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INTRODUCTION
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.

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. In the Law and Windsor Basins,
proposed improvements did not alter the base hydrology in such a way that required an additional
future conditions modeling scenario.

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 Law and
Windsor 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.

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 MDP after
cost estimates were prepared for each improvement.
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 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: a) the 2003 MDP in high priority basins and b) the financing
plan. 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.
1.2

4.

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
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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). For the lower Windsor and
lower Law Basins especially along the Poudre River channel, the 2014 FEMA post 2013 Flood re-flight LiDAR
data were also utilized. Both sets of LiDAR were obtained from https://geodata.co.gov/# . For the upper
portion of the Law Basin, USGS quad sheets were used, as this area was outside the extents of the 2013 and
2014 LiDAR datasets.
1.3.2

With respect to flood studies within the Town’s drainage basins; the Federal Emergency Management Agency
(FEMA) has produced flood information and mapping along the Cache la Poudre River and the Law Ditch
flooding sources. Specifically, FEMA has documented Law Ditch flooding in the following documents:

Vertical Datum and Horizontal Coordinate System

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.
1.3.3

(a)
(b)

Physical Map Revision (PMR) for the John Law Ditch Floodplain, FEMA Case No. 08-08-0233P,
December 14, 2009.
Flood Insurance Study (FIS), Weld County, Colorado, Unincorporated Areas, Colorado; Revised January
20, 2016.

Aerial Photography
The effective John Law Ditch hydrology published in the Weld County FIS was developed in 2009 PMR based
on SWMM modeling originally completed in the 2003 MDP. The 2009 PMR was based on a 2007 Letter of
Map Revision (LOMR) request to FEMA that proposed updated hydrology and floodplain delineations. Prior
to acceptance of the 2007 LOMR request by FEMA, the hydrology developed in the 2003 MDP and submitted
with the request was revised based on FEMA comments. The largest change was the removal of the
assumption that the Black Hollow Reservoir and the Windsor Reservoir did not contribute to the 100-year
peak discharges. FEMA would not allow a reduction in peak discharges in the basin without legally preserving
the detention volume in the reservoirs as flood storage. The non-contributing assumption is discussed further
in Section 3.5.4. Per FEMA’s requirements, two other reservoirs along the John Law Ditch flow path (Law
Reservoir and Loop Lake) were assumed to be full to the emergency spillways in order to obtain FEMA’s
approval of the 2007 LOMR request. The 2007 LOMR request was officially incorporated into the Weld County
FIS adopted January 20, 2006. Therefore, FEMA’s regulatory John Law Ditch hydrology will not match the
2003 MDP and the 2017 Update hydrologic results due to the Town’s desire to incorporate the benefits of the
existing reservoirs for the purposes of stormwater master planning. The Town will regulate to the FEMA
approved hydrology for the purposes of floodplain management and participation in the National Flood
Insurance Program (NFIP).

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. Additionally, King Surveyors
captured aerial imagery specifically for the Great Western Railroad (GWRR) upstream along the Law Ditch and
the West Tributary channels to the Greeley No. 2 Canal and Hollister Lake Road/WCR 19 respectively.
Table 1.1 Aerial Photography Summary.
Date
April 29, 2002
July 28, 2015
September 7, 2016
February 2017

Source
United States Geologic Survey – Quad Map
USDA - NAIP
Google Earth
King Surveyors flight– Law Ditch & West Tributary Area

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

1.4

Previous Studies

Data Collection

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.

1.2
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From the Confluence with the Law Ditch Main Channel
Looking Upstream Along West Tributary Channel after a Spring Rain/Snow Event. (May 2017)
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Similarly, the Law Basin is divided into five minor basins. The major drainage feature in the Law Basin is the
John Law Ditch. Drainage along the Law Ditch is divided into Upper, Middle, and Lower Minor Basins. The
Law Ditch also receives runoff from an area defined as the West Tributary to the Law Basin (aka the West
Tributary). The West Tributary is further divided into upper and lower minor basins. The Upper West
Tributary Minor Basin is the portion of the Law Major Basin that drains to the Kern Reservoir. The Lower
West Tributary Minor Basin is the portion of the West Tributary below the Kern Reservoir and upstream of
the West Tributary’s confluence with the John Law Ditch on the north side of the Great Western Railroad
(GWRR). Major and Minor basins delineations are shown in Figure 2.2.

STUDY AREA DESCRIPTION
2.1

Project Area

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,
Town of Severance, 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 northeast of the Cache la Poudre River. However, the
Town is seeing more development pressure southwest 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 water bodies and planned open spaces such as parks 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

Geology and Soils Data

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.6 shows the
hydrologic soils groups used for hydrologic modeling within the Law and Windsor Basins. Similar to land
use, the soils data in the Upper Law Basins (L27-43, LNC2-LNC6) were not updated during the 2017 MDP
Update. Infiltration parameters reported in the 2003 MDP were used in the Upper Law Subbasins.

- Jacoby Basin
- Oklahoma Basin

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. This Volume I report discusses the updates in the Law and Windsor Basins.
Updates to the Fossil Creek and River Ridge Basins are discussed in the separately bound Volume II report.
2.1.1

General Watershed Description

The Law and Windsor Basins were further subdivided into minor basins for hydrologic modeling and
improvement planning purposes. The Windsor Major Basin is divided into upper and lower minor basins by
the Kern Reservoir (aka Windsor Lake). The Upper Windsor Minor Basin is defined by the portion of the
Windsor Major Basin that drains to Kern Reservoir. The portion of the Windsor Major Basin below the Kern
Reservoir is the Lower Windsor Minor Basin.
2.1
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Figure 2.1 Town of Windsor’s and Adjacent GMAs.
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Figure 2.2 Vicinity Map.
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Table 2.1 Land Use Imperviousness.

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
Collins’ 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.

Town of Windsor Comprehensive Plan
Hydrologic Land Use Groups
Land Use

For the Upper Law Subbasins (L27-L43 and LNC2-LNC6, all of which are located outside Windsor’s GMA)
existing and future land use data from the 2003 MDP were utilized. The 2003 MDP assumed no difference
between existing and future land use conditions, as land use planning data were not available in
unincorporated Weld County and it was assumed that hydrologically future development would release
stormwater at rates no more than existing conditions. The 2003 MDP determined land use in Subbasins
L27-L43, and LNC2-LNC6. Further discussion of hydrologic modeling in the Upper Law Subbasins can be
found in Section 3.4.
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.

Water

Ponds & Lakes

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

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 Windsor Basin within the GMA is 32% impervious under existing conditions, and is
expected to be 53% under future conditions. The Lower Windsor Basin is considered fully developed under
existing conditions, so future development in the Windsor Basin will be concentrated in the Upper Windsor
Basin.

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.7 and B.8, respectively.

The portion of the Law Basin within the GMA is 34% impervious under existing conditions, and is planned to
be 60% under future conditions. Future development in the Law basin within the GMA limits will come
primarily in the form of additional industrial development in the Lower and Middle Law Minor Basins.

2.4
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The Upper Windsor - Main Channel flow path outlets into the Greeley No. 2 Canal west of SH 257/WCR 17.
From the canal confluence, the main channel heads northwest, crosses WCR 15 approximately 760 feet
north of Great Western Railroad (at Structure ID #W-U-MC1) before heading northwest to the Lake Canal
No. 1 Reservoir outlet. Two branches enter Lake Canal Reservoir from the north. The west branch collects
runoff from: a) the new Harmony Club subdivision in Timnath and b) the west portion of the Ridge at
Harmony subdivision in Windsor (through Structure ID #W-U-MC4). The east branch conveys flows from
Subbasin W46 to the Lake Canal No. 1 Reservoir.

Major Drainageway Descriptions

Major drainage paths in the Law and Windsor Basins were identified and utilized to direct structure
evaluations and design improvements. Major flow paths are identified on the existing facilities maps for the
Law and Windsor Basins (Figures C.1-C.5). 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-B.5).
The Cache la Poudre River represents the most notable drainage feature in the Town of Windsor’s GMA. All
stormwater runoff generated within the Law and Windsor Basins is ultimately conveyed to the Cache la
Poudre River. Several irrigation facilities also traverse the Law and Windsor Basins within Windsor’s GMA
including the:
>
>
>

Greeley No. 2 Canal
Lake Canal
John Law Ditch

>
>
>

The Weld County Road 15 (WCR 15) system diverges from the main channel approximately 2,100 feet east
of WCR 15; heads northwest before crossing WCR 15 approximately 3,100 feet north of GWRR (at Structure
ID #W-U-WCR15-1), then continues north on the west side of WCR 15. The WCR 15 drainage path then
crosses back under WCR 15 approximately 3,700 feet north of first crossing (at Structure ID #W-U-WCR15-4
& W-U-WCR15-5) before crossing the Lake Canal approximately 1,300 feet further north (at Structure ID #WU-WCR15-6). After crossing the Lake Canal, the WCR 15 drainage path splits into two branches before each
branch crosses Harmony Road (WCR 74). The east branch heads northeast and collects runoff from the
Home Ranch Subdivision (at Structure ID #W-U-WCR15-10). The west branch heads northwest crossing
WCR15 at Structure ID #W-U-WCR15-7 and splits again after crossing Harmony Road (at Structure ID #W-UWCR15-8). The west branch of this second split collects the east part of Ridge at Harmony subdivision and
the south part of the Roth subdivision. The east branch of second split collects undeveloped land between
WCR 15 and the Home Ranch Subdivision and conveys flows to Structure ID #W-U-WCR15-9.

Springer Ditch/Windsor Reservoir Outlet
Whitney Ditch
Chalgren Ditch

These ditches convey irrigation flows within the basin but generally offer limited value as drainage features
such that during minor and major rainfall event irrigation facilities will 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, these irrigation ditches were assumed to overtop during flood events rather than
direct flow from or to more natural drainage courses.
2.4.1

Both major flow paths in the Upper Windsor Basin discharge to the Greeley No. 2 Canal northwest of
Osterhaut Lake and the Kern Reservoir. As suggested in the 2003 MDP, Kern Reservoir in conjunction with
the Greeley No. 2 Canal were reconfigured to detain large storm events from the Upper Windsor and Upper
West Tributary Minor Basins and limit discharges in the Greeley No. 2 Canal downstream of the Kern
Reservoir to 600 cfs. Discharges in the Greeley No. 2 Canal downstream of the Kern Reservoir are controlled
by gates on the canal approximately 500 feet west of Hollister Lake Road (WCR 19) that were specified in the
2003 MDP (Structure ID #GN2-12). During large storm events, the gates are lowered, forcing water to back
up and be detained in the Kern Reservoir. The storing of large storm events in Kern Reservoir prevents
downstream spills from the Greeley No. 2 Canal due to limited existing capacity and canal bank failure
during the event.

Windsor Basin

Most of the historic urbanization has occurred within the Windsor Basin and continues to occur through the
construction of new residential developments. The Windsor Basin consists of the Upper and Lower Minor
Basins that are separated by the Kern Reservoir (also known as Windsor Lake). The Upper Windsor Basin
exhibits a more rural existing land use. The Lower Windsor Basin reflects a nearly fully developed state
consisting of primarily residential housing with limited commercial and industrial facilities. The vegetation
species vary from rangeland grasses and shrubs to farm crops in the Upper Windsor. The major drainage
paths in the Lower Windsor typically consists of grass-lined swales and channels as well as the local street
and stormsewer systems.

The Lower Windsor Basin is defined as the area downstream of the Kern Reservoir. All flows from Lower
Windsor reach the Cache la Poudre River through a grass-lined swale that bisects the Water Valley
development south of Eastman Park Drive. Working west to east the portion of the Lower Windsor Basin
north of Eastman Park can be divided by where they cross Eastman Park Drive. Existing structure inventory
identification numbers are used in the description below. Maps of existing drainage structures are found in
Appendix C (Figures C.1-C.5). Figure C.1 provides the Lower Windsor existing facilities map.

As requested by Town staff, the 2017 MDP Update included a more detailed look at the drainage paths
dominating the Upper Windsor Minor Basin. The 2003 MDP only took a cursory view of drainage in the
Upper Windsor Minor Basin as there was little development occurring and anticipated in the Upper Windsor
at the time. As of 2017, increased development pressure is occurring in the Upper Windsor Minor Basin.
For the current MDP effort, two major flow paths in the Upper Windsor Basin were studied: a) the Upper
Windsor - Main Channel and b) the Upper Windsor - Weld County Road 15 (WCR 15) system. The Upper
Windsor major drainage paths are provided on Figure C.2.

Structure ID #W-L20 collects drainage from Governors Farm and Chestnut Village developments and outlets
under Eastman Park Drive approximately 500 feet east of 3rd Street. Structure ID #W-L30 collects drainage
2.5
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from Mountain View School, Glen Rock PUD, and Windsor Village 3rd filing developments and outlets under
Eastman Park Drive approximately 700 feet east of 3rd Street. Structure ID #W-L40 collects runoff along 1st
Street from Eastman Park Drive to Chestnut Street. In the Lower Windsor Basin, everything north of
Chestnut Street and west of 1st Street drains to the intersection of Chestnut and 1st Streets. At the
intersection, some water continues down 1st Street toward Structure W-L40 and some heads east along
Chestnut Street and joins the system that crosses under Eastman Park Drive at Structure ID #W-L50. As
described above, Structure ID #W-L50 receives some drainage from the northwest portion of the Lower
Windsor Basin based on the split at the intersection of 1st and Chestnut Streets. Flows from the split join
outflows from the Chimney Park Detention Pond before passing through the Folkstone Park pond. Flows
exit the Folkstone Park pond through a storm sewer pipe and are conveyed to the Windsor Village Park
pond. The outlet pipe from Windsor Village Park pond daylights in the north roadside swale of Eastman Park
Drive (Structure ID #W-L52). Water leaving the Folkstone Park Pond as overflow joins the Cornerstone Drive
stormsewer system which daylights in the north Eastman Park roadside swale immediately northwest of the
Cornerstone Drive and Eastman Park Drive intersection. Windsor Village 1st filing development runoff as
well as outflows from the Tolmar Detention Ponds end up in the north roadside swale on Eastman Park
Drive. Flows in the north roadside swale cross Eastman Park at Structure ID #W-L50.
2.4.2

2003 MDP improvements to the Lower West Tributary and Law Ditch flow paths were completed in 2016 in
the area between the Greeley No. 2 Canal and the GWRR. On the Lower West Tributary, a new trapezoidal
conveyance channel has been constructed from the outlet of Greenspire Storm Drainage System at WCR 19
to the confluence with the Law Ditch on the upstream (north) side of the GWRR. Three new box culverts
were constructed along with the new West Tributary conveyance channel. The three new culvert locations
are listed upstream to downstream: (a) at SH 392 (Structure ID #LWT-L3), (b) at the Great Western Railroad
Spur (Structure ID #LWT-L2), and (c) at the newly constructed Nankeen Road (Structure ID #LWT-L1). On the
Law Ditch, a new crossing of WCR 21 and the Greeley No. 2 Canal has been constructed (Structure ID #GN24). Inlet grading was constructed upstream (east) of WCR 21 at the Greeley No. 2 Canal which captures Law
Ditch flows and directs them into the new culvert under the WCR 21 and the Greeley No. 2 Canal. Flows
that overtop the culvert’s inlet continue to run south and overtop the Greeley No. 2 Canal near the
intersection of WCR 21 and SH 392. Downstream of the new Law Ditch crossing of WCR 21 and the Greeley
No. 2 Canal, a new trapezoidal conveyance channel was constructed which crosses SH 392 in a box culvert
(Structure ID #LMC-M1) and continues south to the confluence with the West Tributary on the north side of
the GWRR. Stormwater flows conveyed through the GWRR crossing (Structure ID #LMC-L6) continue south
to a crossing at Eastman Park Drive (Structure ID #LMC-L5). South of Eastman Park Drive, flood flows are
conveyed through the Kodak property, ultimately overtopping the Whitney Ditch and confluencing at the
Cache la Poudre River.

Law Basin

The Law Basin consists of a predominantly rural watershed with a well-defined major drainage channel. The
vegetation species vary from rangeland grasses and shrubs to farm crops in the overbank areas. The low
flow channel is typically lined with dense stands of wetland grasses and shrubs. The major drainageway,
referred to as the Law Ditch, (aka The Slough above the Law Reservoir and The Consolidated Law Ditch
below the Greeley No. 2 Canal) is the most predominant drainage feature and traverses the central portion
of the basin in a southerly direction. For purposes of master planning, the Law Basin has been broken up
into three minor basins along the Law Ditch flow path. The Upper Law Basin is defined as the portion of the
Law Basin upstream of the Greeley No. 2 Canal. The Middle Law Basin is the portion between the Greeley
No. 2 Canal and the C & S Railroad. The Lower Law Basin is the portion below the C & S Railroad. In addition
to the lower John Law Ditch flow path, the Lower Law Basin also contains the Diamond Valley Outfall system
which originates at the outfall of the Diamond Valley development’s stormsewer and continues south to the
Cache la Poudre River in a trapezoidal grass lined swale. Existing facilities maps for the Upper, Middle and
Lower Law Basins identify major drainage paths (Figures C.3-C.5).

Improvements to the Kern Reservoir (discussed in Section 2.4.1) allow flows from the Upper West Tributary
to be captured and attenuated by the reservoir. The major flow paths in the Upper West Tributary are: a)
the Upper West Tributary - Main Channel; b) the WCR 15½ system; c) the Springer Ditch system, d) the
Ventana system, and e) the Windsor Estates system.
The Upper West Tributary Main Channel is not a defined channel but rather the natural lowest flow path
through the basin. The main channel outlets to the Greeley No. 2 Canal within the Greenspire Development,
east of SH 257 and south of the Ventana Development. The main channel overtops SH 257 approximately
1,400 feet north of the Greeley No. 2 Canal (Structure ID #LWT-U-MC1). There is currently no existing
culvert to convey flows in the main channel from the west side to the east side of SH 257. Upstream (west)
of SH 257 the main channel flow path continues northwest past the confluence with the WCR 15½ system to
the downstream (east) side of WCR 15 which is acting at the drainage divide between the Law and Windsor
Basins in this area.

A secondary drainageway associated with the Law Ditch, hereafter referred to as the West Tributary,
collects stormwater runoff from the western portion of the basin and confluences with the main flow path
immediately north of the GWRR. During larger events, the right bank of the Law Ditch spills just north of
State Highway 392. The Law Ditch right bank overflows run west and join the West Tributary flow path just
north of SH 392. Below the confluence with the West Tributary at the GWRR, the Law Ditch flows due south
to the Cache la Poudre River. The Lower West Tributary receives runoff from the portion of the Greenspire
Development east of Kern Reservoir and west of WCR 19 (Hollister Lake road). The Lower West Tributary
also receives runoff from the Winter Farms and Village East Developments.

The Upper West Tributary WCR 15½ system collects flow from Subbasin L13 (through Structure ID #LWT-UWCR15½-2) and portions of Subbasin L12A and conveys them to the Upper West Tributary - Main Channel.
The confluence of the main channel and WCR 15½ system is approximately 1,600 feet east of SH 257 and
4,000 feet south of WCR 72.
Flood flows associated with the Upper West Tributary’s Springer Ditch system are conveyed along the
alignment of the Windsor Reservoir Outlet (aka the Springer Ditch). Initially, the stormwater runoff
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15. The canal continues to run east before terminating at the Springer Ditch northwest of the intersection
of SH 257 and WCR 72. Structures and intersections with major drainage flow paths are grouped and
summarized in Table 4.1.

captured by the Springer Ditch is conveyed through the crossings of both WCR 74 and WCR 72 (Structure IDs
#LWT-U-SP4 and #LWT-U-SP7, respectively). South of the WCR 72 crossing, the West Tributary follows the
alignment of the Springer Ditch adjacent to SH 257/WCR 17 and ultimately to its confluence with the
Greeley No. 2 Canal directly north of Kern Reservoir.

2.5
The Upper West Tributary’s Ventana system collects flows from Subbasin L17 and crosses WCR 72 (at
Structure ID #LWT-U-V2) before collecting runoff from Subbasin L16B. Flows are then conveyed across the
Chalgren Ditch before joining the Ventana subdivision drainage which ends up in the Greeley No. 2 Canal at
the same location as the Springer Ditch system.

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. The structure ID prefixes and associated flow paths can be found in Table 2.2. 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.

The Upper West Tributary’s Windsor Estate system collects runoff from the east side of WCR 19 (Subbasin
L15) before crossing WCR 19 from east to west (at Structure ID #LWT-U-WE2). West of WCR 19 flows are
conveyed to the Greeley No. 2 Canal in a drainage swale on the southern border of the Windsor Estates
subdivision. The Windsor Estates subdivision is represented by Subbasin L16A and the runoff from it also
ends up in the Windsor Estate’s southern swale.
2.4.3

Table 2.2 Structure ID Codes.
Flow Path (or Major Drainage Area)

Structure ID Prefix

Windsor Basin

Greeley No. 2 Canal

The Greeley No. 2 Canal diverts irrigation water from the Cache la Poudre River approximately 1,000 feet
west of Larimer County Road 3 (LCR 3) and 2,500 feet south of Twin Pass Road. The canal enters the
Windsor Basin at the GWRR just west of Kern Reservoir. The canal runs north and then east around
Osterhaut Lake and then continues east on the north side of Kern Reservoir. As the canal passes through a
set of radial gates just east of WCR 17/SH 257 it leaves the Windsor Basin and enters the Law Basin. Rubicon
gates just west of WCR 19/Hollister Lake road control the flows out of the Greeley No. 2 Canal/Kern
Reservoir system. After WCR 19, the canal runs between the 1st and 3rd filings of the Winter Farms
subdivision, then bisects the Village East subdivision before crossing under WCR 21. At WCR 21, the canal
turns south and heads toward the intersection of WCR 21 and SH 392. The canal then turns back east and
heads southeast as is exits the Law Basin. Existing Structures along the Greeley No. 2 Canal are included in
the structure inventory summary (see Table 4.1).

Lower Windsor

W-L

Upper Windsor – Main Channel

W-U-MC

Upper Windsor – Weld County Road 15 System

W-U-WCR15-

Law Basin

The Greeley No. 2 Canal (along with Kern Reservoir) divides the Windsor Basin and West Tributary Minor
Basin into upper and lower sections. Between the Upper and Lower West Tributary Minor Basins, the
Greeley No. 2 Canal and the Kern Reservoir operate as a single system during flood events. During floods,
flows from the Upper Windsor and Upper West Tributary Basins are captured by the canal/reservoir and
released at a maximum of 600 cfs as discussed in Section 2.4.1.
2.4.4

Major Structures

Law Main Channel - Lower

LMC-L

Law Main Channel – Middle

LMC-M

Law Main Channel – Upper

LMC-U

Diamond Valley Outfall Channel

DV-

West Tributary of the Law Basin – Upper – Main Channel

LWT-U-MC

West Tributary of the Law Basin – Upper – Weld County Road 15 ½ System

LWT-U-WCR15½ -

West Tributary of the Law Basin – Upper – Springer Ditch

LWT-U-SP

West Tributary of the Law Basin – Upper – Ventana System

LWT-U-V

West Tributary of the Law Basin – Upper – Windsor Estates System

LWT-U-WE

West Tributary of the Law Basin – Lower

LWT-L

West Tributary of the Law Basin – Lower – Winter Farms

LWT-L-WF

Law and Windsor Basins
Greeley No. 2 Canal

Lake Canal

GN2-

The Lake Canal is a prominent drainage feature in the Upper Windsor and Upper West Tributary Basins. The
Lake Canal crosses into the Upper Windsor Basin south of Harmony Road and west of the Larimer and Weld
County Line. The canal runs east and crosses into the Upper West Tributary (of the Law) Basin east of WCR
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Flood History

The Cache la Poudre floodplain was used to delineate the southern boundary of the Law and Windsor Basins
and therefore the Cache la Poudre floodplain does not intersect the Law and Windsor Basins. The Cache la
Poudre floodplain and the corresponding Poudre River Major Basin identifies much more of a regional
flooding source that presents unique challenges for master planning purposes and should be treated under
a separate basin or riverine master plan.
Even though the John Law Ditch and Lower West Tributary floodplains are identified in the current effective
Weld County Flood Insurance Study (FEMA, 2016); there is minimal to no readily available information
regarding historic flooding in the basins. Summertime thunder storms periodically cause street and localized
flooding (especially with the presence of storm drain clogging hail) in the Windsor and Law Basins.

Street Flooding in the Lower Windsor Basin. (August 3, 2013)

Lower Windsor Basin Flooding on Chimney Park Drive. (July 2014)
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Table 3.1 Storm Event Duration.

HYDROLOGIC ANALYSIS
3.1

Overview

Hydrologic analysis was carried out using EPA SWMM version 5.1. Models were developed for the Law and
Windsor Basins to represent the existing, and future conditions. 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.14- B.23).
3.2

Upper Windsor Basin

2-hour

Lower Windsor Basin

2-hour

Upper West Tributary to the Law Basin

2-hour

Lower West Tributary to the Law Basin

2-hour*

Upper Law Basin

3-hour

Middle Law Basin

3-hour

Lower Law Basin

3-hour

*A 2-hour storm was used for evaluation and design of facilities within the Lower West Tributary to the Law Basin.
Since Lower West Tributary Subbasins contribute to the Middle and Lower Law Basins, a 3-hour storm was routed
through the Lower West Tributary Basin for evaluation and design of facilities in the Middle and Lower Law Subbasins.
3.3.2

Rainfall Depth

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 3.2. Updated rainfall depths were determined using the point-andclick tool available with the new NOAA atlas online software.

Design Rainfall

Rainfall event data were developed separately for minor basins of the Law and Windsor Major Basins. The
primary return intervals studied were the 100-year and 10-year return intervals.
3.3.1

Storm Event Duration

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 used planned
future land use. The future conditions scenario also assumed that future development would be responsible
for over-detaining newly developed land using the Town of Windsor’s over-detention criteria (Town of
Windsor, 2006).
3.3

Minor Basin Name

Rainfall Event Duration

Table 3.2 Total Rainfall Depths.

Table 3.1 reports the duration of rainfall event developed for each minor subbasin for the purposes of
evaluation and design. The Urban Drainage and Flood Control District (Urban Drainage) provides
recommendations for rainfall event duration (USDCM Vol 1: Table 5-1) based on watershed area. For basins
less than 15 squares miles, a 2-hour storm is recommended. For basins greater than 15 square miles, a 6hour storm is recommended. However, the 2003 MDP determined that a 3-hour storm would be more
appropriate for use in the Law Basin, because it was more conservative and it allowed for easier comparison
to effective FEMA hydrology adopted previously for The Slough (the name for the John Law Ditch above Law
Reservoir). Table 3.1 summarizes the rainfall event durations used for each minor basin.

3.1

Return
Period

NOAA Atlas 14
Volume 8
Version 2, 2013

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

0.85
1.13
1.41
1.89
2.32
2.81

Total 1-Hour Depth (inches)
Windsor
Storm
2003 MDP
2007 LOMR
Drainage
(NOAA Atlas 2
(Effective FEMA Hydrology)
Design Criteria
Volume III -1973)
Manual, 2006
1.104
0.92
0.92
1.567
1.30
1.30
1.886
1.55
1.55
1.98
1.98
2.636
2.28
2.28
2.988
2.62
2.62
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Rainfall Event Distribution

3.3.4 Depth Reduction Factors

Urban drainage provides guidance on distributing rainfall data for design storm events. Table 3.3 shows the
rainfall distribution used for a 2-hour event (USDCM Vol 1: Table 5-2). The distribution data in Table 3.3
were used to create 2-hour rainfall events from 1-hour rainfall depths. The 3-hour rainfall events were
developed by taking difference between the 2- and 3-hour rainfall totals and distributing this difference
evenly over the last hour of the 3-hour storm. The 3-hour rainfall totals were determined using NOAA Atlas
14 Volume 8, Version 2.

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 (USDCM Vol 1: Table 5-1). Table 3.4 summarizes the use of depth reduction factors by minor basin in
the current study. Urban Drainage’s recommendation for use of DRF’s is based on contributing watershed
size. If use of a DRF is determined to be necessary, DRFs reported in Table 5-3 in USDCM Vol 1 are applied to
2-, 5-, and 10-year rainfall events and DRFs reported in Table 5-4 in USDCM Vol 1 are applied to 25-, 50-,
100-, and 500-year rainfall events.

Table 3.3 Rainfall Event Distribution.
Table 3.4 Depth Reduction Factors (DRFs).

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

Design Storm Distributions of 1-Hour Depths
Percent of 1-Hour Rainfall Depths (%)
25- and
2-Year
5-Year
10-Year
50-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

Use DRF for 2-, 5-, and 10Year Events
Yes – use Table 5-3 in
USDCM Vol 1

Use DRF for 25-, 50-, and
100 and 500-Year Events

Lower Windsor Basin

No

No

Upper West Tributary to the Law Basin

Yes – use Table 5-3 in
USDCM Vol 1

No

Lower West Tributary to the Law Basin

No

No

Upper Law Basin + Lower West Tributary
to the Law Basin*

Yes – use Table 5-3 in
USDCM Vol 1

Yes – use Table 5-4 in
USDCM Vol 1

Minor Basin Name

100- and
500-Year
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

Upper Windsor Basin

No

*For the purposes of determining DRFs, contributing basin areas of the Upper Law and Lower West Tributary to the
Law Basin were added. The resultant rainfall events were then applied to the Upper, Middle, and Lower Law Minor
Basins.

3.3.5

Rainfall Event Hyetographs

After determining the appropriate rainfall depth, distribution, and DRF to be applied to each minor 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.
3.4

Subbasin Parameters

The Law and Windsor 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
intersecting the Town’s GMA. Subbasins in the 2017 Update not intersecting the Town’s GMA utilized the
2003 MDP delineations and subbasin parameters. Drainage reports for existing developments also helped
inform final delineations. The Windsor Basin was divided into 52 subbasins, ranging in size from 7 acres to
393 acres, with an average size of 77 acres. The Law Basin was divided into 76 subbasins, ranging in size
from 7 to 13,713 acres, with an average size of 515 acres.
3.2
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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 0.1
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 maps of the Law and Windsor Basins are provided in Appendix B (Figures B.1 through B.5). 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.
The 2017 MDP update focused on updating hydrology and evaluating structures within the Town of
Windsor’s GMA. The Upper Law Subbasins are largely part of unincorporated Weld county and lie outside of
the Town’s GMA. The 2013 LiDAR did not cover the Upper Law Subbasins, and a future land use plan was
not available for unincorporated areas of Weld County. For these reasons, hydrologic modeling input
parameters in the Upper Law Subbasins lying entirely outside the Town’s GMA were not updated. SWMM
parameters from the 2003 MDP were used for Subbasins L27-43, and LNC2-LNC7. The 2003 MDP effort used
SWMM version 4 which cannot be opened in the current version of SWMM (version 5.1). Therefore, the
SWMM model used in the 2007 LOMR which was developed in SWMM version 5, was used as a basis for
modeling the Upper Law Minor Basin. In addition to subbasin parameters, rating curves and SWMM
conveyance elements in the 2007 LOMR model were adopted in the Upper Law Subbasins.
3.4.1

3.4.3

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.7 and B.8).
3.4.4

Infiltration Rates

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.

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

Percent Impervious

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.

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

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).

3.5

Hydrograph Routing

Subbasin runoff was routed through swales and detention ponds in the SWMM model under existing and
future conditions for most of the Law and Windsor Basins. In the Lower Law Subbasins, only subbasin runoff
was modeled. There are many complex flow splits in the Lower Law Basin that cannot be handled efficiently
using SWMM. The runoff peaks generated in the Lower Law Subbasins also make it to the Cache la Poudre
River well before the larger regional flow peak from the Upper Law Basin reaches the Lower Law System.
Therefore, the peak flow utilized during the design and evaluation of drainage improvements was the larger
discharge generated in the Upper Law Basins.

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
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3.5.3

Open Channels

Flow Diversions

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 Law and Windsor Basins. Most of the existing
stormsewer systems are located in the Lower Windsor Minor Basin. Individual developments in the upper
basins have their own internal stormsewer systems, but regional flows in the Upper Windsor and Upper Law
Subbasins are conveyed in wide shallow swales. 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, such as the West Tributary Channel, as built data were used to develop a representative cross
section.

Three different flow splits were modeled in the SWMM model in the Lower Windsor Basin. No other flow
splits were modeled using SWMM in the Law or Windsor Major Basins. The three flow splits modeled
represent: a) the inflows to Chimney Park Pond; b) the outflows from Folkstone Park Pond; and c) outflows
from the intersection of Chestnut Street and 1st Street in Old Town Windsor. Diversion curves required by
SWMM were developed using spreadsheet calculations and HEC-RAS modeling. Details of diversion curve
calculations can be found in the project notebook.

3.5.2

Some subbasins act as local sumps and do not convey flood flows downstream. For basins suspected of
being sump areas, the SWMM model was run to determine the total volume of runoff generated during the
100-year rainfall event. The total available storage volume in the sump was calculated for each sump
subbasin using the 2013 LiDAR contours. The total available storage volume was then compared to the total
100-year runoff volume to determine if the subbasin was truly a sump. Calculations for the comparison
between available storage and total runoff can be found in the project notebook. The following subbasins
were determined to be sumps and therefore the flows were not routed downstream: WNC1, WNC2,
WNC4a, LNC2, LNC3, LNC4, LNC5, LNC6, LNC7, LNC8, LNC10, LNC11, and L43. Subbasin maps (Figures B.1
through B.5) designates the non-contributing (sump) subbasins by using a hatch pattern over the subbasin.

3.5.4

Detention Ponds

Several detention ponds representing existing and future conditions were modeled in SWMM. Existing
detention ponds are denoted in the SWMM model with a 300 series labels and future conditions detention
ponds are denoted with a 400-series label (see Figures B.9-B.18). Stage-storage and stage-discharge curves
were developed for existing conditions detention ponds through a variety of methods. Drainage reports for
specific subdivision 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 10year storm release rates over undeveloped release rates from the same storms. If the subdivision was
constructed after the 2003 MDP was completed, then the drainage criteria assumed was that of overdetention, 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.

Non-Contributing Subbasins

Subbasin L43 drains to Black Hollow Reservoir which is large enough to contain the 100-year storm event.
Since Black Hollow Reservoir is an irrigation facility, special care was taken to determine based on historic
operations data that enough storage volume would be available below the emergency spillway elevation to
contain the 100-year storm event during future land use conditions. Similar analysis was performed for
Windsor Reservoir (aka “Big Windsor”) which is in Subbasin L21. However, it was found that Windsor
Reservoir is filled to the emergency spillway elevation in most years. Therefore, it could not be safely
assumed that the required stormwater runoff volume would be available above the irrigation storage
volume at any given time. Documentation of the Black Hollow Reservoir and Windsor Reservoir storage
evaluations can be found in the project notebook. It is important to note that the assumption of Black
Hollow Reservoir watershed as non-contributing is a divergence from effective FEMA hydrology presented in
the 2007 LOMR submittal. However, for master planning purposes it was determined the non-contributing
Black Hollow assumption was acceptable for designing stormwater improvement facilities downstream of
Black Hollow Reservoir.

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.
John Law Reservoir and Loop Lake reservoirs were modeled as then were in the 2007 LOMR submittal
model. For the current 2017 MDP Update, the Law Reservoir and Loop Lake were assumed to be full to the
emergency spillways, and therefore had less stormwater capacity than assumed in the 2003 MDP. Better
and more detailed information was collected for modeling of Loop Lake than in the 2003 MDP, which also
resulted in a reduction of stormwater capacity. Black Hollow Reservoir and Windsor Reservoir (aka Big
Windsor) are also located in the Upper Law Minor Basin. These reservoirs were analyzed to determine if
they contributed to stormwater peak flows and are further discussed in Section 3.5.4.
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Table 3.5 Hydrologic Modeling Results (Continued).

Results of Analysis

Peak Discharges (cfs)

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.

Location

Table 3.5 Hydrologic Modeling Results.
Peak Discharges (cfs)
2017 EPA SWMM
Element

Future
Existing Conditions Scenario Over-detention
Scenario
10-Year
100-Year
100-Year

Law Basin
Main Channel
Greeley No. 2 Canal/WCR 21
L226
176
WCR 70
L227
177
WCR 70 1/2
L229
176
Law Reservoir Outflow
dummyStorageA9
174
Law Reservoir Inflow
L340
244
Loop Lake Outflow
dummyStorageA5
218
Loop Lake Inflow
L341
280
State Highway 14/WCR 82
42
306
West Tributary – Below Kern Reservoir
33
56
State Highway 392 & Great Western Railroad
24
1
WCR 19
L311A
305
Basin L11 Concentration Point
UpperWestTrib->KERN
442
Greeley No. 2 Canal
West Tributary - Kern Reservoir Inflows
UpperWestTrib->KERN
442
Upper West Trib to KERN Total
L12abcd/L13->KERN
79
L12-L13 System
SpringerDitch->KERN
250
Springer Ditch System
L16b/L17->KERN
57
L16B-L17 System
L15/L16a->KERN
112
L16A-L15 System
West Tributary - Springer Ditch
21
216
Ventana Way
19
220
WCR 72
10
127
WCR 74

2824
2813
2751
2632
2697
2506
3700
2671

1012
953
897
809
899
634
665
305

117
66
726
1755

83
66
726
1377

1755
367
1015
183
372

1377
350
689
139
316

1050
1025
449

636
628
211

Future
Existing Conditions Scenario Over-detention
Scenario
10-Year
100-Year
100-Year

Windsor Basin
Lower Windsor - Water Valley
W700_out
616
Cache la Poudre River
W204
357
Water Valley Parkway
Lower Windsor - Eastman Park Crossings
W11 Outlet
W310
145
W12/W13/W14 Outlet
48
87
W15 + 1st Street
W315
89
Windsor Village/Tolmar System
49
103
Lower Windsor - Old Town Windsor: East
Folkstone Park Pond Inflows
W323-FolkStone
187
Folkstone Park Pond Outflows-Pipe
Folkstone_Pipe_out
6
Folkstone Park Pond Outflows-Overflow
73
22
Chimney Park
54
17
Walnut Street
W229_W240_collection
154
C&S Railroad
W229_W240_collection
116
Lower Windsor - Old Town Windsor: West
1st St. Flows (out of split)
74
82
Chestnut St. Flows (out of split)
75
123
1st St. at Chestnut St. (into split)
W524_us
205
Oak St. Flows
W30_out
261
Elm St. at 7th St.
W31_out
125
Upper Windsor: Kern Reservoir Inflows
UpperWindsor->KERN
915
Upper Windsor to KERN Total
W142b-W142a
103
Upper Windsor Subbasins
W41A_out
728
Direct Draining Subbasin to Kern- W41A
W41B_out
144
Direct Draining Subbasin to Kern- W41B
W34_out
23
Direct Draining Subbasin to Kern- W34
Upper Windsor: Weld County Road 15 (WCR15) Tributary
WCR 15 South Crossing - Upstream confluence
3
115
with Main Channel
W43D_out
126
Upper Windsor WCR 15
4
134
Lake Canal
8
118
Harmony Road - West Crossing
6
1
Harmony Road - East Crossing
W45D_out
42
Weld County Road 76 (WCR 76)
Upper Windsor: Main Channel
W43A_out
13
At WCR 15
W343F
210
Inflows to Lake Canal Reservoir No. 1
W348_W349_outlet
3
Countyline Road/WCR 74

Table 3.5 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 Law and Windsor 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 3.5.

Location

2017 EPA SWMM
Element

3.5

2027
1133

2048
953

378
220
345
272

378
220
345
272

581
7
214
127
344
239

581
7
214
127
344
239

303
357
660
709
296

303
357
660
709
296

2492
593
1920
430
57

2446
432
1937
451
57

618

340

613
590
449
33
126

338
327
224
77
24

183
586
17

126
163
17

September 2017

Town of Windsor
Master Drainage Plan
4.0

2017 Update
Volume I. Law Basin & Windsor Basin

HYDRAULIC EVALUATIONS AND IDENTIFICATION OF FLOOD HAZARDS
4.3
4.1

Overview
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.

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

Evaluation of Existing Facilities

Inventory of Existing Facilities

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.

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.

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.

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. Numerous drainage improvements identified in the 2003 MDP have been
completed during the construction of several major projects in the Law and Windsor Basins including the: a)
Kern Reservoir Regional Detention Facility Project; b) Chimney Park Detention Pond; c) John Law Floodplain
Residential Flood Risk Reduction Project; and d) West Tributary Channel Project. 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.
Existing facilities inventory maps are provided in Appendix C (Figures C.1 to C.5). 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.

Typical Dip Crossing
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Table 4.1 Existing Facilities Inventory, Capacity, and Hazard Identification Summary.
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Table 4.1 Existing Facilities Inventory, Capacity, and Hazard Identification Summary (Continued).
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Table 4.1 Existing Facilities Inventory, Capacity, and Hazard Identification Summary (Continued).
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Table 4.1 Existing Facilities Inventory, Capacity, and Hazard Identification Summary (Continued).
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Table 4.1 Existing Facilities Inventory, Capacity, and Hazard Identification Summary (Continued).
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Drainage Criteria

•

The Town’s drainage criteria are predominately located in two documents: 1) Town of Windsor Storm
Drainage Criteria manual and 2) the 2003 MDP.

4.5

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:

Detention Ponds:

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

Table 4.1 summarizes the structure inventories in the Law and Windsor 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.

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.

Table 4.2 summarizes the existing facilities that have capacity deficiencies. Seventeen structures lack capacity
to convey flows under the road crossing without overtopping. Two of these structures are on SH 257 where
no overtopping is recommended. Six other structures experience road overtopping greater than 0.5 foot
during the 100-year future over-detention event.

On-site detention facilities (associated with future development) at a minimum
have to 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.

A total of 9 dip crossings were evaluated and included in the structure inventory (Table 4.1). A summary of
all dip crossings is presented in Table 4.3.

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.
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:
•

From Folkstone Park Looking East along Garden Drive at Street Flooding

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.
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Table 4.2 Summary of Existing Facilities Capacity Issues.

Facility ID
LWT-L-WF2
LWT-U-MC2
LWT-U-MC3
LWT-U-WCR 15
1/2-2
LWT-U-SP5
LWT-U-SP10**
LWT-U-SP12
LWT-U-WE1
LWT-U-WE2
DV-1
DV-2
DV-3
W-L14

W-L16

W-L40
W-U-MC5
W-U-WCR15-5

Existing Conditions
Scenario 10-Year
Peak
Road
Discharge Overtopping
(cfs)
Depth (feet)
33
0.2
37
0.1
37
0.1

Table 4.3 Summary of Existing Dip Crossings.

Future Over-detention Scenario
100-Year
Peak
Road
Discharge
Overtopping
(cfs)
Depth (feet)
37
0.2
108
0.3
108
0.3

Road
Overtopped

Crossing
Capacity

Upstream
Bank
Capacity

WCR 70
WCR 72
WCR 72

8
16
19

N/A
N/A
N/A

WCR 72

3

N/A

96

0.4

190

0.7

SH 257*
SH 257*
WCR 76
WCR 70
WCR 19
Poudre
River Trail
Poudre
River Drive
Kodak Drive
Water
Valley TrailNorth
Water
Valley TrialWhitney
Ditch
Eastman
Park Drive –
West
WCR 76
WCR 15

27
N/A
5
43
37

N/A
~10
N/A
25
N/A

37
31
33
82
167

0.1
Est. >0.5
0.1
Est. <0.5
0.3

64
45
18
182
190

0.2
Est. >0.5
0.1
Est. <0.5
0.3

211

149

402

0.2

1,127

0.7

247

106

402

N/A

1,127

N/A

129

106

402

N/A

1,127

N/A

373

N/A

406

0.1

1,040

0.6

566

N/A

406

none

1,040

0.8

61

N/A

89

0.1

345

0.7

11
154

N/A
98

14
134

0.04
None

7
327

None
1.1

Facility ID

Road
Overtopped

LWT-L-WF1

WCR 70

LWT-U-MC1
LWT-U-V2

SH 257*
WCR 72

W-U-MC1

WCR 15

W-U-MC2
W-U-WCR15-1
W-U-WCR15-3

EPA SWMM
Element

WCR 13 ½
alignment
WCR 15
WCR 72
Extended

W-U-WCR15-13

WCR 76

LC4**

WCR 72 (&
Lake Canal)

Node
L10H_out
Link L812A
Node 13
Node
W43A_out

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

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

27

0.1

24

0.1

79
44

0.2
0.1

350
63

0.5
0.2

13

<0.1

123

0.2

Node 1

8

N/A

10

N/A

Node 3
Node
W43D_out
Node
W45D_out

115

0.2

123

0.2

126

N/A

338

N/A

42

0.2

24

0.1

* 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.
** The Lake Canal parallels WCR 72 at this location. A drainage structure at this location would need to cross both facilities.

4.6

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 addition to the main channel structures evaluated in the 2003 MDP; crossing
structures on secondary channels in the Upper Windsor and Upper West Tributary Minor Basins were also
evaluated because of existing and future development pressures. The additional detailed inventory,
evaluations, and hazard identifications in these upper basins will guide the Town and developers with
stormwater improvements in the basins.

*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.
** This is a roadside swale, no existing crossing under SH 257.
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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.

Subdivision Local Detention Pond.

Regional Detention Facility – Kern Reservoir (aka Windsor Lake) (Google, September 7, 2016)

.
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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 GWRR Looking Upstream at Unimproved Law Ditch in 2012.

Plugged Culvert Under Road.

From Upstream of GWRR Looking Downstream at Improved Law Ditch Channel in 2017.
.
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CONCEPTUAL DESIGN

•

7.1

•

Plan Development Overview

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 looked at individually.

•

•

Hydrologic modeling results in Chapter 3 were utilized to evaluate existing drainage facilities in Chapter 4 and
will be utilized to develop drainage improvements to address flooding hazards identified in Chapter 4. A large
portion 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. Due to the nature of the flooding problems and
the largely undeveloped basins, the master planning efforts continued to focus on providing improvements
that would significantly reduce and/or convey the peak discharge in the drainageways.

•

Descriptions of drainage improvements are provided in Section 7.2 and shown on Figures 7.1 and 7.2. A
summary of the improvements costs and prioritization is provided in Table 7.1 and Table 7.2 respectively.
7.2

Flooding problems are created at several of the road crossings of the Town of Windsor drainageways, which
do not adequately convey the 100-year flood event without overtopping the roadway. Currently, the
jurisdiction for improving some of the structures rests with either the county or state highway officials. Given
that these structures are located within the Town’s Growth Management Boundary, the master planning
efforts have assumed replacement or enlargement of the structures as development occurs within the basin.
Furthermore, replacement of these structures assumes the stormwater runoff is conveyed to these locations.
Floodplain delineations were not determined during the 2003 MDP and 2017 Update; consequently, channel
improvements may be necessary to confine and ensure that these stormwater flows are conveyed to the
location of the crossing structures.

Many of the recommended improvements are proposed drainage channels that will safely convey stormwater
flows generated by future development to established stormwater facilities. An improvement channel is
proposed in the Lower Law Basin that will convey flows from the current terminus of the West Tributary/John
Law Ditch improvements at the Great Western Railroad (GWRR, formally C&S Railroad) to the Cache la Poudre
River. There are several improvement channels proposed in the Upper Windsor and Upper West Tributary
that terminate at Greeley No. 2 Canal/Kern Reservoir Detention Facility.
The locations of proposed structures and channels are shown on Figures 7.1 and 7.2. Concept channel profiles
are provided in Appendix D. The proposed improvement channels were designed to convey the future 100year over detained flow and are described in the following sections.

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

.

Description of Drainage Improvements

Two general types of drainage improvements were planned including: crossing structures and conveyance
channels. 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.
The existing “dip” crossing locations are summarized in Table 4.3.

Several of the existing detention ponds behind roadway and railroad embankments do not meet existing
drainage criteria. Nevertheless, these ponds may play an important role in reducing the 100-year peak
discharge in the subbasins in which they are located. The master planning efforts assume that these ponds
will remain intact or will be replaced/incorporated into future detention requirements associated with
development within each basin where the ponds provided significant flood reducing benefits.

•

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.
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.
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.

7.2.1

Lower Law Basin: Law Main Channel – GWRR to Cache la Poudre River

This improvement, identified in the 2003 MDP, was initially planned for the eastside of Kodak, Inc. along Great
Western Drive (aka WCR 21¾). The eastside alignment was based on direction from Kodak, Inc., the property
owner at the time. Based on discussions with and information provided by the Great Western Industrial Park
(GWIP), the current owners; an alignment on the westside of the former Kodak property is now the preferred
location as shown in Figure 7.1.

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.
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Figure 7.1 Proposed Improvements – Lower Law Basin.
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additional flows may need to be conveyed in the phase 1 channel if the SH 257 Overflow Channel as discussed
in Section 7.2.3 is implemented on the west side of SH 257. Assuming the SH 257 overflows are not conveyed
down the west side of SH 257 the first phase channel was designed to convey a peak flow of 380 cfs. Phase 1
will consist of 2,100 linear feet of trapezoidal channel with a bottom width of 8 feet, a depth of 6 feet, and
4H:1V side slopes. A 17-foot wide by 6-foot high reinforced concrete box culvert would be installed under SH
257 to convey flows from upstream/west to downstream/east side of SH 257. At the low spot in SH 257 there
is currently no crossing structure.

The upstream end of the Lower Law Main Channel improvement will tie into the Middle Law Basin and Lower
West Tributary channel improvements that were completed in 2016 and terminate at the upstream side of
the Great Western Railroad. The Lower Law Main Channel projects will continue south from the GWRR to
Poudre Drive and then turn east to a confluence with the Cache la Poudre River. The Lower Law Main Channel
improvements were grouped into three reaches to facilitate three separate projects that can be phased. All
three projects were designed to convey 1,200 cfs.
The first project extends from the Cache la Poudre River confluence upstream to the Whitney Ditch. The
Whitney to Poudre reach will consist of 7,100 linear feet of trapezoidal channel with a bottom width of 15
feet, depth of 9 feet and 4H:1V side slopes. New crossing structures consisting of triple barrel 10-foot wide
by 9-foot high reinforced concrete box culverts will be constructed at the Poudre River Recreation Trail, the
Wastewater Treatment Plant (WWTP) access road, Poudre Drive, and Kodak Drive. Existing crossing structures
are not along the proposed alignment for the Lower Law Main Channel crossing of the Poudre River Recreation
Trail or the WWTP access road. The existing structures near the Lower Law Main Channel’s proposed
alignment at the Poudre Drive and Kodak Drive will be preserved as they irrigation conveyance structures. A
new drop structure will be constructed at the Whitney Ditch.

The second phase of the Upper West Tributary Outfall Channel will extend from the proposed culvert at SH
257 upstream through the planned Tacincala development and terminate at a future planned Tacincala Street
at approximately WCR 15½. The second phase will consist of 3,275 linear feet of trapezoidal channel with a
bottom width of 8 feet, a depth of 7 feet, and 4H:1V side slope. At the upstream terminus of the Upper West
Tributary Outfall Channel, a 19 feet wide by 7 feet high reinforced box culvert would be installed under the
future WCR 15½. The proposed WCR 15½ culvert will serve an outfall location for future upstream
development between 15th Street and WCR 15½ as shown on Figure 7.2.
7.2.3

The second project will extend the Lower Law Main Channel from the Whitney Ditch upstream (north) to
Eastman Park Drive. This second phase will consist of 3,750 linear feet of trapezoidal channel with a bottom
width of 15 feet, depth of 9 feet, and 4H:1V side slopes. Three new 10-foot wide by 9-foot high reinforced
concrete box culverts will need to be constructed under Eastman Park Drive to allow passage of the new
channel.

At present, flows in the Upper West Tributary Basin that reach the intersection of SH 257 and WCR 72 are
captured by the Springer Ditch and conveyed in the ditch/drainage on the east side of SH 257 to the Greeley
No. 2 Canal/Kern Reservoir Regional Detention Facility. The Springer Ditch has limited capacity available for
stormwater conveyance so an improvement was conceptually developed. The Springer Ditch and a roadside
swale between the ditch and SH 257 are expected to begin overflowing onto SH 257 approximately 500 feet
south of the SH 257/WCR 72 intersection. The existing capacity of the Springer Ditch and roadside swale was
evaluated using a HEC-RAS model. It was determined that improvements were needed at a minimum to
convey approximately 300 cfs of excess stormwater flows in the 100-year future conditions with overdetention scenario. Possible improvements considered included: a) rebuilding the existing Springer Ditch and
drop structures; b) piping the Springer Ditch flows and utilizing the open channel for stormflows; c) enlarging
the roadside swale; and d) installing a capture channel on the west side of SH 257. Screening level evaluations
determined that reconstruction and piping of the Springer Ditch would be expensive and due to limited rightof-way enlarging the roadside swale may not be practicable. Therefore, to support a basis of cost in the MDP
2017 Update a channel improvement located on the west side of SH 257 to capture overflows that would
sheet flow from east to west across SH 257 in the existing condition was developed. In order to meet the no
overtopping of SH 257 criteria in the future, an excess flow crossing of SH 257 was also specified.

The third phase of the Lower Law Main Channel extends from Eastman Park Drive through the GWRR Railroad
to the confluence of the Middle Law Main Channel and Lower West Tributary Channels. The third phase will
consist of 3,650 linear feet of trapezoidal channel with a bottom width of 15 feet, depth of 7 to 8 feet, and
4H:1V side slopes. A new crossing structure will need to be constructed under the GWRR Railroad. The
proposed crossing structure will consist of two 10-foot wide by 10 feet high reinforced concrete box culverts
on either side of a single 10-foot wide by 12-foot high box culvert. The middle culvert will allow for passage
of low flows, while the outer culverts will allow enough room to accommodate a bike trail underpass. The
upstream invert of this section of channel was set to allow for the lower portion of the West Tributary channel
to be regraded to achieve a steeper slope. The existing West Tributary channel has a very flat slope such that
the downstream end does not efficiently drain, promoting vegetation growth.
7.2.2

Upper West Tributary of Law Basin: Outfall Channel
The construction of the future planned Tacincala development will include the extension of Ventana Way west
across SH 257. The Ventana Way extension can be used to break the SH 257 Overflow Channel into two
phases. The first phase extends from the new culvert under SH 257 constructed as part of the Upper West
Tributary outfall channel upstream to the extension of Ventana Way. The first phase consists of a trapezoidal
channel with bottom width of 8 feet, depth of 5 feet, and 4H:1V side slopes. A reinforced box culvert 15 feet
wide by 5 feet high will also need to construction at Ventana Way. The second phase extends from the new

The Upper West Tributary Outfall Channel will convey flows through the proposed Tacincala subdivision to
the Greeley No. 2 Canal/Kern Reservoir Regional Detention Facility west of the Greenspire Development. The
channel improvements were broken up into two projects/phases. The first phase will go from the low spot
on the upstream side of SH 257 and terminate at the Greeley No. 2 Canal. This first phase will receive the
upper half of the Upper West Tributary Outfall Channel constructed in phase 2. There is the potential that

.

Upper West Tributary of Law Basin: SH 257 Overflow Channel
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Figure 7.2 Proposed Improvements – Upper Windsor and Upper West Tributary.
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linear feet of trapezoidal channel with a bottom width of 8 feet, depth of 5 feet and 4H:1V side slopes. A 16foot wide by 5-foot high reinforced box culvert is planned for a potential extension of WCR 72. At present,
WCR 72 west of WCR 15 is a gravel local access road for agriculture and oil/gas operations.

culvert to be constructed at the extension of Ventana Way north to where overflows from the Springer Ditch
begin to cross SH 257 approximately 700 feet south of WCR 72. The second phase will consist of 2,300 feet
of trapezoidal channel with a bottom width of 8 feet, a depth of 5 feet, and 4H:1V side slopes. A proposed
crossing structure of SH 257 at the upstream end of the channel will consist of a 6-foot wide by 5-foot high
reinforced concrete box culvert.
7.2.4

The third phase of the WCR 15 Channel will extend from the WCR 72 culvert, north to the existing 5-barrel
RCP culverts south of the Lake Canal and north of WCR 72/WCR 15 intersection. The third phase would be
designed to convey 400 cfs and consist of 1,725 linear feet of trapezoidal channel with a bottom width of 8
feet, depth of 6 feet, and 4H:1V side slopes.

Upper Windsor Basin: Outfall Channel

The Upper Windsor Outfall Channel will confluence with the Greeley No. 2 Canal west on the west side of
Osterhaut Lake and extend northeast to WCR 15 as shown on Figure 7.2.

7.3

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. The 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.

The Upper Windsor Outfall Channel can be broken up into two phases. The first phase extends from the
Greeley No. 2 canal northwest to future WCR 70. The future WCR 70 connects WCR 15 to SH 257 through the
planned Tacinicala Development. The first phase consists of 3,100 linear feet of trapezoidal channel with a
bottom width of 20 feet, depth of 7 feet, and 4H:1V side slopes. The first phase of the Upper Windsor Outfall
Channel is downstream of the confluence with the proposed WCR 15 Channel and was designed to carry a
570 cfs peak flow.
The second phase of the Upper Windsor Outfall Channel will confluence with the WCR 15 Channel just
upstream of a new 31-foot wide by 7-foot high reinforced box culvert under the future planned WCR 70. The
second phase of the Upper Windsor Outfall Channel extends from the confluence with the WCR 15 Channel
directly west to WCR 15. The second phase will be 2,440 linear feet of trapezoidal channel with a bottom
width of 8 feet, depth of 4 feet, 4H:1V side slopes and designed to convey 125 cfs. At WCR 15 a new 14-foot
wide by 4-foot high reinforced box culvert will receive flows from upstream (west) of WCR 15 as shown in
Figure 7.2.
7.2.5

Conceptual Improvements Cost Estimates

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 utility relocation, 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 final cost category was estimated to be approximately 20% of total
construction costs. 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.

Upper Windsor Basin: WCR 15 Channel

The proposed WCR 15 Channel will convey flows along the west side of WCR 15 down to the confluence with
the Upper Windsor Outfall Channel. The WCR 15 Channel will receive flows from an existing 5-barrel RCP
culvert crossing under WCR 15 approximately 1,000 feet south of Lake Canal Crossing of WCR 15. and convey
flows safely to the next natural crossing of WCR 15, approximately 2,300 feet south of the existing 5-barrel
culverts. A present this southern crossing of WCR 15 has no crossing structure, flows cross the road at a
dip/low point. The WCR 15 channel can be broken up into three phases. The first phase extends from the
confluence with the Upper Windsor Outfall Channel northwest to the existing dip crossing of WCR 15. The
first phase will consist of 3,575 linear feet of trapezoidal channel with a bottom width of 8 feet, a depth of 6
feet and 4H:1V side slopes. At WCR 15, a new 17-foot wide by 6-foot high reinforced concrete box culvert will
be constructed. The first (downstream) phase of the WCR 15 Channel will be designed to convey 400 cfs.

The cost estimates for the recommended basin improvement projects are summarized in Table 7.1. Detailed
concept level cost estimates for each project (grouping of proposed improvements) can be found in the
project notebook.

The second phase of the WCR 15 Channel will extend from the proposed box culvert under WCR 15, north to
the extension of WCR 72. The second phase will also be designed to convey 400 cfs and will consist of 2,375

.
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Table 7.1 Summary of Basin Improvement Costs.
7.4

2003 ReachItem No.

Infrastructure
Construction

Description

Property
Acquisition

LAW BASIN
L6-2
L5-4

$1,132,000
$1,262,000
$89,000
$6,973,000
$3,724,000

$135,000
$265,000
$6,000
$0
$0

$226,000
$252,000
$18,000
$1,395,000
$745,000

$1,493,000
$1,779,000
$113,000
$8,368,000
$4,469,000

Law-Main Ch.: West Side Eastman to West
Tributary

$4,270,000

$19,000

$854,000

$5,144,000

Law-Upper W. Trib.: SH 257 to WCR 15.5
Check Structure and Wasteway

$978,000
$1,731,000
$58,000

$0

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.

Total Concept
Project Cost

Law-Upper W. Trib.: Kern to SH 257
Law-Upper W. Trib.: SH 257 Overflow Channel
Greeley No. 2 Improvements at Osterhaut Lake
Law-Main Ch.: West Side CLPR to Whitney
Law-Main Ch.: West Side Whitney to Eastman

L5-5 & L5-6 Law-West Tributary: Kern Regional Detention
Facility
L2-7

Engineering,
Permitting,
Legal &
Administration

$196,000

$1,174,000

$237,000
$346,000
$0
$0
Law Basin Total Cost

$2,314,000
$58,000

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.

$24,912,000

WINDSOR BASIN
W1-1
W1-2
W1-3
W1-4

Windsor-Main Channel: GNO2 to WCR 15
Storm Sewer (36-inch)
Folkstone Detention Pond Improvements
Garden Street Crossing Improvements
Channel Improvements

W1-5

Chimney Park Detention Improvements-Phase II
Windsor-WCR15 Channel: Main Ch. to WCR 15
Windsor-WCR15 Channel: WCR 15 to WCR 72
Windsor-WCR15 Channel: WCR 72 to WCR 15

$2,481,000
$606,000
$205,000
$228,000
$711,000

$126,000
$0
$0
$0
$21,000

$496,000
$121,000
$41,000
$46,000
$142,000

$3,103,000
$727,000
$246,000
$274,000
$874,000

$135,000

$0

$0

$135,000

$76,000
$244,000
$47,000
$132,000
$34,000
$58,000
Windsor Basin Total Cost

$1,542,000
$840,000
$379,000

$1,222,000
$661,000
$287,000

Basin Improvements Prioritization and Phasing

•

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 State Highway 257
received a high priority as well as those areas where potential flooding occurs in highly urbanized areas.

•

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.

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.

$8,120,000

The Law-Upper West-Tributary: SH 257 Overflow Channel is a high priority project because it addresses an
existing potential public health and safety issue with the potential for sheet flooding on SH 257 during a large
flood event. However, it is acknowledged that the final design of the Tacincala Development will most likely
initiate the detail discussion on the SH 257 Overflow Channel. As conditions in the basin are ever evolving, it
is highly suggested that all stakeholders (Spring Ditch Company, CDOT, Tacincala Developers, Town of
Windsor, etc.) be engaged early in the detailed planning and design processes to determine the most
appropriate solution at the time for the SH 257 overflows.

.
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Table 7.2 Summary of Basin Improvement Priorities.

PRIORITY
NO. 3

PRIORITY NO. 2

PRIORITY NO. 1

2017
MDP
Priority

.

2003
MDP
ReachItem

7.5

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.

Major Basin
2017 Cost Estimates

Description

Law

Operation and Maintenance

Windsor

Law-Upper West Tributary: Kern to SH 257

$1,493,000

Law-Upper West Tributary: SH 257 Overflow Channel
Greeley No. 2 Improvements at Osterhaut Lake
Windsor-Main Channel: GNO2 to WCR 15
Storm Sewer (36-inch)
Folkstone Detention Pond Improvements
Garden Street Crossing Improvements
Channel Improvements
Chimney Park Detention Improvements-Phase II
PRIORITY 1 SUBTOTAL =
Law-Main Ch.: West Side CLPR to Whitney

$1,779,000
$113,000

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

$3,103,000
$727,000
$246,000
$274,000
$874,000
$135,000
$3,385,000 $5,359,000
$8,368,000

•
•

Law-Main Ch.: West Side Whitney to Eastman
Law-Main Ch.: West Side Eastman to West Tributary

$4,469,000
$5,144,000

L5-5 &
L5-6 Law-West Tributary: Kern Regional Detention Facility

$1,174,000

L6-2
L5-4
W1-1
W1-2
W1-3
W1-4
W1-5

Law-Upper West Tributary: SH 257 to WCR 15.5
Windsor-WCR15 Channel: Main Channel to WCR 15
Windsor-WCR15 Channel: WCR 15 to WCR 72
Windsor-WCR15 Channel: WCR 72 to WCR 15
PRIORITY 2 SUBTOTAL =
L2-7

•

$2,314,000
$1,542,000
$840,000
$379,000
$21,469,000 $2,761,000
$58,000

$0

PRIORITY 3 SUBTOTAL =

$58,000

$0

GRAND TOTAL =

$24,912,000

$8,120,000

Check Structure and Wasteway

•

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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Notes:
1. Excerpts from numerous development drainage reports referenced during the study and are in the project
notebook.
2. The development of unit cost data utilized numerous construction project bid tabs and other sources of cost
data that are in the project notebook.
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