of 2017 in the Fossil Creek and River Ridge Basins to collect structure information and verify flow paths.

Timnath, Larimer County, City of Loveland, and TST Inc. also provided invaluable information and details
related to the existing facilities, historic flooding, and existing/proposed urban developments within the
basins. The information provided by these individuals and entities is also gratefully acknowledged.

1.2
.

Representing
Town of Windsor
Town of Windsor
Town of Windsor
Town of Windsor
Town of Windsor
Town of Windsor
Town of Windsor
Anderson Consulting Engineers, Inc.
Anderson Consulting Engineers, Inc.
Anderson Consulting Engineers, Inc.
Anderson Consulting Engineers, Inc.
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STUDY AREA DESCRIPTION
2.1

basin west to east. There are several crossing structures under SH 392 that pass discharges from
development on the south side of the road to the north side before continuing north to Fossil Creek.

Project Area
The River Ridge basin is located largely northeast of Crossroads Boulevard and Fairground Avenue/LCR 5 and
includes a portion of the Larimer County Fairground on the west side of Fairground Avenue. River Ridge has
a more dendritic shape than many of the other Town of Windsor basins which tend to be significantly longer
in the north to south direction. The River Ridge Basin has a centrally located and well-defined drainage path
that collects runoff and directs it to the Poudre River.

The Town of Windsor is surrounded by: a) unincorporated Larimer County & Weld County; b) the Towns of
Severance, Timnath, & Johnstown; and c) the Cities of Fort Collins, Loveland, & Greeley. Figure 2.1 shows
the Town of Windsor’s Growth Management Area (GMA) and its relationship to the surrounding
jurisdictions and the eight major drainage basin boundaries. Figure 2.1 also shows drainage basins that are
adjacent to the Town of Windsor and managed by neighboring jurisdictions such as the Town of Timnath
and the City of Greeley.

The Cache la Poudre River divides the Town of Windsor’s GMA roughly in half. Old Town Windsor and a
large portion of the Town’s current development lies north and east of the Cache la Poudre River. However,
the Town is seeing more development pressure south and west of the Cache la Poudre in the Fossil Creek,
River Ridge, and Oklahoma Basins. Currently, Windsor’s GMA is 36% developed. Full build out of the GMA
is expected at approximately 75% development. Full build out is expected at less than 100% development,
because of water bodies and planned open spaces such as parks that are not considered developable
ground.

The major basins defined in the 2003 MDP were used as a starting point for this 2017 MDP Update. For the
2017 MDP Update, the 500-year FEMA floodplain of the Cache la Poudre River, as well as direct draining
areas to the river were used to define a new Poudre River Basin. The Bluff Basin as defined in the 2003 MDP
was merged into the Poudre River Basin as it is considered direct draining to the Cache la Poudre River. The
State Highway 257 (SH 257) Basin and the Timnath Basin, as defined in the 2003 MDP, were removed from
consideration in the 2017 Update, as most of the developable ground in the basins is located in the City of
Greeley’s and the Town of Timnath’s Growth Management Areas, respectively. The 2003 MDP’s Ptarmigan
Basin was re-delineated and is referred to in the 2017 Update as the Fossil Creek Basin. The Fossil Creek
Basin includes the drainage area below the Fossil Creek Reservoir Dam to the Cache la Poudre River. The
Vicinity Map in Figure 2.2 shows the eight major drainage basins in relation to the Town of Windsor’s
Growth Management Area. The eight major drainage basins considered in the 2017 MDP Update are listed
below:
>
>

- Law Basin
- Poudre River Basin

- Windsor Basin
- Fossil Creek Basin

- High School Basin
- River Ridge Basin

2.2

Hydrologic soils data were gathered from USDA: NRCS GeoSpatial Data Gateway for Larimer and Weld
Counties (https://gdg.sc.egov.usda.gov/GDGOrder.aspx). Soils data were used to calculate infiltration
parameters necessary for hydrologic modeling as described in Section 3.4.4. Figure B.3 shows the
hydrologic soils groups used for hydrologic modeling within the Fossil Creek and River Ridge Basins.
2.3

- Jacoby Basin
- Oklahoma Basin

General Watershed Description

The Fossil Creek major basin encompasses the Fossil Creek watershed from below Fossil Creek Reservoir
downstream to the confluence with the Cache la Poudre River. Fossil Creek runs northwest to southeast
with a majority of the drainage area on the south rather than the north side of the creek. Major roads
crossing the Fossil Creek Basin include I-25 and State Highway 392 (SH392). SH 392 bisects the Fossil Creek

.

Land Use

Several sources of land use data were used to develop the final existing and future conditions hydrologic
land use datasets. The future land use map in the Windsor Comprehensive Plan (adopted March 2016)
served as the primary basis for determining hydrologic land uses. Future hydrologic land use within
Windsor’s GMA were further informed by the Sewer Interceptor Master Plan land use map and Windsor’s
Planning Department Land Use map (updated in April 2017). Future planned land use outside of Windsor’s
GMA was informed by the Town of Severance’s future land use map updated February 2016, the City of Fort
Collin’s land use map for the Fossil Creek Reservoir Area amended September 2006, and the City of
Loveland’s Future Land Use Plan map adopted July 2016. All primary land use planning sources can be found
in the project notebook. Once all the future land use data were combined into one GIS layer representing
the future hydrologic land use; aerial photos were utilized to create a corresponding existing hydrologic land
use layer. The 2015 NAIP aerial photo and Google Earth imagery dated September 7, 2016 were utilized in
developing the final existing hydrologic land use layer.

The 2017 MDP update focused on four of the eight major basins that have and/or are expected to see
continued growth pressure. The four basin’s MDPs that were updated were the Law Basin and Windsor
Basin (Volume I) and the Fossil Creek Basin and River Ridge Basin (Volume II). The 2017 Update included
hydrologic revisions, hydraulic evaluations of existing facilities, and development of new improvements
based on projected growth. Updates to the Law and Windsor Basins were discussed in the Volume I report.
This Volume II report discusses the updates in the Fossil Creek and River Ridge Basins.
2.1.1

Geology and Soils Data

2.1
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Figure 2.1 Town of Windsor’s and Adjacent GMAs.
.

2.2
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Figure 2.2 Vicinity Map.
.
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a downstream to upstream (north to south) direction. As a result, many of the developments have
allowable release rates not based on the Town of Windsor’s over-detention criteria, but rather based on the
offsite flows assumed by the development immediately downstream. North of State Highway 392, the
stormwater runoff is conveyed via a series of stormwater channels ultimately reaching Fossil Creek.

Subdivision specific drainage reports were also used to inform hydrologic land use mapping. New and
planned developments were incorporated into the existing conditions hydrologic modeling and land use if
they met two criteria: (a) final approved drainage report completed, and (b) grading underway by January 1,
2017. Copies of drainage reports used for hydrologic model development can be found in the project
notebook.

A large area of remaining undeveloped land exists north of SH 392 and west of LCR 5 in the Fossil Creek
Basin. The area south of the Louden Ditch also remains undeveloped for the moment, but development
plans have been submitted for subbasin L12b and northern portions of L16 and L17 (see Figure B.1). There
also remains a swath of open ground north of Larimer County Road 30 and south of the existing Westgate
development.

The Town of Windsor’s Comprehensive Land Use Plan map designations were converted to hydrologic land
use groups at shown in Table 2.1. Each hydrologic land use group was assigned a percent impervious as
shown in Table 2.1 for use in the hydrologic modeling. Existing and future hydrologic land use maps can be
found in Figures B.4 and B.5, respectively.
Table 2.1 Land Use Imperviousness.
Town of Windsor Comprehensive Plan
Hydrologic Land Use Groups
Land Use
Water
Ponds & Lakes

The portion of the River Ridge Basin within the GMA is 33% impervious under existing conditions, and is
planned to be 42% under future conditions. The predominant forms of development in the River Ridge
Basin are clustered single-family subdivisions and large estate lots. The larger areas left for development are
a portion between the Larimer County Fairground and Highland Meadows Parkway and another area east of
county line road, which will house the already planned Raindance Development.

Impervious (%)
100

Roads

Roads

97

Agriculture

Parks & Open Space

5

Parks & Open Space

Parks & Open Space

5

Downtown

Commercial & Industrial

90

General Commercial

Commercial & Industrial

90

Regional Commercial

Commercial & Industrial

90

Industrial

Commercial & Industrial

90

Light Industrial/Business Park

Commercial & Industrial

90

Residential – Multi-Family

Multi-Family Residential

70

Public/Semi-Public

Multi-Family Residential

70

Religious

Multi-Family Residential

70

Residential – Estate

Very Low Density Residential

30

Residential – RMU

Residential Mixed Use

50

Residential – SFA

Single Family Residential

40

Residential – SFD

Single Family Residential

40

2.4

Major Drainageway Descriptions

Major drainage paths in the Fossil Creek and River Ridge Basins were identified and utilized to direct
structure evaluations and design improvements. Major flow paths are identified on the existing facilities
maps for the Fossil Creek and River Ridge Basins (Figures C.1 and C.2). Subbasin names are used in the
description of major flow paths in Sections 2.4.1 and 2.4.2. For reference, subbasin maps can be found in
Appendix B (Figures B.1 and B.2).
The Cache la Poudre River represents the most notable drainage feature in the Town of Windsor’s GMA. All
stormwater runoff generated within the Fossil Creek and River Ridge Basins is ultimately conveyed to the
Cache la Poudre River. Fossil Creek, a tributary to the Cache la Poudre River, receives all the runoff from the
Fossil Creek Basin before discharging to the river. Similarly, all River Ridge subbasins discharge to an
unnamed channel before confluencing with the Poudre River. The Louden Ditch is also a notable drainage
feature that crosses both the Fossil Creek and River Ridge basins. Ditches convey irrigation flows within the
basins but generally offer limited value as drainage features such that during minor and major rainfall events
irrigation facilities quickly fill and have limited ability to convey stormwater runoff. Due to the limited
capacity of the ditch systems, coupled with the magnitude of the stormwater flows, the Louden Ditch was
assumed to overtop during flood events rather than direct flow from or to more natural drainage courses.

Under existing conditions, the land within Windsor’s GMA is 30% impervious. Under planned future
conditions the percent impervious inside the GMA will increase to 49%.
The portion of the Fossil Creek Basin within the GMA is 33% impervious under existing conditions, and is
expected to be 56% under future conditions. The Fossil Creek Basin east of Larimer County Road 5 (LCR 5) is
almost totally built out under existing conditions. Much of the development south of SH 392 has occurred in
.

2.4
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Fossil Creek Basin
Country Meadows/Westgate/Frontage Road Systems

Fossil Creek Basin has four minor drainage paths, all of which terminate in Fossil Creek. The four minor flow
paths are described below starting with the downstream most confluence with Fossil Creek and continuing
upstream (east to west) along Fossil Creek. Fossil Creek Basin flow paths are shown on Figures C.1-A and
C.1-B the existing facilities map. The sizes of existing facilities are provided on Table 4.1.

The fourth tributary to Fossil Creek combines the Country Meadows, East Westgate, and Frontage Road
Systems.
The Country Meadows System begins north of Larimer County Road 30 (LCR 30) at the Subbasin FC17
concentration point. Flows from FC17 sheet flow across a flat area in LCR 30 to combine with FC12b flows in
a detention pond known as Shutts Pond 3 on the south side of the Louden Ditch. Shutts Pond 3 discharges
to the Shutts Subdivision on the north side of the Louden Ditch. The Shutts Subdivision flow path passes
through two on-line detention ponds (Shutts Ponds 2 and 1) before discharging to the Country Meadows
Subdivision to the north. Inflows to the Country Meadows development are detained in a single pond
before being released under SH 392 in a culvert (Structure ID #FC12) that appears to be at least partially
filled in with sediment. Once the Country Meadows Systems flows cross SH 392 they continue north
through Subbasin FC08 before combining with flow from: a) the Fairgrounds Avenue sub-tributary; and b)
the East Westgate System which then confluences with flows from the Frontage Road System prior to
entering Fossil Creek as shown on Figure C.1-A.

Ptarmigan System
The Ptarmigan Flow Path consists solely of Subbasin FC01, which encompasses the eastern third of the
Ptarmigan golf course/residential development. Flows in this subbasin reach Fossil Creek near the western
side of the subbasin. Fossil Creek passes through an onsite detention pond/irrigation structures before
passing under Larimer County Road 3 within Subbasin FC01 (Structure ID #FC20).
Highland Hills System
The Highland Hills Flow Path is comprised of Subbasins FC03 and FC03b on the south side of SH 392 as well
as Subbasin FC02 on the north side of SH 392. Detained flows from the Highland Hills subdivision (FC03)
cross under SH 392 before combining with flows from the eastern most Highland Meadows detention pond
(FC03b) in a manhole on the north side of SH 392. Once combined, the Highland Hills and Highland
Meadows discharges cross through the middle third of the Ptarmigan golf course development represented
by Subbasin FC02 (Structure ID #FC1).

A sub-tributary to the Country Meadows System is Subbasin FC09 along Fairgrounds Avenue/LCR 5 Flow
Path. Subbasin FC09 discharges under SH 392 in a pipe (Structure ID #FC3) before then crossing under LCR 5
from east to west in Structure ID #FC26. Structure ID #FC3 under SH 392 is clogged and therefore flows
from FC09 could overtop LCR 5 south of SH 392 and combine with the Country Meadows System flow path
on the south side of SH 392. Flows from Subbasin FC09 flow path have been at least nuisance flows to the
farm house in the northwest corner of SH 392 and LCR 5.

Highland Meadows System

The East Westgate System begins on the north
side of LCR 30 at the Subbasin FC16
concentration point. Flows from FC16 cross
under LCR 30 in a culvert (Structure ID #FC27)
and continue downstream through Subbasins
FC15b and FC14e. The outlet of Subbasin
FC14e is the upstream inlet to the existing
Royal Vista Stormsewer System. The Royal
Vista stormsewer system then crosses under SH
392 (Structure ID #FC13) before confluencing
with the Country Meadows System at a small
pond located in Subbasin FC08.

The Highland Meadows drains Highland Meadows development phases 1-3 (Subbasins FC05, FC06, and
FC10) and part of phase 4 (FC18) on the north side of LCR 30. The Louden Ditch crosses the Highland
Meadows System in a northeasterly direction. Portions of the Highland Meadows development upstream
(south) of the Louden Ditch are piped under the ditch before continuing downstream. The Highland
Meadows system also combines with the eastern half of Poudre REA facility (in FC05) before crossing under
SH 392 in a culvert just east of REA Parkway (Structure ID #FC2). Once north of SH 392 stormwater
continues north to Fossil Creek though the western third of the Ptarmigan golf course development.

.
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2.5

The Frontage Road System consists of Subbasins FC13, FC14a, FC14b, FC14c, FC15a, and FC20. Subbasins
FC14b and FC15a combine and discharge under the I-25 northbound off ramp at SH 392. The I-25 offramp is
the discharge location of the western most release point from the Westgate Development (Structure ID
#FC24). After crossing under the northbound off ramp, flows combine with runoff from Subbasin FC14a and
are conveyed via a swale northward under the SH 392 overpass of I-25. North of SH 392 the flows are
conveyed in a pipe (Structure ID #FC22) under the northbound I-25 on ramp. Further downstream the
Frontage Road System picks up Subbasin FC20 and the Middle Westgate Flow Path. The Middle Westgate
Flow Path discharges Subbasin FC14c in a pipe under SH 392 (Structure ID #FC14) that is connected to a
stormsewer north of SH 392 in Subbasin FC13. All three flow paths then reach the outlet of Subbasin FC13
where they combine with the Westgate Main System and Country Farm System flows before continuing
north to confluence with Fossil Creek.

2.4.2

Major Structures

Each inventoried structure was assigned an identification code (ID) with a prefix that gives information
about the location of the structure. The structure inventory IDs indicate the name of the major flow path
for the structure. All Fossil Creek basins structures were given the prefix “FC” and all River Ridge Basin
structures were given the prefix “RR.” Hydraulic evaluations of existing facilities are provided in Chapter 4.
A summary of existing facilities and calculated capacities can be found in Table 4.1.
2.6

Flood History

Limited to no anecdotal and/or documented information was found regarding flooding in the Fossil Creek
and River Ridge Basins. The Town of Windsor’s portion of the Fossil Creek Main Channel is protected from
significant flooding by the Fossil Creek Reservoir. Occasional localized stormwater issues have been
reported in and around the Ptarmigan Golf Course Development located in unicorporated Larimer County.

River Ridge Basin

The Cache la Poudre floodplain was used to delineate the northern boundary of the Fossil Creek and River
Ridge Basins and therefore the Cache la Poudre floodplain does not intersect these basins. The Cache la
Poudre floodplain and the corresponding Poudre River Major Basin identifies a much more a regional
flooding source that presents unique challenges for master planning purposes that will be addressed in the
future under a separate basin or riverine master plan.

Unlike the basins north of the Cache la Poudre River,
the River Ridge Basin is characterized by a well-defined
drainage system. A major drainageway traverses the
central portion of the basin in a northeasterly direction.
Several minor tributaries exist within the watershed to
collect and convey stormwater runoff into the major
drainageway and ultimately to the Cache la Poudre
River. Near the lower portion of the watershed, runoff
conveyed in the major drainageway flows into a small
on-line irrigation reservoir, also known as Joe Dee
Reservoir. Runoff captured by the irrigation reservoir is
Culverts under River Edge Road
released through an outlet pipe (36-inch RCP) or an
in the River Ridge Basin
emergency spillway (Structure ID #RR3).
The
stormwater passing through the reservoir is conveyed by the major drainageway through the River West
residential development. Within the development, the major drainageway crosses both River West Drive (at
Structure ID #RR2) and River Edge Road (crossing structures consisting of five-barrel 7-foot RCPs – Structure
ID #RR1) prior to its confluence with the Cache la Poudre River. The River Ridge Basin flow paths are shown
on the existing facilities map for the basin (Figure C.2).
The existing network of natural channels in the River Ridge Basin has historically experienced moderate to
severe channel erosion as indicated by the magnitude of the incised channel sections throughout the
watershed. Minor to moderate erosion of the existing channels continues to occur and most likely will
require maintenance considerations in the future.

.
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HYDROLOGIC ANALYSIS
Table 3.1 Total Rainfall Depths.
3.1

Overview

Hydrologic analysis was carried out using EPA SWMM version 5.1. Models were developed for the Fossil
Creek and River Ridge Basins to represent the existing, and future conditions. SWMM models of the Fossil
Creek Basin were also created for future improved conditions to aid in the conceptual design of
improvements. Rainfall event data, subbasin parameters, and hydraulic routing elements were computed
for input to the SWMM model. Schematics of SWMM model layout can be found in Appendix B (Figures B.6
to B.11).
3.2

Return Period

2-year
5-year
10-year
25-year
50-year
100-year

Definition of Modeling Scenarios

The existing scenario using existing land use data as well as information about existing detention facilities in
model development. As discussed in Section 2.2, new and planned developments were incorporated into
the existing conditions modeling and land use if they met two criteria: (a) final approved drainage report
completed, and (b) grading underway by January 1, 2017. The future conditions scenario utilized adopted
future land use plans. The future conditions scenario also assumed that proposed development would be
responsible for over-detaining runoff using the Town of Windsor’s over-detention criteria (Town of Windsor,
2006).
3.3

3.3.3

3.3.4

Design Rainfall

0.92
1.30
1.55
1.98
2.28
2.62

Rainfall Event Distribution

Depth Reduction Factors

Depth reduction factors (DRFs) are used to translate point rainfall depth data to areal-average rainfall data
which are generally lower than point values. Urban drainage provides guidance for use of depth reduction
factors based on contributing watershed size (USDCM Vol 1: Table 5-1). Based on the Urban Drainage
guidance, both Fossil Creek and River Ridge Basins applied DRFs in developing 2-, 5-, and 10-year event data.
Neither Fossil Creek or River Ridge required usage of DRFs for 25-, 50-, 100-, and 500-year rainfall events.
DRFs reported in Table 5-3 of Urban Drainage were used in developing the 2-, 5-, and 10-year rainfall events
for Fossil Creek and River Ridge Basins (USDCM Vol 1: Table 5-3).

Rainfall Event Duration

Both Fossil Creek and River Ridge Basins utilized a 2-hour duration rainfall event per Urban Drainage and
Flood Control District (Urban Drainage) guidance (USDCM Vol 1: Table 5-1) based on watershed area. For
basins less than 15 squares miles, a 2-hour storm is recommended.
3.3.2

0.85
1.13
1.41
1.89
2.32
2.81

2007 LOMR
(Effective FEMA
Hydrology)

Urban drainage provides guidance on distributing rainfall data for design storm events. Table 3.2 shows the
rainfall distribution used for a 2-hour event (USDCM Vol 1: Table 5-2). The distribution data in Table 3.2
were used to create 2-hour rainfall events from 1-hour rainfall depths.

Rainfall event data were developed separately for the Fossil Creek and River Ridge Major Basins. The
primary return intervals studied were the 100-year and 10-year return intervals.
3.3.1

NOAA Atlas
14 Volume 8
Version 2,
2013

Total 1-hour Depth (inches)
Windsor
Storm
2003 Master Drainage
Drainage
Plan (NOAA Atlas 2
Design Criteria
Volume III -1973)
Manual, 2006
1.104
0.92
1.567
1.30
1.886
1.55
1.98
2.636
2.28
2.988
2.62

3.3.5

Rainfall Depth

Rainfall Event Hyetographs

After determining the appropriate rainfall depth, distribution, and DRF to be applied to each major basin,
rainfall event hyetographs were developed for input to the SWMM model. Tabular hyetographs applied to
each minor basin can be found in the project notebook.

Total rainfall depths were determined using new NOAA Atlas data that was updated since the 2003 MDP.
The 2003 MDP used NOAA Atlas 2 Volume 3 rainfall depths developed in 1973. The current MDP update
uses the NOAA Atlas 14 Volume 8, Version 2 developed in 2013. A comparison on rainfall depths for each
return interval is summarized in Table 3.1. Updated rainfall depths were determined using the point-andclick tool available with the new NOAA atlas online software.
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Table 3.2 Rainfall Event Distribution.

Time
(minutes)
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
Totals

3.4

Design Storm Distributions of 1-hour Depths
Percent of 1-hour Rainfall Depths (%)
25- and 502-year
5-year
10-year
year
2
2
2
1.3
4
3.7
3.7
3.5
8.4
8.7
8.2
5
16
15.3
15
8
25
25
25
15
14
13
12
25
6.3
5.8
5.6
12
5
4.4
4.3
8
3
3.6
3.8
5
3
3.6
3.2
5
3
3
3.2
3.2
3
3
3.2
3.2
3
3
3.2
3.2
2
3
3.2
2.4
2
2.5
3.2
2.4
2
2.2
2.5
1.8
2
2.2
1.9
1.8
2
2.2
1.9
1.4
2
2.2
1.9
1.4
2
1.5
1.9
1.4
2
1.5
1.9
1.4
2
1.5
1.9
1.4
1
1.5
1.7
1.4
1
1.3
1.3
1.4
115.7
115.7
115.7
115.6

Subbasin maps of the Fossil Creek and River Ridge Basins are provided in Appendix B (Figures B.1 and B.2).
For each subbasin, parameters such as area, average slope, percent impervious, and several infiltration
characteristics were computed for both existing and future land use conditions. Tables B.1 and B.2
summarize the parameters required by SWMM as input for each subbasin.

100- and 500year
1
3
4.6
8
14
25
14
8
6.2
5
4
4
4
2
2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
115.6

3.4.1

Physical Subbasin Parameters

Subbasins components such as area, width, and average slope were computed using GIS. To calculate
subbasin width, an average overland flow length was first determined for each subbasin. Overland flow
lengths were generally shorter in developed areas compared to undeveloped areas. A maximum overland
flow length of 500 feet was used for undeveloped areas. Overland flow lengths for future development
were informed by measurements of existing development of the same type. Subbasin width was then
calculated by dividing the subbasin area by average overland flow length.
3.4.2

Pervious and Impervious Area Parameters

SWMM requires Manning’s roughness and an estimate of available depression storage be specified
separately for pervious and impervious portions of the subbasin. These parameters allow SWMM to route
runoff through the subbasin prior to interception by a routing element (i.e. a stormsewer or open channel).
The Manning’s roughness used for impervious areas of all subbasins was 0.011, or that representing a paved
concrete or asphalt surface. The Manning’s roughness used for pervious areas of all subbasins was 0.28.
The pervious area Manning’s roughness was set very high because it represents the roughness associated
with shallow overland flow prior to channelization. The relative depth of flow is small compared to the
depth of roughness elements such as grass. Manning’s roughness values for pervious and impervious areas
were informed by recommendations in SWMM Hydrology: Rain, Temperature, and Runoff (Table 5-13:
James & James, 2000).
Depression storage must also be determined separately for impervious and pervious areas. “Depression
(retention) storage is a volume that must be filled prior to the occurrence of runoff on both pervious and
impervious areas.” (James & James, 2000). Urban Drainage provides recommendations for pervious and
impervious depression storage (USDCM Vol 1: Table 6-6). For impervious areas, a depression storage of 0.10
inches was used. For pervious areas, a depression storage value of 0.35 inches was used where the
predominant land cover was lawn grass, and 0.4 inches was used where the predominant land cover was
wooded area or open fields.

Subbasin Parameters

The Fossil and River Ridge Major Basins were divided into several smaller subbasins to compute runoff at
critical design and evaluation points. The 2013 LiDAR data were used to re-delineate the 2003 MDP
subbasins. Drainage reports for existing developments also helped inform final delineations. The Fossil
Creek Basin was divided into 27 subbasins, ranging in size from 8 acres to 322 acres, with an average size of
68 acres. The River Ridge Basin was divided into 7 subbasins, ranging in size from 110 to 1,164 acres, with
an average size of 498 acres.

3.4.3

Percent Impervious

Percent impervious for existing and future land use conditions was computed for each subbasin. Sources for
land use information and average basin imperviousness are discussed in Section 2.2. Existing and future
land use maps can be found in Appendix B (Figures B.4 and B.5).
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Infiltration Rates

detention ponds were used where available. Often older subdivisions, or those developed while still in
Larimer or Weld counites did not have detention pond information. In these cases, it was assumed that the
development used the Town of Windsor drainage criteria. If the subdivision was constructed prior to the
2003 MDP, then the criteria was to not increase the developed 100-year and 10-year storm release rates
over undeveloped release rates from the same storms. If the subdivision was constructed after the 2003
MDP was completed, and a drainage report was not available then the drainage criteria assumed was that of
over-detention, where the 100-year developed storm is released at the 10-year historic release rate. Here it
was assumed that the 10-year historic release rate was calculated according to the Town of Windsor Storm
Drainage Design Criteria Manual (Section 8.3.1; Town of Windsor, 2006). Detailed summaries and
calculations of stage-storage and stage-discharge curve development can be found in the project notebook.
It should be noted that the Ptarmigan golf course subbasins (FC01, FC02, and FC04) were assumed to have
no detention. The golf course is still a part of unincorporated Larimer County and no drainage report was
available. Therefore, if detention is available in the golf course, it will not be reflected in the results
presented in Table 3.3.

Infiltration parameters were determined using GIS and soils data. Sources and discussion of soils data can
be found in Section 2.1.2. Urban Drainage provides recommendations for decay coefficient, and initial and
final infiltration rates as determined by NRCS Hydrologic Soil Group (USDCM Vol 1: Table 6-7). Weighted
average initial infiltration rates, final infiltration rates, and decay coefficients were calculated for each
subbasin based on amount of hydrologic soil group present in the subbasin. The decay coefficient was
converted from 1/seconds to 1/hour and drying time was converted from seconds to days for input to
SWMM. The decay coefficient was then used to calculate the drying time for each subbasin.
3.4.5

Other SWMM parameters

The subarea routing method chosen for modeling was the outlet method. In the outlet method, runoff from
the pervious and impervious portions of the subbasin are calculated separately then summed together at
the outlet of the subbasin. When the outlet method is chosen, the percent routed parameter is ignored.

For the future conditions model, it was assumed that any planned future development would be required to
abide by the current Town of Windsor over-detention criteria (Section 8.3.1, Town of Windsor, 2006). Each
future development was assumed to be responsible for over-detaining only the planned future
development, and was not responsible for detaining any existing undetained development.

The percent impervious area with no depression storage parameter was set to the default value of 25%
(James & James, 2000).
3.5

Hydrograph Routing
3.6

Subbasin runoff was routed through swales and detention ponds in the SWMM model under existing and
future conditions for Fossil Creek and River Ridge Basins.
3.5.1

Hydrologic modeling results were used to evaluate capacity of existing facilities at existing 10-year and 100year, and future 100-year peak discharges. Results were also used to design improvement facilities.
Existing facilities evaluation and improvement design are discussed in Chapter 4.

Open Channels

Table 3.3 reports hydrologic SWMM modeling results at selected locations. Peak runoff values generated in
each subbasin can be found in Appendix B (Table B.3). Digital copies of the existing and future conditions
SWMM models for the Fossil Creek and River Ridge Basins can be found in the project notebook. The
SWMM models can be used to find peak discharge results at locations not reported in Table 3.3.

The master drainage plan modeling focused on overland flow paths rather than stormsewer systems due to
the limited number of regional stormsewer systems in the Fossil Creek and River Ridge Basins. Most of the
existing stormsewer and open channel systems are in individual developments located in the Fossil Creek
and River Ridge Basins. Sample cross sections in the upper basins were cut from the 2013 LiDAR data and
applied to the SWMM routing elements (swales) nearby. For more defined channels, as built data were
used to develop a representative cross section.
3.5.2

Results of Analysis

Detention Ponds

Several detention ponds representing existing and future conditions were modeled in SWMM. SWMM was
also used to design detention improvements upstream of the Westgate Center in the Fossil Creek Basin.
Existing detention ponds are denoted in the SWMM model with a 300 series labels, future conditions
detention ponds are denoted with 400 series labels, and improved conditions ponds are denoted with 500
series labels (see Figures B.6-B.11). Stage-storage and stage-discharge curves were developed for existing
conditions detention ponds through a variety of methods. Drainage reports for specific subdivision
3.3
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Table 3.3 Hydrologic Modeling Results.

Location

I-25 Off Ramp (Westgate West Discharge Point)*
FC14c Detained Release (Westgate Central
Discharge Point)
Westgate East Discharge Point
Country Meadows Discharge Point
FC09 contribution to Country Meadows Release
FC05 detained release (East of REA Pkwy)
FC303 & FC303b combined release
I-25
Confluence with Westgate and Country Meadows
Releases
Larimer County Road 5
Larimer County Road 32
Confluence with Cache la Poudre River
FC16 outlet**
FC17 outlet
FC15b outlet
FC14e outlet (entrance to existing Westgate storm
drainage system)
Cache la Poudre River
River West Drive
Highland Hills P.U.D - 3rd & 4th Filing Detained
Releases
R07 Detained Releases
R08 Detained Releases
R06A Detained Releases + R06b & R06C Undetained
*Includes runoff from Subbasin FC14a
**These are overdetained flows in future conditions

Peak Discharges (cfs)
Future
Future OverFuture Improved
2017 EPA SWMM
Element Existing Conditions
Improved
detention
Condition Element
Scenario
Type
Condition Scenario
Alternative 2
Alternative 1
100-Year
10-Year 100-Year 100-Year
100-Year
Fossil Creek Basin
State Highway 392 Crossings
FC214b
Node
35
99
68
68
68
FC214c

Node

4

11

11

11

11

364
36
16
54
68

73
31
16
41
68

14
31
16
41
68

72
103
16
41
68

493

201

201

201

239

977

365

328

353

FC214d
Node
109
FC711
Node
9
FC209
Node
5
FC205
Node
17
FC303_out
Node
19
Fossil Creek Main Channel
FC19_out
Node
149
FC207

Node

FC207-2
Node
FC204
Node
FC700
Node
Other Points of Interest
FC16_out
Node
FC17_out
Node
FC215b
Node

235
272
291

973
1151
1360

364
570
849

327
570
849

352
570
844

177
24
115

460
84
350

66
15
66

9
15
9

66
15
66

FC14e_out

108

352

67

10

67

468
471

2,115
2,138

1,718
1,728

N/A
N/A

N/A
N/A

Node

River Ridge Basin
R700
Node
R704
Node
R305_out

Node

9

36

36

N/A

N/A

R307_out
R08_out
R06_out

Node
Node
Node

178
206
104

789
761
485

790
629
180

N/A
N/A
N/A

N/A
N/A
N/A
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HYDRAULIC EVALUATIONS AND IDENTIFICATION OF FLOOD HAZARDS
4.1

Overview

The 2003 MDP’s inventory of existing stormwater facilities was reviewed and expanded into new areas of
the watershed during the 2017 Update. Hydraulic evaluations were performed to assess the flow capacity
of each facility. Hydrologic modeling results in Chapter 3 were utilized to identify which facilities and
crossing may expose the public to flooding hazards.
4.2

Inventory of Existing Facilities

Within the Town of Windsor’s Growth Management Boundary, the existing storm drainage facilities are
largely associated with the existing development in the drainage basins. Small local detention ponds, storm
sewers, and conveyance channels comprise the network of drainage facilities that provide flood control
during the minor storm events in existing developments. Outside of the densely developed areas, drainage
improvements typically occur along major channels at major road crossings (i.e. County and/or State roads).
As part of the 2003 MDP and the 2017 Update, inventories of existing facilities within the Town of Windsor’s
Growth Management Area (GMA) boundary have been conducted. The inventory and evaluation of each
facility involved: (a) field reconnaissance to document location, condition and additional data requirements;
(b) review of available design and as-built drawings; (c) collection of site-specific data; and (d) evaluation of
the hydraulic capacity.

Inventorying of Existing Facilities

The 2003 MDP’s structure inventory was utilized as a starting point for the 2017 Update’s inventory.
Inventory information from 2001 - 2003 was updated where structures have since been replaced or there
was a significant change in condition. Information on dimensions and condition were collected for each
facility. The inventory of stormwater facilities focused on the extensive above ground flow paths and to a
lesser extent the limited number of below ground storm drainage systems. The types of facilities
inventoried included detention facilities, culverts, bridges, road crossings, drainage channels, irrigation
ditches, and major storm sewers. The inventory maps also incorporated predominantly minor/development
stormwater infrastructure information collected by the Town’s GIS staff including: storm drains, inlets,
outlets, detention ponds, and manholes.

4.3

Evaluation of Existing Facilities

The flow capacity of each crossing facility was calculated. The crossing capacity reported in Table 4.1 refers
to the amount of water that can be passed through the structure without overtopping the road. In some
cases, either the upstream left or right bank of a conveyance channel will be overtopped before the road
crossing is overtopped. Therefore, upstream bankfull capacity was also calculated and reported at some
locations.
Flow capacity for most road crossing structures was calculated using the orifice equation. The amount of
head available for passing flow under the road was determined either through field measurement or
estimated from LiDAR data. Hydraulic programs such as HEC-RAS and HY-8 were also utilized on a limited
number of more complex facilities to determine a structure’s flow capacity.

Existing facilities inventory maps are provided in Appendix C (Figures C.1a, C.1b, & C.2). Table 4.1 provides a
listing of the crossing facilities inventoried. Data that are more detailed and photographic documentation
associated with each structure and facility are provided in the project notebook attached to this report.

Dip crossings, where no structure presently exists, were also inventoried to highlight areas of concern for
future development. At these locations, no structure capacity exists but the discharge is reported from the
SWMM model to inform future improvements. The depth of road overtopping was computed at each dip
crossings for both the 10-year existing conditions and the future 100-year over-detention discharges.
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Table 4.1 Existing Facilities Inventory, Capacity, and Hazard Identification Summary.
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Drainage Criteria

In additional to the Town of Windsor’s Storm Drainage Criteria Manual, the following recommendations are
provided to guide land development within the Town of Windsor and the areas contributing stormwater to
the Town:

The Town’s drainage criteria are predominately located in two documents: 1) Town of Windsor Storm
Drainage Criteria manual and 2) the 2003 MDP.
Storm drainage in the Town of Windsor is regulated by the “Town of Windsor Storm Drainage Design
Criteria” manual [EPI, 1990; Rev. TOW-Engineering Dept., July 21, 2006]. The purpose of this manual is to
set forth the technical criteria to be used in the analysis and design of drainage systems within the Town of
Windsor. The manual focuses on the criteria that pertain to: (a) runoff methodologies; (b) road crossings; (c)
storm sewers; (d) open channels; (e) culverts; and (f) detention ponds. Discussions with Town Staff during
the 2003 MPD and the 2017 Update as well as the information contained in the design criteria manual
resulted in the initial drainage recommendations below with respect to storm drainage criteria that would
guide the identification of flood hazards and the development of improvements.
Major Road Crossings:

For major storm events, the criteria in the manual will govern except on State
Highway 257 (SH 257) and SH 392. On SH 257 and SH 392 no overtopping of the
roadway during major storm events was recommended for the purposes of
stormwater master planning.

Detention Ponds:

On-site detention facilities (associated with future development) at a minimum
must release 10- and 100-year fully developed discharges at the 10- and 100-year
undeveloped discharge rates respectively. During the development of the 2003
MDP, at the request of the Town, an additional detention scenario was evaluated
and adopted. In this adopted over-detention scenario the releases from on-site
detention facilities (associated with future development) were limited to the 10year existing condition peak discharge during the 100-year storm event.
The over-detention scenario was applied to every subbasin with undeveloped
area except in the Fossil Creek Basin (previously known as the Ptarmigan Basin),
where proposed development east of I-25 and south of SH 392 will limit releases
based on the available capacity of existing structures under SH 392 as reported in
approved drainage studies.

•

Stormwater releases from land development in each subbasin will be conveyed in a safe and stable
manner to the major drainageway. This statement implies that stormwater runoff will be conveyed in
an appropriate outfall facility such as an open channel, storm drain, etc.

•

All existing detention and retention areas must be physically and functionally preserved or be replaced
in kind.

4.5

Identification of Flood Hazards

Table 4.1 summarizes the structure inventories in the Fossil Creek and River Ridge Basins and presents the
capacity for each inventoried facility. The structure capacities were compared to the 10-year existing
conditions peak discharge to evaluate if there was an existing capacity issue. The structure capacities were
also compared to the future over-detention 100-year peak discharge to determine if issues may exist when
future development occurs. If the 10-year existing or 100-year future peak discharge exceeded the existing
structure’s capacity, it was highlighted in blue on Table 4.1. If road overtopping was expected to occur in
either the 10-year existing or 10-year future storm, the flow depth of overtopping was calculated. Road
overtopping depth was estimated using the weir equation. Length of weir flow across the road was
determined using LiDAR data if ground survey information was not available. The development of
improvements to address existing and future flood hazards are discussed in Chapter 7.
Table 4.2 summarizes the existing facilities that have capacity deficiencies. Seven structures lack capacity to
convey flows under the road crossing without overtopping. One of these structures is on SH 392 where no
overtopping is recommended. Two other structures experience road overtopping greater than 0.5 foot
during the 100-year future over-detention event. Unlike the Law and Windsor Basins, there were a minimal
number of dip crossings located in the Fossil Creek and River Ridge Basins. One traditional dip crossing was
investigated at the outlet of Subbasin FC17 where a flat area in LCR 30 west of LCR 5 does not have an
existing crossing structure. Another location with an elevated potential to overtop is LCR 5 immediately
south of SH 392. A 24-inch HDPE storm drainage pipe (Structure ID #FC3) carries flows from the east side of
LCR 5 under SH 392 however it appears to be clogged. Based on the small size and clogging potential for the
SH 392 pipe, flows east of LCR 5 may overtop LCR 5 from east to west and be conveyed along the south side
of SH 392 to the Country Meadows outfall crossing of SH 392 (Structure ID #FC12).

These drainage criteria were utilized to identify potential problems along the major drainageways. In
general, violations related to the criteria were specifically noted where road crossings exceeded maximum
allowable overtopping depths or detention facilities overtopped the pond embankments during the storm
events. For the purposes of master planning screening of existing improvements; overtopping depths at the
crossings were limited to less than 6-inches.
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Table 4.2 Summary of Existing Facilities Capacity Issues.

Facility ID

Road
Overtopped

Crossing
Capacity

Upstream
Bank
Capacity

FC3

LCR5

0
(plugged)

0
(plugged)

4
Plugged?
149
257
345
12

FC5
FC12
FC15
FC16
FC20
FC27

Hathaway
Lane
SH 392*
LCR 5
LCR 32
LCR 3
LCR 30

Existing Conditions
Scenario 10-Year
Peak
Road
Discharge Overtopping
(cfs)
Depth (feet)

4.6

Future Over-Detention
Scenario 100-Year
Peak
Road
Discharge Overtopping
(cfs)
Depth (feet)

5

0.1

16

0.1

4

5

N/A

16

N/A

N/A
N/A
178
372
N/A

9
235
235
291**
177

0.1
0.2
none
none
0.3

26
362
362
849**
66

0.1
0.4
0.3
0.6
0.2

Previous Analyses

The Town of Windsor’s MDP 2017 Update built upon and revised the hydraulic evaluations of existing
structures presented in the 2003 MDP. As described in Chapter 3, the hydrology was updated to reflect the
newest NOAA total rainfall depths and updated depth reduction factors provided by the Urban Drainage and
Flood Control District. In the Fossil Creek basin, new structure inventories were done for major road
crossing along Fossil Creek as the re-delineation of this basin now includes both the north and south sides of
the creek rather than just the south side.

* Indicates road is a critical road therefore no overtopping is allowed. All other roads, 0.5 feet of overtopping is allowed per
Town of Windsor Storm Drainage Criteria.
** Detention in the Ptarmigan golf course development was not modeling.

Fossil Creek Main Channel at LCR 3
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ALTERNATIVE ANALYSIS

A community wide alternative analysis was performed during the 2003 MDP efforts [Chapter 4.8, ACE 2003]. The
2003 alternative analysis focused on the use of over-detention requirements to reduce the size and cost associated
with planned drainage improvements associated with minimum detention requirements. The results of the 2003
MDP’s alternative analysis were ultimately adopted and became part of the Town’s drainage criteria utilized to
perform the 2017 Update. Therefore, a programmatic alternative analysis was not performed as part of the 2017
MDP Update. Screening level evaluations were developed on an improvement and project basis and are documented
in the development of improvements in Chapter 7.

Highland Meadows Subdivision Local Detention Pond

Restrictor/Orifice Plate on a Detention Pond Outlet

.
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RECOMMENDED PLAN

Since a wholistic alternative analysis was not performed for the 2017 Update, a recommended plan is not provided.
However, recommended improvements and projects are provided in Chapter 7 to address current stormwater issues
identified in the basin. A compilation of the identified stormwater issues in the community is located in Volume III
Implementation Plan and Finance Plan of the 2017 Update to the Town’s Master Drainage Plan.

From LCR 30 Looking North and Downstream along the East Westgate Drainage Path

.

From I-25 Offramp Looking North and Downstream along the Frontage Road Drainage Path
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CONCEPTUAL DESIGN
7.1

•

Plan Development Overview
Descriptions of drainage improvements are provided in Section 7.2 and shown on Figures 7.1 and 7.2. A
summary of the basin’s improvements costs and prioritization is provided in Table 7.1 and Table 7.2
respectively.

As part of the 2003 and 2017 master planning efforts, feasible drainage improvements were considered to
reduce the flooding problems associated with existing or future development conditions within the Town of
Windsor’s drainage basins. To facilitate the screening and evaluation of proposed improvements as well as
the formulation of an implementation plan, each basin was investigated individually.

7.2

Hydrologic modeling results in Chapter 3 were utilized to evaluate existing drainage facilities and will be
utilized to develop drainage improvements to address flooding hazards identified in Chapter 4. Large
portions of six of the eight drainage basins contributing stormwater to the Town of Windsor are presently
undeveloped and largely consist of agricultural/ranching/open space lands. Along the major drainageways
in the Town of Windsor, flooding problems are predominantly associated with road crossings, limited
channel capacity, and lack of on-site detention in developed areas. Since completion of the 2003 MDP, large
portions of the upper Fossil Creek and River Ridge Basins have been developed and as of 2017 the remaining
undeveloped areas are anticipated to be developed in the near future. The focus of flooding issues in the
Fossil Creek Basin continues to be the undersized SH 392 crossings. The 2017 Update continues to promote
the recommendation in the 2003 MDP for increased over-detention requirements needed to meet the
existing capacity of the SH 392 crossings in the Fossil Creek Basin. In the River Ridge Basin, minimal flood
related improvements are required at this time. However, it is anticipated that erosion related
improvements may be required along some of the typically incised River Ridge drainage paths in the future.

•
•
•

•

.

Description of Drainage Improvement Alternatives

Capacities of existing facilities were evaluated and the deficient crossing facilities are summarized in Table
4.2. Crossing locations with no existing crossing facilities were also identified for future construction. One
“dip” crossing improvement is called out on Figure 7.1. The dip crossing is located at the outlet of Subbasin
FC17, which is located at LCR 30. The future Shutts Subdivision 3rd Filing (Country Farms) and ThornburgHamilton 3rd Filing developments will construct a crossing structure at the low point in LCR 30 which will
convey flow from Subbasin FC17 north to Subbasin FC12b. The Country Farms development will also
construct a drainage channel to take flows from the downstream side of the LCR 30 culvert into the
detention pond (Shutts Pond #3) on south side of the Louden Ditch. Three additional road crossing
improvements are identified in Figure 7.2. The first road crossing improvement is at structure ID# FC20,
located on the Fossil Creek Main Channel at LCR 3. The existing culvert results in a 0.6-foot overtopping of
LCR 3. A new 6-foot high by 12-foot wide RCB is proposed to replace the existing structure. The second
proposed road crossing improvement is to the outlet from Subbasin FC09 at SH 392 (Structure ID #FC3)
which is presently clogged. Once flows are conveyed from the Subbasin FC09 outlet on the north side of SH
392 they enter a small roadside swale and then flow to a culvert crossing under LCR 5 (Structure ID #26)
which is in disrepair. Both Structure ID #26 and the roadside swale should be improved. As an alternative,
the conveyance of Subbasin FC09 that flows west across LCR 5 on the south side of SH 392 could be
investigated. In addition to crossing capacity issues, one major drainage issue requires improvement of the
Westgate drainage system.

The general approach taken to provide solutions to the drainage problems within the Town of Windsor’s
drainage basins consisted of the following types of major improvements as indicated below:
•

Construct spill structures, where appropriate, along the irrigation canals/ditches to prevent flooding and
redirect flows to the major outfall conveyance facilities or major drainageways.

Where appropriate, undersized crossing structures in the Town of Windsor should be improved and
enlarged to meet existing drainage criteria. These improvements will reduce backwater elevations and
roadway overtopping.
Open channels should be improved and enlarged to reduce channel overbank flooding and mitigate
potential channel erosion.
Regional detention ponds should be constructed where appropriate to limit the peak discharges within a
drainageway.
On-site detention ponds should be constructed within the basins to limit the peak discharges in the
drainageways, as well as the runoff from each subbasin, to the magnitude of the existing condition 10year flood events. Except in the Fossil Creek Basin where development in all subbasins south of SH 392
need to adhere to an increased over detention requirement.
Maintain or replace the existing roadway and railroad detention ponds where these facilities provide
significant benefit. The releases from these structures should be limited to maximize the existing
storage present at these locations.

The Westgate Main System outlets to the Royal Vista Stormsewer. The Royal Vista Stormsewer System is a
series of pipes, inlets, and manholes running south to north along Royal Vista Circle between the Westgate
and Country Meadows properties. The 1999 Westgate drainage report anticipated 11.7 cfs of runoff would
reach the existing entrance to the Royal Vista stormsewer. However, this report neglected to account for
offsite flows south of the Louden Ditch/LCR 30. The underestimation of the contributing offsite drainage
area now limits future upstream development to discharges less than the minimum required over detention
criteria (100-Year Future to 10-Year Existing).
The Westgate development was modeled in greater detail in the 2017 MDP Update than in the 2003 MDP.
There are three outlet points from the Westgate development that have a combined release rate (according
to the 1999 report) of ~50 cfs. The western most outlet is under the northbound off ramp of I-25 (structure
ID #FC24). Crossing structure ID #FC24 collects flows from Subbasins FC15a and FC14b. According to the
1999 Westgate drainage report, the allowable release at this point is 14 cfs. The middle release point from
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Subbasin FC16 through Subbasin FC15b to the inlet to the existing Royal Vista stormsewer system. This
conveyance channel would be approximately 4,800 linear feet of trapezoidal channel with bottom width of 2
feet, minimum depth of 2 feet, and 4H:1V side slopes.

the Westgate development is under SH 392 between the I-25 northbound off ramp and Westgate Drive.
This middle release point only receives runoff from Subbasin FC14c which includes the Arby’s Restaurant,
part of the Westgate Center building, and part of American Inn Lodge & Suites property. According to the
1999 Westgate report, the allowable release at this middle release point is 11 cfs (structure ID #FC14). The
eastern most release point is the Royal Vista Stormsewer which receives runoff from Subbasins FC14d,
FC14e, FC15b, and FC16. According to the 1999 Westgate report, the allowable release at this eastern point
is 25.6 cfs (at Structure ID #FC13). Subbasin FC14d encompasses the existing eastern portion of the
Westgate development. Subbasin FC14e was planned for development in the Westgate 1999 report and
was assigned an allowable release rate of 1.2 cfs, but nothing has been built yet. Subbasin FC15b and
Subbasin FC16 represent what would be considered offsite contributing areas to the Westgate
development. According to the 1999 Westgate report, Subbasins FC15b and FC16 are limited to a release
rate of 10.5 cfs.

7.2.2

The second alternative involves upsizing the Royal Vista Stormsewer System and allowing Subbasins FC15b
and FC16 developments to release at the normal 100-Year Future Condition to 10-Year Existing Conditions
over detention criteria. Under this scenario, the allowable release from Subbasin FC15b is 17 cfs and 50 cfs
from Subbasin FC16. Subbasin FC14e would still be limited to 1.2 cfs per the Westgate 1999 report. To
accommodate the larger offsite flows the Royal Vista Stormsewer system would be upsized and redirected
to release at the same location under SH 392 as the Country Meadows System (Structure ID #FC12). It was
determined from SWMM modeling that the Royal Vista System would need to be upsized to 36-inch RCP.
The current Country Meadows culvert under SH 392 would be upsized to a 42-inch RCP with flared end
sections to accommodate the newly combined runoff from Country Meadows and the Royal Vista
stormsewer. It was anticipated that upsizing of the Country Meadows culvert would require boring under
SH 392 rather than more traditional trench installation, as SH 392 could not be shut down for construction.
This alternative would also give the opportunity to accommodate flow from Subbasin FC09 which currently
overtop LCR 5 and join the Country Farms system due to the existing Subbasin FC09 outlet under SH 392
being clogged (Structure ID #FC3). To safely convey flows downstream of the Country Farms culvert, an
improvement channel is also proposed under this alternative. The improved channel would convey flows
from the downstream side of SH 392 to existing well defined flow path at the outlets of Subbasin FC08 and
FC13. The improved channel would be approximately 2,300 linear feet of trapezoidal channel with bottom
width of 3 feet, depth of 3 feet and 4H:1V side slopes. Based on SWMM modeling the improved channel
was designed to convey 100 cfs. There is a steep drop off into this well-defined channel therefore, drop
structures have also been incorporated into the cost of this alternative. Lastly, a concrete pan for low flows
would be constructed across the northern part of the Country Meadows development to convey flows from
the upsized Royal Vista Stormsewer system to the new Country Meadows culvert.

The 2003 MDP assumed that the combined total of approximately 50 cfs from the three Westgate
development release points was available to handle the runoff from all subbasins upstream of the existing
Westgate development and convey is safely under SH 392. However, based on existing topography, all of
the offsite flows south of LCR 30 as well as Subbasin FC15b are directed at the eastern most Westgate
release point (the Royal Vista stormsewer).
Two alternatives were developed for solving this limited capacity issue and are presented in Sections 7.2.1
and 7.2.2. Proposed improvement alternatives are presented in Figure 7.1. Concept channel profiles are
provided in the project notebook.
7.2.1

Alternative 2 – Normal Over Detention

Alternative 1 – Increased Over Detention

The aim of Alternative 1 is to limit releases from Subbasin FC16 and Subbasin FC15b to a combined 10 cfs.
Based on the ratio of subbasin areas, it was determined that Subbasin FC15b would be allowed to release
2.5 cfs and Subbasin FC16 would be allowed to contribute 7.5 cfs of the total 10 cfs planned.
Development plans are presently underway for the northern portion of Subbasin FC16. Subbasin FC16 lies
outside Windsor’s GMA, but since the development would discharge directly to the Town’s GMA, the
developer is planning to provide at least 100-10 over detention per the Town of Windsor’s drainage criteria.
It is estimated that over detention would allow Subbasin FC16 to release at 50 cfs. Further detention would
be required to knock flows down to the prescribed 7.5 cfs release from Subbasin FC16 to adhere to design
assumptions for the Royal Vista Stormsewer System. This could either be done by expanding the
development detention pond on the south side of LCR 30, or creating an additional inline detention pond on
the north side of LCR 30. A SWMM model run was set up using the inline pond assumption. Results from
this model run are shown on Table 3.3. Modeling showed it would require approximately 35 additional
acre-feet of storage to knock over detained flows from Subbasin FC16 down from 50 cfs to 7.5 cfs. To
release future developed Subbasin FC15b at 2.5 cfs approximately 17 acre-feet of storage would need to be
provided. Development of this alternative also included design of a conveyance channel from the outlet of

.
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Figure 7.1 Proposed Improvements – Country Meadows and Westgate Flow Paths.
.
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Figure 7.2 Proposed Improvements – Fossil Creek Main Channel.
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Conceptual Improvements Cost Estimates
Table 7.1 Summary of Basin Improvement Costs.

Costs estimates were developed for the proposed improvements and provided the basis for the opinion of
costs generated for the comprehensive projects in the basin. Data used to develop unit costs were obtained
from recent bid tabulations, quotations from various suppliers and manufacturers, and information supplied
by local contractors and the Town of Windsor Engineering Department. The unit pricing data compiled and
used to generate the cost estimates is provided in Appendix C. A proposed project’s total concept cost
estimates for master drainage planning included: (a) the base construction cost for the drainage
infrastructure; (b) general construction cost items; (c) a construction cost contingency; (d) engineering,
permitting, legal, fiscal and administrative costs; and (e) property acquisition costs.

2003 ReachItem No.

Infrastructure
Construction

Description

Property
Acquisition

FOSSIL CREEK BASIN

P1&P2

The Base Construction Cost for the drainage infrastructure is defined as the costs associated with the labor
and materials for installing the components of the drainage improvements. General Construction Cost items
included: mobilization, surveying, general/minor utility relocations, dewatering, and traffic control; all of
which were estimated using various percentages of the base construction cost. The base and general
construction costs when added together form the Construction Cost. A contingency of 30% of the
construction cost was included in the estimate of Total Project Construction Cost to cover real and
intangible items not directly accounted for in the unit pricing data. The cost for professional engineering
and construction services, labor required to obtain the necessary permits, and legal requirements was
estimated as 20% of the total project construction cost. Property acquisition costs and any project specific
maintenance costs were then added to obtain the Total Project Conceptual Cost.

Westgate Flow Path Improvements,
Alternative #2: Upsize Royal Circle Storm Drainage

$947,000

SH 392 & LCR 5 Culverts & Swale Improvements
Fossil Creek Main Channel Upsize LCR 3 Crossing

$42,000
$240,000

$118,000

Engineering,
Permitting,
Legal &
Administration

Total Concept
Project Cost

$190,000

$1,255,000

$0
$8,000
$0
$48,000
Fossil Creek Basin Total Cost

$50,000
$288,000
$1,593,000

The cost estimates for the recommended basin improvement projects are summarized in Table 7.1. No
significant drainage improvements were identified in the River Ridge Basin at this time. Detailed concept
level cost estimates for each project (grouping of proposed improvements) can be found in the project
notebook.

.
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Table 7.2 Summary of Basin Improvement Priorities.

7.4

Basin Improvements Prioritization and Phasing

To promote the construction of the drainage improvements as funding becomes available, implementation
priorities are established and an implementation plan developed. The basin specific prioritization and
phasing is provided here while the community wide stormwater program priorities are summarized in the
Town of Windsor Master Drainage Plan: 2017 Update – Volume III Implementation Plan and Financing Plan.
The grouping of proposed improvements into projects that can be implemented in phases was discussed in
Section 7.2.

2017
MDP
Priority

The implementation and phasing of the drainage improvements are dependent on several factors. The
factors described below were utilized to establish the priority of implementation for the improvements.

NO. 2

Improvements that reduced the health and safety hazards to the public and vehicular traffic were
considered the highest priority. For example, crossings of State Highway 392 and Larimer County Roads
received a high priority as well as those areas where potential flooding occurs in highly urbanized areas.

NO. 3

•

•

Improvements to areas likely to incur the most flood damages were the next highest priority.

•

Construction phasing of adjacent improvements was considered. For example, improving a culvert
crossing may significantly reduce flood damage upstream of the crossing; however, the downstream
channel must be improved in conjunction with the roadway crossing to prevent an increase in flood
damages on the downstream property.

NO. 1

7.5

2017 MDP
Cost

Description

Fossil Creek
Westgate Flow Path Improvements,
Fossil Creek Main Channel Upsize LCR 3 Crossing
PRIORITY 1 SUBTOTAL =
None
PRIORITY 2 SUBTOTAL =

P-1 &
SH 392 & LCR 5 Culverts & Swale Improvements
P-2

$1,255,000
$288,000
$1,543,000
$0
$0
$50,000

PRIORITY 3 SUBTOTAL =

$50,000

GRAND TOTAL =

$1,593,000

Operation and Maintenance

All infrastructure added to the Town of Windsor’s storm drainage infrastructure portfolio will require
maintenance at some point in time. O&M costs were not specifically evaluated for each proposed
improvement during the 2003 MDP and the 2017 Update. However, the Town does account for O&M costs
in its fee structure as documented in the Financing Plan portion of Volume III of the Town of Windsor: 2017
MDP Update.

Results of the implementation planning efforts are presented in Table 7.2. It should be noted that obstacles
that hinder the implementation of the comprehensive plans are frequently encountered. In many instances,
these obstacles should be considered and/or addressed as early in the planning and design process as
possible. Consequently, administration of the plan should provide for immediate consideration of: (a)
acquisition of property, easements and rights-of-way necessary to construct proposed improvements; (b)
identification of potential utility conflicts that will require resolution prior to construction of the
improvements; and (c) acquisition of permits required prior to construction of the improvements.

In general O&M requirements will at a minimum consist of:
•
•
•
•

.

2003
MDP
ReachItem

7.6

Inspecting and cleaning storm drains, inlets, and outlets.
Inspecting, cleaning, and mowing regional detention facilities and their associated appurtenant
structures.
Enforcing the inspecting, cleaning, and mowing of local/neighborhood detention facilities and
stormwater channels.
Inspecting, cleaning, and mowing master planned regional stormwater channels
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notebook.
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