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303.221.0802 | www.iconeng.com 
 
September 4, 2019 
 
Mr. Andrew Fisher, P.E., CFM 
City of Greeley 
Stormwater Division Project Manager 
1001 9th Avenue 
Greeley, CO  80631  

RE: Sharktooth Bluffs Basin Storm Drainage Master Plan  

Dear Mr. Fisher: 

ICON Engineering, Inc. is pleased to submit the Final Conceptual Design Report for the Sharktooth Bluffs Storm 
Drainage Master Plan.  This submittal includes revisions to the report based on comments received on the DRAFT 
Conceptual Design Report. 

We believe this report will provide a solid framework to assist in prioritizing storm drainage improvements to ease 
flooding concerns and guide development in the watershed. 

Once again, we would like to acknowledge the City’s assistance in the preparation of this study. This report could not 
have been prepared without input from yourself, and other staff members at the City of Greeley. 

We appreciate the opportunity to prepare this report and look forward to working with you on future projects.  

 

 

Sincerely, 

ICON ENGINEERING, Inc.  

       
Craig D. Jacobson, P.E., CFM  Jaclyn Y. Michaelsen, P.E., CFM  Jeremy K. Deischer, P.E.   
Principal, Project Manager   Project Engineer   Project Engineer   
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ES  EXECUTIVE SUMMARY 
ES 1.0 PURPOSE AND OBJECTIVE 

The purpose of this study is to develop a storm drainage master plan to be used by the City of Greeley as a guideline 
for future storm drainage infrastructure within the Sharktooth Bluffs Basin.  This study developed design flows, 
analyzed the existing storm drainage systems, identified problem areas, developed alternatives to mitigate flooding 
hazards, and provides a preliminary design for future improvements. 

ES 2.0 PLANNING PROCESS 

The planning process began by reviewing previous studies within the basin and holding a kickoff meeting with City 
staff to discuss project goals and objectives.  Aside from site specific development reports, most of the basin had not 
been studied previously.  Eastern portions of the basin had previously been included in the 2006 Sheep Draw 
Comprehensive Drainage Plan.  The original Sheep Draw Basin boundary can be seen on Figure ES.1. 

Several progress meetings were held throughout the duration of the project.  Meeting minutes for each progress 
meeting can be found in Appendix A.  On February 13th, 2019 a public meeting was held at the Greeley Family 
FunPlex to gather community input regarding the baseline hydrology, problem areas, and initial alternatives 
developed to mitigate flooding hazards throughout the basin. 

The team members who were involved within this study are listed in the table below: 

Table ES 1: Project Participants 

Participant Representing Title
Andrew Fisher, P.E., CFM City of Greeley Stormwater Capital Projects Engineer
Joel Hemesath City of Greeley Public Works Director
Craig Jacobson, P.E., CFM ICON Engineering, Inc. Project Manager
Jaclyn Michaelsen, P.E., CFM ICON Engineering, Inc. Project Engineer
Jeremy Deischer, P.E. ICON Engineering, Inc. Project Engineer
Monica Ramirez, EI ICON Engineering, Inc. Project Engineer

 

ES 3.0 PROJECT AREA DESCRIPTION 

The Sharktooth Bluffs Basin, named after fossilized shark teeth found in the area, has a rich history dating back to 
World War II.  The basin was home to a 320 acre World War II Prisoner of War Camp that housed Germans and 
Austrians from 1944 – 1946.  Several years later, in 1961, one of four Atlas E nuclear missile silos constructed in 
Weld County was built in the basin.  The missile site was deactivated in 1965, but still serves as an amenity to the 
basin, providing tours of the site and is home to a campground. Sharktooth Ski Area, referred to as the world’s 
smallest ski resort, was in operation from 1971-1986.  During the construction of the ski area, the fossilized shark 
teeth, in which the area was named after, were found. 

Located within the City of Greeley, Town of Windsor, and unincorporated Weld County, the Sharktooth Bluffs Basin 
covers an area of approximately 7.8 square miles.  Previously known as West Poudre Basin, Sharktooth Bluffs Basin 
generally slopes from the southwest near 10th Street to the northeast where stormwater runoff discharges into the 

Cache La Poudre River.  The basin is generally bounded by US Highway 257 to the west, the Cache La Poudre to the 
north, N 71st Avenue to the east and 10th Street to the south.  Of the total basin area, 3.7 square miles are currently 
within the City of Greeley, with 6.8 square miles located in the City’s Long Range Growth boundary. 

The current study area encompasses the West Poudre Basin and areas previously studied as part of the 
Comprehensive Drainage Plan for Sheep Draw Basin in 2006.  Four watersheds, Wiedeman Creek, Poudre River 
Ranch, Fairway Tributary, and Northridge Draw, located in the eastern portion of Sharktooth Bluffs are not directly 
tributary to Sheep Draw and were incorporated into the Sharktooth Bluffs Basin. 

Currently the basin is approximately ten percent built-out with various residential developments in addition to 
notable landmarks; Missile Site Park, Sharktooth Bluff, Boomerang Links Golf Course, Northridge High School, and 
Winograd K-8 School.  Some commercial properties exist along the eastern edge of the watershed south of Canberra 
Commons. 

Sharktooth Bluffs Basin is made up of numerous drainageways which outfall into the Cache La Poudre River.  These 
drainageways include; Spur Draw, Hertzke Draw, Orr Gulch, Sharktooth Draw, Poudre Learning Center Tributary, 
Wiedeman Creek, Fairway Tributary, and Northridge Draw. 

Two irrigation canals are found within the watershed.  The Greeley No. 3 Canal, a 13-mile long canal conveying flow 
east through downtown Greeley, originates in the eastern portion of the basin.  The William R. Jones Ditch conveys 
flow from the Cache La Poudre River just east of the bluffs to Siebring Reservoir.  Siebring Reservoir, a series of 
ponds located between N 95th Avenue and N 83rd Avenue, is a raw water storage facility owned by Central Colorado 
Water Conservancy District.  On the eastern edge of Siebring Reservoir is the Poudre Learning Center, a 65 acre area 
donated to the local community after the gravel mining operations ceased. 

Bisecting the watershed are water transmission lines from the Bellevue Water Treatment Plant. 

In the next twenty years, Greeley’s population is expected to grow by up to fifty percent, per Greeley’s 2035 
Comprehensive Transportation Plan. Much of this growth will push development west of the downtown area, into 
the Sharktooth Bluffs Basin. Roadway improvements to 83rd Avenue and 4th Street are planned in the 2035 
Comprehensive Transportation Plan to accommodate the increase in population, connecting Windsor, Greeley, 
Milliken and Platteville.  Much of the area is currently located within unincorporated Weld County but lies within the 
City of Greeley Long Term Growth Area.  
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ES 3.1 PROJECT AREA HYDROLOGY 

A new hydrologic model was prepared for the Sharktooth Bluffs Basin.  The model establishes hydrology for the 2-, 
5-, 10-, 50-, and 100-year storm frequencies for both existing and future land use conditions.  The Colorado Urban 
Hydrograph Procedure 2005 version 2.0.0 (CUHP) was used to develop runoff hydrographs for each subwatershed.  
Subwatershed hydrographs were then routed using the EPA Stormwater Management Model version 5.1.012 
(SWMM) to determine discharges at each design point. 

FLO-2D, a two-dimensional hydrodynamic model, was used to develop diversion curves for two separate areas 
where flow splits were observed to occur. 

During the existing conditions evaluations, agricultural irrigation was accounted for by adjusting soil infiltration 
parameters within the hydrologic model. 

City of Greeley stormwater criteria requires any future development to detain to historic 5-year discharges.  To 
evaluate the impact development will have on design flows, a future conditions hydrologic model was developed to 
simulate the change in land use and estimate the required detention. 

ES 3.2 PROJECT AREA HYDRAULICS 

No previous hydraulic analysis had been completed for the watershed.  Site specific drainage reports existed 
independently for each development.  For this study, flooding hazards were identified using hydraulic models for the 
10-, and 100-year events.  Areas of high hazard, representing flood hazards more likely to affect the safety of people 
and property was also identified for the basin by routing the baseline hydrology through the drainages using FLO-2D.  
Hydraulic analysis in this study was also completed to evaluate roadway crossings and existing storm drainage 
systems to determine whether they met current City drainage criteria.   

ES 4.0 ALTERNATIVE ANALYSIS 

Alternatives were developed to improve the conveyance of roadway crossings, mitigate existing flooding hazards 
observed in the hydraulic analysis, and separate stormwater runoff from entering the irrigation canals. 

For each roadway crossing, alternatives were developed to increase the conveyance of the crossing to meet current 
City criteria, allowing overtopping during the 100-year event.  An additional alternative to convey the entire 100-
year discharge without any overtopping was also developed.  Flood control and flood hazard mitigation alternatives 
were also developed to best manage the major split flows occurring, or to alleviate flooding on homes and buildings 
through drainageway improvements, storm drain systems, or detention. 

Finally, guidance regarding the future management of the stream and riparian corridors has also been provided such 
that natural function of the stream corridors can continue to thrive as development becomes more prevalent in the 
basin.   

ES 5.0 MASTER PLAN 

The Selected Plan identifies the alternatives selected by the project team to include in the Conceptual Design phase 
of the project.  The Selected Plan generally follows the recommended plan alternatives, with the modification to the 
proposed improvements in Sharktooth Draw.  A memo, dated June 11, 2019, summarizes new alternatives for the 

basin and explains why the previously proposed alternatives were revised.  This memo can be found in Appendix A. 
In summary, a detention pond and storm drain outfall are now being proposed near 95th Avenue and County Road 
62, in lieu of extensive channel improvements to the outfall to the Cache La Poudre River.  An additional alternative 
was developed at the Bellevue Pipeline crossing of Sharktooth Draw to provide further protection against future 
stream erosion. 

The master plan improvements are intended to mitigate existing flooding hazards, ensure current and future 
roadway crossings are compliant with City criteria, to address any channel stability issues and concerns, separate 
base flows from irrigation ditches, enhance water quality, and provide general guidance for preservation and 
improvement to the drainageways throughout the Sharktooth Bluffs Basin.  Finally, the master plan improvements 
identify and incorporate trail connections to the regional networks, where applicable. 

Culverts were sized for existing conditions land use scenario.  Prior to construction and final design, any 
development that has occurred upstream of the roadway crossing should be added into the existing conditions 
model to update the design discharge. 

Cost estimates can be found in Table ES 4.  A schematic of the master plan improvements can be found in Figure 
ES.4 and Figure ES.5. 

ES 5.1 SPUR DRAW 

Spur Draw, the western most watershed in the Sharktooth Basin, is located just east of US Highway 257.  
Stormwater runoff from the basin sheet flows to the Sharktooth Bluffs where the narrow gullies convey water 
northwest to the Cache La Poudre River.  All flow is confined to the bluff areas.  The watershed is currently 
undeveloped and future land use projects the watershed to remain open space. No roadway crossings, or other 
infrastructure is currently proposed in the watershed.  Beyond monitoring runoff and potential sediment transport 
from the bluffs areas, no improvements are currently proposed for this watershed. 

ES 5.2 MISSILE PARK DRAW 

This 275 acre watershed is bounded by Spur Draw to the west, Hertzke Draw to the east, Sharktooth Draw to the 
south and Cache La Poudre River to the north.  The watershed spans three jurisdictions: Town of Windsor at the 
downstream end of the watershed, unincorporated Weld County, and the City of Greeley.  Similar to Spur Draw, 
stormwater runoff is conveyed in narrow gullies which converge into a drainageway that bisects the watershed.  
Near the downstream end of the watershed, in the Town of Windsor and Weld County, there is an approximately 
10-foot high embankment which detains flows from continuing north to the Cache La Poudre River.  No records 
were found regarding this being a regulated detention basin or registered state dam. 

With exception to ponding that could occur behind this embankment, no other significant drainage problems were 
identified for this watershed, particularly within the limits of the City of Greeley.  Beyond monitoring runoff and 
potential sediment transport from the bluffs areas, and monitoring the effects of the embankment for water 
collection, repair, or need to breach, no improvements are currently proposed for this watershed. 
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ES 5.3 HERTZKE DRAW 

Hertzke Draw, located to the east of Missile Park Draw and west of Sharktooth Draw watersheds, primarily consists 
of steep gullies conveying stormwater runoff to the north.  Upstream of the outfall into the Cache La Poudre River, 
the watershed transitions from the confined gully drainageway to an alluvial fan.  The watershed lies within Town of 
Windsor, unincorporated Weld County, and City of Greeley.  The bluffs in the southeastern portion of the 
watershed, within the City of Greeley, lie on property proposed to be developed as part of the Promontory Heights 
Development. 

Flooding potential within the watershed is minimal with more flooding potential located in the alluvial zones near 
the Poudre River.  No buildings or structures are shown to be inundated and flooding potential will be lessened with 
future development in the watershed.  Beyond monitoring runoff and potential sediment transport from the bluffs 
areas, no improvements are currently proposed for this watershed. 

ES 5.4 ORR GULCH 

Orr Gulch is bounded by Hertzke Draw to the west and Sharktooth Draw to the south and east.  The northern 
portion of the watershed falls within unincorporated Weld County, while the southern portion is located within the 
City of Greeley.  The portion within the City of Greeley is proposed to remain open space as part of the proposed 
Lake Bluff Development.  The narrow bluff gullies collect stormwater runoff in the headwater of the basin before the 
flow is spread into an alluvial fan south of County Road 62.  North of County Road 62, the William R. Jones Ditch 
bisects the lower watershed, conveying irrigation flows from the Cache La Poudre River to Siebring Reservoir. 

Flooding problems within the watershed are primarily related to ponding south of the William R. Jones Ditch, where 
flow depths approach 3-feet in what appears to be a historic oxbow from the Cache La Poudre River and potential 
overtopping of County Road 62.  Since this area is located outside of the City of Greeley with no current plans for 
expansion of this roadway system, no alternatives were evaluated in this watershed. 

ES 5.5 SHARKTOOTH DRAW 

Sharktooth Draw extends from south of 10th Street to the Cache La Poudre River.  The watershed lies within the City 
of Greeley and unincorporated Weld County.  The headwaters of Sharktooth Draw begin south of 10th Street, east 
of Promontory Circle near the State Farm property.  Stormwater runoff then continues in a northeast direction to 
the river. 

Flooding within the watershed is generally confined near 10th Street, then transitions between overland and 
confined flow through 95th Avenue when entering the bluffs region.  Downstream, flood flows again become 
unconfined when Sharktooth Draw splits to the north and the east, in an alluvial pattern, near County Road 62, 
where nearly half of the 100-year discharge diverts to the Poudre Learning Center watershed. 

Problems areas within the watershed focus around overtopping of existing roadway crossings, including: 95th 
Avenue, both north of 10th Street and closer to the Poudre River near County Road 62; and County Road 62, which 
currently has no defined drainage system and is located within Greeley’s anticipated expansion area.  These areas 
experience overtopping in both the 10- and 100-year events.  In addition to the roadway crossings, the split flow 
near 95th Avenue and County Road 62 has the potential to impact roadway improvements and future development 

during the larger storm events (above the 10-year level). Finally, the future expansion of 4th Street will require 
planning as it crosses drainages within the Sharktooh Draw watershed.  Currently, the proposed 4th Street alignment 
is proposed to cross three local drainages. 

ES 5.5.1 SHARKTOOTH DRAW – FUTURE 4TH STREET CROSSING WEST 

The western most future 4th Street crossing is located approximately 1600 ft. west of 95th Avenue.  A 10 ft. wide by 
4.5 ft. high RCBC is proposed to convey the 10-year design discharge, while limiting overtopping during the 100-year 
design storm to a depth less than 6 inches. 

ES 5.5.2 SHARKTOOTH DRAW – FUTURE 4TH STREET CROSSING CENTRAL 

The central future 4th Street crossing is located approximately 700 ft. west of 95th Avenue.  A 48-inch RCP is 
proposed to convey flow underneath the road and limit overtopping in accordance with City criteria.   

ES 5.5.3 SHARKTOOTH DRAW – FUTURE 4TH STREET CROSSING EAST 

The third of the 4th Street future crossings of Sharktooth Draw is located approximately 2,000 ft. east of 95th Avenue.  
A 48-inch RCP is proposed such that the future crossing meets City overtopping criteria. 

ES 5.5.4 SHARKTOOTH DRAW – 95TH AVENUE CULVERT CROSSING 

Approximately 4,200 ft. north of 10th Street, Sharktooth Draw crosses 95th Street.  The existing crossing is undersized 
to convey flow within City criteria.  Flow overtops the roadway to the north of the current culvert crossing, with one 
to two feet of flooding inundating the roadway during the 100-year event.  

Proposed improvements at 95th Street to meet City criteria include a dual cell 8 ft. wide by 4.5 ft. high RCBC.  
Although the roadway will still overtop during the existing conditions 100-year event, overtopping depths are limited 
to within City criteria. 

ES 5.5.5 SHARKTOOTH DRAW – BELLEVUE PIPELINE STABILITY 

Three water mains from the Bellevue Water Treatment Plant cross Sharktooth Bluffs downstream of 95th Avenue.  
Runoff within the drainageway has the potential to erode the channel, exposing the water mains.  Cutoff walls are 
proposed upstream and downstream of the crossing location to stabilize the drainageway at this location.  

Prior to installation, further investigation into the actual depths of the pipelines should be done to further confirm 
the risk and stabilization needs at this location.   Depths are unknown at this time.   

ES 5.5.6 SHARKTOOTH DRAW – COUNTY ROAD 62 

As part of the alternatives review process, the Central Colorado Water Conservancy District (CCWCD), the owners of 
Siebring Reservoir, were engaged to discuss the possibility of discharging stormwater into the reservoir.  After 
discussions with CCWCD, concerns regarding costs to manage the system and water rights of any stormwater 
discharged in the reservoir determined that the outfall as proposed in one of the alternatives was not feasible.  The 
alternate alignment proposed, channel downstream of County Road 62 parallel to 95th Avenue, was also 
determined to be infeasible due to the recent development of a gas extraction site spanning west from 95th 
Avenue.   
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A supplemental alternative analysis developed four additional alternatives for this area.  After discussion with City 
staff, the chosen improvements in this location include: a regional detention basin to manage existing runoff to the 
area; a drainage channel paralleling 95th Avenue; and a 38 inch by 60 inch horizontal elliptical reinforced concrete 
pipe (HERCP) storm drain system in 95th Avenue, downstream of County Road 62 to the Cache La Poudre River. 

The detention basin as proposed will provide a multi-objective function for the local natural area in Sharktooth 
Draw, providing flood management, but also improving the ecological function, wildlife habitat, and public access 
within the site.  Future trails currently proposed along Sharktooth could be incorporated into the facility located 
through the bottom and along the top of the facility.  The detention facility area would also help promote wildlife 
through preservation of native vegetation and habitat areas, as well as be designed to provide regional water quality 
benefits.  Natural hydrologic function could continue to exit by conveying bankfull, base, flows undetained through 
the pond area, up to the capacity of the proposed downstream infrastructure and acceptable roadway overtopping.  
Pond landscaping could include seeding with drought-tolerant native seed mixes, infrequent or no-mow areas.  Any 
needed mowing practices could occur outside of ground-nesting bird seasons in the spring. 

The proposed detention basin layout for the conceptual design is such that it does not exceed the requirements of a 
jurisdictional dam in the State of Colorado.  However, given the changing dam safety requirements, it is still 
recommended that the City consult the State for current guidance prior to purchasing land or designing the 
detention facility.  

Similar to other improvements mentioned above, the pond has been sized for existing conditions discharges to 
reduce overtopping at 95th Avenue and County Road 62 to meet City Criteria, as if no changes in hydrology occur 
upstream.  Prior to implementation, the pond site should be reevaluated to determine if upstream development has 
reduced flows and volume into the pond.  The downstream channel and pipe system at 95th Avenue and County 
Road 62 has been sized for future discharges as if all proposed development is in place.  Once development is in 
place, the pond may be significantly reduced, or not needed altogether.  This scenario would be indicative of 
Alternative D, as presented in the supplemental alternatives analysis found in Appendix A.  Regardless of the 
proposed detention facility, all developments in the Sharktooth Draw Basin are to adhere to current City of Greeley 
detention standards, detaining to the 5-yr historic discharge. 

Similarly, it should be noted that under existing conditions, these alternatives, as proposed, will still result in 
overtopping of County Road 62, following the existing flow path, north to the Cache La Poudre River.  As the basin 
develops further, this overtopping will eventually be eliminated.   

ES 5.6 POUDRE LEARNING CENTER 

The Poudre Learning Center watershed extends from the Cache La Poudre River south to 10th Street, between N 
83rd Avenue to the east and N 95th Avenue to the west.  Flow in the upper portion of the watershed primarily 
consists of sheet flow down into the bluffs.  The stormwater runoff spreads from the confined flow in the bluffs into 
an alluvial fan south of County Road 62.  Flow crosses the William R. Jones Ditch and County Road 62 into Siebring 
Reservoir.  An outlet channel from the most eastern portion of Siebring Reservoir conveys flow east to 83rd Avenue 
before the outfall location into the Cache La Poudre River.  

Future development near the Poudre Learning Center Basin is zoned to occur in the areas where potential flooding 
is shown in the models. For these future developments to be protected, careful consideration should be taken in site 
layout and future storm drainage infrastructure.  

An out-building is potentially inundated from flooding, north of the Jones Ditch near the westernmost sump 
location.  Even after improvements are made to the western spill flows in the Sharktooth Draw basin, this building 
may remain in a potential inundation area due to its proximity with the canal.  No other buildings are identified to 
be inundated during the existing conditions 100-year event; however, it should be noted that an oil and gas well site 
does exist within the headwaters channel of the draw, near the future 4th Street alignment. 

Discharges at the future 4th Street alignment remain less than 100-cfs at this location; therefore, improvement 
alternatives were not developed within the Poudre Learning Center watershed for the roadway system. 

ES 5.6.1 POUDRE LEARNING CENTER – COUNTY ROAD 62 (WEST) CROSSING 

The westernmost crossing of the Poudre Learning Center is located approximately 3,000 ft. east of 95th Avenue.  
Dual 10 ft. wide by 4 ft. high RCBCs are proposed to limit overtopping to City criteria.  The culvert is proposed to be 
installed in a sump condition discharging towards the quarry area located in the center of the western flow path. 

ES 5.6.2 POUDRE LEARNING CENTER – COUNTY ROAD 62 (CENTRAL) CROSSING 

The central crossing of Poudre Learning Center at County Road 62 is located approximately 2,300 ft. west of North 
83rd Avenue. A 36 inch RCP culvert is proposed to provide adequate conveyance underneath the roadway and 
Poudre River trail for the localized sump.  The proposed culvert will discharge into the swale in the Poudre Learning 
Center property. 

ES 5.6.3 POUDRE LEARNING CENTER – COUNTY ROAD 62 (EAST) CROSSING 

The easternmost crossing of County Road 62 is located approximately 150 ft. west of North 83rd Avenue.  A 6 ft. wide 
by 4 ft. tall RCBC is proposed to convey flow through the roadway crossing, limiting overtopping to City criteria.  
Downstream of the culvert, channel grading is proposed to convey the flow to the main stem of the Poudre Learning 
Center channel just west of 83rd Avenue. 

ES 5.6.4 POUDRE LEARNING CENTER – NORTH 83RD AVENUE CROSSING 

Approximately 650 ft. north of County Road 62, a dual cell 13 foot wide by 6 foot tall RCBC is proposed to convey 
flow underneath 83rd Avenue to the Cache La Poudre River.  83rd Avenue is a major arterial, requiring 100-year 
conveyance capacity of the culvert with no overtopping. 

ES 5.6.5 POUDRE LEARNING CENTER – WILLIAM R. JONES CANAL BASEFLOW SEPARATION 

In the Poudre Learning Center Basin, flow crosses an old remnant of the William R. Jones Ditch and County Road 62 
into Siebring Reservoir.  The Jones Ditch downstream of Siebring Reservoir is no longer used for irrigation purposes.  
During storm events, the Jones Ditch has the potential to intercept runoff from flow exiting the Poudre Learning 
Center main draw, and from backwater behind County Road 62.  Formalizing a spill location just upstream of 83rd 
Avenue is proposed to help mitigate flooding hazards on downstream property created from uncontrolled spill 
flows. 
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ES 5.7 WIEDEMAN CREEK 

The Wiedeman Creek watershed extends from the Cache La Poudre River south beyond 10th Street.  The watershed 
lies within the City of Greeley and unincorporated Weld County.  Runoff generally drains from south of 10th Street, 
north to the Cache La Poudre River.  Poudre River Ranch Phase III and the River Run at Poudre River Ranch Phases I 
and II developments are present within this watershed.  Two main drainage patterns convey flow through Poudre 
River Ranch.  Street flooding along Poudre River Road and North 81st Avenue pose flooding hazards with flooding 
depths exceeding City maximum flow depth criteria.  Additional flood hazards were identified south of the 4th Street 
roadway crossing, east of Wiedeman Creek in a localized sump area.   

ES 5.7.1 WIEDEMAN CREEK – 4TH STREET CROSSING 

Wiedeman Creek crosses 4th Street approximately 900 ft. east of 83rd Avenue.  A proposed 6 ft. wide by 4 ft. high 
RCBC will convey flows such that overtopping during the 100-year event is within City overtopping criteria. 

ES 5.7.2 WIEDEMAN CREEK – 81ST AVENUE  

Primary problems within the Wiedeman Creek watershed focus on drainage within the Poudre River Ranch Phase III 
development.  Infrastructure within the development is undersized for existing conditions design flows.  As flow 
enters the development, the undersized 7 ft. wide by 4 ft. tall RCBC leads to flow overtopping Skyview Street in 
excess of City criteria.  Downstream of Skyview Street, the drainage system continues in an open channel parallel 
81st Avenue before the system is intercepted in a 5 foot wide by 4 foot tall RCBC.  Flows in excess of the storm drain 
system spill onto 81st Avenue, resulting in flood depths exceeding City criteria.  Two homes are inundated west of 
the 5 foot by 4 foot box culvert entrance where flow spills onto 81st Avenue.   

Upstream of the development, a 22.7 Ac-ft. regional detention basin is proposed to mitigate the flooding hazards.  A 
72 inch RCP is proposed as the outlet structure to the facility, limiting the peak release such that the downstream 
infrastructure meets City criteria at Skyview Street and 81st Avenue.   

Construction of a detention basin could provide the City can opportunity to work with the surrounding land owners 
to minimize costs of the pond while maximizing the potential benefit of the pond.  Future development in the area 
could use the detention pond footprint to help minimize the remaining on-site detention requirements, thus 
promoting a working relationship between the City and development groups.   

The proposed detention pond has been designed such that it does not exceed the requirements of a jurisdictional 
dam in the State of Colorado.  However, given the changing dam safety requirements, it is still recommended that 
the City consult the State for current guidance prior to purchasing land or designing the detention facility.  

Prior to implementation of the detention pond, the pond would need to be re-evaluated based upon upstream 
development and possible reduction in volume.  Regardless of the proposed detention facility, all developments in 
the Wiedeman Creek Basin are to adhere to current City of Greeley detention standards, detaining to the 5-yr 
historic discharge.  

Similarly to in Sharktooth Draw, the proposed detention pond in could provide a multi-objective function for a 
natural area.  A future trail is currently proposed to extend along Wiedeman Creek through the proposed detention 
basin.  The detention facility would also promote wildlife activities by maintaining adequate flows to preserve native 

vegetation and habitat, as well to improve water quality.  It should be noted that the conceptual design cost 
estimate for the pond assumes minimal facility enhancements since the pond itself may no longer be needed as the 
upstream property develops.   

ES 5.7.3 WIEDEMAN CREEK – 78TH AVENUE  

At the upstream end of Poudre River Ranch Phase III at 78th Avenue, offsite flow inundates one structure along the 
west side of 78th Avenue.  A swale is proposed south of the Poudre River Ranch Phase III development to capture 
flows from the south east to 78th Avenue.  A combination of storm drain and surface flow conveyance will carry the 
flow north, meeting City of Greeley depth criteria without inundating structures. 

ES 5.7.4 WIEDEMAN CREEK – AMOUR HILL DRIVE  

An existing 30 inch storm drain intercepts stormwater runoff from the agricultural land east of Amour Hill Drive.  The 
shallow unconfined flow from the Wiedeman Family Farm runoff potentially inundates two structures as the 
stormwater continues west to Amour Hill Drive.  The storm drain flow is conveyed west between two residential 
properties where the flow is discharged into an open channel between N 78th Avenue and Amour Hill Drive.  The 
open channel is conveyed underneath Poudre River Road in a 36-inch storm drain which outfalls in the same open 
channel as the storm drain in N 78th Avenue.  The capacity in the existing storm drain is greatly reduced by the slope 
of the system. 

Improving the slope of the system at Armor Hill Drive will greatly increase the capacity of the system.  Relaying the 
30 inch storm drain as it crosses Amour Hill Drive will collect the majority of the flow.  The flow that is not collected 
in the proposed system will travel overland through a defined channel to Amour Hill Drive.   

The improvements also consist of replacing two inlets on Amour Hill Drive, one manhole and relaying 55ft of 30-inch 
pipe.  Since this project improves the drainage on the existing system, any changes to future hydrology are not 
anticipated to impact this proposed improvement. 

ES 5.8 FAIRWAY TRIBUTARY 

The Fairway Tributary Watershed extends from the Greeley No. 3 Canal south past Dundee Court.  The watershed 
lies within the City of Greeley and unincorporated Weld County.  Stormwater runoff is conveyed from the south 
through Boomerang Links Golf Course north to Poudre River Road in the Poudre River Ranch Phase I development.  
Runoff is ultimately discharged into the Greeley No. 3 Canal. 

Flows near the upstream end of the watershed meander through the golf course converging at the corner of C 
Street and Melbourne Street.  Baseline hydrologic modeling does not account for the unformalized and inadvertent 
detention on the golf course and indicates overtopping of Melbourne Street at a depth less than 6 inches.  
Overtopping flows not intercepted by the storm drain inlet at the C Street and Melbourne Street intersection 
continue north along 71st Avenue into the Northridge Draw Watershed.   

Runoff from the Wiedeman Family Farm property on the northwest edge of the watershed is conveyed in a 
northeast direction, crossing Vallevue Drive to the east where flows enter a storm drain crossing Poudre River Road.  
The storm drain continues north and is flumed in the 36 inch storm drain over the Greeley No. 3 Canal.  
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ES 5.8.1 FAIRWAY TRIBUTARY – MELBOURNE STREET 

The proposed storm drain system improvements at Melbourne Street include intercepting flow from Boomerang 
Links Golf Course south of Melbourne Street.  A proposed 42 inch RCP storm drain will convey the discharge into the 
existing Northridge Draw channel north of C Street. 

The improvement requires removal of a portion of the existing storm drain system, resetting the existing inlet 
laterals at West C Street and 71st Avenue, and CDOT Type D inlets to collect water from the fairway.  

Minor channel improvements to the drainageway will be required upstream and downstream of the storm drain 
system in order to promote drainage. 

The culvert was sized for existing conditions land use scenario.  Prior to construction and final design, any 
development that has occurred upstream of the roadway crossing should be added into the existing conditions 
model to update the design discharge. 

ES 5.8.2 FAIRWAY TRIBUTARY – CACHE COURT CANAL BASEFLOW SEPARATION 

To separate stormwater flow from the Greeley No. 3 Canal, a flume is proposed just west of Cache Court.   
Conveying the flows over the canal and discharging the stormwater into the open space north of the canal will 
reduce flows in excess of the decreed flow entering the canal that pose flooding hazarding downstream.  
Improvements to the open space north of the canal include a low flow crossing such that the open space trail is not 
inundated by nuisance runoff.   

ES 5.9 NORTHRIDGE DRAW 

On the eastern edge of the basin, Northridge Draw is home to Northridge High School, Winograd K-8, and 
Northridge Estates.  Runoff drains from south to north, passing through the school property to C Street where the 
existing drainageway continues north onto private property.  No formal conveyance is provided north of C Street 
with flows overtopping 71st Avenue to the north, at a depth less than six inches, into the Foothills Tributary 
Watershed.  At the downstream end of the watershed stormwater runoff is discharged into the Greeley No. 3 Canal. 

ES 5.10 NORTHRIDGE DRAW – C STREET AND 71ST AVENUE  

The proposed storm drain system proposed in the Fairway Tributary discharges into an existing swale north of C 
Street.  The Winograd detention basin also contributes to the existing swale, conveying flow from south of C Street 
to the north through the 18 inch RCP outlet.  The existing drainage swale is proposed to convey flow north to an 
existing retention pond.  A 42 inch RCP outlet is proposed to intercept any runoff in excess of the normal water pool 
elevation and discharge to the northwest.  A CDOT Type D inlet will intercept flow near 71st Avenue in a 42 inch RCP 
storm drain system.  The culvert will discharge into an existing drainage swale that will convey flow north to 71st 
Street. 

Approximately 5 acres of easement acquisition is proposed.  Property acquisition costs were estimated based from a 
unit cost per acre.  Property acquisition may or may not be needed should the City take on management of the 
drainage swale and retention pond.  

 

 

At 71st Avenue, a proposed inlet will collect the 100-year flow of 71 cfs and convey it into a proposed 42 inch storm 
drain system that will discharge into a drainage swale along the south side of 71st Avenue.  The swale will be 
conveyed under 71st Avenue into an existing detention pond in the Poudre River Ranch Phase I development.  Slight 
regrading of the existing detention basin from Poudre River Drive downstream is proposed to encourage better 
drainage in the area. 

A 7 foot wide by 3 foot deep flume is proposed to be installed at the existing spillway elevation of the pond.  The 
flume will convey flows to the north side of the Greeley No. 3 ditch, separating stormwater runoff from the Greeley 
No. 3 Canal.  On the north side of the canal, flow will travel to 71st Avenue where a proposed 24 inch culvert will 
increase the drainage capacity of the two existing RCP crossing.  East of 71st Avenue, the flow is conveyed along the 
historic drainage path in a wetland channel continuing into the Sheep Draw Basin.  The wetland channel, within the 
100-year Cache La Poudre River floodplain, outfalls into the Poudre River approximately 200 feet upstream of the 
main stem of Sheep Draw.   

CDOT Type D inlets were estimated as the pond outlet to maintain the existing pool elevation in the pond such that 
the facility is used for stormwater detention beyond the current storage elevations.  The official water right 
requirements associated with the existing retention pond should be investigated prior to implementation. 

ES 5.11 STREAM BUFFER WIDTH 

In order to ensure the long-term stability of a stream system, a buffer is recommended to be preserved between the 
stream and anthropogenic influences. In natural streams, the stream belt width or floodplain width often serves as 
the buffer. The stream belt width is diagrammatically shown in Figure ES 3.  Belt width is the lateral distance from 
the outside edge of one meander to the outside edge of the next meander. Channel meanders shift through time, 
generally moving in a downstream direction. By preserving the land within the belt width of a stream, one can allow 
the channel to continue to evolve and change its planform without coming into conflict with human infrastructure. 

 
Figure ES 3: Stream Belt Width (Wildland Hydrology, 2013) 

Two methods were used to estimate stream belt widths for major drainageways within the Sharktooth Basin.  The 
Stream Belt Width method is an empirical procedure based on a relationship of the meander belt width to channel 
bankfull width through a power equation.  The second method utilizes the ideal stream belt width based on shear 
stress. If the shear stress applied on a floodplain by flowing water exceeds the carrying capacity of the floodplain 
vegetation, the vegetation will be destroyed, and subsequent erosion, scour, and channel avulsions could occur. In 
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order to prevent this, the critical shear stress at which the vegetation will begin to fail was reviewed.  The two 
methods were compared for each scenario for existing and future hydrology with the most conservative values 
shown in the table below. 

Table ES 2: Stream Buffer Width 

 

As shown by the table, the required belt or floodplain width has the potential to change over time with projected 
hydrology changes from new development.  It is recommended that at a minimum, the existing stream belt widths 
be preserved within the basin to maintain stream health and maximize drainageway resiliency.  Further evaluations 
may be required as the basin develops over time.  The approximate buffer width for both existing and future 
hydrologic scenarios can be found in Figure 7.4. 

As development occurs in each watershed, City detention criteria will reduce peak flows along the drainageways.  As 
such, channel buffer widths may reduce accordingly to the future condition widths shown above.  It is 
recommended that this transition be considered after the upstream watershed has reached approximately 80 
percent development density.  At this time it is also recommended that a more detailed geomorphic study be 
completed to best determine the appropriate thresholds for the bankfull channel and floodplain areas within the 
buffer width.  Additional design considerations are discussed below. 

ES 5.12 STREAM MANAGEMENT CORRIDOR 

Given an adequate floodplain corridor, natural streams adjust to changing hydrologic and sediment supply regimes 
have well-established, healthy riparian corridors that provide bank stabilization, and have increased resiliency to 
higher flow rates.  A healthy stream corridor is generally comprised of a multi-stage channel, promoting riparian 
vegetation during smaller flows while providing flood terraces, activating the overbanks to relieve pressure on the 
system during periodic higher flow events.  The multi-stage channel allows for energy to dissipate as flow spreads on 
the floodplain terraces, naturally transports and deposits sediment, and promotes a healthy biodiversity of 
vegetation. 

As urbanization occurs within a basin, buildings, roadways, and infrastructure often encroach on a stream corridor.  
Allowable widths and depths of floodplains are often restricted, increasing the velocities and erosive power of flood 
flows.  With development anticipated throughout the Sharktooth Basin in coming years, existing stream corridors 
should be protected in order to maintain or establish High-Functioning, Low Maintenance (HFLM) stream systems 
and promote the overall health of the drainageway. 

Channel parameters for the stream management corridor were developed using Rosgen stream classifications.  
Bankfull areas were estimated using regional regression equations developed for the Front Range based on tributary 
area to each design reach.  General geomorphic bankfull channel parameters can be found in Table ES 3. 

Guidance for other stream parameters such as pool to pool spacing, entrenchment ratio, meander width, and 
sinuosity for each reach are summarized in Table 7-22.  These values were developed as guidance for planning 
purposes but further analysis would be required during design.  The complete geomorphic analysis for each reach 
can be found in Appendix D. 

Several recent stream restoration projects completed by ICON were used to approximate a stream restoration cost 
per linear foot of drainageway along the major drainageway corridors in the Sharktooth Basin: Sharktooth Draw, 
Poudre Learning Center Tributary, and Wiedeman Creek.  The unit cost per linear foot reflects: earthwork; 
installation stream restoration items such as riffle structures, bank protection, riprap, and other stabilization 
measures; reseeding and native vegetation that might be beneficial.  An average cost per linear foot of $750 was 
used.  It is recommended that through a City budget, or property reimbursement fees, the costs presented in Table 
ES 3 be used to plan for future stream restoration needs which may develop as the hydrology changes overtime. 

Table ES 3: Geomorphic Analysis 

Approx. 
Width (ft.)

Approx. 
Depth (ft.)

Sharktooth Draw 95th Ave 4050 9.6 0.9 $3,037,500
Sharktooth Draw Sharktooth Bluffs to CR 62 2660 10.4 1.0 $1,995,000

Poudre Learning Center CR 62 to Poudre 3900 9.3 0.5 $2,925,000
Poudre Learning Center DS of Bluffs to CR 62 2140 5.9 0.5 $1,605,000

Wiedeman Creek 4th St. to 81st Ave 2860 9.3 0.8 $2,145,000
Wiedeman Creek 10th St to 4th St 3240 7.3 0.7 $2,430,000

Bankfull Channel

Cost Estimate
Reach 

Length (ft.)Design PtWatershed

 

ES 5.13 PRIORITIZATION AND PHASING 

In general, drainage improvements should be constructed from downstream to upstream within each watershed, 
with exception to improvements which may reduce downstream discharges, such as detention basin projects.  
Proposed improvements were ranked based on: effectiveness in mitigating flood hazards, feasibility of construction, 
and performance of existing storm drainage infrastructure in the vicinity of each project. 

High priority should be given to any project that mitigates flooding hazards and increases public health and safety.  
This includes the proposed improvements in Wiedeman Creek at 81st Avenue and Amour Hill Drive that removes 
structures from being inundated during the 100-year design storm and improvements in Northridge Draw which 
protect structures near the drainageway in Northridge Estates. 

Medium priority was assigned to projects where existing flooding hazards were not imminent but proposed 
improvements provided protection against future flooding hazards.  These projects include separating stormwater 
runoff from the irrigation canals within the basin that were not designed to convey runoff and the improvements 
along Sharktooth Draw at County Road 62 that provides a drainageway downstream of the bluffs. 

Ex. Conditions Fut. Conditions
Sharktooth Draw 186 73
Poudre Learning Center 130 1 56
Wiedeman Creek 119 64
1- Value adjusted based on Rosgen classification

Channel Buffer Width
Drainageway
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Low priority was given to roadway crossing improvements to bring them up to current City criteria.  The roadway 
crossing improvements should be completed in conjunction as planned roadway improvement and expansion occur. 

The following projects have phasing impacts that need to be considered prior to final design and construction: 

• The County Road 62 (east) roadway crossing in the Poudre Learning Center watershed needs to be 
constructed prior to, or in conjunction with, the Jones ditch canal baseflow separation. 

• The flood mitigation project at Melbourne Street, in the Fairway Tributary watershed, cannot be installed 
until the flood mitigation projects in the Northridge Draw watershed have been completed. 

A benefit cost analysis was completed for the proposed improvements along 81st Avenue.  The proposed 
improvements mitigate $175,656 total expected damages over the project life of 50 years.  The project cost 
estimate including maintenance of $4,996,304 resulted in a benefit to cost ratio of 0.04. 

Although the benefit from mitigating flood damages does not solely justify the project, the proposed improvements 
accomplish several other project goals such as removing overtopping of roadways and flooding depths in streets in 
excess of City criteria.  More information on the benefit cost analysis can be found in Section 7.3 .  No other 
proposed improvements mitigated significant damage on insurable structures warranting a benefit cost analysis. 

Prioritization and costs of each improvement can be found in Table ES 4. 
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Table ES 4: Master Plan Cost Estimate Summary 

Watershed Location Priority Capital
 Easement / 

ROW  Engineering 
 Legal / 
Admin 

 Contract 
Admin / CM  Contingency 

 Total Capital 
Cost 

 Annual 
O&M 

 50-year 
O&M 

Future 4th Street (West) Roadway Crossing Low 125,408$           -$               18,811$        6,270$          12,541$         31,352$         194,382$         50$              1,571$           
Future 4th Street (Central) Roadway Crossing Low 45,134$              -$               6,770$           2,257$          4,513$           11,284$         69,958$           50$              1,571$           

Future 4th Street (East) Roadway Crossing Low 45,134$              -$               6,770$           2,257$          4,513$           11,284$         69,958$           50$              1,571$           
95th Avenue Roadway Crossing Low 214,015$           -$               32,102$        10,701$       21,402$         53,504$         331,724$         120$           3,771$           

County Road 62 Improvements & Upstream 
Detention Pond Medium 7,626,086$        2,114,000$   1,143,913$  381,304$     762,609$      1,906,522$   13,934,434$   90,019$     2,828,722$   

Bellevue Pipeline Stabilitization Medium 79,900$              -$               11,985$        3,995$          7,990$           19,975$         123,845$         670$           21,054$         
8,135,677$        2,114,000$   1,220,351$  406,784$     813,568$      2,033,921$   14,724,301$   90,959$     2,858,260$   

County Road 62 (West) Roadway Crossing Low 311,206$           -$               46,681$        15,560$       31,121$         77,802$         482,370$         100$           3,142$           

County Road 62 (Central) Roadway Crossing Low 38,892$              -$               5,834$           1,945$          3,889$           9,723$            60,283$           50$              1,571$           

County Road 62 (East) Roadway Crossing Low 401,548$           96,800$         60,232$        20,077$       40,155$         100,387$       719,199$         2,125$        66,775$         
83rd Avenue Roadway Crossing Low 420,038$           -$               63,006$        21,002$       42,004$         105,010$       651,060$         160$           5,028$           

Jones Ditch at 83rd Avenue Canal Baseflow 
Seperation Medium 100,193$           96,800$         15,029$        5,010$          10,019$         25,048$         252,099$         1,034$        32,492$         

1,271,877$        193,600$      190,782$      63,594$       127,188$      317,970$       2,165,011$     3,469$        109,008$      

Sharktooth Draw

Poudre Learning 
Center

Total

Total

Watershed Location          Priority Capital
 Easement / 

ROW  Engineering 
 Legal / 
Admin 

 Contract 
Admin / CM  Contingency 

 Total Capital 
Cost 

 Annual 
O&M 

 50-year 
O&M 

4th Street Roadway Crossing Low 90,415$              -$               13,562$        4,521$          9,042$           22,604$         140,144$         100$           3,142$           
Skyview Street --- -$  -$               -$               -$              -$               -$                -$                  1,502$        47,198$         

81st Avenue Detention Basin High 1,799,261$        998,000$      269,889$      89,963$       179,926$      449,815$       3,786,854$     23,589$     1,179,450$   
78th Avenue High 100,152$           59,000$         15,023$        5,008$          10,015$         25,038$         214,236$         1,224$        61,200$         

Amour Hill Drive High 110,013$           22,000$         16,502$        5,501$          11,001$         27,503$         192,520$         1,073$        53,650$         
2,099,841$        1,079,000$   314,976$      104,993$     209,984$      524,960$       4,333,754$     27,488$     1,344,640$   

Poudre River Road --- -$  -$               -$               -$              -$               -$                -$                  818$           25,705$         
-$  -$               -$               -$              -$               -$                -$                  818$           25,705$         

Cache Court Canal Baseflow Seperation Medium 86,021$              -$               12,903$        4,301$          8,602$           21,505$         133,332$         434$           13,638$         
Melbourne Street High 93,050$              8,800$           13,958$        4,653$          9,305$           23,263$         153,029$         301$           9,459$           

Detention North of Melbourne Street --- -$  -$               -$               -$              -$               -$                -$                  702$           22,059$         
179,071$           8,800$           26,861$        8,954$          17,907$         44,768$         286,361$         1,437$        45,156$         

C Street and 71st Avenue High 942,378$           470,000$      141,357$      47,119$       94,238$         235,595$       1,930,687$     4,739$        148,916$      
942,378$           470,000$      141,357$      47,119$       94,238$         235,595$       1,930,687$     4,739$        148,916$      

Northridge Draw

Wiedeman Creek

Poudre River Ranch 
Phase I and II

Fairway Tributary

Total

Total

Total

Total
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1.0  INTRODUCTION 
1.1  AUTHORIZATION 

This study was authorized by the City of Greeley on May 1st 2018 under project #FA18-03-022. 

1.2  PURPOSE AND SCOPE 

The focus of the study is to produce a comprehensive storm drainage master plan to assist the City, guide 
development, prioritize capital improvement projects, and improve water quality throughout the Sharktooth Bluffs 
Basin. 

The following is a summary of the scope of work for this study. 

• Review of Existing Information and Field Reconnaissance 
• Evaluate and update baseline hydrology and hydraulics 

o Define individual subwatershed boundaries 
o Develop hydrologic models for the 2-, 5-, 10-, 50-, and 100-year return period storms subject to the 

following guidelines: 
 Use the Colorado Urban Hydrograph Procedure (CUHP) to generate basin runoff 

hydrographs. 
 Use the Environment Protection Agency Storm Water Management Model (EPA SWMM) to 

route the individual hydrographs. 
 Evaluate the performance of existing storm drain infrastructure 30 inches or greater in size. 
 Identify existing and potential future areas prone to flooding. 

• Alternatives Analysis 
o Identify and analyze feasible alternative storm drain and water quality solutions. 

 Develop set of rating criteria to evaluate alternative solutions to drainage problems. 
• Conceptual Design 

o Refine the selected plan to a conceptual design level. 
o Prepare updated cost estimates and phasing of improvements for selected plan. 

1.3  PLANNING PROCESS 

Progress Meetings were held on a bi-weekly basis throughout the project.  Minutes from progress meetings can be 
found in Appendix A.  

1.4  MAPPING AND SURVEY 

Base map Geographic Information System (GIS) layers received from the City of Greeley included: 

• Building Footprints 
• Land Use  (Asphalt/Concrete, Gravel/Hard packed Earth) 
• Utilities  

o Non-potable Water: Lift Stations, Lines, Valves 
o North Weld: Water Lines, Water Meters 
o Sanitary Sewer: Line, Manhole 

o Stormwater: Culvert, Inlet, Main, Manhole,  
o Water Hydrants: Line, Valves 

• Parcel information 
• Roads, Street Centerlines 
• Zoning 

One foot interval contours were generated from LiDAR project mapping.  Project mapping was based on Federal 
Emergency Management Agency (FEMA) 2013 Post-flood LiDAR mapping with the following attributes and is 
equivalent to 1-foot contour interval topographic mapping:   

Name: 2013 South Platte River Flood Area 1 
Collection Date: Fall 2013 – Spring 2014 
Vertical Accuracy: 9.25 cm RMSE  
Point Spacing: 0.7 m 
Vertical Datum: NAVD88 
Horizontal Datum: NAD83 

Following the collection of the 2013 LiDAR data, the River Run at Poudre River Ranch development was constructed.  
The proposed grading plan from this development has been incorporated into the existing conditions surface. 

As part of this study, ICON Engineering and King Surveyors also collected survey information for the hydrologic 
detention facilities considered in the analysis, as well as additional storm drain manholes that were not surveyed 
previously. All survey information was collected on the NAD83 horizontal datum and the NAVD88 vertical datum. 

1.5  DATA COLLECTION 

Various drainage reports and planning documents were reviewed as part of this study.  A summary of the reports 
can be found below: 

Table 1-1: Data Collected 

Document Title Date Author
Final Drainage Report for Boomerang Ranch Subdivision First Filing Jul-2001 Pickett Engineering Company 
Drainage Report for Poudre River Ranch Phase I Dec-1998 Pickett Engineering Company 
Final Drainage Report for Poudre River Ranch Second Filing Aug-1999 Pickett Engineering Company 
Addendum to Drainage Report for Boomerang Ranch First Filing Jul-2001 Futura Engineering, Inc.
Drainage and Erosion Control Study for Poudre River Ranch Third 
Filing Jul-2002 North Star Design, Inc.
Lake Bluff Preliminary Planned Unit Development Plan Nov-2008 Westside Investment Partners, Inc.
2035 Comprehensive Transportation Plan May-2011 City of Greeley
River Run at Poudre River Ranch, First Filing Mar-2014 King Surveyors
Final Drainage and Erosion Control Study for River Run at Poudre 
River Ranch, Second Filing Apr-2016 North Star Design, Inc.
City of Greeley Parks, Trails and Open Lands May-2016 Design Workshop, Inc.
Final Utility Plans River Run at Poudre River Ranch, Second Filing Jan-2017 North Star Design, Inc.
Imagine Greeley Comprehensive Plan Jan-2018 City of Greeley
Lake Bluff Preliminary Planned Unit Development Plan Aug-2018 Westside Investment Partners, Inc.
Promontory Heights Preliminary Planned Unit Development Plan Jun-2019 Planscapes
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2.0  STUDY AREA DESCRIPTION 
2.1  PROJECT AREA 

The Sharktooth Bluffs Basin, named after fossilized shark teeth found in the area has a rich history dating back to 
World War II.  The basin was home to a 320 acre World War II Prisoner of War Camp that housed Germans and 
Austrians from 1944 – 1946.  Several years later in 1961, one of four Atlas E nuclear missile silos constructed in Weld 
County was built in the basin.  The missile site was deactivated in 1965, but still serves as an amenity to the basin, 
providing tours of the site and is home to a campground. Sharktooth Ski Area, referred to as the world’s smallest ski 
resort, was in operation from 1971-1986.  During the construction of the ski area, the fossilized shark teeth in which 
the area was named after were found. 

Located within the City of Greeley, Town of Windsor, and unincorporated Weld County, the Sharktooth Bluffs Basin 
covers an area of approximately 7.8 square miles.  Previously known as West Poudre Basin, Sharktooth Bluff Basin 
generally slopes from the southwest near 10th Street to the northeast where stormwater runoff discharges into the 
Cache La Poudre River.  The basin is generally bounded by US Highway 257 to the west, the Cache La Poudre to the 
north, N 71st Avenue to the east and 10th Street to the south.  Of the total basin area, 3.7 square miles are currently 
within the City of Greeley with 6.8 square miles are in the Long Range Growth boundary. 

The current study area encompasses the West Poudre Basin and areas previously studied as part of the 
Comprehensive Drainage Plan for Sheep Draw Basin in 2006.  Four watersheds, Wiedeman Creek, Poudre River 
Ranch, Fairway Tributary, and Northridge Draw, located in the eastern portion of Sharktooth Bluffs are not directly 
tributary to Sheep Draw and were incorporated into the Sharktooth Bluffs Basin. 

Currently the basin is approximately ten percent built-out with various residential developments in addition to 
notable landmarks; Missile Site Park, Sharktooth Bluff, Boomerang Links Golf Course, Northridge High School, and 
Winograd K-8 School.  Some commercial properties exist along the eastern edge of the watershed south of Canberra 
Commons. 

Sharktooth Bluffs Basin is made up of numerous drainageways which outfall into the Cache La Poudre River.  These 
drainageways include; Spur Draw, Hertzke Draw, Orr Gulch, Sharktooth Draw, Poudre Learning Center Tributary, 
Wiedeman Creek, Fairway Tributary, and Northridge Draw. 

Two irrigation canals are found within the watershed.  The Greeley No. 3 Canal, a 13-mile long canal conveying flow 
east through downtown Greeley, originates in the eastern portion of the basin.  The William R. Jones Ditch conveys 
flow from the Cache La Poudre River just east of the bluffs to Siebring Reservoir.  Siebring Reservoir, a series of 
ponds located between N 95th Avenue and N 83rd Avenue, is a raw water storage facility owned by Central Colorado 
Water Conservancy District.  On the eastern edge of Siebring Reservoir is the Poudre Learning Center, a 65 acre area 
donated to the local community after the gravel mining operations ceased. 

Bisecting the watershed are water transmission lines from the Bellevue Water Treatment Plant. 

In the next twenty years, Greeley’s population is expected to grow by up to fifty percent, per Greeley’s 2035 
Comprehensive Transportation Plan. Much of this growth will push development west of the downtown area, into 
Sharktooth Bluffs Basin. Roadway improvements to 83rd Avenue and 4th Street are planned in the 2035 

Comprehensive Transportation Plan to accommodate the increase in population, connecting Windsor, Greeley, 
Milliken and Platteville.  Much of the area is currently located within unincorporated Weld County but lies within the 
City of Greeley Long Term Growth Area.  

A watershed map highlighting features throughout the watershed can be found in Figure 2.1. 

2.2  LAND USE 

Sharktooth Bluffs Basin is comprised of Type A, B, C, and D soils as defined by the Natural Resources Conservation 
Service (NRCS).  The western half of the basin is predominately Type A and D soil with the eastern primarily 
consisting of Type A and Type B soils.  To account for increased runoff caused by irrigation flows and irrigation-
induced saturated soils on agricultural lands, Type A and B soils were assigned soil infiltration properties of Type C 
and D soils in the existing conditions analysis.  More information on the soil parameters can be found in Section 
3.4.5 .  A soil map of the watershed can be found in Appendix B. 

Existing land use parameters were obtained using GIS shapefiles provided by the City of Greeley.  Impervious values 
for each land use designation (gravel, paved parking, sidewalk, etc.) were selected using Table 6-3 of the Urban 
Storm Drainage Criteria Manual (USDCM) and can be seen in Table 2-1.  In several areas in Poudre River Ranch and 
River Run at Poudre River Ranch the existing land use GIS shapefiles did not reflect the extent of current 
development.  Representative sections were developed to determine typical percent impervious for these areas and 
applied to the neighborhoods lacking data. 

Future land use parameters were developed using GIS zoning shapefiles provided by the City.  Projected land use in 
the Imagine Greeley planning document was used to supplement areas outside of the City.   The impervious values 
chosen for each zoning classification can be found in Table 2-2. Open space areas were assigned a 7% 
imperviousness in the future conditions model to account for paved surfaces within open space areas.  

Imperviousness for each subwatershed was computed using the area weighted average of each land use type 
through GIS.  The entire study area is approximately 13 percent impervious for existing conditions land use.  Future 
land use projects the entire study area to be approximately 42 percent impervious.  Impervious values are shown for 
the watershed on the impervious map in Appendix B. 
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Table 2-1: Existing Land Use Classification 

Land Use Percent Impervious (%)
Pervious 5

Road- Unpaved 40
Trail 40

Building 90
Driveway 90
Sidewalk 90

Road- Paved 100
Parking 100
Water 100

 
 

Table 2-2: Future Land Use Classification 

Zoning Classification DU / Ac. Percent Impervious (%)
Open Space -- 7
Residential Estate 1 - 3 30
Residential - Low Density 3 - 5 50
Residential - Medium Density 5 - 10 60
Residential - High Density 10 - 20 70
Planned Urban Development (PUD) -- 70
Industrial - Low Density -- 80
Industrial - Medium Density -- 85
Commercial High Intensity -- 95

 

2.3  OUTFALL DESCRIPTIONS 

Outfalls were categorized based on their location spatially within the basin and which major drainage watersheds to 
which they are tributary. An inventory of all major storm drainage structures can be found in Table 4-1.  An outfall 
map can be found in Figure 2.3.  The amount of area for each watershed within the current City limits and within the 
Long Term Growth Area can be found in Table 2-3. 

2.3.1  SPUR DRAW 

Spur Draw, the western most watershed, is located just east of US Highway 
257.  The watershed, approximately 330 acres of the basin, lies entirely 
within unincorporated Weld County.  Stormwater runoff from the basin 
sheet flows to the Sharktooth Bluffs where the narrow gullies convey water 
northwest to the Cache La Poudre River.  The drainageway in the central 
portion of the watershed is approximately 4,600 feet in length, with an 
average slope of 2.9 percent.  The watershed is currently undeveloped and 
future land use projects the watershed to remain open space. 

2.3.2  MISSILE PARK DRAW 

This 275 acre watershed is bounded by Spur Draw to the west, Hertzke Draw 
to the east, Sharktooth Draw to the south and Cache La Poudre River to the 
north.  The watershed spans three jurisdictions: Town of Windsor at the 
downstream end of the watershed, unincorporated Weld County, and the 
City of Greeley.  Similar to Spur Draw, stormwater runoff is conveyed in 
narrow gullies which converge into a drainageway that bisects the 
watershed.  Near the downstream end of the watershed, in the Town of 
Windsor and Weld County, the Broe Land Embankment is an approximately 
10-foot high embankment detaining flows from continuing north to the 
Cache La Poudre River.  Research into this property found no record it was a 
regulated detention basin or registered state dam. Therefore, no detention was accounted for behind the 
embankment.  The Missile Park Draw basin is not expected to develop in the future due to the open space zoning it 
is assigned. 

The watersheds namesake, Missile Site Park, is located near the headwaters of the watershed on the southwest 
side.  In 1961, Missile Site Park was constructed and the location of one of the four Atlas E nuclear missile silo 
constructed in Weld County.  Deactivated in 1961, the site still serves as an amenity, providing tours of the site and 
home to a campground. 

2.3.3  HERTZKE DRAW 

Hertzke Draw, located to the east of Missile Park Draw and west of Sharktooth Draw watersheds, primarily consists 
of steep gullies conveying stormwater runoff to the north.  Upstream of the outfall into the Cache La Poudre River, 
the 270 acre watershed transitions from the confined gully drainageway to an alluvial fan.  The main drainageway in 
the watershed is approximately 4,200 feet long, at an approximate 2 percent slope.  The watershed lies within Town 
of Windsor, unincorporated Weld County, and City of Greeley.  The bluffs in the southeastern portion of the 
watershed, within the City of Greeley, lie on property proposed to be developed as part of the Lake Bluff 
Development. 

2.3.4  ORR GULCH 

Orr Gulch, bounded by Hertzke Draw to the west and Sharktooth Draw to 
the south and east, is a 270 acre watershed.  Sharktooth Bluff, home of 
the ski resort from 1971 – 1986, separates Orr Gulch from the Sharktooth 
Draw watershed along the southeastern boundary.  The northern portion 
of the watershed falls within unincorporated Weld County. The southern 
portion is within the City of Greeley.  The portion within the City of 
Greeley is proposed to remain open space as part of the proposed Lake 
Bluff Development.  The narrow bluff gullies collect stormwater runoff in 
the headwater of the basin before the flow is spread into an alluvial fan 
south of County Road 62.  North of County Road 62, the William R. Jones 

Narrow gullies in the bluffs convey 
stormwater runoff in Missile Park Draw 

Looking west from Missile Site Park into 
Spur Draw Watershed 

William R Jones Ditch conveys irrigation 
flow in the lower portion of Orr Gulch 
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Ditch bisects the lower watershed, conveying irrigation flows from the Cache La Poudre River to Siebring Reservoir. 

2.3.5  SHARKTOOTH DRAW 

Sharktooth Draw extends from south of 10th Street to the Cache La 
Poudre River, covering 1,235 acres.  The watershed lies within the City of 
Greeley and unincorporated Weld County.  The headwaters of Sharktooth 
Draw begin south of 10th Street, east of Promontory Circle near the State 
Farm property.  Stormwater runoff continues in a northeast direction to 
the Promontory subdivision detention basin.  Flow is conveyed under 10th 
Street to the north at numerous locations, including west of 101st Avenue 
at the Promontory development, and east and west of 95th Avenue.  
North of 10th Street, west of 95th Avenue, sheet flow conveys the runoff through existing farm fields before reaching 
the bluffs and a better defined drainageway.  The future proposed roadway expansion of 4th Street to the west will 
cross Sharktooth Draw before the runoff reaches the bluffs.  North of the future 4th Street expansion, the flow is 
conveyed in a northeast direction to the roadway crossing at 95th Avenue where dual 36-inch pipes convey flow 
underneath the roadway.  East of 95th Avenue, the drainageway sharply turns to the north, exiting the bluffs into an 
alluvial fan, south of County Road 62.  Sharktooth Bluff, the home of the ski resort in operation from 1971 – 1986, is 
located west of N 95th Avenue as the flow exits the bluffs.  Flow overtops County Road 62 to the northwest and 
crosses the William R. Jones Ditch before the outfall location into the Cache La Poudre River, west of Siebring 
Reservoir. 

2.3.6  POUDRE LEARNING CENTER TRIBUTARY 

The 610 acre Poudre Learning Center watershed extends from the Cache La Poudre River south to 10th Street, 
between N 83rd Avenue to the east and N 95th Avenue to the west.  The Poudre Learning Center is located northwest 
of the County Road 62 and N 83rd Avenue intersection.  Flow in the upper portion of the watershed primarily 
consists of sheet flow down into the bluffs.  The stormwater runoff spreads from the confined flow in the bluffs into 
an alluvial fan south of County Road 62.  Flow crosses the William R. Jones Ditch and County Road 62 into Siebring 
Reservoir.  An outlet channel from the most eastern portion of Siebring Reservoir conveys flow east to 83rd Avenue 
before the outfall location into the Cache La Poudre River. 

2.3.7  WIEDEMAN CREEK 

The Wiedeman Creek watershed extends from the Cache La Poudre River south beyond 10th Street.  The 875 acre 
watershed is generally bounded by N 83rd Avenue to the west and the Fairway Tributary watershed to the east.  The 
watershed lies within the City of Greeley and unincorporated Weld County.  Runoff south of 10th Street is conveyed 
underneath 10th Street into a water quality basin constructed as part of the 10th Street improvements in 2005, which 
also forced CDOT to relocate the P.O.W. Camp 202 pillars.  Flow from the detention basin is released into Wiedeman 
Creek, continuing north past 4th Street to Poudre River Ranch.  Roadway crossings at N 83rd Avenue and 4th Street 
convey flow from the existing farmland west of N 83rd Avenue to Wiedeman Creek south of 4th Street.  North of 4th 

Street Wiedeman Creek intercepts the 12-inch corrugated metal pipe that 
drains the area on Boomerang Links Golf Course south of 4th Street and 
Dundee Avenue. 

Wiedeman Creek enters Poudre River Ranch Phase III, crossing Skyview 
Street through a 7 foot wide by 4 foot tall box culvert.  An open channel 
along N 81st Avenue conveys discharge through Poudre River Ranch Phase 
III. Flows are then intercepted by a 5 foot wide by 4 foot tall box culvert 
south of Poudre River Road.  This box culvert discharges flow north of River 
Run at Poudre River Ranch into a water quality basin before discharging 
into the Cache La Poudre River. 

Local runoff west of N 81st Avenue in Poudre River Ranch Phase II is 
conveyed through two primary flow paths.  A grass swale conveys flow to 
three elliptical concrete pipes crossing Poudre River Road just east of N 83rd Avenue.  Street flow is conveyed north 
on Double Tree Drive turning east at Poudre River Road.  Stormwater at this location is intercepted in a storm drain 
that conveys and intercepts additional stormwater runoff through River Run at Poudre River Ranch. 

Runoff from the existing farm land and Boomerang Links concentrates in two additional locations before being 
conveyed through Poudre River Ranch Phase III.  First, stormwater is intercepted along N 78th Avenue in a storm 
drain system that increases in size from 18-inches at Skyview Street to 36-inches at Poudre River Road.  The storm 
drain discharges west of Riverside Court into an open channel that conveys flow into a water quality basin and 
subsequently the Cache La Poudre River.  

Second, a 30-inch storm drain intercepts stormwater runoff from the existing farm land east of Amour Hill Drive.  
The flow is conveyed west where the flow is discharged into an open channel between N 78th Avenue and Amour Hill 
Drive.  The open channel is conveyed underneath Poudre River Road in a 36-inch storm drain which outfalls in the 
same open channel as the storm drain in N 78th Avenue. 

The Wiedeman Creek watershed was previously considered to be in the Sheep Draw Basin, and was studied in a 
report from 2006 by Anderson.  

2.3.8  POUDRE RIVER RANCH TRIBUTARY 

The Poudre River Ranch watershed consists of the 25 acre Poudre River 
Ranch Phase II development.  The watershed is bounded by Wiedeman 
Creek to the west, and Fairway Tributary to the south and east.  Flow is 
conveyed off the existing farmland onto the street at N 77th Avenue then 
west on Plateau Road before being directed northeast on Poudre River 
Road to an existing water quality basin.  Flow from the water quality 
basin discharges into Cache La Poudre River just upstream of the Greeley 
No. 3 Canal diversion. 

The Poudre River Ranch watershed was previously considered to be in the Sheep Draw Basin, and was studied in a 
report from 2006 by Anderson.  

Sharktooth Bluff was the home for the ski 
resort from 1971 - 1986 

River Run at Poudre River Ranch is 
located at the downstream end of 

Wiedeman Creek 

Poudre River Ranch Subdivision 
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2.3.9  FAIRWAY TRIBUTARY 

The 144 acre Fairway Tributary originates north of 4th Street and west of 
N 71st Avenue.  Stormwater runoff from Canberra Commons, located 
north of Dundee Avenue and west of N 71st Avenue, is conveyed to the 
Boomerang Links Golf Course.  The runoff is then conveyed northeast 
through the golf course to the intersection of W Melbourne Street and N 
71st Avenue.  Flow continues north into the two existing detention basins 
along the west side of N 71st Avenue.  Stormwater from the detention 
basins are conveyed into the Northridge Draw watershed through an 18-
inch storm drain.  Flows exceeding the capacity of the detention basin 
continue north in an open channel to the roadway crossing at Poudre 
River Road.  A 30-inch storm drain conveys flow under the roadway, discharging into the Greeley No. 3 Canal. 

The western portion of Boomerang Links Golf Course is conveyed along the golf course to the retention pond on the 
northern side of the golf course.  The retention pond does not outlet and retains stormwater runoff for irrigation 
use.  Flows north of the golf course enter a 42-inch storm drain, near the intersection of Vallevue Drive and Poudre 
River Road, which convey flow across the Greeley No. 3 Canal into the Poudre River Ranch Natural Area. 

The Fairway Tributary watershed was previously considered to be in the Sheep Draw Basin, and was studied in a 
report from 2006 by Anderson. 

2.3.10  NORTHRIDGE DRAW 

Northridge Draw, located east of N 71st Avenue, is the easternmost 
watershed in the basin, covering an area of 98 acres.  The watershed 
originates near the intersection of N 71st Avenue and Dundee Avenue.  
Stormwater runoff from the parking lot of Northridge High School is 
conveyed in a storm drain underneath the baseball fields to the detention 
basin in the northeast corner of the high school property.  Runoff from 
the school property east of the parking lot is collected in a storm drain 
system and conveyed out of the basin to the east.  Flow from the 
detention basin north of Northridge High School is conveyed north past 
Winograd K-8 school to the detention basin south of C Street.  The 
detention basin discharges flow north under C Street to a drainageway on 
private property.  The drainageway conveys flow north through a 
retention pond to a small roadside swale along N 71st Avenue.  Flows in 
excess of the 18 inch storm drain underneath N 71st Avenue continue north east discharging into the Greeley No. 3 
Canal. 

The Northridge Draw watershed was previously considered to be in the Sheep Draw Basin, and was studied in a 
report from 2006 by Anderson.  

2.3.11  POUDRE RIVER WATERSHEDS 

Several subwatersheds are direct flow areas to the Cache La Poudre 
River or Greeley No. 3 Canal.  These watersheds span from adjacent 
to Spur Draw to the west and Northridge Draw to the east. 
Combined these watersheds account for 410 acres of the basin. 

The Poudre River direct flow area to the north of Greeley No 3 Canal 
was previously considered part of the Sheep Draw Basin, and was 
studied in a 2006 Anderson report.  

Runoff is conveyed north through 
Boomerang Links Golf Course 

Several subwatersheds drain directly to 
the Cache La Poudre River 

Detention is provided at both Winograd 
K-8 and Northridge HS 
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2.4  CITY OF GREELEY LONG TERM GROWTH AREA  

In the next twenty years, Greeley’s population is expected to grow by up to fifty percent, per Greeley’s 2035 
Comprehensive Transportation Plan.  Much of this growth will push development west of the downtown area, into 
Sharktooth Bluffs Basin. Roadway improvements to 83rd Avenue and 4th Street are planned in the 2035 
Comprehensive Transportation Plan to accommodate the increase in population, connecting Windsor, Greeley, 
Milliken and Platteville.  Much of the area is currently located within unincorporated Weld County but lies within the 
City of Greeley Long Term Growth Area.  A comparison of the percentage of each watershed currently within City 
boundaries and the amount in the projected City of Greeley Long Term Growth Area can be found in the table 
below.  

Table 2-3: Long Term Growth Area 

Area (Ac) % of Basin Area (Ac) % of Basin
Fairway Tributary 125 87 144 100
Hertzke Draw 215 80 215 80
Missile Park Draw 44 16 186 68
Northridge Draw 70 72 98 100
Orr Gulch 84 31 84 31
Poudre Learning Center 168 28 607 100
Poudre River 130 32 321 79
Poudre River Ranch 17 70 25 100
Sharktooth Bluffs 1123 91 1152 93
Spur Draw 23 7 332 100
Wiedeman Creek 383 44 876 100

Existing Greeley Future Greeley
Watershed
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3.0  HYDROLOGIC ANALYSIS  
3.1  OVERVIEW 

A new hydrologic model was prepared for the Sharktooth Bluffs Basin.  The model establishes hydrology for the 2-, 
5-, 10-, 50-, and 100-year storm frequencies for both existing and future land use conditions.  The Colorado Urban 
Hydrograph Procedure 2005 version 2.0.0 (CUHP) was used to develop runoff hydrographs for each subwatershed.  
Subwatershed hydrographs were then routed using the EPA Stormwater Management Model version 5.1.012 
(SWMM) to determine discharges at each design point. 

Due to the level of subwatershed discretization, one minute time step between computations was used in CUHP.   

In general, the hydrologic model included storm drain pipes 30 inches or greater; however sixteen exceptions for 
pipes smaller than 30 inches were made when the storm drain systems diverted flow in a different direction than 
the topographic conveyance. 

During the existing conditions evaluations, soil infiltration parameters were adjusted to account for saturated soil 
from agricultural irrigation.  The adjustment to the soil infiltration parameters are further described in Section 3.4.5 .   

Two areas in the basin were identified where flow splits changed routing direction.  These areas were refined to 
include tabular flow diversions within the SWMM model.  The tabular curves were based on a comparison of inflow 
and outflow using FLO-2D software.  FLO-2D is a two-dimensional hydrodynamic model particularly well suited to 
simulating complex surface water flow.  These diversions are further explained in Section 3.5.3 . 

City of Greeley stormwater criteria requires any future development to detain to historic 5-year discharges.  To 
simulate these effects from the future land use, conceptual ponds were modeled in each subwatershed where 
zoning or future land use projections indicated future development would occur.  The conceptual detention basins 
estimated the storage required for each subwatershed to detain to 5-year historic release rates.  The future 
conditions SWMM model is further described in Section 3.5.4 . 

3.2  COLORADO URBAN HYDROGRAPH PROCEDURE  

The Colorado Urban Hydrograph Procedure translates a watershed’s response from rainfall into a runoff hydrograph 
that reflects peak runoff rates, volumes, and timing.  CUHP is an evolution of the Snyder unit hydrograph calibrated 
to the Colorado Front Range using data collected by the U.S. Geological Survey beginning in 1969 (Reference 2).  The 
1982 version of CUHP was developed using data collected at seven sites along the Front Range.  The current version 
of CUHP developed empirical relationship between the input hyetograph and observed output flow using data from 
30 sites, representing a full range of land uses (Reference 2).  Urban Drainage and Flood Control District (UDFCD), 
now operating as the Mile High Flood District, commissioned a calibration effort after experiencing higher than 
anticipated peak flows in their planning studies.  The recalibration study recommended updating CUHP to better 
match gage data and update rainfall values from NOAA Atlas 2 to NOAA Atlas 14.  Version CUHP v.2.0.0 was released 
in September of 2016 and was found to have less error than CUHP v.1.4.4 when compared to recorded rainfall and 
corresponding runoff (Reference 2). 

3.3  DESIGN RAINFALL 

One- and six-hour rainfall depths were obtained from NOAA Atlas 14 Point Precipitation Frequency Data Server for 
various points throughout the basin.  Spatially varying the rainfall throughout the watershed was not deemed 
necessary after examining the distribution of point precipitation values.  The one- and six-hour rainfall point 
precipitation value can be found in Table 3-1. 

Table 3-1: 1- and 6-hr Rainfall Depth 

Return Period 1-Hr Rainfall Depth (in) 6-Hr Rainfall Depth (in)
2-yr 0.85 1.28
5-yr 1.12 1.68

10-yr 1.41 2.08
50-yr 2.29 3.38
100-yr 2.77 4.07

 

Areal adjustments were not applied due to the lack of a contiguous basin exceeding the thresholds of two square 
miles for the 2-, 5-, 10-year design storms and fifteen square miles for the 50-, and 100-year storms.  Two hour 
rainfall distributions were generated in the CUHP software from the one - and six-hour rainfall depths. 

Complete rainfall distributions are provided in Appendix B. 

3.4  SUBWATERSHED CHARACTERISTICS 

Subwatershed characteristics for each basin are further described below and can be found in Appendix B. 

3.4.1  SUBWATERSHED DELINEATION 

The 7.8 square mile Sharktooth Bluffs Basin was delineated into 105 subwatersheds.  Subwatersheds were named 
based on their tributary outfall. The outfalls from west to east are: Spur Draw, Missile Park Draw, Hertzke Draw, Orr 
Gulch, Sharktooth Draw, Poudre Learning Center Tributary, Wiedeman Creek, Poudre River Ranch Tributary, Fairway 
Tributary, and Northridge Draw. All irrigation facilities were assumed to be flowing full at the start of the design 
storm and were not taken into consideration for subwatershed delineation. 

Subwatersheds ranged from 0.4 acres to 200 acres in size, with the average subwatershed size of 43 acres. 

3.4.2  WATERSHED IMPERVIOUSNESS 

Characterizations of existing and future watershed imperviousness were determined using various sources of 
information provided by the City.  Existing imperviousness was predominately developed using the City of Greeley 
land use GIS shapefiles.  Future imperviousness was developed from City of Greeley Zoning GIS Shapefiles.  
Modifications to the base data for both existing and future land use are further described below. 

Imperviousness for each subwatershed was computed with GIS software using the area weighted average of each 
land use type.  Subwatershed imperviousness during existing conditions range from 5 percent to 69 percent.  Future 
land use projects subwatershed imperviousness to range from 5 percent to 85 percent. 

Impervious values are shown for the watershed on the impervious map in Appendix B. 
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The impervious values chosen for each land use type and zoning classification can be found in Table 2-1 and Table 
2-2. 

3.4.2.1  EXISTING CONDITIONS WATERSHED IMPERVIOUSNESS 

Impervious values for each land use designation were selected using Table 6-3 of the Urban Storm Drainage Criteria 
Manual (USDCM) and can be seen in Table 2-1.  In Poudre River Ranch Phase III and River Run at Poudre River Ranch, 
the existing land use GIS shapefiles did not reflect the extent of current development.  Representative sections for 
each land use density were developed to determine typical percent impervious for these areas and applied to the 
neighborhoods.  

3.4.2.2  FUTURE CONDITIONS WATERSHED IMPERVIOUSNESS 

Impervious values for future land use were derived from Greeley’s land use zoning map along with the City’s 
Imagine Greeley Land Use Guidance Map, Adopted in January 2018 to determine the densities of each designated 
land use area. The imperviousness of each of these areas can be seen in Table 2-2.  Specific development plans were 
also used to determine future imperviousness in the Lake Bluff subdivision. Instead of using specific land use 
assignment the Lake Bluff subdivision was assigned an overall imperviousness due to the uncertainty in placement 
of specific development components (i.e. schools, shopping, and housing).  A composite imperviousness value was 
derived from an area weighted average of the plan and found to be 51.2 percent; this imperviousness was applied to 
the extents of the Lake Bluff Development. 

3.4.3  LENGTH, CENTROID DISTANCE, SLOPE 

CUHP parameters such as subwatershed length, distance to centroid, and slopes were derived for each 
subwatershed using topographic data generated from FEMA 2013 Post-flood LiDAR mapping.  Slopes were 
computed using the length-weighted, corrected average slope from Equation 6-7 and Figure 6-4 of the USDCM. 

3.4.4  DEPRESSION LOSSES 

Depression storage loss was determined based on Table 6-6 from the USDCM.  Aerial imagery was used to examine 
each subwatershed to determine depression loss characteristics.  Developed areas were assigned pervious 
depression loss values of 0.35 inches with undeveloped areas assigned a depression loss value more typical of 
wooded areas and open fields, 0.40 inches.  During future conditions modeling, areas with projected future 
development were adjusted to a pervious depression loss value of 0.35 inches.  A value of 0.1 inches was selected 
for the impervious depression storage loss for all subwatersheds. 

3.4.5  SOIL INFILTRATION PARAMETERS 

Soil data for the watershed was obtained from Natural Resources Conservation Service (NRCS) web soil survey. Each 
soil classification assigned a map unit symbol based on the soil characteristics.  Map unit symbols categorization was 
then summarized into one of the four major soil types ranging from Type A representing well-draining soils, to Type 
D representing poorly-draining soils.  These soil types were each assigned parameters for use in Horton’s infiltration 
equation.  Horton’s infiltration equation initially infiltrates a high amount of runoff early in the storm, eventually 
decaying to a steady state constant value.  Horton’s infiltration method was found to provide a balance between 
simplicity and a reasonable physical description of the infiltration process for CUHP (Reference 1). 

 

Soil types throughout the watershed are spatially varied, consisting predominantly of Type A soils on the eastern 
side, Type A and B soils in the southern portion of the basin, and a mix of Type A, B, and D soils in the northern and 
western portions of the basin.  Soil parameters were averaged on an area weighted basis for subwatersheds that 
contained multiple soil types.  

During existing conditions analysis, soil infiltration parameters were adjusted to account for the possibility of 
saturated soils during the design storm.  Type A and Type B soils in areas determined to be actively irrigated 
agricultural land, as identified by historic photographs,  were adjusted to reflect the soil infiltration parameters more 
typical with a Type C or D soils to account for the soil to be saturated during the design storm. This adjustment 
addressed the decreased imperviousness from saturated soils in actively irrigated areas, as well as additional 
irrigation runoff. 

No changes were made to the NRCS web soil survey soil infiltration parameters for future land use conditions. 

Soil types for existing and future land use conditions can be found in Appendix B. 

3.5  HYDROGRAPH ROUTING 

Subwatershed runoff hydrographs were routed using EPA SWMM 5.1.012 to determine design discharges at each 
design point.  Naming conventions for each junction and routing element were spatially assigned based on the 
watershed they were within.  Watersheds were abbreviated within the SWMM modeling and can be found in Table 
3-2, below. 

Table 3-2: Watershed SWMM Modeling Abbreviations 

Watershed SWMM Model Abbreviation
Spur Draw SD

Missile Park Draw MPD
Hertzke Draw HD

Orr Gulch OG
Sharktooth Draw SKD

Poudre Learning Center PLC
Wiedeman Creek WC

Poudre River Ranch PRR
Fairway FT

Northridge Draw ND
Poudre River Direct Flow Areas PR

 

3.5.1  ROUGHNESS COEFFICIENT 

Roughness coefficients (Manning’s n) for SWMM routing were selected using Table MD-1 from USDCM. Following 
UDFCD guidance, the n-values for pipes were then increased by 25% to better represent modeling conditions when 
using EPA SWMM. 
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3.5.2  CONVEYANCE ELEMENTS 

Several conduit types were utilized to convey individual subwatershed hydrographs to design points.  Trapezoidal 
channel sections were used for open channel conveyance in Spur Draw, Missile Park Draw, Sharktooth Draw, and 
Wiedeman Creek based on existing contour data.  Closed circular conduits were assigned to storm drain 
infrastructure, based on City of Greeley’s GIS information, and supplemented by field data.  Irregular cross sections 
were developed to represent typical street cross sections of varying widths, to convey surface flow.  Generalized 
street cross sections were defined as transects in the SWMM model representing street widths of thirty and forty 
feet.  Irrigation canals were assumed to be flowing full at the beginning of the design storm and were not accounted 
for in routing of any stormwater runoff.  

A SWMM routing schematic can be found on the interactive map, located in Appendix B. 

3.5.3  EXISTING CONDITIONS DETENTION FACILITIES 

Several existing detention facilities were accounted for in the baseline hydrology SWMM model.  These included the 
Promontory detention basin, two CDOT detention basins north of 10th Street, two detention basins northwest of 
West Melbourne Street and N 71st Avenue, Northridge High School detention basin, Winograd K-8 School detention 
basin, and the Poudre River Ranch Phase I detention basin.  Storage volumes for each facility were estimated from 
the topographic mapping.  Release rates were estimated from orifice and weir calculations reflecting existing outlet 
structure configurations.  Survey information gathered by ICON Engineering was used for invert elevations of outlet 
pipes, as well as spillway overtopping elevations to define outlet release rates.  Storage and discharge curves for all 
the detention basins included in the hydrologic model are provided in Appendix B. 

Inadvertent storage behind roadways and other embankments were not included in the hydrologic models, as 
detention since the City cannot adequately ensure that the current detention volumes or characteristics will remain.  
Any future development on these privately owned parcels would likely disrupt the detention volume relationship, 
altering the hydrologic modeling.  These areas include the embankment in Missile Park Draw and south of 10th Street 
and 83rd Avenue. 

3.5.4  FUTURE CONDITIONS DETENTION FACILITIES  

As mentioned previously, City of Greeley criteria requires any future development to detain the developed 100-year 
design discharge to the 5-year historic design discharge.  Conceptual detention basins were placed in the future 
conditions SWMM model to approximate the detention required in each subwatershed with future development.  
The volume required to detain each subwatershed to 5-year historic discharges can be found in Table 3-3 with 
locations shown in Figure 3.2.  Although each subwatershed is detained to the 5-year historic release rate, due to 
hydrograph and routing timing, slight increases in total flow are observed at some design points.  

It should be noted the existing 5-year flow rates were developed with reduced soil infiltration parameters on 
irrigated agricultural land, further described in Section 3.4.5 .  Reducing the existing soil infiltration parameters to 
account for saturated soils increases the peak flow for these subwatersheds during existing conditions analysis.  This 
approach would lead to detaining flows to an increased flow rate compared to future soil infiltration parameters. 

3.5.5  FLOW DIVERSIONS 

Tabular diversion curves were developed using FLO-2D to more accurately represent diversions in the Sharktooth 
Draw and Poudre Learning Center Watersheds.  A range of steady state discharges were applied to the FLO-2D 
surface to generate the tabular rating curves used in the SWMM models.  Exhibits for each of these diversion curves, 
including the flow diversion rating tables can be found in Appendix B. 

3.6  RESULTS OF ANALYSIS 

Peak discharges and inflow volumes for the 2-, 5-, 10-, 50-, and 100-year storm event for all design points can be 
found in Appendix B. A summary of peak flows at key design points throughout the watershed are shown in Table 
3-4 with the design points labeled in Figure 3.1.  Detention volumes required to meet City criteria to detain future 
100-year discharges to historic 5-year discharges can be found in Table 3-3 with the locations labeled in Figure 3.2. 
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Table 3-3: Future Land Use Proposed Detention Basin Sizing 

Basin
Historic 
5 yr (cfs)

Future 
100 yr (cfs)

Approximate 
Detention (Ac-ft.) Basin

Historic
5 yr (cfs)

Future 
100 yr (cfs)

Approximate 
Detention (Ac-ft.)

FT_100 0.2 6.5 0.8 SKD_126 2.9 243.6 16.5
FT_101 0.2 47.8 3.3 SKD_130 1.6 143.3 11.8
FT_105 0.1 25.2 1.5 SKD_135 2.8 213.6 11.7
FT_110 0.1 5.0 0.3 SKD_136 1.8 158.9 10.5
FT_115 0.4 8.3 0.4 SKD_137 1.1 116.9 9.7
FT_120 0.2 66.4 5.0 SKD_140 2.2 243.0 15.4
FT_125 0.1 54.1 3.3 SKD_141 0.5 51.0 2.8
FT_130 0.6 106.0 8.9 SKD_145 2.6 361.0 23.4
HD_100 1.5 56.7 5.4 SKD_150 0.8 173.3 16.0
HD_105 1.6 91.4 9.4 SKD_155 1.3 222.8 16.4
HD_110 4.8 209.7 23.1 SKD_165 2.3 31.3 3.4

MPD_100 2.9 117.6 9.4 SKD_170 3.9 46.6 3.9
MPD_105 1.6 264.0 26.5 SKD_175 2.1 32.8 3.9
ND_100 0.3 67.4 3.6 SKD_190 0.1 77.0 5.3
ND_105 0.2 72.5 4.8 SKD_195 0.6 121.3 8.0
ND_110 0.1 2.9 0.2 WC_100 0.1 7.5 0.6
ND_115 0.1 3.9 0.2 WC_101 0.1 26.5 1.4
ND_120 0.1 1.2 0.1 WC_102 0.2 18.4 1.3
ND_130 0.2 96.2 6.0 WC_103 0.1 12.4 0.8
ND_135 0.1 14.8 1.0 WC_105 0.2 32.2 2.2
ND_140 0.1 21.0 1.1 WC_105.1 0.1 8.2 0.4
OG_100 4.1 191.3 21.1 WC_106 0.3 40.3 3.0
OG_105 1.3 101.6 7.8 WC_107 0.4 32.9 1.6
OG_110 1.6 115.3 7.3 WC_109 0.1 8.2 0.5
PLC_100 0.4 12.8 1.4 WC_110 0.3 55.0 3.4
PLC_105 3.9 245.1 29.3 WC_111 0.5 23.4 1.4
PLC_110 4.4 254.9 20.2 WC_112 0.1 7.5 0.5
PLC_115 2.8 219.3 18.4 WC_112.5 0.1 11.5 0.6
PLC_120 4.0 240.0 21.2 WC_113 0.4 96.1 5.7
PLC_121 1.6 181.3 11.0 WC_114 0.2 87.2 5.1
PRR_100 0.9 53.7 3.4 WC_115 0.3 42.6 2.7
PRR_105 1.0 16.9 0.9 WC_120 3.2 706.0 39.1
SD_100 2.2 87.6 8.5 WC_130 0.3 38.2 3.5
SD_105 1.9 88.6 7.1 WC_135 1.6 300.4 19.0
SD_110 1.3 52.1 4.4 WC_140 4.5 567.1 34.8
SD_115 1.3 50.4 5.2 WC_146 0.9 80.6 4.7
SD_120 3.2 150.7 15.1 WC_150 3.4 371.4 24.1

SKD_100 1.5 58.9 6.9 WC_160 1.4 149.1 7.7
SKD_105 0.5 24.7 3.1 WC_170 0.3 7.7 0.7
SKD_110 0.1 66.2 5.4 WC_171 0.1 10.9 0.5
SKD_115 1.0 56.2 4.7 WC_172 0.2 16.6 0.8
SKD_120 2.0 131.8 9.5 WC_173 0.1 11.2 0.8
SKD_125 1.5 80.9 5.2
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Table 3-4: Peak Flow Comparison 

2-yr 5-yr 10-yr 50-yr 100-yr 2-yr 5-yr 10-yr 50-yr 100-yr
1 Spur Draw Outfall 4 10 31 275 412 4 7 10 10 10
2 Missile Park Draw Outfall 5 10 38 246 365 1 2 4 4 4
3 Hertzke Draw Outfall 5 11 48 232 335 5 6 8 8 8
4 Orr Gulch Outfall 2 5 18 154 254 3 4 7 7 7
5 Sharktooth Draw Outfall 13 35 122 450 636 24 26 31 40 47
6 Sharktooth Draw at CR 62 12 33 115 391 542 22 24 28 37 44
7 Sharktooth Draw at Diversion 14 37 142 710 1063 25 26 31 40 48
8 Sharktooth Draw at 95th Ave 11 29 104 528 793 16 18 23 32 40
9 Sharktooth Draw at Future 4th St (West) 5 14 48 250 374 6 6 8 13 13
10 Sharktooth Draw at Future 4th St (East) 3 6 22 88 124 3 3 3 4 4
11 Poudre Learning Center Outfall 31 49 98 136 139 19 19 19 20 21
12 Poudre Learning Center at 83rd Ave 31 48 96 686 1110 19 19 19 20 20
13 Poudre Learning Center at CR 62 and 83rd Ave 3 7 21 163 251 4 4 4 4 4
14 Poudre Learning Center at CR 62 2 5 37 440 732 10 10 11 11 12
15 Poudre Learning Center at Diversion 2 5 24 135 198 8 5 5 5 5
16 Wiedeman Creek Outlet 1 19 39 104 199 219 16 16 16 17 17
17 Wiedeman Creek Outlet 2 5 7 10 370 608 1 2 3 5 6
18 Wiedeman Creek Outlet 3 10 16 32 121 174 3 4 4 6 8
19 Wiedeman Creek at Poudre River Ranch 12 27 84 475 698 15 15 15 15 15
20 Wiedeman Creek at N 78th Ave 1 2 7 37 55 1 1 1 1 1
21 Wiedeman Creek at Future 4th St 8 18 48 195 264 9 9 9 10 10
22 Poudre River Ranch Outfall 6 8 12 32 44 1 1 1 2 2
23 Fairway Tributary Outfall 8 11 18 25 25 1 1 1 1 1
24 Fairway Tributary Outfall 2 2 4 5 18 50 0 0 0 0 0
25 Poudre River Outfall 6 10 14 26 31 5 7 10 21 27
26 Northridge Draw Outfall 0 1 5 66 114 0 0 0 0 0
27 Northridge Draw at 71st Ave 6 9 15 67 104 1 1 2 2 2

Future Peak Flow Rate (cfs)Existing Peak Flow Rate (cfs)
Location

Figure 3-1 / 
Figure 3-2 ID
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4.0  HYDRAULIC ANALYSIS 
Existing capacity for each storm drain system, comprised of inlets and subsurface pipes, was estimated from normal 
depth pipe calculations.  The approximate design storm capacity of existing storm drain infrastructure can be found 
in Table 4-1 and is further discussed in Section 4.2 .  Design storm capacity was determined from the normal depth 
pipe capacity in the baseline SWMM model.   

FLO-2D was used to evaluate the residual flooding and hazard potential throughout the watershed for the 10- and 
100-year design storms. FLO-2D software is a two-dimensional flood routing model that was used to identify 
residual flood potential with the watershed.  FLO-2D simulates channel flow, unconfined overland flow and street 
flow over complex topology.  The model uses the full dynamic wave momentum equation and a central finite 
difference routing scheme with eight potential flow directions to predict the progression of a floodwave over a 
system of square grid elements.  The development of the FLO-2D model is further discussed in Section 4.2.1 .  
Identifying areas of high hazard potential is further discussed in Section 4.3 . 

4.1  PREVIOUS ANALYSIS 

No previous analysis has studied the western portion of the Sharktooth Bluffs Basin. On the eastern side of the 
basin, Weidman Creek, Poudre River Ranch, Fairway Tributary, and Northridge Draw have been previously studied in 
the Sheep Draw Basin study. These areas were included in subwatershed delineation when developing peak flows 
along the main stem of Sheep Draw but were not studied in detail.  Drainage reports developed as part of each 
proposed developed site only studied site specific locations. 

4.2  EVALUATION OF EXISTING FACILITIES 

The existing storm drain infrastructure and roadway crossings were evaluated to determine the approximate design 
storm conveyance capacity.  A summary of existing infrastructure and the approximate design storm capacity can be 
found in Table 4-1.  In general, roadway crossing capacities exceeded the 10-year levels, but were found to be less 
than 50-year capacity.  When considering the additional detention required through development of the basin, the 
roadway crossing capacity increased to convey the 100-year design storm in most locations.  The approximate 
capacity of existing detention basins can be found in Table 4-2. 

4.2.1  FLO-2D MODEL DEVELOPMENT 

Three FLO-2D models were created to encompass the Sharktooth Bluffs Basin.  Separate models were created for 
the west portion (Spur Draw, Missile Park Draw, and Hertzke Draw), central portion (Orr Gulch, Sharktooth Draw), 
and eastern portion (Poudre Learning Center, Wiedeman Creek, Fairway Tributary, and Northridge Draw) of the 
basin.  The three discrete models allowed the grid cell size to be refined to 10-foot by 10-foot in order to maximize 
the precision in identifying flooding potential throughout the watershed.  Elevations for each grid cell were 
computed through FLO-2D by interpolating the project LiDAR data, outlined in Section 1.4 . Building obstructions 
were incorporated into the FLO-2D model as blockages based on the building footprints GIS information provided by 
the City of Greeley.   

The existing storm drain system for pipes 30 inches and greater in diameter were accounted for in the hydraulic 
analysis by integrating a dynamic SWMM model within the FLO-2D models. 

Two different approaches were taken for the residual FLO-2D modeling of the basin. The first FLO-2D approach 
utilized individual subwatershed hydrographs from the baseline hydrology model (CUHP) and applied these 
hydrographs directly to the FLO-2D surface.  Each hydrograph was applied at a single FLO-2D grid cell where the 
majority of discharges were expected to converge for each subwatershed. This approach more accurately correlates 
the hydrology CUHP runoff with the FLO-2D modeling; however, this approach also leaves gaps in the inundated 
area upstream of the location where the individual hydrograph is applied. 

The second approach used was a rain-on-grid, this approach models the general inundation limits basin-wide.  FLO-
2D uniformly applies the rainfall hyetograph across the entire basin.  The rainfall hyetograph was determined from 
CUHP using the point precipitation rainfall values.  Infiltration was spatially varied throughout the basin using the 
Horton’s infiltration method.  Although this method would produce different results from CUHP, it provides an 
estimate of residual inundated areas within each individual sub-watershed, information which is also valuable to the 
City. 

FLO-2D rain-on-grid is typically modeled to provide general flow paths throughout the basin, identify key design 
points, and provide preliminary problems area.  The baseline hydrology model, utilizing the subwatershed runoff 
hydrographs from CUHP, is used to help refine problem area identification and provide flooding depths throughout 
the basin using project hydrology. 

4.3  FLOOD HAZARDS 

The result of the baseline hydrology FLO-2D residual flooding for the 10-, and 100-year design storms can be found 
in Figure 4.1 and Figure 4.2, respectively. 

The result of the rain-on-grid analysis for the 10- and 100-year design storm can be found in Figure 4.3 and Figure 
4.4, respectively. 

High hazard zone mapping was completed for the basin using the baseline hydrology FLO-2D.  Areas of high hazard 
indicate locations where an unacceptably high hazard to human safety exists.  High hazard was defined as areas 
where the product of velocity (feet per second) and depth (feet) equals or exceeds four, or where flow depths equal 
or exceed four feet. 

Areas of high hazard for the 10-, and 100-year design storm can be found in Figure 4.5 and Figure 4.6, respectively. 

The flood hazards of each watershed are discussed below: 

4.3.1  SPUR DRAW 

The FLO-2D analysis indicated the major runoffs are confined within Spur Draw during both the 10- and 100-year 
design storms. There were also inundation areas during the 100-year design storm to the east of the bluffs but west 
of the Missile Site Park. These inundated areas do not pose any flooding hazards to insurable structures and no 
future development is expected in Spur Draw according to future City of Greeley Zoning. 

4.3.2  MISSILE PARK DRAW 

Flows in the upper portions of Missile Park Draw are mainly concentrated in defined drainageways. Discharge is 
conveyed downstream, ponding behind the Broe Land embankment, with maximum depths nearing nine feet during 
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the 100-year design storm.  Shallow flow overtops the embankment, spreading out, as it flows to the north, 
northeast to the Cache La Poudre River.  Additional ponding areas northwest of Missile Site Park were also 
observed.  Maximum depths of up to ten inches pond in these areas before flow is conveyed northeast into the 
defined drainageway through the bluffs. 

4.3.3  HERTZKE DRAW 

Runoff in the Hertzke Draw is characterized by centralized flow paths through the drainages in the bluffs with a 
major alluvial fan as the flows exit the bluffs and continue to the Cache La Poudre River. In the bluffs, sub-
drainageways converge into a main south to north drainage channel, which has depths ranging from six to twelve 
inches during the 100-year event. With no current development in the watershed and future zoning indicating the 
area remain open space, no flooding hazards to structures are expected in Hertzke Draw. 

4.3.4  ORR GULCH 

Sheet flooding is typical in the lower Orr Gulch basins as the flows leave the defined drainages and, then spread to 
the alluvial fan as the flows continue north to the Cache La Poudre River. Some of these flows in the lower basins of 
the watershed split and continue into the Sharktooth Draw outfall. Additional areas of inundation in the western 
portion of Orr Gulch were also identified.  Flow of less than six inches in depth is conveyed north where the runoff 
ponds against the embankment of the William R. Jones Ditch.  North of the Jones Ditch, the flow outfalls into the 
Cache La Poudre River in multiple locations.   

The Imagine Greeley Land Use Guidance Map indicates the watershed to remain as open space.  If the area were to 
develop, consideration should be taken to formalize the drainage paths within the watershed. 

4.3.5  SHARKTOOTH DRAW 

Major inundation is confined to the major drainage ways with depths up to 2.5 feet in areas. There are flooding 
concerns around the intersection of North 95th Avenue and County Road 62. The majority of areas showing 
inundation are where future land development is designated as open space or nature areas. A significant area of 
ponding was identified in the area of the proposed Lake Bluff Development, currently irrigated farmland located in 
the western portion of the watershed.  Grading and onsite drainage associated with the Lake Bluff Development 
would be expected to remove the sump area and convey the discharge downstream.  Near the downstream end of 
the watershed, overtopping of County Road 62 and N 95th Avenue pose significant flooding hazards as the basin 
develops. 

4.3.6  POUDRE LEARNING CENTER 

The baseline hydrologic scenario show the flows confined to the major drainageways in the southern portions of the 
watershed before opening up and spreading out as the flows approach the outfalls into the Cache La Poudre River. 
Flows are ponded to the west of North 83rd Avenue as they move from west to east to the river. Several areas of 
inundation were observed in the Poudre Learning Center subwatershed.  West of North 83rd Avenue, flow sumps in 
three locations before continuing north to County Road 62.  These three locations have maximum ponding depths of 

approximately four feet south of County Road 62.  As development occurs, flows overtopping County Road 62 pose 
increased flooding hazards in the primary east-west corridor in the basin.  

Future development in the Poudre Learning Center Basin is zoned to occur in the areas where potential flooding is 
shown in the models. For these future developments to be protected, careful consideration should be taken in site 
layout and future storm drainage infrastructure. 

4.3.7  WIEDEMAN CREEK 

The lower portions of Wiedeman Creek, near Poudre River Ranch and River Run at Poudre River Ranch, are fully 
developed.  Two main drainage patterns convey flow through Poudre River Ranch.  During the 100-year design 
storm, depths exceed five feet near the entrance to both culverts along the North 81st Avenue drainageway.  Street 
flooding along Poudre River Road and North 81st Avenue pose flooding hazards to the watershed with flooding 
depths exceeding City maximum flow depth criteria of 18-inches.  Additional flood hazards were identified south of 
the future 4th Street expansion east of Wiedeman Creek.  During the 100-year design storm, flows overtop 4th Street 
in a secondary location east of the roadway culvert crossing.  As this area develops, onsite drainage should provide a 
secondary crossing of 4th Street or convey this flow safely to the existing roadway crossing. 

As the upper portions of the basin develop and possible 4th Street expansion occur, consideration should be taken to 
ensure no additional flow is conveyed that pose hazards to downstream properties. 

4.3.8  POUDRE RIVER RANCH 

Poudre River Ranch has one major drainage way through the development from the existing farmland to the south. 
These flows enter the site on North 77th Avenue and follow Plateau Road to the west and Poudre River Road to the 
northeast and east before flows outfall north to the Cache La Poudre River.  The FLO-2D modeling shows flows are 
generally contained within the roadway and don’t pose significant flooding hazards to structures.   

Future development in the farmlands in the central portion of the Weidman Creek basin south of the Poudre River 
Ranch Development could potentially direct flows from this area into Poudre River Ranch, creating the potential for 
hazards.  

4.3.9  FAIRWAY TRIBUTARY 

On the northern edge of the watershed, flows are generally conveyed in Poudre River Road to the east.  Depths 
approach thirty inches on the south side of the road near the storm drain culvert crossing with depths in the 
roadway near one foot in this location.  Flooding hazards associated with the overtopping of W Melbourne Street 
and N 71st Avenue exists along the eastern edge of the watershed.  Flows overtopping N 71st Avenue to the east are 
conveyed into Northridge Draw watershed, adding additional flooding hazards to what local runoff in Northridge 
Draw would indicate. 

Further analysis in the Fairway Tributary watershed identified several areas of inundation, in the upper portions of 
the watershed, not shown in the baseline conditions model.  Discharge is conveyed in the street in Canberra 
Commons and along Dundee Avenue south of Boomerang Links Golf Course.  In general, the models indicate flow is 
contained within the right-of-way with some flow ponding on private property during the 100-year design storm.  
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Throughout the golf course, local depressions and the retention ponds north of Canberra Commons were shown to 
pond in excess of two and half feet during the 100-year design storm.  In Boomerang Run, local runoff is conveyed 
north on Brisbane Avenue discharging into the retention pond located on the north end of the subdivision. 

4.3.10  NORTHRIDGE DRAW 

Throughout Northridge Draw, similar flow patterns were observed between the baseline conditions and rain-on-grid 
analysis.  The 100-year design storm indicates flooding hazards to properties north of C Street and east of N 71st 
Avenue, discharge overtops the private pond to the south of this area, inundating structures to the north. The model 
also indicates flooding to the south of North 71st Ave with depths nearing twelve inches.  

4.3.11  POUDRE RIVER WATERSHEDS 

The Poudre River Watersheds tend to be in the more remote western portion of the study area, or downstream of 
any development where they do not pose a hazard. The models identified a flow path from North 71st Ave northeast 
to Greeley No. 3 Canal, this flow path does not currently inundate any structures but structures to the south of 
North 71st Street in the Northridge Draw drainage are inundated. Although additional flow paths were observed, no 
additional flooding hazards were identified in the rain-on-grid analysis for those areas directly tributary to the Cache 
La Poudre River or the Greeley No. 3 Canal.  

Table 4-1: Existing Facilities Inventory 

Size Capacity (cfs) Existing Future 2 5 10 50 100 2 5 10 50 100
Poudre River Road crossing west of Cache Ct. 30" RCP 11 < 50-yr > 100-yr 1.6 2.8 7.2 53.2 85.3 0.2 0.2 0.2 0.2 0.2
Poudre River Rd. crossing east of Vallevue Dr. 42" RCP 69 > 100-yr > 100-yr 2.7 4.0 8.2 30.2 43.4 0.5 0.5 0.5 0.5 0.5
Poudre River Rd. crossing west of Riverside Ct. 36" RCP 111 > 100-yr > 100-yr 1.4 3.3 9.2 35.3 50.4 0.6 0.6 0.6 0.6 0.6

78th Ave 30" RCP 38 < 100-yr > 100-yr 0.7 1.7 7.1 36.5 55.0 0.5 0.5 0.5 0.5 0.5
78th Ave & Poudre River Rd 48" RCP 115 > 100-yr > 100-yr 7.3 11.5 20.5 74.6 107.6 2.3 2.8 3.3 5.7 7.1

Skyview St 7' x 4' RCBC 309 < 50-yr > 100-yr 11.9 27.7 84.6 476.8 699.7 14.9 15.0 15.1 15.3 15.5
81st Ave  5' x 4' RCBC 150 < 50-yr > 100-yr 14.0 31.0 90.2 494.8 725.5 15.2 15.4 15.5 15.7 15.9

River Run at Poudre River Ranch 42" RCP 58 > 100-yr > 100-yr 5.2 6.8 9.0 21.9 29.9 0.1 0.1 0.1 0.1 0.1
Poudre River Road east of N 83rd Ave (3) 19" x 30"  HERCP 36 > 100-yr > 100-yr 3.4 4.9 6.7 12.6 15.7 0.3 0.3 0.3 0.3 0.3

N 83rd Ave south of 4th St 36" RCP 47 < 50-yr > 100-yr 3.0 7.7 26.9 108.2 153.1 3.4 3.4 3.4 3.4 3.4
10th St 36" RCP 32 < 50-yr > 100-yr 3.8 6.0 12.5 46.4 64.7 3.5 4.3 5.1 8.7 10.6

Poudre Learning Center PLC Crossing of 83rd Ave  48" RCP 128 < 50-yr > 100-yr 30.7 47.2 97.7 690.0 1094.3 18.5 18.6 18.9 19.7 20.2
95th Ave (2) 36" RCP 132 < 50-yr > 100-yr 10.9 28.8 104.3 528.3 793.3 16.2 18.3 22.6 32.1 40.0

10th Street at Promontory 24" RCP 8 < 50-yr < 50-yr 0.5 0.6 0.9 9.7 22.6 1.3 1.7 3.6 13.4 21.2
10th Street west of 95th 54" CMP 188 > 100-yr > 100-yr 3.2 5.5 13.6 55.9 79.4 2.4 4.5 6.0 11.4 19.2

Sharktooth Bluffs

Watershed Location

Fairway Tributary

Pipe Characteristics Design Storm Capacity Ex. Peak Discharge (cfs) Fut. Peak Discharge (cfs)

Wiedeman Creek
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Table 4-2: Existing Detention Basin Capacity 

Detention Basin Watershed
100-yr Peak Inflow 

(cfs)
100-yr Peak Release 

(cfs)
Maximum Available 

Storage (Ac-ft.)
Approximate 
Capacity (yr)

Melbourne Pond 1 Foothills Tributary 70.6 70.4 0.4 < 2-yr
Melbourne Pond 2 Foothills Tributary 70.4 70.4 0.5 < 10-yr

Northridge High School Northridge Draw 19.0 8.5 1.2 > 100-yr
Winograd K-8 School Northridge Draw 36.6 8.7 5.2 > 100-yr
Poudre River Ranch Poudre River 31.2 31.2 0.02 > 100-yr

CDOT stb 379 Sharktooth Draw 32.4 18.9 3.6 > 100-yr
Promontory Sharktooth Draw 147.1 22.6 23.4 > 100-yr
CDOT stb 382 Wiedeman Creek 77.5 39.6 4.8 < 50-yr
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Figure 4.1 - FLO-2D Residual Flooding -
Baseline Hydrology - 10-Year
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Figure 4.2 - FLO-2D Residual Flooding -
Baseline Hydrology - 100-Year
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Figure 4.3 - FLO-2D Residual Flooding -
Rain-on-grid - 10-Year
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Figure 4.4 - FLO-2D Residual Flooding -
Rain-on-grid - 100-Year
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Figure 4.5 - FLO-2D Hazard ID -
Baseline - 10-Year
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*High hazard area was defined as areas where the 
product of velocity (feet per second) and 
depth (feet) equals or exceeds four, or where flow 
depth equals or exceeds four feet
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Figure 4.6 - FLO-2D Hazard ID -
Baseline - 100-Year
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5.0  ALTERNATIVE ANALYSIS 
5.1  ALTERNATIVE DEVELOPMENT PROCESS  

The primary goals of this phase of the project is to develop alternatives which: mitigate existing flooding hazards, 
ensure current and future roadway crossings are compliant with City criteria, assess channel stability and possible 
sediment transport from the bluff areas, separate base flows from irrigation ditches, enhance water quality, and 
provide general guidance for preservation and improvement to the Sharktooth Bluffs drainageways throughout the 
basin as development begins to occur.   

Design criteria and alternative category selection was reviewed at periodic progress meetings with City of Greeley 
Staff.  Further discussion of each alternative plan is provided below, along with the review of project benefits and 
costs for applicable options.  The alternatives can be found in Figure 5.2 through Figure 5.5. 

5.2  CRITERIA AND CONSTRAINTS 

All alternatives were designed to meet criteria set forth in the City of Greeley Design Criteria and Construction 
Specifications Storm Drainage Volume II (Reference 3). 

5.2.1  FLOOD HAZARD MITIGATION CRITERIA 

Detention basins were designed in accordance to Section 11a of City criteria.  Maximum slopes on earthen 
embankments were designed to be no steeper than 4 horizontal to 1 vertical.  Trickle channels were designed with a 
minimum longitudinal slope of 0.4 percent.  A minimum of one foot freeboard was provided above the 100-year 
water surface elevation.  In addition to City criteria, detention basins were limited to a maximum depth of five feet 
during the 100-year for safety concerns. 

Storm drainage alternatives were designed to maintain a minimum of 18-inches of cover. 

5.2.2  ROADWAY CROSSING CRITERIA 

Culvert sizing for proposed roadway crossings were designed to meet criteria set forth in Section 8a and 9a of City 
criteria.  This criteria states that: no overtopping shall occur for any street classification during the 10-year design 
storm; for local roads with a roadside ditch, collector, and minor arterial roadways, overtopping during the 100-year 
design storm shall not exceed 6-inches at the street crown; and no overtopping is allowed for roadways classified at 
major arterials.  Roadway crossings were designed such that outlet velocities would not exceed twelve feet per 
second with a maximum headwater depth of one and one-half times the culvert diameter, or culvert height for non-
round shapes. 

5.3  ALTERNATIVE CATEGORIES 

Across the basin several types of alternative categories were considered to meet project goals within each 
watershed.  

5.3.1  NO ACTION ALTERNATIVE 

The baseline alternative, or no action alternative, represents no improvements in the basin.  The existing flood 
hazards and roadway overtopping would remain, or potentially worsen over time.  Maintenance costs are included 
in this alternative for existing infrastructure. 

5.3.1  MINIMUM DRAINAGE CRITERIA: 

Improvements to meet the minimum criteria for existing and future roadway crossings, along with drainage through 
development areas, are recommended under this category.  Roadway crossings were designed for locations in which 
the 100-year existing conditions design flow exceeded 100 cfs. 

5.3.2  FLOOD CONTROL AND FLOOD HAZARD MITIGATION:  

Flood control and flood hazard mitigation alternatives are proposed in areas of the basin when damage to buildings 
occur and where site specific mitigation measures could be considered to best manage spilt or unconfined flow.  In 
addition, flood control alternatives are proposed in locations with the potential to improve drainage or flooding 
beyond the City’s minimum standards, such as providing conveyance for the 100-year storm event.  Alternatives 
ranged from: confinement of split flows to a central flow path, increasing storm drain capacity to 100-year levels, 
and detention alternatives to attenuate flows such that existing storm infrastructure could provide a higher level of 
service.   

5.3.3  CANAL BASE FLOW SEPARATION IMPROVEMENTS: 

In order to help mitigate flooding hazards on downstream property from flows exceeding the capacity of the William 
R. Jones Ditch and Greeley No. 3 Canal, alternatives were developed in Poudre River Ranch Phase I and II to separate 
stormwater from entering the canal, continuing the flow paths to the Cache La Poudre River.   

5.4  ALTERNATIVE HYDRAULICS 

Alternatives were developed using a variety of hydraulic software.  Roadway crossings were designed using the U.S. 
Department of Transportation’s, Federal Highway Administration’s, HY-8 Culvert Analysis Program (HY-8).  Storm 
drainage and detention alternatives were modeled using SWMM to determine appropriate pond and pipe size.  The 
reduction in flooding was also reviewed using FLO-2D. 

5.5  ALTERNATIVE COSTS 

Alternative cost estimates were developed using UDFCD’s master planning cost estimating spreadsheet UD-MP 
COST, version 2.2.  2012 unit cost values were adjusted to present value using the Colorado Construction Cost Index, 
2018 Third Quarter Report.  The average value of the last four quarters (1.34) of the Fisher Ideal Index was used to 
adjust unit costs.  A summary of unit costs can be found in Appendix C. 

Operation and Maintenance was also included within the UD-MP Cost worksheet.  A minimum level-of-service for 
manhole and inlet maintenance was assumed to occur once per year.  The minimum level-of-service for 
maintenance on detention basins and water quality facilities was assumed to occur once a year.  Structural 
maintenance on canal spillways were assumed to be performed once every five years.  
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Costs for detention basins were estimated using the Complete-in-Place detention facility unit costs based on the 
necessary acre-feet of detention. 

More naturalized stream systems are recommended for the Sharktooth Basin.  Given many unknown factors, costs 
developed during alternative analysis also included riprap for undefined bank stabilization (i.e. Type L riprap over an 
estimated one half of the channel length); planting costs for disturbed areas assumed to be 85 percent reclamation 
and seeding (native grasses) and the remaining 15 percent wetland plantings; and as applicable riffle grade control 
at 200 ft. intervals along the channel length.   

Right-of way, easement costs, and property values were calculated from current Weld County Assessor’s 
information.  Easement / ROW acquisition amounts were calculated as a percentage of the total actual land value.  
For undeveloped parcels, an average value of $88,000 / Acre was estimated from properties throughout the basin.   

Asphalt was included as a special item within the UD-Cost spreadsheet at $250 lb. / ton for each roadway crossing.   

No alterations were made to default values calculated as a percent of Capital Improvement Costs, such as 
Engineering, Legal/Administrative, Contract Administration/Construction Management, and Contingency.  
Dewatering, Traffic Control and Utility Coordination / Relocation were assigned based on the following percentages 
of capital costs: Dewatering (1%), Traffic Control (5%), Utility Coordination / Relocation (5%). 

5.6  ALTERNATIVE PLANS 

5.6.1  SPUR DRAW 

Spur Draw, the western most watershed in the Sharktooth Basin, is located just east of US Highway 257.  
Stormwater runoff from the basin sheet flows to the Sharktooth Bluffs where the narrow gullies convey water 
northwest to the Cache La Poudre River.  All flow is confined to the bluff areas.  The watershed is currently 
undeveloped and future land use projects the watershed to remain open space. No roadway crossings, or other 
infrastructure is currently proposed in the watershed.  Beyond monitoring runoff and potential sediment transport 
from the bluffs areas, no improvements are currently proposed for this watershed.   

5.6.2  MISSILE PARK DRAW  

This 275 acre watershed is bounded by Spur Draw to the west, Hertzke Draw to the east, Sharktooth Draw to the 
south and Cache La Poudre River to the north.  The watershed spans three jurisdictions: Town of Windsor at the 
downstream end of the watershed, unincorporated Weld County, and the City of Greeley.  Similar to Spur Draw, 
stormwater runoff is conveyed in narrow gullies which converge into a drainageway that bisects the watershed.  
Near the downstream end of the watershed, in the Town of Windsor and Weld County, there is an approximately 
10-foot high embankment which detains flows from continuing north to the Cache La Poudre River.  As discussed 
prior, no records were found regarding this being a regulated detention basin or registered state dam.  

With exception to ponding that could occur behind this embankment, no other significant drainage problems were 
identified for this watershed, particularly within the limits of the City of Greeley.  Beyond monitoring runoff and 
potential sediment transport from the bluffs areas, and monitoring the effects of the embankment for water 
collection, repair, or need to breach, no improvements are currently proposed for this watershed.   

5.6.3  HERTZKE DRAW 

Hertzke Draw, located to the east of Missile Park Draw and west of Sharktooth Draw watersheds, primarily consists 
of steep gullies conveying stormwater runoff to the north.  Upstream of the outfall into the Cache La Poudre River, 
the watershed transitions from the confined gully drainageway to an alluvial fan.  The watershed lies within Town of 
Windsor, unincorporated Weld County, and City of Greeley.  The bluffs in the southeastern portion of the 
watershed, within the City of Greeley, lie on property proposed to be developed as part of the Lake Bluff 
Development. 

Flooding potential within the watershed is minimal with more flooding potential located in the alluvial zones near 
the Poudre River.  No buildings or structures are shown to be inundated and flooding potential will be lessened with 
future development in the watershed.  Beyond monitoring runoff and potential sediment transport from the bluffs 
areas, no improvements are currently proposed for this watershed.   

5.6.4  ORR GULCH 

Orr Gulch is bounded by Hertzke Draw to the west and Sharktooth Draw to the south and east.  The northern 
portion of the watershed falls within unincorporated Weld County, while the southern portion is located within the 
City of Greeley.  The portion within the City of Greeley is proposed to remain open space as part of the proposed 
Lake Bluff Development.  The narrow bluff gullies collect stormwater runoff in the headwater of the basin before the 
flow is spread into an alluvial fan south of County Road 62.  North of County Road 62, the William R. Jones Ditch 
bisects the lower watershed, conveying irrigation flows from the Cache La Poudre River to Siebring Reservoir. 

Flooding problems within the watershed are primarily related to ponding south of the William R. Jones Ditch, where 
flow depths approach 3-feet in what appears to be a historic oxbow from the Cache La Poudre River and potential 
overtopping of County Road 62.  Since this area is located outside of the City of Greeley with no current plans for 
expansion of this roadway system, no alternatives were evaluated in this watershed.      

5.6.5  SHARKTOOTH DRAW 

Sharktooth Draw extends from south of 10th Street to the Cache La Poudre River, covering 1,235 acres.  The 
watershed lies within the City of Greeley and unincorporated Weld County.  The headwaters of Sharktooth Draw 
begin south of 10th Street, east of Promontory Circle near the State Farm property.  Stormwater runoff then 
continues in a northeast direction to the river. 

Flooding within the watershed is generally confined near 10th Street, then transitions between overland and 
confined flow through 95th Avenue when entering the bluffs region.  Downstream, flood flows again become 
unconfined when Sharktooth Draw splits to the north and the east, in an alluvial pattern, near County Road 62, 
diverting up to 541 cfs of the total 100-year discharge of 1063 cfs to the Poudre Learning Center watershed. 

Problems areas within the watershed focus around overtopping of existing roadway crossings, including: 95th 
Avenue, both north of 10th Street and closer to the Poudre River near County Road 62; and County Road 62, which 
currently has no defined drainage system and is located within Greeley’s anticipated expansion area.  These areas 
experience overtopping in both the 10- and 100-year events.  In addition to the roadway crossings, the split flow 
near 95th Avenue and County Road 62 has the potential to impact roadway improvements and future development 
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during the larger storm events (above the 10-year level). Finally, the future expansion of 4th Street will require 
planning as it crosses drainages within the Sharktooh Draw watershed.  Currently, the proposed 4th Street alignment 
is proposed to cross three local drainages. 

5.6.5.1      NO ACTION ALTERNATIVE 

The No Action Alternative for the Sharktooth Draw watershed consists of maintaining the existing roadway culvert 
crossings at 95th Avenue, north of 10th Street.  This work is required to ensure that the existing culvert is functional 
during a storm event.  No other action is required within the watershed.   

5.6.5.2  MINIMUM CRITERIA ALTERNATIVE  

The Minimum Criteria Alternative addresses overtopping for 95th Avenue near 10th Street and overtopping of 95th 
Avenue near County Road 62.  In addition, this alternative proposes culverts sized for the three drainageway 
crossings along the 4th Street Alignment.   

95th Avenue, north of 10th Street.  As shown by the hydraulic study, drainage in this area overtops the roadway to 
the north of the current crossing.  0.5 foot to 1 foot of overtopping occurs during the 10-year event and 1 foot to 2 
foot of overtopping occurs during the 100-year event.  The Minimum Criteria Alternative proposes to improve the 
95th Avenue crossing from two 36-inch RCP’s to a two cell 8 foot by 4.5 foot RCBC.  The improved crossing structure 
will convey 764 cfs, with approximately 29 cfs overtopping the roadway during existing conditions 100-year event. 

95th Avenue and County Road 62.  No significant culvert crossings currently exist for either 95th Avenue or County 
Road 62 at this location.  Only an 18” CMP currently crosses 95th Avenue, east to west.  As shown by the hydraulic 
study, drainage in this area overtops each roadway splitting flow between the Sharktooth Draw and Poudre Learning 
Center Watersheds.  10-year overtopping depths are approximately 3 to 6 inches, whereas 100-year depths exceed 
a foot.  The Minimum Criteria Alternative proposes to add a double 10 foot by 6 foot RCBC culvert at the 95th 
Avenue/ County Road 62 intersection to reduce overtopping depths to meet criteria.  Approximately 1,063 cfs will 
be conveyed in the box culvert with 45 cfs overtopping the roadways during the 100-year event.  The improved 
crossing structure will convey 935 cfs, with approximately 45 cfs overtopping the roadway during existing conditions 
100-year event.  To effectively collect the Sharktooth Draw flows for the culvert conveyance, channel grading would 
be anticipated up to 3,000 feet upstream and 1,500 feet downstream of the proposed culvert crossing, along private 
property to the east of 95th Avenue.  Alternative outfall channels were developed to convey the flow downstream of 
County Road 62 on both the east and west side.  The east side alternative proposes to discharge the outfall to 
Siebring Reservoir; however it may be preferred to outfall to the Cache La Poudre River, in which case a separation 
crossing with the Jones Ditch may be required.  Both construction costs and easement costs for the 90 foot wide 
channel have been included in the alternative cost estimates, although this work could also be completed through 
redevelopment.  With this improvement, the split flow to the Poudre Learning Center Basin will be eliminated for 
flows up to the 100-year event. 

Future 4th Street Culvert Crossings:  The future expansion of 4th Street will require planning as it crosses drainages 
within the Sharktooth Draw watershed.  Currently, the proposed 4th Street alignment is proposed to cross three local 
drainages, referred to as 4th Street West, Central, and East, for comparison.  The Minimum Criteria Alternative 
proposes to add new culvert crossings meeting city criteria.  These culverts are identified below: 

Table 5-1: Sharktooth Draw - Minimum Criteria Alternatives 

Location
Ex. 100-year Discharge 

(cfs) Improvement
Culvert Flow 

(cfs)
Overtopping Flow 

(cfs)
Future 4th Street 
Crossing (West) 391 10 ft. x 4.5 ft RCBC 338 53
Future 4th Street 
Crossing (Central) 151 48 in. RCP 122 29
Future 4th Street 

Crossing (East) 124 48 in.  RCP 111 13
95th Avenue  793 (2) 8 ft. x 4.5 ft. RCBC 764 29

95th Avenue / 
County Road 62 1,063 (2) 10 ft. x 6 ft. RCBC 1020 43

 

FLO-2D modeling in the area of 4th Street identified depths surrounding the future roadway ranging from one to six 
inches in the 10-year design storm to over 1 foot during the 100-year event.  More importantly, the flow width 
during the 100-year even can exceed two hundred feet, where special consideration should be taken in the culvert 
design and construction.  It may be more practical to construct more than one culvert in each area. 

5.6.5.3  FLOOD CONTROL AND FLOOD HAZARD MITIGATION ALTERNATIVES  

No buildings or structures are inundated by flood flows within the Sharktooth Draw Basin. Flood control 
improvements consist of upsizing the proposed roadway crossings to 100-year facilities.  A listing of the proposed 
facilities meeting 100-year capacity is shown below. 

Table 5-2: Sharktooth Draw - Flood Control and Flood Hazard Mitigation Alternatives 

Location Ex. 100-year Discharge (cfs) Improvement Size
Future 4th Street Crossing (West) 391 12' x 4' RCBC

Future 4th Street Crossing (Central) 151 6 ft. x 3 ft. RCBC
Future 4th Street Crossing (East) 124 6 ft. x 3 ft. RCBC

95th Avenue  793 (2) 10 ft. x 5 ft. RCBC
95th Avenue / County Road 62 1,063 (2) 10 ft. x 7 ft. RCBC

 

5.6.5.4  CANAL BASE FLOW SEPARATION IMPROVEMENTS 

No specific canal base flow separation alternatives have been proposed for the Sharktooth Draw watershed.  As 
discussed previously, depending on the selected outfall for the watershed (i.e. the Cache La Poudre River or the 
Siebring Reservoir, an improvement to bypass the Jones Ditch may be required.  If selected, this will be addressed 
during the conceptual design phase. 



 
SHARKTOOTH BLUFFS STORM DRAINAGE MASTER PLAN  

44 

5.6.5.1  SUMMARY 

A summary of alternatives and costs based on each alternative plan are presented below.  The total costs include 
property acquisition, City project management, and engineering costs broken out in further sections of this report.   

Table 5-3: Sharktooth Draw Alternative Costs 

Location Alternative Plan Improvement Total Capital Cost 50-YR O&M

Minimum Criteria 10 ft. x 4.5 ft. RCBC 188,188$                    3,142$            

Flood Control 12 ft. x 4 ft. RCBC 210,434$                    3,142$            

Minimum Criteria 48 in. RCP 51,379$                      3,142$            

Flood Control 6 ft. x 3 ft. RCBC 116,330$                    3,142$            

Minimum Criteria 48 in. RCP 51,379$                      1,571$            

Flood Control 6 ft. x 3 ft. RCBC 127,482$                    1,571$            
Minimum Criteria (2) 8 ft. x 4.5 ft. RCBC 326,674$                    3,771$            

Flood Control (2) 10 ft. x 5 ft. RCBC 384,338$                    3,771$            

Minimum Criteria
(2) 10 ft. x 6 ft. RCBC

Channel Improv.
4,482,851$                331,519$        

Flood Control
(2) 10 ft. x 7 ft. RCBC

Channel Improv.
4,584,145$                331,519$        

Option 1
Channel Improv 

West of CR 62
2,387,740$                169,687$        

Option 2
Channel Improv 

East of CR 62
1,374,785$                94,271$          

Downstream of 
County Road 62

County Road 62 & 
Upstream Channel

Future 4th Street 
Crossing (West)

Future 4th Street 
Crossing (Central)

Future 4th Street 
Crossing (East)

95th Avenue

 

5.6.6  POUDRE LEARNING CENTER 

The Poudre Learning Center watershed extends from the Cache La Poudre River south to 10th Street, between N 
83rd Avenue to the east and N 95th Avenue to the west.  Flow in the upper portion of the watershed primarily 
consists of sheet flow down into the bluffs.  The stormwater runoff spreads from the confined flow in the bluffs into 
an alluvial fan south of County Road 62.  Flow crosses the William R. Jones Ditch and County Road 62 into Siebring 
Reservoir.  An outlet channel from the most eastern portion of Siebring Reservoir conveys flow east to 83rd Avenue 
before the outfall location into the Cache La Poudre River.  

Hydraulic analysis demonstrates that flows within the watershed are generally confined to the major drainageways 
in the southern portions of the watershed before fanning overland as the flows approach the outfalls into the Cache 
La Poudre River. Flow ponds south of County Road 62 and west of North 83rd Avenue, including open areas of the 
Poudre Learning Center property.  South of County Road 62, three locations have maximum ponding depths of 
approximately four feet.   

Future development near the Poudre Learning Center Basin is zoned to occur in the areas where potential flooding 
is shown in the models. For these future developments to be protected, careful consideration should be taken in site 
layout and future storm drainage infrastructure.  

County Road 62 bisects the watershed at the north end of the basin.  Similar to the Sharktooth Draw watershed, 
County Road 62 is mostly outside of the City of Greeley; however it is located within Greeley’s anticipated expansion 
area.  Just west of 83rd Avenue, adjacent to the Poudre Learning Center, County Road 62 is located within the City 
boundaries. 

An out-building is potentially inundated from flooding, north of the Jones Ditch near the westernmost sump 
location.  Even after improvements are made to the western spill flows in the Sharktooth Draw basin, this building 
may remain in a potential inundation area due to its proximity with the canal.  No other buildings are identified to 
be inundated during the existing conditions 100-year event; however, it should be noted that an oil and gas well site 
does exist within the headwaters channel of the draw, near the future 4th Street alignment. 

Discharges at the future 4th Street alignment remain less than 100-cfs at this location; therefore, improvement 
alternatives were not developed within the Poudre Learning Center watershed for the roadway system. 

5.6.6.1  NO ACTION ALTERNATIVE 

The No Action Alternative for the Poudre Learning Center watershed consists of maintaining the existing roadway 
culvert crossings at County Road 62, an existing 24” CMP, and the existing crossing at 83rd Avenue, a 48” RCP.  This 
work is required to ensure that the existing culvert is functional during a storm event.  No other action is required 
within the watershed. 

5.6.6.2  MINIMUM CRITERIA ALTERNATIVE 

The Minimum Criteria Alternative proposes to install, or improve, culvert crossings along County Road 62 and 83rd 
Avenue.  At 83rd Avenue, the existing 48” RCP is proposed to be replaced with a two cell 13 foot by 6 foot RCBC.  83rd 
Avenue is a major arterial, requiring 100-year conveyance capacity with no overtopping.  The RCBC will convey the 
100-year design flow of 1,094 cfs through the crossing.  

Along County Road 62, new culverts are proposed at the three sump locations located between the Jones Ditch and 
the roadway.  These three culverts are fed by the 790 cfs runoff exiting the draw.  The alluvial topography generally 
splits flow evenly between east and west flow paths, roughly 400-cfs each way.  12 foot by 4 foot RCBC’s are 
proposed at the western most and easternmost sump locations to convey 400-cfs each, with less than six inches of 
water overtopping the roadway.  The western culvert is proposed to be installed in a sump condition discharging 
towards the quarry area located in the center of the western flow path.  The eastern culvert will replace the existing 
24” CMP and discharge west of 83rd Avenue on the Poudre Learning Center property.  Due to the culvert depth at 
this location channel and bank grading between the learning center and roadway will be needed to the 83rd Avenue 
Culvert.  The primary purpose of the central culvert is to drain the localized sump from crossing the roadway.  A 36” 
RCP culvert is proposed to cross County Road 62 and bike path, discharging into a localized swale in the Poudre 
Learning Center property. 
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All of these improvements assume that the split flow from Sharktooth Draw is able to be discharged north with flow 
removed from the Poudre Learning Center basin.  If improvements within the Poudre Learning Center Watershed 
occur first, the culvert sizes may need to be enlarged for additional discharges. 

Table 5-4: Poudre Learning Center Minimum Criteria Alternatives 

Location
Ex. 100-year Discharge 

(cfs) Improvement
Culvert Flow 

(cfs)
Overtopping Flow 

(cfs)
County Road 62 

(West) 400 12 ft. x 4 ft. RCBC 351 49
County Road 62 

(Central) -- 36 in RCP -- --
County Road 62 

(East) 400 12 ft. x 4 ft. RCBC 351 49
83rd Avenue 1,094 (2) 13 ft. x 6 ft. RCBC 1,094 --

 

5.6.6.3  FLOOD MITIGATION ALTERNATIVE 

Flood control improvements consist of upsizing the proposed roadway crossings to 100-year facilities.  Street 
classification dictated 83rd Avenue as a 100-year crossing in the Minimum Criteria Alternative and no additional 
Flood Mitigation Alternative was developed.  A listing of the proposed facilities meeting 100-year capacity is shown 
below. 

Table 5-5: Poudre Learning Center Flood Mitigation Alternatives 

Location Ex. 100-year Discharge (cfs) Improvement Size
County Road 62 

(West) 400 12 ft. x 5 ft. RCBC
County Road 62 

(East) 400 12 ft. x 5 ft. RCBC
83rd Avenue -- --

 

5.6.6.4  CANAL BASE FLOW SEPARATION IMPROVEMENTS: 

The Jones Ditch has the potential to intercept runoff from flow exiting the Poudre Learning Center main draw, and 
from backwater behind County Road 62.  Due to the alignment differences between the ditch, roadway, and draw 
exit location, separation of the inflows did not appear practical.  As an option, a designated spill location has been 
proposed upstream of 83rd Avenue to spill flows above the canal decree to the County Road 62 east culvert and 
subsequently through 83rd Avenue and to the Cache La Poudre River. 

Table 5-6: Poudre Learning Center Canal Seperation Alternatives 

Location Improvement Size
Jones Ditch at 
83rd Avenue

50 ft. spillway and DS 
Channel

 

5.6.6.5  SUMMARY 

A summary of alternatives and costs based on each alternative plan are presented below.  The total costs include 
property acquisition, City project management, and engineering costs broken out in further sections of this report.   

Table 5-7: Poudre Learning Center Alternatives Cost 

Location Alternative Plan Improvement Total Capital Cost 50-YR O&M
Minimum Criteria 12 ft. x 4 ft. RCBC 303,689$                    3,142$            
Flood Mitigation 12 ft. x 5 ft. RCBC 346,173$                    3,142$            

County Road 62 (Central) Minimum Criteria 36 in. RCP 40,735$                      1,571$            

Minimum Criteria
12 ft. x 4 ft. RCBC  &

DS Channel 586,032$                    66,775$          

Flood Mitigation
12 ft. x 5 ft. RCBC &

DS Channel 619,772$                    66,775$          

Jones Ditch at 83rd Ave
Canal Baseflow 

Separation
Spillway & 
DS Channel 130,249$                    32,492$          

83rd Avenue Minimum Criteria (2) 13 ft. x 6 ft. RCBC 562,723$                    5,028$            

County Road 62 (West)

County Road 62 (East)

 

5.6.7  WIEDEMAN CREEK 

The Wiedeman Creek watershed extends from the Cache La Poudre River south beyond 10th Street.  The watershed 
lies within the City of Greeley and unincorporated Weld County.  Runoff generally drains south of 10th Street, north 
to the Cache La Poudre River.  Poudre River Ranch Phase III and the River Run at Poudre River Ranch Phases I and II 
developments are present within this watershed.  Two main drainage patterns convey flow through Poudre River 
Ranch.  During the 100-year design storm, depths exceed five feet near the entrance to both culverts along the 
North 81st Avenue drainageway.  Street flooding along Poudre River Road and North 81st Avenue pose flooding 
hazards with flooding depths exceeding City maximum flow depth criteria of 18-inches.  Additional flood hazards 
were identified south of the future 4th Street roadway expansion, east of Wiedeman Creek in a localized sump area.   

Primary problems within the Wiedeman Creek watershed focus on drainage within the Poudre River Ranch Phase III 
development area.  The more prominent area of concern is at the southern boundary of the property, where the 
drainage infrastructure is undersized.  First, the 700 cfs discharge from the south exceeds the capacity of the existing 
7 foot wide by 4 foot tall RCBC.  This results in overtopping of Skyview Street in excess of City criteria.  Downstream, 
the system downsizes to a 5 foot wide by 4 foot tall RCBC, resulting in spill flows to 81st Avenue with flow depths in 
excess of the City’s 18 inch criteria.  Two homes are inundated west of the 5 foot by 4 foot box culvert entrance 
where flow spills onto 81st Avenue.  A reduced slope on the culvert section limits the storm drain capacity to less 
than an estimated 185 cfs.  The combined lack of drainage in this area exceeds City criteria regarding flow depth, 
with also the potential to inundate recently constructed homes.  Baseline hydraulic modeling indicates one home in 
the River Run at Poudre River Ranch Phase I is inundated at the northeast corner of Poudre River Road and 81st 
Avenue.  Surface flow continues north in 81st Avenue spilling over River Run Drive to the north into the Cache La 
Poudre River. 
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Local runoff west of 81st Avenue in Poudre River Ranch Phase III is conveyed through two primary flow paths.  A 
grass swale conveys flow to three elliptical concrete pipes crossing Poudre River Road just east of N 83rd Avenue.  
Street flow is conveyed north on Double Tree Drive turning east at Poudre River Road.  Stormwater at this location is 
intercepted in a storm drain that conveys and intercepts additional stormwater runoff through River Run at Poudre 
River Ranch Phase II.  Flow sumps in two locations along Redwing Avenue within River Run at Poudre River Ranch 
Phase II  but flooding is confined within the right-of-way and does not exceed City depth criteria of 18 inches. 

Runoff from the existing farm land and Boomerang Links concentrates in two additional locations before being 
conveyed through Poudre River Ranch Phase III.  First, stormwater is intercepted along N 78th Avenue in a storm 
drain system that increases in size from 18-inches at Skyview Street to 36-inches at Poudre River Road.  The flow is 
unconfined upstream of the neighborhood inundating one structure south of Skyview Street and west of 78th 
Avenue.  Flows exceeding the capacity of the 18 inch lateral along Sage Avenue spill to the east inundating three 
homes during the 100-year storm.  Surface runoff sumps just west of 78th Avenue, exceeding City criteria of 18 
inches in depth.  The storm drain discharges west of Riverside Court into an open channel that conveys flow into a 
water quality basin and subsequently the Cache La Poudre River. Second, a 30-inch storm drain intercepts 
stormwater runoff from the existing farm land east of Amour Hill Drive.  The shallow unconfined flow from the 
Wiedeman Family Farm is intercepted within the 30-inch storm drain, inundating two structures as the stormwater 
continues west to Amour Hill Drive.  The storm drain flow is conveyed west where the flow is discharged into an 
open channel between N 78th Avenue and Amour Hill Drive.  The open channel is conveyed underneath Poudre 
River Road in a 36-inch storm drain which outfalls in the same open channel as the storm drain in N 78th Avenue. 

5.6.7.1  NO ACTION ALTERNATIVE 

The No Action Alternative Plan proposes no improvements to the drainage systems within the Wiedeman Creek 
watershed.  This alternative consists of maintaining the existing roadway culvert crossings at 10th Street, N 83rd 
Avenue, Poudre River Road (east of 83rd Avenue), River Run at Poudre River Ranch, 81st Avenue, 78th Avenue, and 
the Poudre River Road crossing west of Riverside Court. 

With the No Action Alternative, drainage concerns will not be improved through the Poudre River Ranch Phase II 
and the River Run at Poudre River Phase I and II neighborhoods, but will rely on future development upstream to 
alleviate the problems over time through established development criteria. 

5.6.7.1  MINIMUM CRITERIA ALTERNATIVE  

For Poudre River Ranch Phase III, meeting the minimum City criteria requires that the roadways not overtop beyond 
a 6 inch depth during the 100-year event and that an 18 inch depth is not exceeded along the roadways.  This 
predominately requires improvement to the Skyview Street culvert and 81st Avenue storm drain system.  At Skyway 
Street, a 12 foot by 5 foot RCBC is proposed to convey the 700 cfs, with 607 cfs passing the culvert and 93 cfs 
overtopping the roadway at a depth less than 6 inches.   Along North 81st Avenue, utility conflicts north of Poudre 
River Road restrict storm drain infrastructure height to four feet.  The Minimum Criteria Alternative proposes a 9 
foot by 4 foot box culvert to convey approximately 380 cfs in the storm drain allowing the excess 320 cfs to overtop 
onto North 81st Avenue.  Existing street capacity in 81st Avenue is approximately 380 cfs before the flooding depth 
criteria of 18-inches is exceeded. 

As an alternative, detention upstream of Skyview Drive on the vacant Wiedeman Family Farm parcel was considered 
to reduce flood depths downstream.  Approximately 7.5 Ac-ft. of detention is required to detain the existing 
conditions 100-yr flow to 500 cfs.  The detained 100-year peak flow rate of 500 cfs can be safely conveyed in the 
existing storm drain at North 81st Avenue and overflow in the street at a depth of less than 18-inches.  The 
proposed detention improvements would alleviate the existing flooding issues in Poudre River Ranch Phase II and 
could be incorporated into the future detention required at upstream properties develop.  Alternative costs include 
purchase of property for this detention pond.  However, the City may be able to request payback for this property 
should it be incorporated into the future development needs.   

Proposed improvements to the 78th Avenue storm drain system from Poudre River Road east alleviate depth in 
excess of 18-inches during the 100-year design storm just west of 78th Avenue.  Increasing the existing 48 inch storm 
drain to a 60 inch provides the additional conveyance capacity to reduce street flooding to meet City depth criteria.  

For the current conditions and future 4th Street alignment, to meet current City criteria, the 4th Street roadway 
crossing near 83rd Avenue is proposed to be improved to a 6 foot by 4 foot RCBC, reflecting 238 cfs culvert capacity 
and 36 cfs overtopping.  Similar to the Sharktooth Draw watershed, the top width of flow in this area is significant, 
close to 1,500 feet.  The expanse of flow will need to be considered in the design of a culvert for 4th Street.  
Improvements at this location will also reduce inundation on 83rd Avenue which has the potential to occur. 

Table 5-8: Wiedeman Creek Minimum Criteria Alternatives 

Location
Ex. 100-year 

Discharge (cfs) Improvement
Culvert Flow 

(cfs)
Overtoping Flow 

(cfs)
4th Street 264 6 ft. x 4 ft. RCBC 238 36

Skyview Street 700 12 ft. x 5 ft. RCBC 607 93
81st Avenue (Storm 

Drain) 700 9 ft. x 4 ft. RCBC 380 320
81st Avenue 
(Detention)

Inflow 700
Outflow 500

Detention Basin 
(7.5 Ac-ft.) 180 320

78th Avenue 108 60" RCP 108 --
 

5.6.7.2  FLOOD MITIGATION ALTERNATIVES 

Similar to the minimum criteria alternatives, flood mitigation alternatives are proposed in Poudre River Ranch Phase 
III to eliminate flooding from the streets and development areas.  Along the southern flowpath, from Skyview Street 
through Poudre River Road, double cell 8 foot by 4 foot RCBCs, transitioning to a double cell 11 foot by 4 foot RCBC 
are proposed to eliminate overtopping. 

Similarly, as an alternative, multiple detention alternatives upstream of Skyview Drive on the vacant Wiedeman 
Family Farm parcel were also considered.  To detain existing conditions peak flows to the existing storm drain 
capacity of 140 cfs, a detention facility with a maximum storage of approximately 44 Ac-ft. is required.  The 
proposed detention would mitigate any flooding and overtopping of both Skyview Street and North 81st Avenue 
during the existing conditions, 100-year design storm, and could be incorporated to include on-site detention when 
upstream properties develop. An additional detention alternative was evaluated to detain existing conditions peak 
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flows to a level of service that the existing Skyview Street crossing would meet minimum criteria and flooding in 81st 
Avenue would be reduced below 18-inches in depth.  Providing an approximate maximum storage of 22 Ac-ft., 
detains the peak discharge to 325 cfs, reducing the overtopping of Skyview Street to less than six inches and flooding 
in 81st Avenue to less than 18 inches.  Alternative costs include purchase of property for these detention pond 
options.  However, the City may be able to request payback for this property should it be incorporated into the 
future development needs. 

At Amour Hill Drive formalized conveyance of offsite flows and proposed improvements to the storm drain system 
will mitigate two structures inundated in the baseline hydrologic modeling east of Amour Hill Drive.  Maintaining a 
0.5 percent slope through the entire system provides the adequate capacity to collect flows off the fields east of the 
neighborhood and flows within the street without inundating structures.  Detention upstream of the storm drain 
system would detain flows in excess of the existing storm drain capacity.  Approximately 4.4 Ac-ft. of detention is 
required to detain flows to existing storm drain capacity. 

At the upstream end of Poudre River Ranch Phase III at 78th Avenue, offsite flow inundates one structure along the 
west side of 78th Avenue.  The Flood Hazard Mitigation Alternative proposes to convey this flow to the east 
upstream of the neighborhood where the flow can convey on the street with City depth criteria and does not 
inundate structures. 

Other flood control improvements consisted of upsizing the proposed roadway crossings to 100-year facilities, 
specifically at 4th Street and Skyview Street.  The 4th Street culvert is proposed to be upsized to a 7 foot by 3 foot 
RCBC to convey the existing conditions 100-year discharge of 264 cfs.  At Skyview Street, a 14 foot by 5 foot RCBC 
will convey the 700 cfs 100-year discharge without overtopping. 

Table 5-9: Wiedeman Creek Flood Mitigation Alternatives 

Location
Ex. 100-year 

Discharge (cfs) Improvement
4th Street 264 7 ft. x 4 ft. RCBC

Skyview Street 700 14 ft. x 6 ft. RCBC
81st Avenue 

(Storm Drain) 700
(2) 8 ft. x 4 ft. RCBC

(2) 11 ft. x 4 ft. RCBC
81st Avenue 
(Detention)

Inflow 700
Outflow 325

Detention Basin 
(22 Ac-ft.)

81st Avenue 
(Detention)

Inflow 700
Outflow 150

Detention Basin 
(44 Ac-ft.)

Amour Hill Drive 15 30" RCP

Amour Hill Drive
Inflow 43

Outflow 15
Detention Basin 

(4.4 Ac-ft)
78th Avenue 55 Channel Improv.

 

5.6.7.3  CANAL BASE FLOW SEPARATION IMPROVEMENTS 

No canal separation alternatives are proposed for this watershed. 

5.6.7.4  SUMMARY 

A summary of alternatives and costs based on each alternative plan are presented below.  The total costs include 
property acquisition, City project management, and engineering costs broken out in further sections of this report. 

Table 5-10: Wiedeman Creek Alternative Costs 

Location Alternative Plan Improvement Total Capital Cost 50-YR O&M
No Action --

Minimum Criteria 6 ft. x 4 ft. RCBC 128,584$                    3,142$                      
Flood Mitigation 7 ft. x 4 ft. RCBC 138,001$                    3,142$                      

No Action -- -- 17,849$                    
Minimum Criteria 12 ft. x 5 ft. RCBC 551,087$                    9,427$                      
Flood Mitigation 14 ft. x 6 ft. RCBC 710,363$                    17,849$                    

No Action -- -$                             47,198$                    
Minimum Criteria 

(Storm Drain) 9 ft. x 4 ft. RCBC 1,591,481$                47,198$                    
Minimum Criteria 

(Detention)
Detention Basin (7.5 

Ac-ft.) 1,483,853$                426,167$                 
Flood Mitigation 

(Storm Drain)
(2) 8 ft. x 4 ft. RCBC

(2) 11 ft. x 4 ft. RCBC 4,872,927$                81,764$                    
Flood Mitigation 

(Detention)
Detention Basin 

(22 Ac-ft.) 3,369,232$                678,813$                 
Flood Mitigation 

(Detention)
Detention Basin 

(44 Ac-ft.) 6,676,439$                1,089,362$              
No Action Easement 39,785$                      47,450$                    

Flood Mitigation 30" RCP 260,792$                    47,450$                    

Flood Mitigation
Detention Basin 

(4.4 Ac-ft.) 504,245$                    277,910$                 
No Action -- -$                             9,019$                      

Minimum Criteria 60" RCP 689,284$                    15,335$                    
Flood Mitigation Channel Improv. 64,028$                      23,568$                    

4th Street

Skyview Street

81st Avenue

78th Avenue

Amour Hill Drive

 

5.6.8  POUDRE RIVER RANCH  

The Poudre River Ranch Watershed, located in the northeast corner of the basin, lies completely within the City 
boundary.  Runoff in the watershed is conveyed through two major flow paths both originating south of the 
neighborhood on the undeveloped Wiedeman Family Farm parcel.  Runoff from the field collects at 77th Avenue and 
the north east corner of the parcel.  At 77th Avenue, runoff is conveyed in the street as the flow travels west on 
Plateau Road before turning east on Poudre River Road.  Flow is intercepted by a storm drain system and outfalls 
into the water quality pond just south of the Cache La Poudre River.  Runoff from the Wiedeman Family Farm parcel 
is also conveyed between private property and the Boomerang Links Golf Course where several storm drains convey 
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flow to Vallevue Drive.  Flows exceeding the capacity of the storm drain near Vallevue Drive continue east in the 
roadway into the Foothills Tributary watershed.   

Conveyance within the western portion of the watershed is entirely dependent on stormwater in the street.  The 
baseline FLO-2D indicates the street has capacity to convey the 100-year design storm without inundating structures 
or exceeding City depth criteria.  In the eastern portion of the watershed, flow bypassing the existing 36 inch storm 
drain south of the neighborhood nearly inundates one structure, with flows splitting to the north and east around 
the property as flow is conveyed towards Vallevue Drive. 

5.6.8.1  NO ACTION ALTERNATIVE 

The No Action Alternative for Poudre River Ranch provides maintenance costs for the existing storm drains in 
Poudre River Road and behind the property near Vallevue Drive.  Providing maintenance on these systems will 
ensure they function as intended and keep runoff from inundating structures in the watershed. 

Table 5-11: Poudre River Ranch Alternative Cost 

Location Alternative Plan Improvement Total Capital Cost 50-YR O&M
Poudre River Road No Action -- -$                             25,705$          

 

5.6.9  FAIRWAY TRIBUTARY 

The Fairway Tributary Watershed extends from the Greeley No. 3 Canal south past Dundee Court.  The watershed 
lies within the City of Greeley and unincorporated Weld County.  Stormwater runoff is conveyed from the south 
through Boomerang Links Golf Course north to Poudre River Road in the Poudre River Ranch Phase I development.  
Runoff is ultimately discharged into the Greeley No. 3 Canal. 

Flows near the upstream end of the watershed meander through the golf course converging at the corner of C 
Street and Melbourne Street.  Baseline hydrologic modeling does not account for the unformalized and inadvertent 
detention on the golf course and indicates overtopping of Melbourne Street at a depth less than 6 inches.  
Overtopping flows not intercepted by the storm drain inlet at the C Street and Melbourne Street intersection 
continue north along 71st Avenue into the Northridge Draw Watershed.   

Runoff from the Wiedeman Family Farm property on the northwest edge of the watershed is conveyed in a 
northeast direction, crossing Vallevue Drive to the east where flows enter a storm drain crossing Poudre River Road.  
The storm drain continues north and is flumed in the 36 inch storm drain over the Greeley No. 3 Canal.  

Areas identified as possible flooding concerns include two roadway crossings and stormwater discharging into the 
Greeley No. 3 Canal.  On the eastern edge of the watershed, two small existing detention basins just north of C 
Street west of 71st Avenue are undersized.  Flows exceeding the 18 inch RCP outlet pipe spill north along the golf 
course and east over 71st Avenue.  During the 100-year design storm flows overtopping 71st Avenue do not exceed 6 
inches in depth.   

Flows contained in Poudre River Road are conveyed in an easterly direction towards a sump location just west of 
Cache Court.  As stormwater is conveyed within the street and in the sump location, flows do not exceed the City’s 
18 inch criteria.   

Unformalized detention and areas of retention on the golf course were not accounted for in the hydrologic analysis 
since adequate assurances of maintenance could not be obtained.  Future zoning information identifies the golf 
course as an area of possible future development which could have impact on the runoff patterns in the watershed.   

5.6.9.1  NO ACTION ALTERNATIVE  

The No Action Alternative proposes no improvements to existing stormwater infrastructure.  Maintenance costs are 
provided for the existing 18 inch storm drain underneath 71st Avenue to ensure depths are limited to less than six 
inches in the 100-year design storm. 

5.6.9.2  MINIMUM CRITERIA ALTERNATIVE  

Stormwater infrastructure within Fairway Tributary meets current City criteria and therefore no Minimum Criteria 
Alternatives are proposed.  

5.6.9.3  FLOOD MITIGATION ALTERNATIVES  

The Flood Mitigation Alternative proposes to mitigate all flow overtopping 71st Avenue.  The proposed 
improvements include intercepting 59 cfs from Boomerang Links Golf Course south of Melbourne Street.  Option 1 
proposes a 42 inch RCP to convey the discharge into the storm drain Flood Hazard Mitigation Alternative proposed 
in Northridge Draw Watershed at 71st Avenue and Melbourne Street.  In addition to inflows from the golf course, the 
proposed storm drain in the Northridge Draw Watershed will intercept discharge from the two existing detention 
basins north of Melbourne Street.  Option 2 conveys the flow east to the open channel north of Winograd K-8 
detention basin.  This alternative requires the Minimum Criteria Alternative for Northridge to be in place prior to 
implementation  

Table 5-12: Fairway Tributary Flood Hazard Mitigation Alternatives 

Location
Ex. 100-year 

Discharge (cfs) Improvement Size
Melbourne Street 59 42" RCP

Detention North of Melbourne Street 5 18" RCP
 

5.6.9.4  CANAL BASE FLOW SEPARATION IMPROVEMENTS 

The Canal Base Flow Separation Alternative proposes to flume the stormwater just west of Cache Court over the 
Greeley No. 3 Canal.  Discharging the stormwater into the open space north of the canal will reduce flows in excess 
of the decreed flow entering the canal that pose flooding hazards downstream of uncontrolled spill flows from the 
canal.  Improvements to the open space north of the canal include a low flow crossing such that the open space trail 
is not inundated by nuisance runoff.  

Table 5-13: Fairway Tributary Canal Seperation Alternatives 

Location Design Flow (cfs) Improvement Size

Cache Ct. 45
Flume and Low flow 

trail crossing
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5.6.9.5  SUMMARY 

A summary of alternatives and costs based on each alternative plan are presented below.  The total costs include 
property acquisition, City project management, and engineering costs broken out in further sections of this report. 

Table 5-14: Fairway Tributary Alternatives Cost 

Location Alternative Plan Improvement Total Capital Cost 50-YR O&M
No Action -- -- --

Canal Baseflow 
Separation

36" Flume 
& DS Channel 65,299$                      13,638$          

Flood Mitigation 
(Option 1) 42" RCP 79,719$                      7,887$            

Flood Mitigation1 

(Option 2) 42" RCP 552,061$                    37,300$          

No Action -- -$                             22,059$          

Flood Mitigation1 18" RCP 24,862$                      15,775$          

Cache Court

1 - Alternative relies on Northridge Draw Flood Mitigation Alternative being in place

Detention North of 
Melbourne Street

Melbourne Street

 

5.6.10  NORTHRIDGE DRAW 

On the eastern edge of the basin, Northridge Draw is home to Northridge High School, Winograd K-8, and 
Northridge Estates.  Runoff drains from south to north, passing through the school property to C Street where the 
existing drainageway continues north onto private property.  No formal conveyance is provided north of C Street 
with flows overtopping 71st Avenue to the north at a depth less than six inches into the Foothills Tributary 
Watershed.  At the downstream end of the watershed stormwater runoff is discharged into the Greeley No. 3 Canal. 

5.6.10.1  MINIMUM CRITERIA ALTERNATIVE 

For Northridge Draw, easement acquisition, formalizing the existing retention pond, and channel conveyance 
improvements are proposed north of C Street.  Channel improvements will provide conveyance for runoff from 
Winograd K-8 detention basin and flows from Melbourne Street proposed to be conveyed in the Fairway Tributary 
Flood Mitigation Alternative Option 1.  The existing retention pond is proposed to be formalized to ensure flows 
continue north in the channel and do not divert east out of the retention pond inundating homes. 

Table 5-15: Northridge Draw Minimum Criteria Alternatives 

Location Improvement

C Street
Easement Acquisition / Channel 

Improvements / Outlet works
 

5.6.10.2  FLOOD MITIGATION ALTERNATIVE 

Flood Mitigation Alternatives are proposed in the watershed to intercept runoff currently discharged onto private 
property and safely convey the flow within the right-of-way.  Flows from the Winograd K-8 detention basin are 
intercepted at C Street and conveyed west in a 24 inch RCP.  The pipe increases in size at 71st Avenue to 42 inches 
where the Melbourne Street Option 2 and Detention North of Melbourne improvements in the Fairway Tributary 
Watershed outfall into the proposed system.  Fifteen hundred feet north of C Street the proposed storm drain 
discharges into a 250 foot roadside swale on the south east side of the road.  A 7 by 3 RCBC conveys the stormwater 
underneath the road into the existing Poudre River Ranch Phase I development detention basin.  A flume, proposed 
in the Canal Base Flow Separation Alternative, will convey flow exceeding the capacity of the detention basin over 
the canal into the open space. 

Table 5-16: Northridge Draw Flood Mitigation Alternative 

Location
Ex. 100-year 

Discharge (cfs) Improvement Size

C Street
9

66
24" RCP
42" RCP

71st Avenue 102 7 ft. x 3 ft. RCBC
 

5.6.10.3  CANAL BASE FLOW SEPARATION ALTERNATIVE 

The existing Poudre River Ranch Phase I detention basin intercepts flow on the west side of 71st Avenue south of the 
Greeley No. 3 Canal.  The detention basin discharges all runoff into the canal through the combination of an outlet 
pipe and spillway.  Several alternatives were evaluated to disconnect the outfall completely from the canal but were 
determined to be infeasible without creating a siphon system underneath the canal.  A flume is proposed to cross 
the canal at the existing spillway elevation to convey flows into the open space north of the Greeley No. 3 Canal.  
The 7 foot by 3 foot RCBC flume will convey 116 cfs from the storm drain and roadside swale proposed in the Flood 
Mitigation Alternative.  Construction of the flume over the canal will also require reconfiguration of the existing 
maintenance road in the open space north of the canal. 

Table 5-17: Northridge Draw Canal Baseflow Seperation Alternative 

Location Improvement Size
Poudre River 
Ranch Phase I

Spillway and DS 
Improvements
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5.6.10.4  SUMMARY 

A summary of alternatives and costs based on each alternative plan are presented below.  The total costs include 
property acquisition, City project management, and engineering costs broken out in further sections of this report. 

Table 5-18: Northridge Draw Alternative Cost Estimates 

Location Alternative Plan Improvement Total Capital Cost 50-YR O&M

Minimum Criteria
Easement / Channel / 

Retention Pond 791,893$                    213,995$        
Flood Mitigation Storm Drain 1,360,601$                102,724$        

71st Avenue Flood Mitigation Roadway Crossing 142,575$                    2,043$            

PRR Phase I
Canal Baseflow 

Seperation
Greeley No. 3 Canal 

Flume 253,128$                    33,937$          

C Street

 

5.7  BENEFIT COST ANALYSIS 

A benefit cost analysis was performed to determine the potential benefits of implementing flood mitigation 
alternatives along North 81st Avenue.  For the purposes of this analysis, all residential structures were assumed to 
have finished basements with window openings at ground level. 

Structure values were obtained from the Weld County Assessor’s website.  Contents value was assumed to be 50 
percent of the structure value.  A standard FEMA discount rate of seven percent was used along with the project 
useful lifetime of 50 years when computing present value of damages. 

An Excel spreadsheet was developed to simulate FEMA’s calculations of benefit-cost ratio.  All flood return intervals 
(2-, 5-, 10-, 50-, and 100-yr) were accounted for when computing expected annual damages before mitigation for 
each structure.  All proposed alternatives along 81st Avenue mitigated flooding from all structures and therefore an 
expected annual damage after mitigation of zero was used.  Expected annual benefits were converted to total 
project benefits to include damages incurred over the entire lifetime of the project. 

As seen below, the benefit-cost ratio for the 81st Avenue improvement is 0.04.  Although the benefit from mitigating 
flood damages does not solely justify the project, the proposed improvements at 81st accomplish several other 
project goals such as removing overtopping of roadways in excess of six inches and flooding depths in streets of 
greater than 18 inches.   

Table 5-19: Benefit-Cost Analysis 

Expected Annual Damages Before Mitigation 12,728$              
Expected Annual Damages After Mitigation -$                    
Expected Annual Benefit 12,728$              
Total Project Benefits Over Project Useful Life 175,656$           
Total Project Cost Including Maintenance 4,048,045$        
Benefit - Cost Ratio 0.04

81st Avenue Benefit Cost Analysis 

 

5.8  OTHER CONSIDERATIONS 

5.8.1  WATER QUALITY:   

No specific water quality improvements have been evaluated for the Sharktooth Bluffs Basin.  Site-specific water 
quality control measures will be incorporated as the basin develops and the City’s development criteria is met.  Land 
buffers for major drainageways will also help preserve the natural water quality features that exist today.   

5.8.2  BANK EROSION AND SEDIMENT TRANSPORT FROM SHARKTOOTH BLUFFS 

The Sharktooth Bluffs represent a unique erosional 
land feature located in the western portion of the 
basin.  The bluffs consist of a number of dendritic 
gullies eroded into sandy loam soils. The narrow 
gullies are often 10-40 feet deep. Soils in the area 
primarily consist as Type 61, tassel fine sandy loam, 
as defined by the NRCS.  The tassel fine sandy loam 
soils have a very slow infiltration rate, which results 
in a high runoff potential when thoroughly saturated. 

A desktop review of this area was performed to 
evaluate continued erosion potential as an active 
source of sediment to the Poudre River.  Historic 
aerial imagery dating back to 1999 was compared to 
current imagery.  This review revealed that the 
extent of the gullies has not changed significantly over 
the last 20 years.  Headcuts appear to be either 
migrating very slowly or not at all.  The change in depth of the gullies is unknown. However, the bottom of the 
gullies appear well vegetated and not believed to be actively deepening. For these reasons it is believed the bluffs 
are largely stabilized and may not be an active source of sediment to the Cache La Poudre River.  Further on-site 
investigation may be necessary to confirm this conclusion should aggradation be identified in areas of the Poudre 
River near these locations.  After discussion with City staff, and due to limited site access, an onsite analysis was not 
deemed necessary for this study. 

5.8.3  STREAM BUFFER WIDTH 

In order to ensure the long-term stability of a stream system, a buffer is recommended to be preserved between the 
stream and anthropogenic influences. In natural streams, the stream belt width or floodplain width often serves as 
the buffer. The stream belt width is diagrammatically shown in Figure 5-1.  Belt width is the lateral distance from the 
outside edge of one meander to the outside edge of the next meander (Figure 1). Channel meanders shift through 
time, generally moving in a downstream direction. By preserving the land within the belt width of a stream, one can 
allow the channel to continue to evolve and change its planform without coming into conflict with human 
infrastructure. 

Historic imagery showed the extent of the bluffs have 
not changed significantly in recent years (Google Earth) 
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Figure 5.1: Stream Belt Width (Wildland Hydrology, 2013) 

Two methods were used to estimate stream belt widths for major drainages within the Sharktooth Basin.  The 
Stream Belt Width method is an empirical procedure based on a relationship of data from stream systems across 
many physiographical regions, developed by Williams in 1986, this procedure related the meander belt width to 
channel bankfull width through a power equation. The expression Williams developed is shown below (Equation 1). 

Equation 1 : 𝑾𝒃𝒃𝒃 = 3.7*𝑾𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃
𝟏.𝟏𝟏 

Many of the streams within the Sharktooth Basin, including for Sharktooth Draw, Poudre Learning Center, and 
Wiedeman Creek, have had their planform changed or influenced by humans in the past.  Because a field 
geomorphic survey of the subject streams was not possible, estimates of bankfull width had to be utilized for the 
Williams equation to work. Therefore, a regional relationship developed for urban Front Range streams was utilized.  
The equation which was developed by ICON and subconsultants from field data, relates bankfull area (square feet) 
to drainage area (square miles) (Equation 2). Utilizing Equation 2 along with an average bankfull width-to-depth 
ratio of 18, allowed the bankfull widths to be estimated, along with the estimates for the ideal channel belt width 
for the Sharktooth Basin drainageways.   

Equation 2: 𝑨𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 =7.4051*𝑨𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝟎.𝟔𝟔𝟔𝟔 

The second method utilized to calculate the ideal stream belt width was based on shear stress. If the shear stress 
applied on a floodplain by flowing water exceeds the carrying capacity of the floodplain vegetation, the vegetation 
will be destroyed, and subsequent erosion, scour, and channel avulsions could occur. In order to prevent this, the 
critical shear stress at which the vegetation will begin to fail was reviewed. 

For vegetation types such those found on the floodplains of Sharktooth Draw, Poudre Learning Center Creek, and 
Wiedeman Creek (short grass prairie without bushes and trees), a critical shear stress of 1.5 lbs. per square foot was 
used.  Using this critical shear stress threshold, the average stream slope, the 100-year discharge, and the average 
stream velocity, the minimum floodplain width can be calculated (Equation 3). 

Equation 3: 𝑾𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 =  𝑸𝟏𝟏𝟏
𝑽∗ � 𝝉𝒄𝜸∗𝑺�

 

Where 𝜏𝑐=Critical Shear Stress (lb/ft2), 𝛾 = Unit Weight of Water (lb/ft3), 𝑄100 = 100-year Discharge (cfs), V = Average 
Velocity of Flow (ft/s), 𝑊𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = Width of Floodplain (ft), S = Stream Slope (ft/ft) 

Results from both the belt width method and floodplain width method are shown in table 5-6 below.   

Table 5-20: Stream Buffer Width 

 

As shown by the table, the required belt or floodplain width has the potential to change over time with projected 
hydrology changes from new development.  It is recommended that at a minimum, the existing stream belt widths 
be preserved within the basin to maintain stream health and maximize drainageway resiliency.  Further evaluations 
may be required as the basin develops over time. 

As development occurs in each watershed, City detention criteria will reduce peak flows along the drainageways.  As 
such, channel buffer widths may reduce accordingly to the future condition widths shown above.  It is 
recommended that this transition be considered after the upstream watershed has reached approximately 80 
percent development density.  At this time it is also recommended that a more detailed geomorphic study be 
completed to best determine the appropriate thresholds for the bankfull channel and floodplain areas within the 
buffer width.  Additional design considerations are discussed below. 

5.8.4  GEOMORPHIC ROADWAY CROSSINGS  

Roadway crossings sized to compliment high functioning streams are safer, more resilient to large flood events, 
better convey sediment and debris, require less maintenance over time, and also provide better conditions for 
aquatic passage than traditionally designed crossings.  The Urban Drainage and Flood Control District, now operating 
as the Mile High Flood District, supports this concept but understands that in some cases, site conditions will limit 
the design. 

For new stream crossings within developing areas, and also for the replacement of old structures at already 
established crossings, geomorphic crossing design should be considered.  It is recognized that geomorphic design is 
not possible for all stream crossing situations. Economically, Geomorphically Sized Crossing (GSCs) are more 
expensive initially than traditional designs. Additionally, GSCs generally require more space than traditional 
crossings. Sometimes these or other constraints may limit geomorphic design. In these instances, the reasons why a 
geomorphic design is not feasible at a particular site, should be clearly demonstrated prior to undertaking a different 
design approach. 

The key principle of GSCs is that rather than being sized primarily on a hydraulic basis where the primary goal is to 
pass a design discharge, the crossing is sized based on the dimensions and characteristics of the upstream and 
downstream channel and floodplain.  Further information regarding the design of GSCs is available from the UDFCD. 

Ex. Conditions Fut. Conditions
Sharktooth Draw 186 73
Poudre Learning Center 130 1 56
Wiedeman Creek 119 64
1- Value adjusted based on Rosgen classification

Channel Buffer Width
Drainageway
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Alongside the GSCs, auxiliary floodplain culverts should be considered as a means of minimizing contraction and 
expansion of high flows at the crossing, where practical.  Many small floodplain culverts function more efficiently 
than just one large floodplain culvert.  Floodplain relief culverts should be sized large enough to allow for 
maintenance as needed.  
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6.0  RECOMMENDED PLAN  
The recommended plan is a combination of alternative plans for each watershed.  Improvements proposed in the 
recommended plan for each watershed are shown in Figure 6.1, Table 6-1 and discussed in further detail below.  
Cost estimates for all proposed improvements can be found in Table 6-2 and Table 6-3. 

6.1  PLAN DESCRIPTION 

All roadway crossings that do not currently meet City criteria are proposed to be improved to the Minimum Criteria 
Crossing Alternative sizing with the exception of Skyview Street in the Wiedeman Creek Watershed.  While 
overtopping will still occur during the existing condition 100-year storm, future detention as the basin develops will 
reduce the peak discharge and eliminate overtopping.  When the basin is fully developed, all roadway crossing 
infrastructure proposed in the recommended plan will exceed the 100-year discharges. 

For the purpose of alternative analysis, all roadway crossings were sized as a single crossing structure.  Each roadway 
crossing should be further evaluated to implement a high functioning, low maintenance stream crossing, where 
practical.  Further guidance on geomorphic roadway crossings can be found in Section 5.8.4 . 

All components of the Canal Base Flow Separation plan are included in the recommended plan.  Separating 
stormwater from the canal will protect downstream users by responsibly managing the spill of the canal and help 
reduce uncontrolled spills from canal further downstream. 

The recommended plan includes several components of the Flood Hazard Mitigation Alternative Plan.  At 81st 
Avenue in Wiedeman Creek, the proposed detention of 22 Ac-ft. upstream of Poudre River Ranch Phase III will 
reduce flows overtopping Skyview Street to less than six inches and reduce the depth in the street from flow 
overtopping the storm drain system into 81st Avenue to less than 18 inches.  Although this alternative is more 
expensive than the combination of Minimum Criteria Alternatives for Skyview Street and 81st Avenue, the cost of the 
proposed detention could be offset by incorporating the facility into future development and would not drastically 
oversize Skyview Street when considering future detained flows.  The recommended plan will remove all structures 
along 81st Avenue currently inundated in the baseline modeling.  On the eastern edge of Wiedeman Creek, 
formalizing runoff from the farm field and replacing the Amour Hill Drive storm drain system will remove structures 
on the east side of the road from flooding. 

At 78th Avenue and Poudre River Road, the No Action Plan is recommended.  No structures are currently inundated 
at the intersection and future detention upstream of the development will reduce flows such that street flooding 
depths do not exceed 18 inches.  At the southern end of 78th Avenue channel improvements proposed in the Flood 

Hazard Mitigation Alternative will alleviate the flooding on the house on the west side of 78th Avenue by conveying 
flows to 78th Avenue where the flow can be conveyed on the street. 

In Northridge Draw, the Minimum Criteria Alternative is recommended.  Easement acquisition, channel 
improvements and formalizing the outlet structure ensure the City access to perform maintenance and maintain the 
integrity of the drainageway from north of C Street to the 71st Avenue roadway crossing.  Once this alternative is in 
place, the Option 2 Alternative for Foothills Tributary can be implemented conveying additional runoff to the open 
channel. 

The recommended plan for the stream buffer width on each drainageway is Method 2, Floodplain Width, as 
described in Section 5.8.3 .  Method 2, the larger of the stream buffer widths, was chosen as the recommended plan 
in order to encourage a health stream system by providing room for the channel to meander and an adequate 
corridor for a stable floodplain. 

6.2  WATER QUALITY IMPACTS 

No regional water quality improvements are proposed for the Sharktooth Bluffs Basin.  Water quality will be 
provided on a site specific basis throughout the basin as development occurs. 

Eroding channel banks also can lead to degradation in water quality throughout a basin.  By monitoring the bluffs for 
erosion and sediment transport and providing adequate channel buffer widths less erosion and sediment transport 
will occur, increasing the water quality for the basin and the Cache La Poudre River. 

6.3  OPERATION AND MAINTENANCE  

The recommended plan includes the installation of storm drain infrastructure, requiring maintenance for culverts, 
inlets and manholes.  Proposed detention basins will also require additional maintenance.  This increase in 
maintenance cost will be offset by the reduction in damages to roads and infrastructure caused by nuisance level 
flooding. 

6.4  ENVIRONMENTAL AND SAFETY ASSESSMENT 

The recommended plan positively affects the Sharktooth Bluffs Basin by increasing the public safety from flood 
hazards throughout the watershed and enhancing the environmental impacts of the watershed through the 
responsible management of the drainageways in the watershed. 
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Table 6-1: Recommended Plan 

Watershed Location No Action
Minimum 

Criteria
Flood Hazard 

Mitigation 
Canal Baseflow 

Separation
Future 4th Street (West) X

Future 4th Street (Central) X
Future 4th Street (East) X

95th Avenue X
County Road 62 & Upstream Channel X

Downstream of County Road 62 X
County Road 62 (West) X

County Road 62 (Central) X
County Road 62 (East) X

83rd Avenue X
Jones Ditch at 83rd Avenue X

4th Street X
Skyview Street X

81st Avenue X
78th Avenue - Poudre River Road X

78th Avenue - Upstream of Development X
Armour Hill Drive X

Poudre River Ranch Poudre River Road X
Cache Court X

Melbourne Street X
Detention North of Melbourne Street X

C Street
71st Avenue X
PRR Phase 1

Sharktooth Draw

Poudre Learning Center

Wiedeman Creek

Fairway Tributary

Northridge Draw 
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Table 6-2: Recommended Plan Cost Estimates - Sharktooth Draw and Poudre Learning Center Watersheds  

Watershed Location Alternative Type Capital
 Easement / 

ROW  Engineering 
 Legal / 

Administrative 
 Contract 

Admin / CM  Contingency 
 Total 

Capital Cost  Annual O&M  50-year O&M 
Future 4th Street (West) Minimum Criteria 121,411$           -$                  18,212$        6,071$                            12,141$         30,353$         188,188$     100$                 3,142$              

Future 4th Street 
(Central) Minimum Criteria 33,148$              -$                  4,972$           1,657$                            3,315$           8,287$            51,379$       100$                 3,142$              

Future 4th Street (East) Minimum Criteria 33,148$              -$                  4,972$           1,657$                            3,315$           8,287$            51,379$       50$                   1,571$              
95th Avenue Minimum Criteria 210,757$           -$                  31,614$        10,538$                          21,076$         52,689$         326,674$     120$                 3,771$              

County Road 62 & 
Upstream Channel Minimum Criteria 2,277,297$        953,040$         341,595$      113,865$                        227,730$      569,324$       4,482,851$ 10,550$           331,519$         

Downstream of County 
Road 62

Channel Improv 
East of CR 62 745,023$           220,000$         111,753$      37,251$                          74,502$         186,256$       1,374,785$ 3,000$             94,271$            

2,675,761$        953,040$         401,365$      133,788$                        267,577$      668,940$       5,100,471$ 10,920$           343,145$         

County Road 62 (West) Minimum Criteria 195,929$           -$                  29,389$        9,796$                            19,593$         48,982$         303,689$     100$                 3,142$              

County Road 62 (Central) Minimum Criteria 26,281$              -$                  3,942$           1,314$                            2,628$           6,570$            40,735$       50$                   1,571$              

County Road 62 (East) Minimum Criteria 378,085$           -$                  56,713$        18,904$                          37,809$         94,521$         586,032$     2,125$             66,775$            
83rd Avenue Minimum Criteria 363,047$           -$                  54,457$        18,152$                          36,305$         90,762$         562,723$     160$                 5,028$              

Jones Ditch at 83rd 
Avenue

Canal Base flow 
Separation 84,031$              -$                  12,605$        4,202$                            8,403$           21,008$         130,249$     1,034$             32,492$            

1,047,373$        -$                  157,106$      52,368$                          104,738$      261,843$       1,623,428$ 3,469$             109,008$         

Total

Total

Sharktooth Draw

Poudre Learning 
Center

 
  



 
SHARKTOOTH BLUFFS STORM DRAINAGE MASTER PLAN  

60 

 

Table 6-3: Recommended Plan Cost Estimates - Wiedeman Creek, Fairway Tributary, Northridge Draw Watersheds 

Watershed Location Alternative Type Capital
 Easement / 

ROW  Engineering 
 Legal / 

Administrative 
 Contract 

Admin / CM  Contingency 
 Total 

Capital Cost  Annual O&M  50-year O&M 
4th Street Minimum Criteria 82,957$              -$                  12,444$        4,148$                            8,296$           20,739$         128,584$     100$                 3,142$              

Skyview Street No Action -$                    -$                  -$               -$                                 -$               -$                -$              1,502$             47,198$            

81st Avenue

Flood Mitigation 
(22 Ac-ft. 

Detention) 616,679$           528,000$         92,502$        30,834$                          61,668$         154,170$       1,483,853$ 13,562$           426,167$         
No Action -$                    -$                  -$               -$                                 -$               -$                -$              287$                 9,019$              

Flood Mitigation 41,309$              -$                  6,196$           2,065$                            4,131$           10,327$         64,028$       750$                 23,568$            
Amour Hill Drive Flood Mitigation 142,585$           39,785$           21,388$        7,129$                            14,259$         35,646$         260,792$     1,510$             47,450$            

883,530$           567,785$         132,530$      44,176$                          88,354$         220,882$       1,937,257$ 17,711$           556,544$         
Poudre River Road No Action -$                    -$                  -$               -$                                 -$               -$                -$              818$                 25,705$            

-$                    -$                  -$               -$                                 -$               -$                -$              818$                 25,705$            

Cache Court
Canal Base flow 

Separation 42,129$              -$                  6,319$           2,106$                            4,213$           10,532$         65,299$       434$                 13,638$            

Melbourne Street
Flood Mitigation1 

(Option 1) 51,431$              -$                  7,715$           2,572$                            5,143$           12,858$         79,719$       251$                 7,887$              
Detention North of 
Melbourne Street No Action -$                    -$                  -$               -$                                 -$               -$                -$              702$                 22,059$            

93,560$              -$                  14,034$        4,678$                            9,356$           23,390$         145,018$     1,387$             43,584$            
C Street Minimum Criteria 371,099$           216,689$         55,665$        18,555$                          37,110$         92,775$         791,893$     6,810$             213,995$         

71st Avenue Flood Mitigation 91,984$              -$                  13,798$        4,599$                            9,198$           22,996$         142,575$     65$                   2,043$              

PRR Phase 1
Canal Baseflow 

Seperation 159,483$           159,483$         159,483$      159,483$                        159,483$      159,483$       159,483$     159,483$         159,483$         
463,083$           216,689$         69,463$        23,154$                          46,308$         115,771$       934,468$     6,875$             216,038$         

Total

78th Avenue

Total

Total

Total

Northridge Draw

Wiedeman Creek

Poudre River Ranch 
Phase I and II

Fairway Tributary
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7.0  CONCEPTUAL DESIGN 
7.1  PLAN DEVELOPMENT OVERVIEW 

The Selected Plan identifies the alternatives selected by the project team to proceed to the Conceptual Design phase 
of the project.  The Selected Plan generally follows the recommended plan alternatives, with the modification to the 
proposed improvements in Sharktooth Draw.  A memo, dated June 11, 2019 found in Appendix A, summarizes new 
alternatives for the basin and explains why the previously proposed alternative was revised.  In summary, a 
detention pond and storm drain outfall are now being proposed instead of the channel improvements at the north 
end of the watershed.  An additional alternative was also proposed at the Sharktooth Draw crossing of the Bellevue 
Pipeline to provide additional protection again stream erosion beyond that discussed with the future stream 
restoration needs.  

The master plan improvements are intended to mitigate existing flooding hazards, ensure current and future 
roadway crossings are compliant with City criteria, to address any channel stability issues and concerns, separate 
base flows from irrigation ditches, enhance water quality, and provide general guidance for preservation and 
improvement to the drainageways throughout the Sharktooth Bluffs Basin.  Finally, the master plan improvements 
identify and incorporate trail connections to the regional networks, where applicable. 

7.1.1  GENERAL RECOMMENDATIONS 

Land-use changes to contributing watersheds affect the flood hazard nature (i.e., runoff rates, volumes and depths), 
the transport of sediment, and the water quality of the receiving natural waterways.  To encourage implementation 
of this master plan, it is recommended that: 

• As the basin urbanizes, the City shall take steps to ensure that the major waterways are stabilized, that any 
existing degraded reaches of the waterways, and their tributaries, are rehabilitated, and erosion and 
sediment transport during construction activities is controlled. 

• That new land development activities, significant redevelopment activities, and publicly funded projects, 
provide, to the maximum extent practicable, runoff volume control practices (i.e., minimize directly 
connected impervious areas and employ infiltrating BMPs) whenever site conditions permit.  

• Require that all BMPs for all new development, redevelopment, and publicly funded projects provide to the 
maximum extent practicable a Water Quality Capture Volume (WQCV) and Excess Urban Runoff Volume 
(EURV) as recommended in the Urban Storm Drainage Criteria Manual – Volume 3, after accounting for 
volume reductions achieved using volume control practices. 

• The City of Greeley should adopt a policy of preserving a stream corridor as open spaces to the maximum 
extent possible as development occurs.  Approximate Stream Buffer Widths were developed for Sharktooth 
Draw, Poudre Learning Center, and can be found in Section 5.8.3 . 

• Geomorphic Roadway Crossings, as described in Section 5.8.4 , should be considered during final design to 
compliment high functioning streams, be more resilient to large flood events, better convey sediment and 
debris, require less maintenance over time, and also provide better conditions for aquatic passage than 
traditionally designed crossings. 

• The City of Greeley Natural Resources Department strongly supports a naturalized stormwater management 
strategy that not only provides stormwater management for the benefit of the life, safety and property of 
the citizens of Greeley, but also considers and supports sustainable natural systems in the installation and 
maintenance of stormwater management facilities. Small creeks and drainages only encompass 
approximately one percent of the land mass in Colorado but supports nearly 85 percent of the state’s 
wildlife species, making these areas critical for wildlife. These areas are also important movement corridors 
for wildlife between larger habitat areas.  

• Wherever possible, provide public use and access and/or trails within the corridors of identified waterways 
in order to provide maintenance access that will also provide for active and passive recreation of the public. 

7.1.2  COST ESTIMATES 

Cost estimates for the Conceptual Design were developed using UDFCD’s master planning cost estimating 
spreadsheet UD-MP COST, version 2.2.  2012 unit cost values were adjusted to present value using the Colorado 
Construction Cost Index, 2018 Third Quarter Report.  The average value of the last four quarters (1.34) of the Fisher 
Ideal Index was used to adjust unit costs.  A summary of unit costs can be found in Appendix C. 

Operation and Maintenance costs were also included within the UD-MP Cost worksheet.  A minimum level-of-
service for manhole and inlet maintenance was assumed to occur once per year.  The minimum level-of-service for 
maintenance on detention basins and water quality facilities was assumed to occur once a year.  Structural 
maintenance on canal spillways were assumed to be performed once every five years.  

Costs for detention basins were estimated using the unit costs for earthwork based on the necessary acre-feet of 
detention. 

Headwalls were assumed on storm drain infrastructure 54 inches in diameter and greater.  Flared end sections were 
assumed on storm drain improvements less than 54 inches in diameter. 

Several recent stream restoration projects were analyzed to approximate a stream restoration cost per linear foot of 
drainageway.  An average cost per linear foot of $750 was used to estimate future stream restoration costs along 
Sharktooth Draw, Poudre Learning Center Tributary, and Wiedeman Creek. 

Right-of way, easement costs, and property values were calculated from current Weld County Assessor’s 
information.  Easement / ROW acquisition amounts were calculated as a percentage of the total actual land value.  
For undeveloped parcels, an average value of $88,000 / Acre was estimated from properties throughout the basin.   

Asphalt was included as a special item within the UD-Cost spreadsheet at $250 lb. / ton for each roadway crossing.   

No alterations were made to default values calculated as a percent of Capital Improvement Costs, such as 
Engineering, Legal/Administrative, Contract Administration/Construction Management, and Contingency.  
Dewatering, Traffic Control and Utility Coordination / Relocation were assigned the minimum of $5000 or the 
following percentages of capital costs for most locations: Dewatering (1%), Traffic Control (5%), Utility Coordination 
/ Relocation (5%).   
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7.2  MASTER PLAN DESCRIPTION 

The Conceptual Design is described on a watershed by watershed basis in Section 7.2.1 through Section7.2.9 .  Cost 
estimates can be found in Table 7-19.  A schematic of the master plan improvements can be found in Figure 7.1 and 
Figure 7.2. 

7.2.1  SPUR DRAW 

Spur Draw, the western most watershed in the Sharktooth Basin, is located just east of US Highway 257.  
Stormwater runoff from the basin sheet flows to the Sharktooth Bluffs where the narrow gullies convey water 
northwest to the Cache La Poudre River.  All flow is confined to the bluff areas.  The watershed is currently 
undeveloped and future land use projects the watershed to remain open space. No roadway crossings, or other 
infrastructure is currently proposed in the watershed.  Beyond monitoring runoff and potential sediment transport 
from the bluffs areas, no improvements are currently proposed for this watershed.   

7.2.2  MISSILE PARK DRAW 

This 275 acre watershed is bounded by Spur Draw to the west, Hertzke Draw to the east, Sharktooth Draw to the 
south and Cache La Poudre River to the north.  The watershed spans three jurisdictions: Town of Windsor at the 
downstream end of the watershed, unincorporated Weld County, and the City of Greeley.  Similar to Spur Draw, 
stormwater runoff is conveyed in narrow gullies which converge into a drainageway that bisects the watershed.  
Near the downstream end of the watershed, in the Town of Windsor and Weld County, there is an approximately 
10-foot high embankment which detains flows from continuing north to the Cache La Poudre River.  As discussed 
prior, no records were found regarding this being a regulated detention basin or registered state dam.  

With exception to ponding that could occur behind this embankment, no other significant drainage problems were 
identified for this watershed, particularly within the limits of the City of Greeley.  Beyond monitoring runoff and 
potential sediment transport from the bluffs areas, and monitoring the effects of the embankment for water 
collection, repair, or need to breach, no improvements are currently proposed for this watershed.   

7.2.3  HERTZKE DRAW 

Hertzke Draw, located to the east of Missile Park Draw and west of Sharktooth Draw watersheds, primarily consists 
of steep gullies conveying stormwater runoff to the north.  Upstream of the outfall into the Cache La Poudre River, 
the watershed transitions from the confined gully drainageway to an alluvial fan.  The watershed lies within Town of 
Windsor, unincorporated Weld County, and City of Greeley.  The bluffs in the southeastern portion of the 
watershed, within the City of Greeley, lie on property proposed to be developed as part of the Lake Bluff 
Development. 

Flooding potential within the watershed is minimal with more flooding potential located in the alluvial zones near 
the Poudre River.  No buildings or structures are shown to be inundated and flooding potential will be lessened with 
future development in the watershed.  Beyond monitoring runoff and potential sediment transport from the bluffs 
areas, no improvements are currently proposed for this watershed.   

7.2.4  ORR GULCH 

Orr Gulch is bounded by Hertzke Draw to the west and Sharktooth Draw to the south and east.  The northern 
portion of the watershed falls within unincorporated Weld County, while the southern portion is located within the 
City of Greeley.  The portion within the City of Greeley is proposed to remain open space as part of the proposed 
Lake Bluff Development.  The narrow bluff gullies collect stormwater runoff in the headwater of the basin before the 
flow is spread into an alluvial fan south of County Road 62.  North of County Road 62, the William R. Jones Ditch 
bisects the lower watershed, conveying irrigation flows from the Cache La Poudre River to Siebring Reservoir. 

Flooding problems within the watershed are primarily related to ponding south of the William R. Jones Ditch, where 
flow depths approach 3-feet in what appears to be a historic oxbow from the Cache La Poudre River and potential 
overtopping of County Road 62.  Since this area is located outside of the City of Greeley with no current plans for 
expansion of this roadway system, no alternatives were evaluated in this watershed. 

7.2.5  SHARKTOOTH DRAW 

Sharktooth Draw extends from south of 10th Street to the Cache La Poudre River, covering 1,235 acres.  The 
watershed lies within the City of Greeley and unincorporated Weld County.  The headwaters of Sharktooth Draw 
begin south of 10th Street, east of Promontory Circle near the State Farm property.  Stormwater runoff then 
continues in a northeast direction to the river. 

Flooding within the watershed is generally confined near 10th Street, then transitions between overland and 
confined flow through 95th Avenue when entering the bluffs region.  Downstream, flood flows again become 
unconfined when Sharktooth Draw splits to the north and the east, in an alluvial pattern, near County Road 62, 
diverting up to 541 cfs of the total 100-year discharge of 1063 cfs to the Poudre Learning Center watershed. 

Problems areas within the watershed focus around overtopping of existing roadway crossings, including: 95th 
Avenue, both north of 10th Street and closer to the Poudre River near County Road 62; and County Road 62, which 
currently has no defined drainage system and is located within Greeley’s anticipated expansion area.  These areas 
experience overtopping in both the 10- and 100-year events.  In addition to the roadway crossings, the split flow 
near 95th Avenue and County Road 62 has the potential to impact roadway improvements and future development 
during the larger storm events (above the 10-year level). Finally, the future expansion of 4th Street will require 
planning as it crosses drainages within the Sharktooth Draw watershed.  Currently, the proposed 4th Street 
alignment is proposed to cross three local drainages. 
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7.2.5.1  SHARKTOOTH DRAW – FUTURE 4TH STREET CROSSING WEST 

The western most future 4th Street crossing is located approximately 1,600 ft. west of 95th Avenue.  A 10 ft. wide by 
4.5 ft. high RCBC is proposed to convey 378 cfs of the 431 cfs, 100-yr event design discharge.  Flows in excess of the 
culvert capacity, 53 cfs during the 100-yr event, will overtop at a depth less than 6 inches. 

The future roadway crossing was conceptually designed with minimal ground cover over the top of the crossing.  
The improvement requires installation of headwall and wingwalls on the upstream and downstream side of the box 
culvert.  Riprap will be required for outlet protection on the downstream end.   During final design, the culvert 
height and width may need to be adjusted to accommodate the proposed roadway design section and guidance for 
a low maintenance stream crossing.  Slight changes in geometry would be expected with more design information.   

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design.  Minor channel improvements to the drainageway will be required 
upstream and downstream of the crossing in order to promote drainage. 

The culvert was sized for existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be added into the existing conditions 
model to update the design discharge. 

Table 7-1: Sharktooth Draw - Future 4th Street Crossing (West) 
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7.2.5.1  SHARKTOOTH DRAW – FUTURE 4TH STREET CROSSING CENTRAL 

The central, future 4th Street crossing is located approximately 700 ft. west of 95th Avenue, and will experience 
approximately 151 cfs during a 100-year event.  A 48-inch RCP is proposed to convey 122 cfs during a 100-year 
event, with the remaining 29 cfs overtopping at a depth less than 6 inches.  

The future roadway crossing was conceptually designed with minimal ground cover over the top of the crossing.  
The improvement requires installation of flared end sections, at a minimum, on the upstream and downstream side 
of the RCP culvert.  Riprap will be required for outlet protection on the downstream end.   During final design, the 
culvert height and width may need to be adjusted to accommodate the proposed roadway design section.  Slight 
changes in geometry would be expected with more design information. 

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design.  Minor channel improvements to the drainageway will be required 
upstream and downstream of the crossing in order to promote drainage. 

The culvert was sized for existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be added into the existing conditions 
model to update the design discharge. 

Table 7-2: Sharktooth Draw - Future 4th Street Crossing (Central) 
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7.2.5.1  SHARKTOOTH DRAW – FUTURE 4TH STREET CROSSING EAST 

The third of the three 4th Street expansion culverts is the Future 4th Street Crossing (East).  This culvert is located 
approximately 2,000 ft. east of 95th Avenue, and will experience approximately 124 cfs during a 100-year event.  A 
48-inch RCP is proposed.  The culvert will convey 111 cfs during the 100-year event with 13 cfs overtopping at a 
depth less than 6 inches.  

The future roadway crossing was conceptually designed with minimal ground cover over the top of the crossing.  
The improvement requires installation of flared end sections, at a minimum, on the upstream and downstream side 
of the RCP culvert.  Riprap will be required for outlet protection on the downstream end.   During final design, the 
culvert height and width may need to be adjusted to accommodate the proposed roadway design section.  Slight 
changes in geometry would be expected with more design information.   

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design.  Minor channel improvements to the drainageway will be required 
upstream and downstream of the crossing in order to promote drainage. 

The culvert was sized for existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be added into the existing conditions 
model to update the design discharge. 

 

Table 7-3: Sharktooth Draw - Future 4th Street Crossing (East) 
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7.2.5.2  SHARKTOOTH DRAW – 95TH AVENUE CULVERT CROSSING 

Approximately 4,200 ft. north of 10th Street, Sharktooth Draw crosses 95th Street.  The existing dual 36 inch RCPs are 
undersized to safely convey the 100-yr design discharge of 793 cfs underneath the roadway.  As shown by the 
hydraulic study, drainage in this area overtops the roadway to the north of the current culvert crossing.  Half a foot 
to 1 foot of overtopping occurs during the 10-year event and 1 foot to 2 foot of overtopping occurs during the 100-
year event. 

Proposed improvements at 95th Street to meet City of Greeley criteria require a dual cell 8 ft. wide by 4.5 ft. high 
RCBC.  The improved crossing structure will convey 764 cfs, with approximately 29 cfs overtopping the roadway 
during existing conditions 100-year event.  The overtopping depth will be less than 6 inches. 

The improvement requires removal of the existing storm culvert crossings, installation of headwall and wingwalls on 
the upstream and downstream side of the box culvert.  Riprap will be required for outlet protection on the 
downstream end, and should be analyzed in further detail during final design. 

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design.  Minor channel improvements to the drainageway will be required 
upstream and downstream of the crossing in order to promote drainage. 

The culvert was sized for existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be added into the existing conditions 
model to update the design discharge. 

 

Table 7-4: Sharktooth Draw - 95th Avenue Crossing 
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7.2.5.3  SHARKTOOTH DRAW – BELLEVUE PIPELINE STABILIZATION 

After completion of the alternative analysis, stability concerns of Sharktooth Draw were evaluated at the Bellevue 
Pipeline crossing east of 95th Avenue.  Three water mains, ranging in diameter from 20 to 27 inches, cross the 
drainageway approximately 1,725 ft. downstream of 95th Avenue as Sharktooth Draw turns to the north.  The 
constant flow in Sharktooth Draw has the potential to erode the channel, exposing the Bellevue Treatment Water 
Plant water mains. 

Sharktooth Draw conveys flow at an approximate longitudinal slope of 1.5 percent downstream of 95th Avenue.  
During the existing conditions 100-year event, approximately 890 cfs is conveyed at a velocity of 9.8 ft./sec.  The 
resulting shear stress in the channel is approximately 4.5 lbs/ft2.  For comparison, the 5-year event results in 
approximately 30 cfs in the channel at a velocity of 4.0 ft./sec.  To protect the water mains against erosion, sheet 
piling at a depth of 20 feet is proposed.  To further protect the crossing, riprap should be installed. 

The depth and exact location of the water mains were not determined for the conceptual design.  GIS shapefiles 
were used to approximate the location of the water lines and depths are expected to be 3 feet in depth to top of 
pipes at a minimum.  During final design the water mains should be potholed to verify location and depth.  Once the 
exact location of the water lines is known, potential scour should be calculated and depth of the cut off walls and rip 
rap sizing adjusted accordingly. 

Table 7-5: Sharktooth Draw - Bellevue Pipeline Stabilization 
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7.2.5.4  SHARKTOOTH DRAW – COUNTY ROAD 62 

As part of the alternatives review process, the Central Colorado Water Conservancy District (CCWCD), the owners of 
Siebring Reservoir, were engaged to discuss the possibility of discharging stormwater into the reservoir.  After 
discussions with CCWCD, concerns regarding costs to manage the system and water rights of any stormwater 
discharged in the reservoir determined that the outfall as proposed in one of the alternatives was not feasible.  The 
alternate alignment proposed, channel downstream of County Road 62 parallel to 95th Avenue, was also 
determined to be infeasible due to the recent development of a gas extraction site spanning west from 95th 
Avenue.   

A supplemental alternative analysis developed four additional alternatives.  After discussion with City staff, the 
chosen improvements were Alternative C from the analysis memorandum.  Alternative C is comprised of an 88 Ac-ft. 
regional detention basin to manage existing runoff to the area; a drainage channel paralleling 95th Avenue; and a 38 
inch by 60 inch horizontal elliptical reinforced concrete pipe (HERCP) storm drain system in 95th Avenue, 
downstream of County Road 62 to the Cache La Poudre River.  

The proposed detention facility, located east of 95th Avenue, intercepts Sharktooth Draw as the drainageway exits 
the bluffs.  Approximately 88 Ac-ft. of storage is provided to detain the 100-year existing conditions discharge of 
1,063 cfs and release a maximum flow rate of 230 cfs. Downstream of the detention facility, flow will be conveyed in 
a drainage channel with a top width of 30 ft. parallel to 95th Avenue north to the intersection with County Road 62.  
A storm drain system is proposed to intercept flow at the County Road 62 intersect and convey runoff north 
approximately 1,660 ft. to the Cache La Poudre River.  The storm drain system is designed to convey 75 cfs, the 100-
year future conditions discharge.  Limited ground cover north of County Road 62 requires a 38 inch tall by 60 inch 
wide horizontal elliptical reinforced concrete pipe (HERCP) to convey the flow.  In the interim condition, before 
development occurs upstream which will detain flows leaving each development to historic 5-year flow rates, 
overtopping of County Road 62 will occur but be limited to six inches or less in depth.  Flows overtopping the 
roadway will continue along the existing flow path north to the Cache La Poudre River.  

The proposed detention basin layout for the conceptual design is such that it does not exceed the requirements of a 
jurisdictional dam in the State of Colorado.  However, given the changing dam safety requirements, it is still 
recommended that the City consult the State for current guidance prior to purchasing land or designing the 
detention facility.  

Similar to other improvements mentioned, the pond has been sized for existing conditions discharges to reduce 
overtopping at 95th Avenue and County Road 62 to meet City Criteria, as if no changes in hydrology occur upstream.  
Prior to implementation, the pond site should be reevaluated to determine if upstream development has reduced 
flows and volume into the pond.  The downstream channel and pipe system at 95th Avenue and County Road 62 has 
been sized for future discharges as if all proposed development is in place.  At this point in time, the pond may be 
significantly reduced, or not needed altogether.  This scenario would be indicative of Alternative D, as presented in 
the supplemental alternatives analysis found in Appendix A.  Regardless of the proposed detention facility, all 
developments in the Sharktooth Daw Basin are proposed to adhere to current City of Greeley detention standards, 
detaining to the 5-yr historic discharge. 

 

The detention basin as proposed will provide a multi-objective function for the local natural area in Sharktooth 
Draw, providing flood management, but also improving the ecological function, wildlife habitat, and public access 
within the site.  Future trails currently proposed along Sharktooth could be incorporated into the facility located 
through the bottom and along the top of the facility.  The detention facility area would also help promote wildlife 
through preservation of native vegetation and habitat areas, as well as be designed to provide regional water quality 
benefits.  Natural hydrologic function could continue to exit by conveying bankfull, base, flows undetained through 
the pond area, up to the capacity of the proposed downstream infrastructure and acceptable roadway overtopping.  
Pond landscaping could include seeding with drought-tolerant native seed mixes, infrequent or no-mow areas.  Any 
needed mowing practices could occur outside of ground-nesting bird seasons in the spring. 

The improvements also consist of the removal of the existing storm culvert crossing at County Road 62, installation 
of headwall and wingwalls on the upstream and downstream side of pond culvert outlet, and the installation of 
riprap stilling basin for outlet protection.  Several drop structures are proposed along the proposed alignment in the 
detention basin to ensure the long-term stability of the stream system. 

The proposed improvement requires purchase of approximately 23 acres of land for the detention pond and 
drainage channel.  It is assumed that the 38” x 60” HERCP will be installed within City right-of-way.  Utilities along 
the proposed improvements are unknown, but conflicts with the gas extraction site should be anticipated.  
Adjustment of the William R. Jones Ditch will be required in addition to the headgate structure located just east of 
95th Avenue.  Upstream of the detention pond, three Bellevue pipelines should be located prior to final design in 
order to ensure that the water mains will not be impacted. 

CLICK HERE TO VIEW SHARKTOOTH DRAW OVERVIEW 

CLICK HERE TO VIEW SHARKTOOTH DRAW DETENTION BASIN DETAIL 
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Table 7-6: Sharktooth Draw - County Road 62 
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7.2.6  POUDRE LEARNING CENTER 

The Poudre Learning Center watershed extends from the Cache La Poudre River south to 10th Street, between N 
83rd Avenue to the east and N 95th Avenue to the west.  Flow in the upper portion of the watershed primarily 
consists of sheet flow down into the bluffs.  The stormwater runoff spreads from the confined flow in the bluffs into 
an alluvial fan south of County Road 62.  Flow crosses the William R. Jones Ditch and County Road 62 into Siebring 
Reservoir.  An outlet channel from the most eastern portion of Siebring Reservoir conveys flow east to 83rd Avenue 
before the outfall location into the Cache La Poudre River.  

Future development near the Poudre Learning Center Basin is zoned to occur in the areas where potential flooding 
is shown in the models. For these future developments to be protected, careful consideration should be taken in site 
layout and future storm drainage infrastructure.  

An out-building is potentially inundated from flooding, north of the Jones Ditch near the westernmost sump 
location.  Even after improvements are made to the western spill flows in the Sharktooth Draw basin, this building 
may remain in a potential inundation area due to its proximity with the canal.  No other buildings are identified to 
be inundated during the existing conditions 100-year event; however, it should be noted that an oil and gas well site 
does exist within the headwaters channel of the draw, near the future 4th Street alignment. 

Discharges at the future 4th Street alignment remain less than 100-cfs at this location; therefore, improvement 
alternatives were not developed within the Poudre Learning Center watershed for the roadway system. 

7.2.6.1  POUDRE LEARNING CENTER - COUNTY ROAD 62 (WEST) CROSSING 

The westernmost crossing of the Poudre Learning Center is located approximately 3,000 ft. east of 95th Avenue.  The 
crossing proposes to convey 692 cfs during the 100-year design storm through dual 10 ft. wide by 4 ft. high RCBCs.  
Approximately 40cfs will overtop the roadway during the existing conditions, at a depth less than 6 inches. The 
culvert is proposed to be installed in a sump condition discharging towards the quarry area located in the center of 
the western flow path. 

The roadway crossing was conceptually designed with minimal ground cover over the top of the crossing.  The 
improvement requires installation of headwalls and wingwalls, at a minimum, on the upstream and downstream 
side of the RCBC culvert.  Riprap will be required for outlet protection on the downstream end.   During final design, 
the culvert height and width may need to be adjusted to accommodate the proposed roadway design section.  Slight 
changes in geometry would be expected with more design information.   

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design.  Minor channel improvements to the drainageway will be required 
upstream and downstream of the crossing in order to promote drainage. 

The culvert was sized for the existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be considered to update the design 
discharge. 

Table 7-7: Poudre Learning Center – County Road 62 (West) Crossing 
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7.2.6.2  POUDRE LEARNING CENTER - COUNTY ROAD 62 (CENTRAL) CROSSING 

The County Road 62 (East) crossing is located approximately 2,300 ft. west of North 83rd Avenue. A 36 inch RCP 
culvert is proposed to provide adequate conveyance underneath the roadway and Poudre River trail for the 
localized sump.  The proposed culvert will discharge into the swale in the Poudre Learning Center property. 

The improvement requires installation of a flared end section on the upstream and downstream side of the culvert.  
Riprap will be required for outlet protection on the downstream end.  Sizing should be reevaluated during final 
design considering the upstream inflows tributary to the crossing and downstream channel capacity.   

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design.  Minor channel improvements to the drainageway will be required 
upstream and downstream of the crossing in order to promote drainage. 

The culvert was sized for the existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be considered to update the design 
discharge. 

 

Table 7-8: Poudre Learning Center – County Road 62 (Central) Crossing 
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7.2.6.3  POUDRE LEARNING CENTER - COUNTY ROAD 62 (EAST) CROSSING 

The easternmost crossing of County Road 62 is located approximately 150 ft. west of North 83rd Avenue.  The 100-
year design discharge at the crossing is 251 cfs during the existing conditions 100-year event.  A 6 ft. wide by 4 ft. tall 
RCBC is proposed to convey 194 cfs, with 57 cfs overtopping at a depth less than 6 inches.  The culvert will replace 
the existing 24” CMP and discharge west of 83rd Avenue on the Poudre Learning Center property.  Downstream of 
the culvert, channel grading is proposed to convey the flow to the main stem of Poudre Learning Center just west of 
83rd Avenue. 

The roadway crossing was conceptually designed with minimal ground cover over the top of the crossing.  The 
improvement requires installation of headwalls and wingwalls, at a minimum, on the upstream and downstream 
side of the RCBC culvert.  Riprap will be required for outlet protection on the downstream end.   During final design, 
the culvert height and width may need to be adjusted to accommodate the proposed roadway design section.  Slight 
changes in geometry would be expected with more design information. 

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design.  Minor channel improvements to the drainageway will be required 
upstream and downstream of the crossing in order to promote drainage. 

The culvert was sized for the existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be considered to update the design 
discharge. 

Table 7-9 Poudre Learning Center – County Road 62 (East) Crossing 
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7.2.6.1  POUDRE LEARNING CENTER – 83RD AVENUE CROSSING 

Approximately 650 ft. north of County Road 62, a dual cell 13 foot wide by 6 foot tall RCBC is proposed to convey 
flow underneath 83rd Avenue to the Cache La Poudre River.  The existing 48 inch RCP is proposed to be replaced with 
a dual 13 foot by 6 foot RCBC in order to meet City criteria.  83rd Avenue is a major arterial, requiring 100-year 
conveyance capacity of the culvert with no overtopping.  The RCBC will convey the 100-year existing conditions 
design flow of 1,110 cfs with no roadway overtopping.  

This improvement will require installation of headwalls and wingwalls, at a minimum, on the upstream and 
downstream side of the RCBC culvert.  Riprap will be required for outlet protection on the downstream end.   During 
final design, the culvert height and width may need to be adjusted to accommodate the proposed roadway design 
section.  Slight changes in geometry would be expected with more design information. 

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design.  Minor channel improvements to the drainageway will be required 
upstream and downstream of the crossing in order to promote drainage. 

The proposed improvement requires approximately 1 acre of property acquisition. 

The culvert was sized for the existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be considered to update the design 
discharge. 

Table 7-10: Poudre Learning Center – North 83rd Avenue Crossing 
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7.2.6.2  POUDRE LEARNING CENTER – WILLIAM R. JONES CANAL BASEFLOW SEPARATION 

In the Poudre Learning Center Basin, flow crosses an old remnant of the William R. Jones Ditch and County Road 62, 
flowing into Siebring Reservoir.  The Jones Ditch downstream of Siebring Reservoir is no longer used for irrigation 
purposes.  During storm events, the Jones Ditch has the potential to intercept runoff from flow exiting the Poudre 
Learning Center main draw, and from backwater behind County Road 62.  Due to the alignment differences between 
the ditch, roadway, and draw exit location, separation of the inflows did not appear practical.  Formalizing a spill 
location just upstream of 83rd Avenue is proposed to help mitigate flooding hazards on downstream property 
created from uncontrolled spill flows. 

The proposed 50 ft. wide concrete spillway will passively discharge flow from the William R. Jones Ditch along an 
existing flowpath to the County Road 62 East Crossing.  The spillway will prevent uncontrolled spill flow at 83rd 
Avenue where a pipe intercepts any flow in the ditch, conveying flow north to the Cache La Poudre River. 

The proposed improvements require approximately 1 acre of property acquisition. 

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design. 

Table 7-11: Poudre Learning Center - William R. Jones Ditch Canal Baseflow Separation 
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7.2.7  WIEDEMAN CREEK 

The Wiedeman Creek watershed extends from the Cache La Poudre River south beyond 10th Street.  The watershed 
lies within the City of Greeley and unincorporated Weld County.  Runoff generally drains south of 10th Street, north 
to the Cache La Poudre River.  Poudre River Ranch Phase III and the River Run at Poudre River Ranch Phases I and II 
developments are present within this watershed.  Two main drainage patterns convey flow through Poudre River 
Ranch.  During the 100-year design storm, depths exceed five feet near the entrance to both culverts along the 
North 81st Avenue drainageway.  Street flooding along Poudre River Road and North 81st Avenue pose flooding 
hazards with flooding depths exceeding the City maximum flow depth criteria of 18-inches.  Additional flood hazards 
were identified south of the future 4th Street roadway expansion, east of Wiedeman Creek in a localized sump area. 

7.2.7.1  WIEDEMAN CREEK –4TH STREET CROSSING 

Wiedeman Creek crosses 4th Street approximately 900 ft. east of 83rd Avenue.  A proposed 6 ft. wide by 4 ft. high 
RCBC will convey approximately 238 of the 264 cfs during the 100-year design storm.  Flows in excess of the culvert 
capacity, 26 cfs during the existing conditions 100-year event, will overtop the roadway at a depth less than 6-
inches.  

The roadway crossing was conceptually designed with minimal ground cover over the top of the crossing.  The 
improvement requires installation of headwalls and wingwalls, at a minimum, on the upstream and downstream 
side of the RCBC culvert.  Riprap will be required for outlet protection on the downstream end.   During final design, 
the culvert height and width may need to be adjusted to accommodate the proposed roadway design section.  Slight 
changes in geometry would be expected with more design information.   

No known sanitary conflicts are present at the crossing. A 27 inch Bellevue water main is present along the north 
side of the roadway but is not anticipated to be in conflict with the proposed improvements.  Other dry utilities are 
unknown for this crossing and should be investigated prior to final design.  Minor channel improvements to the 
drainageway will be required upstream and downstream of the crossing in order to promote drainage. 

The culvert was sized for the existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be considered to update the design 
discharge. 

Table 7-12: Wiedeman Creek - 4th Street Crossing 
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7.2.7.2  WIEDEMAN CREEK – 81ST AVENUE  

Primary problems within the Wiedeman Creek watershed focus on drainage within the Poudre River Ranch Phase III 
development.  Infrastructure within the development is undersized for existing conditions design flows.  As flow 
enters the development, the undersized 7 ft. wide by 4 ft. tall RCBC leads to flow overtopping Skyview Street in 
excess of City criteria.  Downstream of Skyview Street, the drainage system continues in an open channel parallel 
81st Avenue before the system is intercepted in a 5 foot wide by 4 foot tall RCBC.  Flows in excess of the 140 cfs 
storm drain capacity spill onto 81st Avenue, exceeding City criteria of 18 inch ponding depth.  Two homes are 
inundated west of the 5 foot by 4 foot box culvert entrance where flow spills onto 81st Avenue. 

Upstream of the development, a 22.7 Ac-ft. regional detention basin is proposed to mitigate the flooding hazards.  
The detention facility would capture the 100-year event (703 cfs) prior to entering Poudre River Ranch Phase III 
development area at 81st Avenue.  A 72 inch RCP is proposed as the outlet structure to the facility, limiting the peak 
release to 325 cfs.  From the pond, flow will be conveyed downstream through the existing storm drain system at 
Skyview Street.  The reduced flow out of the pond will reduce the overtopping at Skyview Street to less than 6 
inches in depth.  The overtopping flow at 81st Avenue will also be reduced to 185 cfs, meeting the City’s criteria of 
less than 18 inches in depth.  

Construction of a detention basin could provide the City can opportunity to work with the surrounding land owners 
to minimize costs of the pond while maximizing the potential benefit of the pond.  Future development in the area 
could use the detention pond footprint to help minimize the remaining on-site detention requirements, thus 
promoting a working relationship between the City and development groups.   

The proposed detention pond has been designed such that it does not exceed the requirements of a jurisdictional 
dam in the State of Colorado, with a maximum depth of less than 10 ft. deep, surface area less than 20 acres, and 
less than 100 acre-feet in size.  However, given the changing dam safety requirements, it is still recommended that 
the City consult the State for current guidance prior to purchasing land or designing the detention facility.  

Prior to implementation, the basin volume would need to be re-evaluated based upon upstream development and 
possible reduction in volume.  Regardless of the proposed detention facility, all developments in the Wiedeman 
Creek Basin are to adhere to current City of Greeley detention standards, detaining to the 5-yr historic discharge. 

Similarly to Sharktooth Draw, the proposed detention basin could provide a multi-objective function for the local 
natural area in Wiedeman Creek, providing flood management, but also improving the ecological function, wildlife 
habitat, and public access within the site.  A future trail is currently proposed to extend along Wiedeman Creek 
through the proposed detention basin.  The detention facility would also help promote wildlife through the 
preservation of native vegetation and habitat areas, as well as be designed to provide regional water quality 
benefits.  Natural hydrologic function could continue to exist by conveying bankfull, base flows undetained through 
the pond area, up to the capacity of the proposed downstream infrastructure and acceptable roadway overtopping.  
Pond landscaping could include seeding with drought-tolerant native seed mixes, infrequent or no-mow areas.  Any 
needed mowing practices could occur outside of ground-nesting bird seasons in the spring.  Conceptual cost 
estimate of the pond assumes minimal facility enhancements as the storage capacity of this detention basin will not 
be required when the upstream property develops.   

The proposed improvement requires purchase of approximately 11 acres of land for the detention basin.   

No known water or sanitary conflicts have been identified in the area.  Dry utilities in the location of the pond are 
unknown, but assumed to be minimal.  The improvements also consist of the installation of headwalls and wingwalls 
on the upstream and downstream side of pond outlet, and the installation of a riprap stilling basin for outlet 
protection.   Channel improvements to the drainageway will be required downstream of the crossing in order to 
promote drainage. The low flow channel through the pond will require drop structures in order to ensure the long-
term stability of the stream system. 

The detention basin was sized for the existing conditions land use scenario.  Prior to final design and construction, 
any development that has occurred upstream of the roadway crossing should be considered to update the design 
discharge. 

CLICK HERE TO VIEW WIEDEMAN CREEK EXHIBITS 
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Table 7-13: Wiedeman Creek - 81st Avenue  
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7.2.7.3  WIEDEMAN CREEK – 78TH AVENUE  

At the upstream end of Poudre River Ranch Phase III at 78th Avenue, offsite flow inundates one structure along the 
west side of 78th Avenue.  A swale is proposed south of the Poudre River Ranch Phase III development to capture 
flows east to 78th Avenue.  The swale, with a five foot bottom, conveys the 100-year existing discharge of 54 cfs at a 
depth of 2.1 feet.  A combination of storm drain and surface flow conveyance will carry the flow north on 78th 
Avenue within the City of Greeley depth criteria. 

The north side of the swale will be covered in an reinforcement turf mat to help prevent bank erosion along the 
channel, further protecting the homes in Poudre River Ranch Phase III.   

No known water or sanitary conflicts are anticipated at this location.  Location of dry utilities are unknown and 
should be investigated prior to final design. 

The swale was sized for the existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be considered to update the design 
discharge. 

CLICK HERE TO VIEW EXHIBITS 

 

Table 7-14: Wiedeman Creek - 78th Avenue Flood Mitigation 
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7.2.7.4  WIEDEMAN CREEK – AMOUR HILL DRIVE  

An existing 30 inch storm drain intercepts stormwater runoff from the farm land east of Amour Hill Drive.  The 
shallow unconfined flow from the Wiedeman Family Farm inundates two structures as the stormwater continues 
west to Amour Hill Drive.  The storm drain flow is conveyed west between two residential properties where the flow 
is discharged into an open channel between N 78th Avenue and Amour Hill Drive.  The open channel is conveyed 
underneath Poudre River Road in a 36 inch storm drain which outfalls in the same open channel as the storm drain 
in N 78th Avenue.  The capacity in the existing storm drain is greatly reduced by the slope of the system, currently 
less than 0.1 percent. 

Improving the slope of the system at Amour Hill Drive will greatly increase the capacity of the system.  Relaying the 
30 inch storm drain at 0.5 percent as it crosses Amour Hill Drive will collect the majority of the flow.  The flow that is 
not collected in the proposed system will travel overland through a defined channel to Amour Drive.   

The improvements also consist of replacing two inlets on Amour Hill Drive, one manhole and relaying 55 ft. of 30inch 
pipe.  It is assumed that utility conflicts will be minimal as the proposed system will be located in the alignment of 
the existing storm drain.   Since this project improves the drainage on the existing system, any changes to future 
hydrology are not anticipated to impact this proposed improvement. 

 

CLICK HERE TO VIEW EXHIBITS 

 

Table 7-15: Wiedeman Creek – Amour Hill Drive  

 

 

  



 
SHARKTOOTH BLUFFS STORM DRAINAGE MASTER PLAN  

82 

7.2.8  FAIRWAY TRIBUTARY 

The Fairway Tributary Watershed extends from the Greeley No. 3 Canal south past Dundee Court.  The watershed 
lies within the City of Greeley and unincorporated Weld County.  Stormwater runoff is conveyed from the south 
through Boomerang Links Golf Course north to Poudre River Road in the Poudre River Ranch Phase I development.  
Runoff is ultimately discharged into the Greeley No. 3 Canal. 

Flows near the upstream end of the watershed meander through the golf course converging at the corner of C 
Street and Melbourne Street.  Baseline hydrologic modeling does not account for the unformalized and inadvertent 
detention on the golf course and indicates overtopping of Melbourne Street at a depth less than 6 inches.  
Overtopping flows not intercepted by the storm drain inlet at the C Street and Melbourne Street intersection 
continue north along 71st Avenue into the Northridge Draw Watershed.   

Runoff from the Wiedeman Family Farm property on the northwest edge of the watershed is conveyed in a 
northeast direction, crossing Vallevue Drive to the east where flows enter a storm drain crossing Poudre River Road.  
The storm drain continues north and is flumed in the 36 inch storm drain over the Greeley No. 3 Canal.  

7.2.8.1  FAIRWAY TRIBUTARY - MELBOURNE STREET 

The proposed storm drain system improvements at Melbourne Street include intercepting 67 cfs from Boomerang 
Links Golf Course south of Melbourne Street.  A proposed 42 inch RCP storm drain will convey the discharge into the 
existing Northridge Draw channel north of C Street. 

The improvement requires removal of a portion of the existing storm drain system, resetting the existing inlet 
laterals at West C Street and 71st Avenue, and CDOT Type D inlets to collect water from the fairway.  

No sanitary conflicts are known along the proposed alignment.  A water line crossing is anticipated in 71st Avenue.  
Dry utilities are unknown for this crossing and should be investigated prior to final design.   

Minor channel improvements to the drainageway will be required upstream and downstream of the storm drain 
system in order to promote drainage. 

The culvert was sized for the existing conditions land use scenario.  Prior to final design and construction, any 
development that has occurred upstream of the roadway crossing should be considered to update the design 
discharge. 

 

Table 7-16: Fairway Tributary: Melbourne Street 
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7.2.8.2  FAIRWAY TRIBUTARY – CACHE COURT CANAL BASEFLOW SEPARATION 

To separate stormwater flow from the Greeley No. 3 Canal, a flume is proposed just west of Cache Court.   
Conveying the flows over the canal and discharging the stormwater into the open space north of the canal will 
reduce flows in excess of the decreed flow entering the canal that pose flooding hazards downstream.  
Improvements to the open space north of the canal include a low flow crossing such that the open space trail is not 
inundated by nuisance runoff.   

A 30 inch sanitary sewer line is present along the north side of the canal.  No conflicts are anticipated with this utility 
as all proposed improvements will be at grade.  No known water line conflicts are present.  Dry utilities are unknown 
for this crossing and should be investigated prior to final design.   

Table 7-17: Fairway Tributary - Cache Court Canal Baseflow Seapartion 
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7.2.9  NORTHRIDGE DRAW 

On the eastern edge of the basin, Northridge Draw is home to Northridge High School, Winograd K-8, and 
Northridge Estates.  Runoff drains from south to north, passing through the school property to C Street where the 
existing drainageway continues north onto private property.  No formal conveyance is provided north of C Street 
with flows overtopping 71st Avenue to the north at a depth less than six inches into the Foothills Tributary 
Watershed.  At the downstream end of the watershed stormwater runoff is discharged into the Greeley No. 3 Canal. 

7.2.9.1  NORTHRIDGE DRAW – C STREET AND 71ST AVENUE  

The proposed storm drain system proposed in the Fairway Tributary discharges into an existing swale north of C 
Street.  The Winograd detention basin also contributes to the existing swale, conveying flow from south of C Street 
to the north through the 18 inch RCP outlet.  The existing drainage swale is proposed to convey flow north to an 
existing retention pond.  The existing swale has drainage capacity to convey the 100-year discharge of 71 cfs.  The 
existing retention pond is proposed to be formalized with the installation of an outlet to the existing pond to convey 
stormwater through the retention pond.  The outlet, a 42 inch RCP, is designed to intercept any runoff in excess of 
the normal water pool elevation and discharge to the northwest.  A CDOT Type D inlet will intercept flow near 71st 
Avenue in a 42 inch RCP storm drain system.  The culvert will discharge into an existing drainage swale that will 
convey flow north to 71st Street. 

At 71st Street, a proposed inlet will collect the 100-year flow of 71 cfs and convey it into a proposed 42 inch storm 
drain system that will discharge into a drainage swale along the south side of 71st Street.  The swale will be conveyed 
under 71st Street in dual 2 foot high x 6 foot wide RCBC culverts and into an existing detention pond located at the 
bend in 71st Avenue.  Slight regrading of the existing detention basin from Poudre River Drive downstream is 
proposed to encourage better drainage in the area. 

Local drainage combines with the pond outfall flows, increasing the 100-year peak flow to 102 cfs.  A 7 foot by 3 foot 
RCBC flume will be installed at the 100-year water surface elevation in the pond.  The flume will convey flows in 
excess of the outlet structure to the north side of the Greeley No. 3 ditch, separating stormwater runoff from the 
Greeley No. 3 Canal.  On the north side of the canal, flow will travel to 71st Street where a proposed 24 inch culvert 
will increase the drainage capacity of the two existing RCP crossing.  East of 71st Avenue, the flow is conveyed along 
the historic flow path in a wetland channel continuing into the Sheep Draw Basin and ultimately the Poudre River. 

A CDOT Type D inlet was estimated as the pond outlet to maintain the existing pool elevation in the pond such that 
the facility is used for stormwater detention beyond the current storage elevations.  The sizing of the Type D should 
be confirmed during final design once survey is available to determine the available head on the inlet to intercept 
the 100-year discharge.   The official water right requirements associated with the existing retention pond should 
also be investigated prior to implementation. 

A water main conflict is anticipated at the 71st Avenue crossing as a 16 inch water main is present.  Multiple sanitary 
sewer lines are also present, including a 30 inch sanitary north of the Greeley No. 3 Canal.  None of the sanitary 
utilities are anticipated to be in conflict as the improvements near the Greeley No. 3 Canal are proposed at grade. 
Dry utilities are unknown and should be investigated prior to final design.  Minor channel improvements to the 
drainageway will be required upstream and downstream of the crossing in order to promote drainage. 

 

CLICK HERE TO VIEW EXHIBITS 
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Table 7-18: Northridge Draw: C Street and 71st Avenue 
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30 in. RCP

Melbourne Street
Proposed Improvement: 
42 in. RCP

71st Avenue
Proposed Improvement: 
24 in. RCP

C Street
Proposed Improvement: 
Drainage Easement 
Formalize Retention
Drainage Channel
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Table 7-19: Master Plan Cost Estimate Summary 

Watershed Location Priority Capital
 Easement / 

ROW  Engineering 
 Legal / 
Admin 

 Contract 
Admin / CM  Contingency 

 Total Capital 
Cost 

 Annual 
O&M 

 50-year 
O&M 

Future 4th Street (West) Roadway Crossing Low 125,408$           -$               18,811$        6,270$          12,541$         31,352$         194,382$         50$              1,571$           
Future 4th Street (Central) Roadway Crossing Low 45,134$              -$               6,770$           2,257$          4,513$           11,284$         69,958$           50$              1,571$           

Future 4th Street (East) Roadway Crossing Low 45,134$              -$               6,770$           2,257$          4,513$           11,284$         69,958$           50$              1,571$           
95th Avenue Roadway Crossing Low 214,015$           -$               32,102$        10,701$       21,402$         53,504$         331,724$         120$           3,771$           

County Road 62 Improvements & Upstream 
Detention Pond Medium 7,626,086$        2,114,000$   1,143,913$  381,304$     762,609$      1,906,522$   13,934,434$   90,019$     2,828,722$   

Bellevue Pipeline Stabilitization Medium 79,900$              -$               11,985$        3,995$          7,990$           19,975$         123,845$         670$           21,054$         
8,135,677$        2,114,000$   1,220,351$  406,784$     813,568$      2,033,921$   14,724,301$   90,959$     2,858,260$   

County Road 62 (West) Roadway Crossing Low 311,206$           -$               46,681$        15,560$       31,121$         77,802$         482,370$         100$           3,142$           

County Road 62 (Central) Roadway Crossing Low 38,892$              -$               5,834$           1,945$          3,889$           9,723$            60,283$           50$              1,571$           

County Road 62 (East) Roadway Crossing Low 401,548$           96,800$         60,232$        20,077$       40,155$         100,387$       719,199$         2,125$        66,775$         
83rd Avenue Roadway Crossing Low 420,038$           -$               63,006$        21,002$       42,004$         105,010$       651,060$         160$           5,028$           

Jones Ditch at 83rd Avenue Canal Baseflow 
Seperation Medium 100,193$           96,800$         15,029$        5,010$          10,019$         25,048$         252,099$         1,034$        32,492$         

1,271,877$        193,600$      190,782$      63,594$       127,188$      317,970$       2,165,011$     3,469$        109,008$      

Sharktooth Draw

Poudre Learning 
Center

Total

Total

Watershed Location Alternative Type Capital
 Easement / 

ROW  Engineering 
 Legal / 
Admin 

 Contract 
Admin / CM  Contingency 

 Total Capital 
Cost 

 Annual 
O&M 

 50-year 
O&M 

4th Street Roadway Crossing Low 90,415$              -$               13,562$        4,521$          9,042$           22,604$         140,144$         100$           3,142$           
Skyview Street --- -$                    -$               -$               -$              -$               -$                -$                  1,502$        47,198$         

81st Avenue Detention Basin High 1,799,261$        998,000$      269,889$      89,963$       179,926$      449,815$       3,786,854$     23,589$     1,179,450$   
78th Avenue High 100,152$           59,000$         15,023$        5,008$          10,015$         25,038$         214,236$         1,224$        61,200$         

Amour Hill Drive High 110,013$           22,000$         16,502$        5,501$          11,001$         27,503$         192,520$         1,073$        53,650$         
2,099,841$        1,079,000$   314,976$      104,993$     209,984$      524,960$       4,333,754$     27,488$     1,344,640$   

Poudre River Road --- -$                    -$               -$               -$              -$               -$                -$                  818$           25,705$         
-$                    -$               -$               -$              -$               -$                -$                  818$           25,705$         

Cache Court Canal Baseflow Seperation Medium 86,021$              -$               12,903$        4,301$          8,602$           21,505$         133,332$         434$           13,638$         
Melbourne Street High 93,050$              8,800$           13,958$        4,653$          9,305$           23,263$         153,029$         301$           9,459$           

Detention North of Melbourne Street --- -$                    -$               -$               -$              -$               -$                -$                  702$           22,059$         
179,071$           8,800$           26,861$        8,954$          17,907$         44,768$         286,361$         1,437$        45,156$         

C Street and 71st Avenue High 942,378$           470,000$      141,357$      47,119$       94,238$         235,595$       1,930,687$     4,739$        148,916$      
942,378$           470,000$      141,357$      47,119$       94,238$         235,595$       1,930,687$     4,739$        148,916$      

Northridge Draw

Wiedeman Creek

Poudre River Ranch 
Phase I and II

Fairway Tributary

Total

Total

Total

Total
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7.3  BENEFIT COST ANALYSIS 

A benefit cost analysis was performed to determine the potential benefits of implementing flood mitigation 
alternatives along North 81st Avenue.  No other proposed improvements mitigated significant damage on insurable 
structures warranting a benefit cost analysis. 

For the purposes of this analysis, all residential structures were assumed to have finished basements with window 
openings at ground level.  Structure values were obtained from the Weld County Assessor’s website.  Contents value 
was assumed to be 50 percent of the structure value.  A standard FEMA discount rate of seven percent was used 
along with the project useful lifetime of 50 years when computing present value of damages. 

An Excel spreadsheet was developed to simulate FEMA’s calculations of benefit-cost ratio.  All flood return intervals 
(2-, 5-, 10-, 50-, and 100-yr) were accounted for when computing expected annual damages before mitigation for 
each structure.  All proposed alternatives along 81st Avenue mitigated flooding from all structures and therefore an 
expected annual damage after mitigation of zero was used.  Expected annual benefits were converted to total 
project benefits to include damages incurred over the entire lifetime of the project. 

As seen below, the benefit-cost ratio for the 81st Avenue improvement is 0.04.  Although the benefit from mitigating 
flood damages does not solely justify the project, the proposed improvements at 81st accomplish several other 
project goals such as removing overtopping of roadways in excess of six inches and flooding depths in streets of 
greater than 18 inches. 

Table 7-20: Benefit-Cost Analysis 

Expected Annual Damages Before Mitigation 12,728$              
Expected Annual Damages After Mitigation -$                    
Expected Annual Benefit 12,728$              
Total Project Benefits Over Project Useful Life 175,656$           
Total Project Cost Including Maintenance 4,966,304$        
Benefit - Cost Ratio 0.04

81st Avenue Benefit Cost Analysis 

 

7.4  PRIORITIZATION AND PHASING 

In general, drainage improvements should be constructed from downstream to upstream within each watershed, 
with exception to improvements which may reduce downstream discharges, such as detention basin projects.  
Proposed improvements were ranked based on: effectiveness in mitigating flood hazards, feasibility of construction, 
and performance of existing storm drainage infrastructure in the vicinity of each project. 

Prioritization and costs of each improvement can be found in Table 7-19. 

7.4.1  HIGH PRIORITIZATION 

High priority should be given to any project that mitigates flooding hazards and increases public health and safety.  
High prioritization was given to projects within Wiedeman Creek to reduce flow into Poudre River Ranch Phase III 
that inundated structures and exceeded street overtopping and depth criteria.  Both the detention facility along 81st 

Avenue and the improvements proposed at Armor Hill Drive would remove structures from being inundated and 
mitigate flooding hazards on existing systems that do not currently meet City criteria. 

Proposed improvements in both Fairway Tributary and Northridge Draw also provide flood protection to homes and 
businesses were assigned a high priority ranking.  Design flows are much less than what are experienced along 
Wiedeman Creek but do aim at increasing the public health and safety. 

7.4.2  MEDIUM PRIORITIZATION 

Canal baseflow separation projects were assigned a medium priority.  Excess storm flow in the irrigation canals can 
overwhelm the ditches and spill flow out at unknown locations, leading to flooding of downstream structures, land, 
and streets.  Overtopping of the irrigation canals are not known to currently pose flooding hazards to homes and 
businesses but detailed hydraulic modeling of the irrigation canals was not completed as part of this study. 

The improvements along Sharktooth Draw at County Road 62, which include the detention pond, drainage channel 
and storm drain in 95th Avenue have been assigned a medium priority.  The downstream channel and storm drain 
system provide a path for the future 100-year flow to discharge safely to the river; however the existing overland 
flow paths do not pose hazards to structures. 

7.4.3  LOW PRIORITIZATION 

Roadway crossings designed to enhance the drainage system to meet current City criteria were assigned a low 
priority.  The improved roadway crossings should be made in conjunction with the planned widening of roads and 
the addition of the future roadways.  Development immediately upstream of the proposed crossings should 
evaluate the need for the crossing at the time of development, as current crossings have a tendency to constrict 
flow prior to eventually overtopping the roadway.  This could lead to an easily avoidable situation in new 
development.  Downstream impacts should also be evaluated with any improved crossing plan. 

7.4.4  PHASING 

The following projects have phasing impacts that need to be considered prior to final design and construction: 

• The County Road 62 (east) roadway crossing in the Poudre Learning Center watershed needs to be 
constructed prior to, or in conjunction with, the Jones ditch canal baseflow separation. 

• The flood mitigation project at Melbourne Street, in the Fairway Tributary watershed, cannot be installed 
until the flood mitigation projects in the Northridge Draw watershed have been completed. 

7.5  STREAM BUFFER WIDTH 

In order to ensure the long-term stability of a stream system, a buffer is recommended to be preserved between the 
stream and anthropogenic influences. In natural streams, the stream belt width or floodplain width often serves as 
the buffer. The stream belt width is diagrammatically shown in Figure ES 3.  Belt width is the lateral distance from 
the outside edge of one meander to the outside edge of the next meander (Figure 1). Channel meanders shift 
through time, generally moving in a downstream direction. By preserving the land within the belt width of a stream, 
one can allow the channel to continue to evolve and change its planform without coming into conflict with human 
infrastructure. 
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Figure 7.3: Stream Belt Width (Wildland Hydrology, 2013) 

Two methods were used to estimate stream belt widths for major drainages within the Sharktooth Basin.  The 
Stream Belt Width method is an empirical procedure based on a relationship of data from stream systems across 
many physiographical regions, developed by Williams in 1986, this procedure related the meander belt width to 
channel bankfull width through a power equation.  The second method utilized to calculate the ideal stream belt 
width was based on shear stress. If the shear stress applied on a floodplain by flowing water exceeds the carrying 
capacity of the floodplain vegetation, the vegetation will be destroyed, and subsequent erosion, scour, and channel 
avulsions could occur. In order to prevent this, the critical shear stress at which the vegetation will begin to fail was 
reviewed. 

Table 7-21: Stream Buffer Width 

 

As shown by the table, the required belt or floodplain width has the potential to change over time with projected 
hydrology changes from new development. It is recommended that at a minimum, the existing stream belt widths 
be preserved within the basin to maintain stream health and maximize drainageway resiliency.  Belt widths for each 
drainageway for both existing and future hydrologic scenarios can be found in Figure 7.4. 

As development occurs in each watershed, City detention criteria will reduce peak flows along the drainageways.  As 
such, channel buffer widths may reduce accordingly to the future condition widths shown above.  It is 
recommended that this transition be considered after the upstream watershed has reached approximately 80 
percent development density.  At this time it is also recommended that a more detailed geomorphic study be 
completed to best determine the appropriate thresholds for the bankfull channel and floodplain areas within the 
buffer width.  Additional design considerations are discussed below. 

7.6  STREAM MANAGEMENT CORRIDOR 

Given an adequate floodplain corridor, natural streams adjust to changing hydrologic and sediment supply regimes, 
have well-established, healthy riparian corridors that provides bank stabilization, and have increased resiliency to 
higher flow rates.  A healthy stream corridor is comprised of a multi-stage channel that promotes riparian vegetation 
during smaller flows while providing flood terraces to relieve pressure on the system by allowing higher flows to 
periodically activate the overbanks.  The multi-stage channel allows for energy to dissipate as flow spreads on the 
floodplain terraces, sediment to flow freely, and promote a healthy biodiversity of vegetation. 

As urbanization occurs within a basin, buildings, roadways, and infrastructure often encroach on a stream corridor.  
Allowable widths and depths of floodplains are often restricted, increasing the velocities and erosive power of flood 
flows.  With development anticipated throughout the Sharktooth Basin in coming years, existing stream corridors 
should be protected in order to maintain or establish High-Functioning, Low Maintenance (HFLM) stream systems 
and promote the overall health of the drainageway. 

Channel parameters for the stream management corridor were developed using Rosgen stream classifications.  
Bankfull areas were estimated using regional regression equations developed for the Front Range based on tributary 
area to each design reach.  A Rosgen stream type was assigned to each reach based on the longitudinal slope of the 
existing drainageway.  Reaches ranging between 0.2 percent and 0.4 percent were assigned a Type E, between 0.4 
percent and 2 percent assigned a Type C, and greater than 2 percent assigned a Type B stream classification. 

A range of bankfull channel dimensions were developed from width to depth ratios based on each stream type.  
Rosgen Type B and E streams are proposed to have a width to depth ratio of 10-12, while Type C streams were 
designed to have a width to depth ratio of 18 to 20. 

Guidance for other stream parameters such as pool to pool spacing, entrenchment ratio, meander width, and 
sinuosity for each reach are summarized in Table 7-22, below.  These geomorphic parameters were developed from 
a desktop assessment for planning purposes. An on-site geomorphic analysis will be required prior to development 
of channel design.  The complete geomorphic analysis for each reach can be found in Appendix D. 

Several recent stream restoration projects were analyzed to approximate a stream restoration cost per linear foot of 
drainageway.  The unit cost per linear foot was developed to include: earthwork, riffle structures, bank protection, 
riprap, and other stabilization techniques that might be required.  An average cost per linear foot of $750 was used 
to estimate future stream restoration costs along Sharktooth Draw, Poudre Learning Center Tributary, and 
Wiedeman Creek stream reaches.  It is recommended that through a City budget, or property reimbursement fees, 
the costs presented in Table 7-21 be used to plan for future stream restoration needs which may develop as the 
hydrology changes overtime within each basin.  As an alternate, the stream restoration improvements 
recommended are constructed alongside the new development should the stream corridor be in need of 
rehabilitation at the time of development. 

 

Ex. Conditions Fut. Conditions
Sharktooth Draw 186 73
Poudre Learning Center 130 1 56
Wiedeman Creek 119 64
1- Value adjusted based on Rosgen classification

Channel Buffer Width
Drainageway



 
SHARKTOOTH BLUFFS STORM DRAINAGE MASTER PLAN  

91 

Table 7-22: Geomorphic Assessment 

Watershed Design Pt Area (mi2)
Reach Length 

(ft)
Slope 
(ft/ft)

Stream 
Type Width Range Depth Range Pool Spacing Entrenchment Ratio Meander Width Cost Estimate

Sharktooth Draw 95th Ave 1.22 4050 0.020 B 9.2 ft - 10.1 ft 0.8 ft - 0.9 ft 38.5 ft - 48.1 ft Greater than 2.2 20.9 ft - 83.5 ft $3,037,500
Sharktooth Draw Sharktooth Bluffs to CR 62 1.56 2660 0.020 B 10 ft - 10.9 ft 0.9 ft - 1 ft 41.7 ft - 52.2 ft Greater than 2.2 20.9 ft - 83.5 ft $1,995,000

Poudre Learning Center CR 62 to Poudre 0.47 3900 0.014 C 9 ft - 9.5 ft 0.5 ft - 0.5 ft 46.3 ft - 55.6 ft Greater than 2.2 74.1 ft - 129.7 ft $2,925,000
Poudre Learning Center DS of Bluffs to CR 62 0.28 2140 0.040 B 5.6 ft - 6.2 ft 0.5 ft - 0.6 ft 23.6 ft - 29.5 ft Greater than 2.2 11.8 ft - 47.2 ft $1,605,000

Wiedeman Creek 4th St. to 81st Ave 1.08 2860 0.022 B 8.8 ft - 9.7 ft 0.8 ft - 0.9 ft 37 ft - 46.3 ft Greater than 2.2 18.5 ft - 74 ft $2,145,000
Wiedeman Creek 10th St to 4th St 0.52 3240 0.020 B 7 ft - 7.6 ft 0.6 ft - 0.7 ft 29.1 ft - 36.4 ft Greater than 2.2 14.6 ft - 58.3 ft $2,430,000

 

 

7.7  GEOMORPHIC ROADWAY CROSSINGS 

Roadway crossings sized to compliment high functioning streams are safer, more resilient to large flood events, 
better convey sediment and debris, require less maintenance over time, and also provide better conditions for 
aquatic passage than traditionally designed crossings.  The Urban Drainage and Flood Control District (UDFCD), now 
operating as the Mile High Flood District, supports this concept but understands that in some cases, site conditions 
will limit the design. 

For new stream crossings within developing areas, and also for the replacement of old structures at already 
established crossings, geomorphic crossing design should be considered.  It is recognized that geomorphic design is 
not possible for all stream crossing situations. Economically, Geomorphically Sized Crossing (GSCs) are more 
expensive initially than traditional designs. Additionally, GSCs generally require more space than traditional 
crossings. Sometimes these or other constraints may limit geomorphic design. In these instances, the reasons why a 
geomorphic design is not feasible at a particular site, should be clearly demonstrated prior to undertaking a different 
design approach. 

The key principle of GSCs is that rather than being sized primarily on a hydraulic basis where the primary goal is to 
pass a design discharge, the crossing is sized based on the dimensions and characteristics of the upstream and 
downstream channel and floodplain.  Further information regarding the design of GSCs is available from the UDFCD.   

Alongside the GSCs, auxiliary floodplain culverts should be considered as a means of minimizing contraction and 
expansion of high flows at the crossing, where practical.  Many small floodplain culverts function more efficiently 
than just one large floodplain culvert.  Floodplain relief culverts should be sized large enough to allow for 
maintenance as needed. 

7.8  WATER QUALITY IMPACTS 

No specific regional water quality improvements are proposed for the Sharktooth Bluffs Basin.  Water quality will be 
provided on a site specific basis throughout the basin as development occurs. 

Eroding channel banks also can lead to degradation in water quality throughout a basin.  By monitoring the bluffs for 
erosion and sediment transport, providing adequate channel preservation or restoration, and through the 

promotion of riparian vegetation, less erosion and sediment transport would be expected to occur, and the overall 
water quality for the basin would increase. 

7.9  OPERATIONS AND MAINTENANCE 

Maintenance costs were included in the detailed cost estimates for sediment and debris removal and structural 
repairs for manholes and inlets once every five years.  Maintenance costs for the detention and water quality 
facilities which include sediment and debris removal, structural repairs, tree and weed removal was assumed to 
occur every other year.  Costs were included on detention facilities for maintenance roads to provide access around 
the facility. 
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APPENDIX A - PROJECT CORRESPONDENCE  
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APPENDIX B - HYDROLOGIC ANALYSIS 

  



#*

#*
#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*#*

#*

#*

#*
#*

#*

#*

#*#*#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*#*

#*

#*

#* #*

#*

#*

#*
#*

#*

#*

#*

#*

#*

"
"

"

""

"

"

"
"

"

"

"

"

"

"

"

"
"

"

"

"

""

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*#*
#*

#*#*

#*

#*#*

#*

#*

#*

#*

#*

#*
#*#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#* #*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*#*

#*

#*

#*

#*
#*

#*

#*
#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*
#*

#*

#*

#*

#*#*

#*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*#*

#*
#*

#*

#*

#*

#*

#*

#*#*#*

#*

#*#*

#*

#*

#*
#*

#*

#*

#*
#* #*

#*

#*

#* #*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*
#*

#*#*

#*

#*

#*
#*#*

#* #* #*

#*#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*
#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

"
"

"

"

"

"

"

"

"

"

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*#*

#*

#*

#*
#*

#*

#*

#*#*#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*#*

#*

#*

#* #*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*
#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*#*
#*

#*#*

#*

#*#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#* #*

#*

#*

#*#*

#*
#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*
#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*
#*

#*#*

#*

#*#*

#*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*#*

#*
#*

#*

#*

#*

#*

#*

#*#*#*

#*

#*#*

#*

#*

#*
#*

#*

#*

#*
#* #*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*
#*

#*#*

#*

#*

#*
#*#*

#* #* #*

#*#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*
#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

WC_D160

WC_D806

WC_D310

WC_D272

WC_D210

WC_D205

WC_D172

WC_D155

WC_D150

WC_D113

WC_D112

WC_D111

WC_D110WC_D109

WC_D106

WC_D105

WC_D103

WC_D101

ND_D140

ND_D120 ND_D115 ND_D110

ND_D105

FT_J115

FT_D305

FT_D205

FT_D130

FT_D125

FT_D105 FT_D101

SKD_S180

SKD_D580

SKD_D270

SKD_D190

SKD_D170

SKD_D165

SKD_D135

SKD_D110

PLC_J105

PLC_D115

WC_D112.5

WC_D105.2
WC_D105.1

WC_D160

WC_D806

WC_D310

WC_D272

WC_D210

WC_D205
WC_D172

WC_D155

WC_D150

WC_D113

WC_D112

WC_D111

WC_D110
WC_D109

WC_D106
WC_D103

WC_D101

ND_D140

ND_D120 ND_D115
ND_D110

ND_D105

FT_J115

FT_D305

FT_D130

FT_D125

FT_D101

SKD_S180

SKD_D580

SKD_D270

SKD_D190

SKD_D170

SKD_D165

SKD_D135

SKD_D110

PLC_J105

PLC_D115

WC_D112.5

WC_D105.2
WC_D105.1

!*
WC_173

4         47.3           70.0

!*
ND_110

1         45.8           78.8

!*
SD_105

67       5.3          7.0

!*
SKD_137
53       8.2          55.1

!*
PR_120

35       5.7          7.0

!*
PR_155

9.2     41.1          60.7

!*
PLC_100

9.2     18.9          21.8

!*
WC_107

9.1     26.7          55.7

!*
WC_101

7.6     64.2          70.0

!*
WC_111

6.9     37.9          70.0

!*
ND_140

5.5     59.1          79.9

!*
PRR_105
5.3     5.1          75.0

!*
ND_135
4.8     5.3          80.0

!*
FT_105

8.1     43.2          65.7

!*
PR_100

7.6     5.0          7.0

!*
PR_160

6.7     21.7          53.8

!*
WC_102

6.6     39.7          70.2

!*
WC_165

5.4     52.4          84.5!*
WC_155

5.2     52.9          87.6

!*
FT_100

4.5     31.8          45.5

!*
WC_172

4.2     55.4          70.0

!*
WC_103

3.8     59.8          70.1

!*
WC_170

3.6     18.3          72.9

!*
WC_112.5
3.4     32.5          70.3

!*
WC_100

3.3     24.6          36.1

!*
FT_115

3.3     21.7          50.0

!*
SKD_106

2.9     16.1          48.9

!*
WC_109

2.8     43.3          70.0

!*
WC_145

2.7     30.3          80.4

!*
WC_171

2.6     63.4          70.0

!*
WC_112

2.5     22.4          70.0

!*
WC_108

2.5     56.9          70.1

!*
WC_105.2
2.2     62.1          70.3!*

WC_105.1
2.1     60.7          70.0

!*
SKD_160

1.9     24.4          63.1

!*
FT_110

1.8     8.6          54.4

!*
ND_115

1.2     16.2          80.0!*
ND_120

0.4     69.2          80.0

!*
SKD_140

90.5      5.4           51.2

!*
SKD_126

89.5      7.8           52.5

!*
SKD_155

87.7      8.1           65.0

!*
PR_150

86.9      17.0           16.4

!*
MPD_100
79.7      5.4           7.0

!*
HD_105

72.3      5.5           7.0

!*
SD_100

66.6      5.5           7.0

!*
SKD_135

65.2      5.7           51.2

!*
SKD_130

63.1      5.4           51.2

!*
SKD_136

57.8      7.8           53.0 !*
PLC_121

55.1      5.6           66.8

!*
FT_130

53.7      34.3           54.6

!*
SKD_120

51.5      5.5           51.2

!*
SKD_100

50.9      6.7           9.5

!*
OG_105

44.5      5.3           46.6

!*
SKD_185

43.8      23.2           75.0

!*
SD_115

41.4      5.1           7.0

!*
OG_110

40.8      6.4           44.4

!*
HD_100

40.1      5.0           7.0

!*
SKD_195

38.9      16.3           78.0

!*
SKD_110

38.1      6.2           37.1

!*
PR_110

37.3      5.4           7.0

!*
SD_110

36.3      5.6           7.0

!*
FT_120

34.1      36.6           50.0

!*
SKD_170

33.8      17.0           26.0

!*
WC_160

33.8      17.0           91.7

!*
SKD_115

33.2      6.9           29.4

!*
ND_105

32.7      20.5           51.3

!*
SKD_175

32.4      11.9           13.7

!*
PR_130

31.3      7.0           7.0

!*
SKD_180

30.7      22.1           78.5

!*
ND_130

29.6      25.0           80.0

!*
WC_113

28.9      5.4           75.0

!*
SKD_125

28.2      5.0           51.2

!*
PR_105

27.4      5.4           7.0 !*
WC_114

26.9      5.6           74.3

!*
SKD_165

26.8      16.5           24.5

!*
WC_146

26.5      7.4           54.5

!*
SKD_190

24.7      13.7           75.0

!*
ND_100

22.5      12.1           56.8

!*
SKD_105

22.4      7.2           23.4

!*
WC_130

20.2      19.1           52.0

!*
FT_101

19.6      27.5           59.6

!*
PRR_100

19.3      46.7           70.5

!*
FT_125

18.9      5.7           67.0

!*
WC_110

17.3      36.4           70.1

!*
SKD_141

16.8      5.1           51.2

!*
WC_115

16.4      9.7           52.1

!*
WC_106

15.1      36.8           70.1

!*
PR_125

13.7      5.3           7.0

!*
PR_115

10.7      5.3           70.0

!*
WC_105

11.1      54.5           70.0

Sh
ar

kto
oth

 D
raw

Wiedeman Creek

Or
r G

ulc
h

Poudre Learning Center

Spur Draw

Hertzke Draw

Mi
ss

ile
 Pa

rk 
Dr

aw

Fairway Tributary

!*
WC_120

199.1     6.9           73.9
!*

MPD_105
194.8     6.7           7.0

!*
OG_100

188.1     6.1           7.1

!*
WC_140

170.8     10.8           73.1

!*
PLC_105

161.1     41.2           43.7

!*
HD_110

156.7     5.8           19.1

!*
PR_135

142.6     65.8           67.1

!*
SKD_145

138.9     6.3           53.7

!*
PLC_110

133.8     7.1           30.0

!*
PLC_115

125.8     5.9           34.4

!*
PLC_120

121.8     6.4           46.2

!*
SD_120

120.6     7.3           13.8

!*
WC_150

116.5     6.5           72.7

!*
WC_135

112.6     19.3           51.5

!*
SKD_150

112.3     6.3           47.1

4th St

10th StUS Hwy 34 Bus

95
th

 A
ve

71
st

 A
ve

83
rd

 A
ve

St
at

e 
H

w
y 

25
7

N
 8

3r
d 

Av
e

State Hwy 257 Spur

C
ou

nt
y 

R
oa

d 
27

12th St

Grizzly Dr

N
 7

1s
t A

ve

80
th

 A
ve

16th St

C
ou

nt
y 

R
oa

d 
29

Promontory Circle

N
 7

1s
t A

ve

WC_J706WC_J506

WC_J505

WC_J420

WC_J340

WC_J320

WC_J307
WC_J305WC_J273

WC_J240

WC_J220

WC_J205

WC_J173

WC_J172

WC_J171

WC_J165

WC_J146

WC_J140

WC_J135

WC_J120 WC_J114

WC_J109

WC_J105

WC_J102

WC_B173

WC_B165
WC_B160

WC_B155

WC_B150

WC_B146

WC_B140

WC_B130

WC_B120

WC_B115

WC_B114

WC_B111

WC_B107

WC_B102

SD_J210

SD_J200
SD_J110

SD_J100

SD_B120
SD_B115

SD_B110

SD_B105

SD_B100

PR_J355

PR_B160

PR_B155

PR_B150

PR_B135

PR_B130

PR_B125

PR_B120

PR_B115
PR_B110

PR_B105

PR_B100

OG_J100

OG_B110OG_B105

OG_B100

ND_J430

ND_J330

ND_J305

ND_J230

ND_J205
ND_J130

ND_J100

ND_B140

ND_B135

ND_B130

ND_B120 ND_B110

ND_B105

ND_B100

HD_J110
HD_B110

HD_B105

HD_B100

FT_J705

FT_J605FT_J505 FT_J405
FT_J305

FT_J215

FT_J201

FT_J150

FT_B125
FT_B120

FT_B105

FT_B101

FT_B100

SKD_J636 SKD_J436

SKD_J420

SKD_J380

SKD_J336

SKD_J335

SKD_J320

SKD_J290

SKD_J280
SKD_J275

SKD_J265

SKD_J250

SKD_J235

SKD_J226

SKD_J220

SKD_J180

SKD_J175

SKD_J160

SKD_J150

SKD_J145

SKD_J140

SKD_J136 SKD_J126

SKD_J125

SKD_J120

SKD_J110

SKD_J106
SKD_J105

SKD_J100

SKD_B195
SKD_B190

SKD_B185
SKD_B180

SKD_B175

SKD_B170

SKD_B165

SKD_B160

SKD_B155

SKD_B150

SKD_B145

SKD_B141

SKD_B140

SKD_B137

SKD_B136

SKD_B135

SKD_B130

SKD_B126

SKD_B125

SKD_B120

SKD_B115

SKD_B110

SKD_B106

SKD_B105

SKD_B100

PRR_J100

PRR_B105

PRR_B100

PLC_J215

PLC_J120

PLC_J115

PLC_J110

PLC_J100

PLC_B121

PLC_B120

PLC_B115
PLC_B110

PLC_B105
PLC_B100

MPD_B105

MPD_B100

SD_Outlet

OG_Outlet

HD_Outlet

FT_OUTLET

WC_OUTLET3

WC_OUTLET2

SKD_OUTLET

PRR_OUTLETPLC_OUTLET

MPD_OUTLET

FT_OUTLET2

PLC_OUTLET2

WC_B135

FT_S120

ND_NorthridgeHigh

SKD_PromontoryDetBasin

WC_J115

WC_J130

WC_J706

WC_J420

WC_J340

WC_J320

WC_J273

WC_J220

WC_J165

WC_J146

WC_J140

WC_J135

WC_J120
WC_J114

WC_J105

WC_J102

WC_B173

WC_B160

WC_B150

WC_B146

WC_B140

WC_B130

WC_B120

WC_B115

WC_B114

WC_B113WC_B111

WC_B107

SD_J210

SD_J200

SD_J110

SD_B120
SD_B115

SD_B110

SD_B105

PR_B160

PR_J355

PR_B150

PR_B135

PR_B130

PR_B125

PR_B120

PR_B115
PR_B110

PR_B105

PR_B100

OG_J100

OG_B110
OG_B105

OG_B100

ND_J330

ND_J100

ND_B140

ND_B135

ND_B130

ND_B105

ND_B100

HD_J110

HD_B110

HD_B105

HD_B100
FT_J705

FT_J605

FT_B130

FT_B125 FT_B120

PRR_J105

PLC_J121

SKD_J130

SKD_J141

SKD_J137

SKD_J155

SKD_J636

SKD_J420

SKD_J335

SKD_J320

SKD_J275

SKD_J265

SKD_J250

SKD_J235

SKD_J226

SKD_J220

SKD_J180
SKD_J175

SKD_J150

SKD_J145

SKD_J140

SKD_J136 SKD_J126

SKD_J120

SKD_J106SKD_J105

SKD_J100

SKD_B195

SKD_B190

SKD_B185
SKD_B175

SKD_B170 SKD_B165

SKD_B160

SKD_B155

SKD_B150

SKD_B145

SKD_B141

SKD_B140

SKD_B137 SKD_B136

SKD_B135

SKD_B130

SKD_B126

SKD_B125

SKD_B120

SKD_B115

SKD_B110

SKD_B106

SKD_B100

PRR_J100

PRR_B105

PRR_B100

PLC_J215

PLC_J120

PLC_J115

PLC_J110

PLC_J100

PLC_B121

PLC_B120

PLC_B115

PLC_B110

PLC_B105 PLC_B100

MPD_B105

MPD_B100

OG_Outlet

HD_Outlet

2 FT_OUTLET

WC_OUTLET3

SKD_OUTLET

PRR_OUTLET

PLC_OUTLETMPD_OUTLET

WC_B135

Future_WC_B160

Future_WC_B150

Future_WC_B146

Future_WC_B140

Future_WC_B130

Future_WC_B120

Future_WC_B115

Future_WC_B114

Future_FT_B125

Future_SKD_B190

Future_SKD_B155 Future_SKD_B150

Future_SKD_B145

Future_SKD_B140

Future_SKD_B137
Future_SKD_B136

Future_SKD_B135

Future_SKD_B130

Future_SKD_B126

Future_SKD_B125

Future_PRR_B105

Future_PLC_B121

Future_PLC_B120

Future_PLC_B115
Future_PLC_B110

SKD_PromontoryDetBasin

4750

4760

4770

47804790

48
00

4810

4820

4740

4830

4840

4730

4850

48
60

4870

4880

48
90

4900

4910

4920

4930

4720

49
40

4950

49
60

47
10

47
00

4970

4980

4990

48
10

4710

4790

47
00

48
70

4730

4800

4840

4820

49
30

47
20

4960

47
30

4830

47
20

4730

4840

4800

4920

48
00

47
30

4790

4790

4720

48
10

4790

4700

4830

4800

4720

4830

4700

48
00

4800

4830

4700

4840

4790

4940

4920

4810

4770

4720

48
10

49
00

4930

4950

4800

4810

4700

4790

4910

4730

4770

4720

4920

48
10

4730

4730

47
90

4790

4720

4870

4790

48
10

4730

4700

4790

4960

47
60

4720

48
80

4790

4910

4800

4940

4890

4850

4770

4710

48
20

47
20

4960

49
40

470047
20

4840

4760

47
50

4960

4710

48
00

4920

47
90

4720

4800

48
80

4840

4790

 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community
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