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I. GENERAL LOCATION AND DESCRIPTION 

A. Location 

Compark South plans to develop the land surrounded by E-470 on the north, Grandview Estates 
on the south, Chambers Road on the east, and Peoria Street on the west. Compark South is 
planning on a single family residential subdivision with a regional trail.  Belford Avenue is a 
proposed local roadway connection that will cross over Happy Canyon Creek. The project limits 
for Belford Avenue are from Chambers Road on the east to Peoria Street on the west. The 
project limits for the proposed channel work are from approximately 1500 feet upstream of 
Belford Avenue to approximately 500 feet downstream including a new bridge structure. The 
bridge, channel and associated trail improvements are located within the Town of Parker 
boundary, with part of the roadway located in unincorporated Douglas County. The total length 
of the new roadway is approximately 1.90 miles (10,000 feet).  

The surrounding area consists of the following:  

• Arapahoe County Water and Wastewater Authority (ACWWA) facility to the southeast. 

• Grandview Estates on the south, single family residential subdivision. 

• Happy Canyon and Cherokee/470 regional trails. 

• Undeveloped land on both sides of Happy Canyon Creek owned by Compark. 

The Happy Canyon Creek project is in the northeast ¼ of Section 7, southeast ¼ of Section 6, 
and southwest ¼ of Section 5 of Township 5 South, Range 66 West of the 6th P.M. in Douglas 
County, Colorado (see Figure 1). 

B. Description of Property 

The project will include the following proposed roadway improvements that will improve traffic 
conveyance and increase safety in the area: 

• Belford Avenue connection from Chambers Road on the east to Peoria Street on the 
west. 

• Future development of residential and commercial properties. 

• Improvements at Happy Canyon Creek include a new bridge crossing, new trail 
crossing, a trail connection under Belford Avenue, drop structures, and associated 
channel improvements. 
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Figure 1. Vicinity Map 
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The National Resource Conservation Service has mapped the area as having the soil types 
shown on Figure 2 and listed in Table 1 (Reference 3).  Ground cover currently consists of 
weeds, native grasses, and non-vegetated ground.  

 

 

Figure 2. National Resource Conservation Service Map 
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Table 1. Area Soil Types 

Soil Name 
Map 

Symbol HSG Runoff Potential 
Soil and Water 
Erosion Hazard 

Fondis clay loam, 1 to 3 percent 
slopes 

FoB C Medium 
Moderately low to 
moderately high 

Loamy alluvial land Lo C Very Low Moderately high to high 

Newlin gravelly sandy loam,  
8 to 30 percent slopes 

NeE B Medium Moderately high to high 

Sandy alluvial land Sd A Negligible High to very high 

Satanta loam Sn B Low Moderately high to high 

Notes: 

HSG = Hydraulic Soils Group as defined by the National Resource Conservation Service 

Soils identified in the immediate project area are italicized 

 
Soils in the immediate area include Loamy alluvial land and Satanta loam.  The surrounding 
areas slope primarily from the southeast to the northwest with varying grades. 
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II. DRAINAGE BASINS 

A. Major Basin Description 

Happy Canyon Creek Major Basin 

The Happy Canyon Creek watershed has a drainage area of 17.5 square miles from its 
headwaters in the City of Castle Pines to its confluence with Cherry Creek.  Happy Canyon 
Creek flows primarily from southwest to the northeast throughout parts of Douglas County, 
Arapahoe County, Town of Parker, and the City of Lone Tree.  Happy Canyon Creek is 
approximately 12.8 miles in total length.   

Muller Engineering completed a Flood Hazard Area Delineation (FHAD) (July 2014) for the 
Urban Drainage and Flood Control District (UDFCD) and the Southeast Metro Stormwater 
Authority (SEMSWA) (Reference 5).  The FHAD determined potential flood hazards along 
Happy Canyon Creek from its headwaters down to its confluence.  The floodplain delineation 
was completed for the 100-year and 500-year floodplain (Figure 3 and Figure 4) as well as 
0.5-foot and 1.0-foot floodway encroachments.  A Major Drainageway Plan (MDP) was also 
completed in March 2014 by Muller Engineering (Reference 6) addressing the same flood 
hazards as the FHAD. 

There are currently two effective Federal Emergency Management Agency (FEMA) Flood 
Insurance Rate Maps (FIRMs) for Happy Canyon Creek near the project vicinity (both revised 
March 16, 2016). Map number 08035C0062G defines the upstream drainage and map number 
08035C0066G defines the downstream drainage (see Figure 5, Figure 6, and Reference 1).  
The effective FIRMs define a floodplain, floodway, and base flood elevations for Happy Canyon 
Creek.  The effective Flood Insurance Study (FIS), revised February 17, 2017, for the site 
(Reference 8) includes a flow rate approximately 5,000 feet upstream of this project. Both the 
FIRM and the FIS were based on a FHAD that was released in November 1977 by Howard, 
Needles, Tammen, & Bergendoff (Reference 4). 

A preliminary revised FIRM (Figure 6 and Reference 2) was completed on June 30, 2016 
based on the FHAD.  At the time this document was prepared, the preliminary revised FIRM is 
being reviewed, but has not yet been accepted by FEMA.  The approach for this CLOMR has 
been coordinated with UDFCD and was determined that the data utilized as part of the 
Preliminary FIRM would be used for this project in anticipation of acceptance for the floodplain 
and floodway delineation of Happy Canyon Creek.  

Table 2. Happy Canyon Creek Peak Flows near Project Area 

Drainageway Reference 10-Year 50-Year 100-Year 500-Year 

Happy Canyon 
Creek 

FEMA (Effective FIS) * 

FHAD (Future Flows) ** 

2,350 

2,656 

4,450 

6,249 

5,610 

8,355 

8,660 

12,107 

Notes: 
* Approx. 5,000 ft. upstream of project site. 

** Flow rates used for design from the FHAD. Flows at Stonegate Tributary Confluence. 
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Figure 3. Preliminary Flood Insurance Rate Map 08035C0062H 
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Figure 4. Preliminary Flood Insurance Rate Map 08035C0066H 

Note:  
Refer to Appendix B for full size preliminary FIRM Panels 08035C0062H and 08035C0066H. 
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Figure 5. Effective Flood Insurance Rate Map 08035C0062G 

  

Figure 6. Effective Flood Insurance Rate Map 08035C0066G 
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III. DRAINAGE FACILITIES DESIGN 

A. General Concept 

Compark plans to develop the area south of E-470 and will add a connection between 
Chambers Road and Peoria Street via Belford Avenue.  Belford Avenue will cross over Happy 
Canyon Creek via a new bridge structure.  The Belford Avenue crossing over Happy Canyon 
Creek will be approximately 560 feet south of E-470 and 2,000 feet west of Chambers Road.  
As part of the development, the Cherokee Trail (parallel to E-470) will also be reconstructed with 
a new multi-cell reinforced concrete box culvert (RCBC) crossing.  There will also be four drop 
structures constructed including a realigned low-flow segment of Happy Canyon Creek through 
the proposed Belford Ave. bridge section.  Both the 2014 FHAD and MDP include 
recommendations for Happy Canyon Creek throughout the project limits.  Those 
recommendations are listed below.   

B. Specific Details 

The Happy Canyon Creek channel will be modified upstream and downstream within the project 
limits of Belford Avenue.  Below is a summary of the existing and proposed conditions related to 
the improvements associated with this project.  Both the FHAD and MDP recommendations 
were accounted for during the design. 

Happy Canyon Creek at Belford Avenue is located in Reach 8 as defined by the FHAD and the 
MDP.  Per the FHAD, the reach has a dry, sandy bottom with some wetland vegetation. There 
are some cottonwood trees, native grasses, and shrubs.  The stream is well defined upstream 
of E-470 with a couple of steep banks evident of head cutting.  The existing channel slope 
through the project limits is approximately 0.8 percent.  The 100-year flow velocities in the 
existing channel range from about 4 feet per second to 15 feet per second within the project 
limits.  The Froude numbers in the existing channel range from about 0.18 (on the upstream 
side of the existing trail crossing) to 0.96. The existing channel alignment for Happy Canyon 
Creek was developed based on aerial survey performed and provided by Manhard Consulting. 

There is currently aggradation in this reach with specific grade control structures suggested by 
the MDP.  Erosion concerns will be addressed while keeping the channel in its most natural 
form to also minimize sensitive wetland habitat. 

Happy Canyon Creek is conveyed under the existing Cherokee Trail via two 24-inch corrugated 
metal pipe culverts that pass very minor base flows.  Sediment deposition has been a major 
maintenance issue at the crossing.  Per the MDP, a multi-cell 20-foot by 3-foot CBC is 
suggested to assist with maintenance and convey more frequent runoff flows as the surrounding 
area develops. Downstream of the existing trail, there is riprap protection on both sides of the 
main low-flow channel banks. 

Recommendations are made for the confluence of Happy Canyon Creek and Stonegate 
Tributary.  Currently, Stonegate outlets via 42-inch concrete pipe culvert into Happy Canyon 
Creek on the east side.  The swale in between the active Happy Canyon Creek channel and the 
pipe outlet is unstable and actively degrading.  The MDP recommends filling in the ineffective 
floodplain fringe area near the outlet pipe to assist with conveyance of the 100-year and 
500-year storm events more efficiently upstream of the existing E-470 bridges. The proposed fill 
area has been coordinated with UDFCD and the Town of Parker. 
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The channel improvements include four grouted sloping boulder (GSB) drop structures, a small 
section of realigned low-flow channel and existing channel toe protection along the active low-
flow channel to preserve existing embankment beyond the toe as identified in the MDP and 
verified based on site conditions. Toe protection was provided based on recommendations 
provided in the MDP per the future 2-year flow and water surface elevation of approximately 
3 feet. There will be three GSBs upstream of Belford Avenue and one directly upstream of the 
proposed trail multi-cell RCBC crossing.   

All four crest elevations of the GSBs were based on the assumed future equilibrium channel 
slope of 0.3 percent as described in the MDP.  All four GSB drop structures will have an 8-foot 
approach soil riprap section and steel sheet piles extending out to 1 foot above the 100-year 
water surface elevation.  The main objective for the drop structure design, minor channel 
improvements and associated revetment is to provide grade control and stabilization per the 
MDP as well as minimize the disturbance to the existing channel, associated vegetation, and 
minimize impacts to existing wetlands. 

The two most upstream GSBs will primarily be contained to the existing active low-flow channel 
section and remain buried until the anticipated future equilibrium slope is achieved as the 
surrounding area develops and runoff rates increase.  The low-flow channel realignment section 
associated with the GSB upstream of Belford Ave. is being proposed to direct the low-flow 
channel section away from the proposed piers for the new bridge structure.  The low-flow 
channel will be 25 feet wide and connect into the existing low-flow channel section just north of 
the proposed bridge.  This section of low-flow channel will have a 0.3 percent longitudinal slope. 
The proposed GSB upstream of the re-aligned E-470 trail will include a 1-foot drop section to 
transition the existing channel into the invert of the proposed RCBC crossing. 

The proposed Belford Ave. bridge crossing will be a two span, singe pier crossing that spans 
150 feet total, with each span measuring 75 feet.  The proposed roadway and bridge crossing is 
aligned perpendicular to the channel.  The bridge will be built in two phases, with the south half 
being built first, then the north half in the future as the area develops.  The total length of the 
bridge is 93 feet.  The proposed concrete piers are 48 inch drilled caissons extending into 
bedrock.  There will be a pedestrian trail on the west side (Regional Trail) of the bridge crossing 
and a maintenance access path on the east side.  The pedestrian trail and the maintenance 
access path are both 10 feet wide.  Both the pedestrian trail and maintenance access have a 
vertical clearance at the abutment of 10 feet. The proposed elevation of both paths have been 
designed to keep inundation minimized recognizing the FHAD and MDP future 5-year storm 
event. The Regional Trail will include a wall adjacent to the creek under the Belford Ave. bridge 
section to aide against potential sediment accumulation and minimize inundation up to the 
future 5-year storm event on the trail. The pier, both abutments, and both path embankment 
areas where applicable will be protected by riprap revetment.  The adjacent fill slopes from 
Belford Avenue near the bridge section are 4:1. The 100-year and 500-year storm events will be 
conveyed within the proposed bridge section and not overtop Belford Ave.   

The alignment of Belford Avenue is adjacent to ACWWA’s emergency overflow section for the 
reservoir along the west side of Chambers Road.  It is anticipated that Belford Avenue will 
provide a conveyance of the emergency overflow in the event the spillway is utilized.  The 
proposed Belford Avenue vertical alignment continues west down grade towards Happy Canyon 
Creek with a proposed sump condition for the roadway west of the western abutment for the 
new bridge.  Overtopping protection will be added to the abutments on both the north and south 
sides of the road to accommodate emergency overflows from the spillway.  
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The existing CherokeeTrail crossing culverts will be replaced by a new multi-cell 20-foot by 3-
foot RCBC.  To achieve clearance for the RCBC, the existing trail will be replaced with a new 
trail.  The new trail will be straight-lined across the channel and will be raised slightly higher than 
the existing trail elevation at Happy Canyon Creek.  The new trail will have overtopping 
protection on both the upstream and downstream sides. 

The improvements will stabilize this reach of Happy Canyon Creek. The proposed drop 
structures and channel revetment will help stabilize the channel and are in general design 
conformance per the suggested improvements outlined in the MDP. 
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IV. HYDRAULIC ANALYSIS 

A. HEC-RAS 

Effective Model 

The effective model was derived from the hydraulic model produced for the April 24, 2003 Letter 
of Map Revision (LOMR), provided by UDFCD.  The LOMR was based on the 1977 FHAD 
WSPRO data.  It included the 1977 FHAD sections 53, 52, 51, 50, 61, 49, and 48.  Section 48 
corresponds to the effective FIS section F, with LOMR section 9700 corresponding to the 
effective FIS section E.  Section E was used as the downstream tie-in section.  To tie into 
effective FIS section G, section 47A from the 1977 FHAD was utilized.  With no cross section 
data for 47A in the 1977 FHAD (WSPRO) tables, 47A was included using 2 foot contours on the 
plan view in the 1977 FHAD.  Reach lengths were calculated and Manning’s n’s were used 
accordingly based on field observations.  Section G from the FIS is the upper tie-in section just 
north of Grandview Estates within the Compark right-of-way. 

The Effective Model water surface elevations are on the North American Vertical Datum, 1988 
(NAVD 88) datum. The Belford Avenue connection project is also on the NAVD 88 datum and 
survey was provided by Manhard Consultants.  The Effective Model is included in Appendix B 
for information. (Note: The 500-year floodplain has been included with this study and analysis.)  
The Effective, Duplicate Effective, Corrected Effective, Pre-project, and Post-project conditions 
were modeled using HEC-RAS (4.1.0). 

Duplicate Effective Model  

The Duplicate Effective Model consisted of input of the Effective Model data.  The Duplicate 
Effective Model is included in Appendix C for information.  

Corrected Effective Model  

The Corrected Effective Model does not reflect any man-made physical changes since the date 
of the Effective Model. In anticipation of the 2014 FHAD becoming effective within the next year, 
the FHAD hydraulic model was obtained from UDFCD and used as the base of the corrected 
effective model.  Elevations were taken from 2-foot interval topography obtained from the 
Denver Democratic National Convention (DNC) LIDAR survey by Sanborn Geospatial.  
Manning’s n’s were based off aerials and photos.  Cross sections outside of the project limits 
were taken out of the model, with a new boundary condition set to the most downstream 
section. 

In addition to the existing sections, 13 new sections were added and one existing section was 
deleted.  The existing section was deleted so that the existing Cherokee Trail crossing could be 
accurately modeled.  The FHAD had previously modeled the trail as completely blocked, so the 
channel bottom elevation was set at the trail crossing elevation.  The inclusion of the existing 
trail was done to provide a comparison between the pre- and post-project trail crossing water 
surface elevations.  The sections were added to provide a comparison between pre- and post-
project conditions around the proposed Belford Avenue crossing and the proposed channel 
improvements. 

Topography was then updated with the most up-to-date survey for the project.  Elevations were 
based off of 1-foot interval contours taken from a flown survey performed in November 2015.  
All of the sections within the project limits, with the exception of a portion of the the most 
upstream sections, 12694, were within the flown survey limits. All Manning’s n’s were kept 
consistent with the values in the effective model.  
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Within the project limits, the reach lengths differ slightly between the effective model and the 
corrected effective model.  The reach length for the effective model was based off of the 
effective FIS and was 2685 feet through the project limits.  The corrected effective model reach 
was based off of flown survey and was found to be 2670.23 feet through the project limits.  The 
corrected effective reach was 14.77 feet shorter than the effective model, due to updated project 
survey and natural occurring low-flow channel geometry changes. The corrected effective model 
is included in Appendix D for information.  

Pre-project Conditions Model 

The Pre-project Conditions Model is a revision of the Corrected Effective Model that has been 
modified to reflect changes that have occurred within the floodplain since the date of the 
Effective Model but prior to construction of the project for which the revision is being requested.  
Because no changes have occurred since the date of the Corrected Effective Model, the 
Corrected Effective Model is also the Pre-project Conditions Model. 

Post-project Conditions Model  

The Post-Project Conditions Model consists of the Pre-project Conditions Model with the 
proposed Belford Avenue crossing, the realigned low-flow section of Happy Canyon Creek, the 
new bridge crossing, and the proposed trail connection and RCBC.  Seven sections were added 
to this model and four existing sections were removed.  These new sections were added to the 
locations of the proposed drop structure, although no change in the topography will occur. There 
is a difference in reach length of approximately 25 feet between the corrected effective model 
and the post-project conditions model that can be attributed to the realigned section of Happy 
Canyon Creek near the upstream face of the Belford Ave. crossing.  The post-project conditions 
model is included in Appendix E for information.  

The results of the hydraulic analysis are presented in a preliminary floodplain comparison table 
for the various models and have been included in Appendix F for information. 
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V. SUMMARY 

If the proposed improvements are built per plan, the floodplain and floodway as shown on the 
hydraulic analysis and drawings will not cause overtopping of Belford Ave. and do not impact 
any habitable structures, but it will cause a rise when compared to the existing conditions (pre-
project) water surface elevations for the 100-year floodplain/floodway, all of which will be 
contained entirely within the existing Compark right-of-way. The results of the improvements to 
the crossing by providing a new crossing, channelization, and drop structures will benefit the 
traveling public and adjacent property owners as well as reduce future maintenance efforts on 
Happy Canyon Creek at Belford Avenue and the Cherokee Trail. 

The floodway was defined by being set equal to the floodplain section for this reach of Happy 
Canyon Creek. According to the 2014 FHAD, the floodway was generally set equal to the 
floodplain because of the channel cross section geometry and is contained within a well-defined 
channel. Ineffective flows were also set to be consistent with the 2014 FHAD which is also the 
basis for the pending Preliminary FIRM being reviewed by FEMA. Ineffective flow areas were 
added to sections just upstream or downstream of structures for contraction and is a typical 
modeling approach when bridge structures are present. 

Sediment transport was not considered part of this CLOMR Report. The proposed drop 
structures, channel toe protection and revetment will aid against the potential for erosion within 
the project limits.  Additional sediment transport and mitigation measures for Happy Canyon 
Creek are addressed in the MDP and included in the appendices for reference. 

It is anticipated that a LOMR will be required once project construction is complete. The LOMR 
will be coordinated with the Town of Parker and will be submitted to FEMA for approval. 
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CERTIFICATION STATEMENT 

 
“I hereby affirm that this document entitled CLOMR for Happy Canyon Creek – Belford 
Ave Connection was prepared in accordance with applicable, viable, and pertinent 
technical data and criteria for the Colorado Water Conservation Board, the Federal 
Emergency Management Agency, UDFCD, and the Town of Parker. The document, 
report, and all attachments submitted herewithin were prepared in accordance with a 
system designed to assure that qualified personnel properly gathered and evaluated the 
necessary information and accurately prepared the document. Additionally, I hereby 
certify that no insurable structures are impacted due to the revisions documented in the 
CLOMR. 
 
 

SIGNATURE: _________________________________________ 
                                                                                Registered Professional Engineer  

         State of Colorado No. ___________ 
         (Affix Seal) 
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APPENDIX B. EFFECTIVE MODEL, SUPPORTING 
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HEC-RAS  Plan: Effective   River: RIVER-1   Reach: Reach-1    Profile: 100 yr FIS

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach-1 12694   100 yr FIS 5560.00 5781.12 5784.78 5785.22 0.003633 5.36 1062.08 420.09 0.57

Reach-1 11100   100 yr FIS 5560.00 5769.80 5776.70 5778.18 0.010246 9.78 568.61 111.18 0.76

Reach-1 10151   100 yr FIS 5700.00 5759.51 5769.38 5767.58 5770.71 0.006167 9.23 617.86 98.41 0.65

Reach-1 10042   Bridge

Reach-1 9920    100 yr FIS 5700.00 5759.00 5766.30 5766.12 5768.99 0.014116 13.16 433.02 74.84 0.96
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1.5  Data Collection 

Existing floodplain studies were compiled at the beginning of the project. The 1977 FHAD included 
floodplain mapping based on predicted future peak flow rates on Happy Canyon Creek from the 
confluence with Cherry Creek to I-25, and along Badger Gulch from the confluence with Happy 
Canyon Creek to a point north of present day RidgeGate Parkway. The current Flood Insurance 
Study (FIS) for Arapahoe County is dated December 17, 2010; the current Douglas County FIS is 
dated September 30, 2005. The most recent FIRM panels depicting the Happy Canyon Creek flood 
hazard area are identified by study reach in Table 1-2. The regulatory FIRM was initially based on 
the same mapping and cross sections as the FHAD, but reflected existing condition flow rates rather 
than future. Several Letter of Map Revision (LOMR) studies have altered the regulatory floodplain 
within the study reach. Map revisions were conducted in Grandview Estates in 2006 (06-08-B443P) 
and 2009 (09-08-0969P). A 2011 LOMR associated with the construction of the RidgeGate Parkway 
crossings studied 0.3-miles each of Badger Gulch and the Happy Canyon mainstem (11-08-0846P). 
The current mainstem regulatory floodplain limit extends approximately 2500 feet upstream of I-25 
to the Oak Hills Tributary; no detailed studies above this location have been identified. 

Wherever possible, hydraulic cross-sections have been oriented to match the existing LOMR and 
FHAD studies for the purpose of comparison. Comparison tables have been included in Appendix C.  

Numerous additional reports, studies, and design plans were reviewed and utilized in the 
preparation of this report. A full listing is included in the References section at the end of this report. 

Table 1-2 
Happy Canyon Creek FIRM Panels 

 
1.6  Acknowledgements 

This report could not have been prepared without the participation and support of the following 
project sponsors and stakeholders.  We are grateful for their contributions. 

Table 1-3 
Project Participants 

Panel I.D. Community Study Reach Effective Date 
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Upper Watershed: West of I-25 
The upper watershed includes approximately one third of the total area and is essentially fully 
developed. The City of Castle Pines is primarily small lot residential, with some medium lot 
residential and a small commercial area along Castle Pines Parkway near I-25. Small lot residential 
developments were grouped by density based on visual assessment, and an average % impervious 
was assigned to each group ranging from 40% to 60%. Undeveloped commercial parcels, golf 
courses, and other open space areas were assigned 2%, school sites were assigned 50%, and 
commercial areas were assigned 80%. Outside of Castle Pines, unincorporated Douglas County is 
dominated by large lot residential. Areas were separated into two groups based on lot size and 
average imperviousness values of 10% and 15% were calculated for the two groups. For future 
conditions, undeveloped areas were assumed to develop according to the surrounding areas. 

The weighted impervious values for the upper watershed are 21.6 % for existing development and 
22.5 % for future development. 

Middle Watershed: I-25 to Lincoln Avenue 
The middle watershed, which represents nearly half of the total watershed area, is largely 
undeveloped. This area will see significant growth, however, within the planned RidgeGate 
development in the City of Lone Tree’s jurisdiction. RidgeGate is a 3500 acre planned development 
that extends from the eastern edge of Lone Tree west across I-25 to Yosemite Street. Land use 
within RidgeGate will run the gamut from an ultra-dense city center just east of I-25 to rural 
residential and dedicated open space. Within the Happy Canyon Creek watershed, future land use is 
based on the PDD document and is largely residential mixed use. Impervious values for the various 
mixed use/residential planning areas were calculated based on maximum allowable ratios of 
commercial and multi-family residential development indicated in the PDD, with 85% applied to 
commercial areas, 80% for multi-family residential, and 50% for single family residential in the 
remaining area. Other land uses and their associated % impervious values within RidgeGate include 
city center (95%), commercial mixed use (85%), institutional (50%), rural residential (15%), central 
community park (10%), and open space (2%). RidgeGate Parkway, which has been constructed at 
half of its ultimate design width, is reflected as 50% impervious in the existing condition and 100% 
in the future. 

South of RidgeGate, unincorporated Douglas County is zoned for agricultural use. This area is slated 
for another planned development, Freshfields, under the same landowner/developer as RidgeGate; 
however, planning for Freshfields has not yet begun and development is not expected to begin until 
RidgeGate is built out. Because that timeline exceeds the expected life of this plan, no future 
development is reflected. 

Several other planned developments are located within the middle watershed. Surrounded on three 
sides by RidgeGate, Meridian Commons is a mixed-use/residential filing of the Meridian 
International Business Center (Meridian). East of Lone Tree, Meridian Filing No. 7 is under active 

development. Sierra Ridge is located along the west side of Chambers Road and is currently 
undeveloped. Future land use for each of these planned developments is based on master drainage 
plans. 

Overall weighted impervious values for the middle watershed are 9.8 % for existing development 
and 36.8 % for future development. 

Lower Watershed: Lincoln Avenue to Cherry Creek 
North of Lincoln Avenue, Happy Canyon Creek bisects Grandview Estates, an established large lot 
residential area in unincorporated Douglas County. Impervious values are set at 15% for both 
existing and future conditions. East of Grandview Estates, Chambers Reservoir is currently under 
construction. For the purpose of this study, the reservoir is assumed complete and is reflected as 
100% impervious. West of Peoria Street lies additional Meridian planned development. 
Undeveloped industrial/business parks are located between Meridian and Grandview Estates. North 
of Grandview Estates, the Compark planned development spans both sides of E-470 to the Douglas-
Arapahoe County line. Portions of Compark north of E-470 are within the Town of Parker; the area 
south of E-470 is a proposed annexation to the Town. Future impervious values for Meridian and 
Compark planned development areas are based on master drainage plans. Industrial/business parks 
are assumed to develop to 80% impervious. 

North of Compark, the Happy Canyon Creek watershed crosses into Arapahoe County. The Dove 
Valley Business Park stretches from the county line to Jordan Road and is largely undeveloped. 
Future development is reflected as 80% impervious. East of Jordan Road, the creek is flanked by 
residential development in the Southcreek subdivision. 

Weighted impervious values for the lower watershed are 19.6% for existing development and 
54.2% for future development.   

2.3 Reach Description 

The Happy Canyon Creek channel character varies widely along its length. The character of each 
segment is heavily influenced by the surrounding land use; because land use varies by jurisdiction, 
the creek is easily divided into nine distinct reaches at the jurisdictional boundaries. A description of 
each reach follows; reach limits are shown in Figures B-1 and B-2.  

Happy Canyon Creek Reach 1 – Castle Pines 
Within the City of Castle Pines, Happy Canyon Creek lies within a dedicated open space corridor 
adjacent to Monarch Boulevard. The channel is generally stable and well-vegetated, with significant 
wetland growth supported by a base flow. Five online regional detention ponds are located within 
Castle Pines on Happy Canyon Creek and its tributaries; the ponds are maintained by the Castle 
Pines North Metro District (CPNMD). The two mainstem ponds are located at Castle Pines Parkway 
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Happy Canyon Creek Reach 8 Happy Canyon Creek Reach 9 

Happy Canyon Creek Reach 8 – Town of Parker 
Happy Canyon Creek takes a sharp turn to the east as it exits Grandview Estates, and meanders 
widely before crossing under dual bridges at E-470. The dry, sandy bottom continues through this 
reach, and the channel takes a sharp turn to the west before crossing under a bridge at Chambers 
Road. This bend was stabilized with soil riprap toe protection during the Chambers Road bridge 
construction. There is very little if any wetland vegetation in this reach, as there is no base flow to 
support it. Reach 8 is primarily undeveloped at this point, but lies within several planned 
developments. A future bridge crossing for Belford Avenue, just south of E-470, will connect two 
proposed Town of Parker annexations: Compark Village South and Chambers Highpoint, located on 
the west and east sides of the creek, respectively. North of E-470, various filings of Compark are 
located within current Town of Parker boundaries. Drainage tracts and/or easements have been, or 
will be, dedicated throughout the planned developments. The channel invert through Compark has 
been stabilized with drop structures at each crossing and several check structures.  

Happy Canyon Creek Reach 9 – Arapahoe County 
The final reach of Happy Canyon Creek extends from the Douglas-Arapahoe County line to its 
confluence with Cherry Creek. West of Jordan Road, it passes through the Dove Valley Business Park, 
which is largely undeveloped. Channel stabilization measures and an access trail have been 
implemented along one developed parcel that is adjacent to the creek, and there is a sloping grouted 
boulder drop structure upstream of the bridge at Jordan Road. East of Jordan Road, the creek is 
located in a wide Arapahoe County open space tract between two built out residential developments 
that are part of the Southcreek subdivision. Three sloping grouted boulder drop structures and a 
concrete box culvert pedestrian crossing were constructed with the development. 

Happy Canyon joins Cherry Creek just upstream of the Broncos Parkway bridge, within the Cherry 
Creek Valley Ecological Park. Historically, the creek paralleled the east side of Jordan Road for a 
distance before turning to the east toward Cherry Creek. In 1975, the channel was realigned and the 
confluence moved approximately 2000’ upstream to its current location. The channel character in 
reach 9 is unappealing, with its wide sandy bottom, straight alignment, and dry, upland plains 
vegetation. 
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Figure 4-1 - Reach 2 – Douglas County South 
Meandering with slight incision. Dense, healthy vegetation with 
some vertical banks. 
Manning’s ‘n’: 0.1 (overbank) / 0.05 (channel) 

Figure 4-2 - Reach 4 – Lone Tree South 
Overgrazed area with sparse short vegetation 
Mid-Range Manning’s ‘n’: 0.035 (overbank) / 0.03 (channel) 
High-Range Manning’s ‘n’: 0.045 (overbank) / 0.035 (channel) 

Figure 4-3 - Reach 8 – Town of Parker 
Sparse, bunchy vegetation with sandy, aggraded low-flow 
Mid-Range Manning’s ‘n’: 0.03 (overbank) / 0.03 (channel) 
High-Range Manning’s ‘n’: 0.04 (overbank) / 0.035 (channel) 

Bridges and culvert crossings were modeled in HEC-RAS using the bridge routine. A total of fourteen 
major roadway crossings and three minor crossings were identified and surveyed within the study 
reach. Two of the major crossings are on Badger Gulch, and the remainder are at various locations 
along the mainstem. Of the seventeen identified crossings, sixteen were modeled using HEC-RAS 
bridge or culvert routines. The exception is the E-470 trail crossing, which is a low-flow crossing 
consisting of (2) 24” CMP culverts beneath a concrete trail. These culverts tend be largely blocked 
due to accumulated debris; the channel cross section at 10749 was set based on the concrete trail 
elevation, and no conveyance through the culverts was considered. Bridge and culvert modeling 
routines are based on ground survey points and measurements, and supplemented by 
measurements and observations during a field visit in October 2012. Major structure capacities are 
summarized in Table 4-1. Additional information regarding spill flow analysis at overtopping 
structures can be found in Section 4.3, below. 

Floodplain delineation was accomplished with the aid of terrain modeling software. The hydraulic 
cross-sections were exported to a HEC-RAS GIS file (.sdf), with each of the cross-sections at the 
appropriate WSEL (either 100-year or 500-year). The terrain modeling software was used to 
interpolate water surface elevations between the hydraulic sections, and this information was then 

translated into a floodplain boundary. The delineation was reviewed and adjusted by hand where 
necessary. 

The floodway locations were discussed with the project sponsors prior to the preliminary submittal. 
Since the majority of Happy Canyon Creek is contained in a well-defined channel, floodways have 
generally been set coincident to the floodplain with no additional analysis performed. In certain 
areas of overbank flooding (particularly within the Grandview Estates development), separate 
floodways have been computed. In these areas, the floodway was delineated for a 0.5-foot rise for 
both hydraulic grade line and energy grade line.  

Floodway analysis on Badger Gulch was conducted in one area: downstream of Bristleridge Drive in 
the vicinity of a detention pond adjacent to the channel. No separate floodway analysis was 
conducted for the Green Acres Tributary. 
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Table B-4 
Peak Flows 

            EXISTING DEVELOPMENT FUTURE DEVELOPMENT 
  SWMM 

Node 
Station Channel 

Reach Landmark 
Design 
Storm 

500-YR 100-YR 50-YR 25-YR 10-YR 5-YR 2-YR 500-YR 100-YR 50-YR 25-YR 10-YR 5-YR 2-YR 
  (ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

HAPPY CANYON CREEK                                   
  HC999 0 9 Cherry Creek 3-hr 12101 8161 5910 4237 2095 1166 322 13367 9234 6970 5236 3049 1994 836 
  HC037 2500 9 Jordan Road (D/S) 3-hr 12097 8168 5915 4241 2100 1173 326 13353 9233 6969 5236 3049 1994 832 
  HC036 2700 9 Jordan Rd (U/S) / Green Acres Trib (D/S) 3-hr 12093 8166 5914 4240 2100 1173 326 13344 9228 6964 5231 3046 1991 828 
  HC035 2700 9 Green Acres Tributary (U/S) 3-hr 11269 7621 5502 3923 1915 1047 283 12230 8449 6324 4704 2669 1705 656 
  HC034 7300 8 Chambers Road 3-hr 11363 7693 5558 3979 1963 1093 301 12287 8489 6355 4740 2691 1724 664 
  HC033 10500 8 E-470 / Stonegate Tributary (D/S) 3-hr 11364 7702 5569 3997 1982 1114 309 12259 8474 6344 4740 2691 1728 652 
  HC032 10500 8 Stonegate Tributary (U/S) 3-hr 11223 7593 5488 3937 1954 1100 304 12106 8354 6249 4670 2656 1708 633 
  HC031 12700 8 Grandview Estates / Compark South Boundary 3-hr 11154 7552 5460 3922 1953 1106 308 12023 8302 6211 4648 2647 1705 625 
  HC030 14600 7 Elm Avenue (extended) 3-hr 11105 7523 5440 3914 1955 1114 312 11971 8269 6189 4639 2646 1710 625 
  HC029 16200 7 Grandview Tributary (D/S) 3-hr 11069 7502 5425 3905 1953 1115 313 11932 8245 6172 4630 2643 1710 624 
  HC028 16200 7 Grandview Tributary (U/S) 3-hr 10541 7161 5190 3745 1904 1093 306 11308 7776 5803 4339 2461 1592 578 
  HC027 17400 7 Cottonwood Avenue (extended) 3-hr 10442 7097 5144 3714 1891 1088 305 11180 7689 5734 4288 2431 1573 569 
  HC026 20100 7 Lincoln Ave / Badger Gulch (D/S) 3-hr 10408 7079 5132 3715 1899 1102 311 11139 7663 5717 4287 2434 1580 572 
  HC025 20100 6 Badger Gulch (U/S) 2-hr 8538 5897 4340 3166 1734 1088 316 8984 6247 4689 3511 2073 1394 465 
  HC024 22600 6 1100' W of West Parker Road 2-hr 8517 5884 4331 3162 1739 1100 325 8950 6223 4670 3502 2069 1396 469 
  HC023 25600 6 East boundary of Meridian Commons 2-hr 8385 5801 4273 3130 1738 1117 339 8725 6066 4540 3410 2006 1361 462 
  HC022 28800 5 West boundary of Meridian Commons 2-hr 8178 5668 4174 3068 1712 1119 356 8439 5871 4382 3299 1929 1314 454 
  HC021 32000 4 Ridgegate Parkway 2-hr 7994 5555 4094 3020 1698 1125 370 8217 5726 4263 3216 1870 1280 452 
  HC020 32800 4 2-hr 7867 5476 4040 2981 1683 1120 370 8067 5627 4183 3149 1826 1251 444 
  HC019 36800 4   2-hr 7697 5369 3962 2932 1662 1117 376 7848 5481 4066 3062 1767 1214 434 
  HC018 40000 4   2-hr 7390 5169 3817 2846 1630 1117 396 7448 5212 3858 2918 1684 1169 432 
  HC017 42000 4 2-hr 7319 5124 3783 2831 1623 1120 406 7365 5158 3815 2896 1671 1166 438 
  HC016 43500 3 I-25 2-hr 6959 4899 3628 2708 1570 1099 407 6988 4920 3647 2757 1603 1133 433 
  HC015 44600 3 2-hr 6924 4879 3614 2697 1566 1098 408 6952 4899 3633 2747 1598 1132 435 
  HC014 46100 3 Oak Hills Tributary (D/S) 2-hr 6648 4700 3488 2598 1520 1078 407 6659 4708 3497 2636 1543 1105 430 
  HC013 46100 3 Oak Hills Tributary (U/S) 2-hr 4255 3012 2254 1698 1045 773 308 4260 3017 2260 1730 1064 796 332 
  HC012 49300 2 2-hr 4161 2948 2203 1676 1032 775 329 4163 2950 2205 1705 1053 797 352 
  HC011 51200 2 2-hr 4013 2858 2143 1624 1010 767 335 4012 2857 2144 1648 1030 788 358 
  HC010 52200 2 2-hr 3736 2676 2022 1519 965 744 332 3733 2674 2021 1539 983 763 355 
  HC009 54300 2 500' N of Oak Hills Drive / Beverly Hills Tributary (D/S) 2-hr 3617 2598 1969 1475 954 746 352 3609 2591 1964 1497 971 763 372 
  HC008 54500 2 Beverly Hills Tributary (U/S) 2-hr 2493 1832 1415 1028 693 560 273 2496 1834 1416 1029 694 561 274 
  HC007 56700 2 2-hr 2344 1733 1350 985 668 548 281 2345 1734 1351 986 669 549 281 
  HC006 58700 2 2-hr 2127 1591 1258 928 633 527 281 2128 1592 1258 929 633 528 282 
  HC005 59600 1 Castle Pines City Limit / CPNMD Pond #12 Outflow 2-hr 1855 1408 1132 853 587 495 270 1856 1409 1133 853 587 495 270 
  HC320 59600 1 CPNMD Pond #12 Inflow 2-hr 1965 1517 1269 1056 700 554 277 1967 1518 1270 1057 701 554 277 
  HC004 61000 1 Tenby Way 2-hr 1605 1259 1067 898 614 492 251 1605 1259 1067 898 614 492 251 
  HC003 62500 1 Castle Pines Parkway / CPNMD Pond #11 Outflow 2-hr 551 491 449 408 321 273 153 551 491 449 408 321 273 153 
  HC310 62500 1 CPNMD Pond #11 Inflow 2-hr 1362 1001 808 644 409 310 154 1362 1001 808 644 409 310 154 
  HC002 64000 1 2-hr 859 635 513 410 264 201 103 859 635 513 410 264 201 103 
  HC001 64700 1 Monarch Blvd. 2-hr 485 356 288 229 140 104 50 485 356 288 229 140 104 50 
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Reach 8 – Town of Parker 
North of Grandview Estates, Happy Canyon Creek passes through Town of Parker annexation areas 
and current boundaries. Between Grandview and E-470, the Compark Village South annexation is 
located to the west of the channel, and the Chambers Highpoint annexation is on the east side of the 
channel. Drop structures are identified through this reach to provide an assumed equilibrium slope 
of 0.3%, and bank protection is shown along the outside bends. Bank erosion caused by recent 
earthwork operations is also in need of repair. A future road crossing is planned in this reach; a 100-
year bridge is recommended. (Costs for this crossing have not been included.) 

An existing low flow trail crossing at the E-470 trail provides little capacity and presents a 
maintenance issue due to sedimentation. A new crossing that incorporates a drop structure will 
provide additional capacity without drastically altering the existing trail profile. Aggradation in this 
reach is expected to continue, so the crossing should be designed with that consideration in mind, 
and continued (though reduced) maintenance will be necessary until the channel invert stabilizes. 
While a 100-year bridge crossing would generally be preferred in an aggrading reach such as this, 
the grades in this location are not favorable as a bridge would need to be approximately 400’ long to 
span the floodplain. 

Extension of the recently constructed Stonegate Tributary pipeline an additional two hundred feet 
to the confluence with Happy Canyon Creek will address channel degradation that is occurring in the 
steep segment downstream of the existing pipe outfall. Channelization of Happy Canyon Creek 
through placement of fill in the right overbank immediately upstream of E-470 will eliminate an 
expansion in the floodplain that further promotes sedimentation in this reach. 

Downstream of E-470, Happy Canyon Creek passes through open space tracts within the Compark 
Village planned development. Check structures have been installed throughout this reach; as 
improvements upstream reduce the sediment loading to this reach, some degradation is anticipated 
as the channel seeks a flatter equilibrium slope. Conversion of the existing check structures to drop 
structures is shown. 

Maintenance access through Compark Village is provided by a maintenance / recreational trail; 
initial plans for Compark Village South show an open space corridor with a recreational trail for the 
remainder of the reach. 

A full spectrum detention facility on the Green Acres Tributary at E-470 is tabulated with the costs 
for Reach 8.  

The total capital improvement cost for Reach 8 is estimated at $1.88 million. Annual operations and 
maintenance costs are estimated at $30,100 per year, with a total 50-year maintenance cost of 
$647,000. 

CLICK HERE TO VIEW REACH 8 MAP 

CLICK HERE TO VIEW REACH 8 PROFILE 
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APPENDIX C. DUPLICATE EFFECTIVE MODEL  
(HEC-RAS MODEL) 
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HEC-RAS  Plan: Dup Eff   River: RIVER-1   Reach: Reach-1    Profile: 100 yr FIS

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach-1 12694   100 yr FIS 5560.00 5781.12 5784.78 5785.22 0.003633 5.36 1062.08 420.09 0.57

Reach-1 11100   100 yr FIS 5560.00 5769.80 5776.70 5778.18 0.010246 9.78 568.61 111.18 0.76

Reach-1 10151   100 yr FIS 5700.00 5759.51 5769.38 5767.58 5770.71 0.006167 9.23 617.86 98.41 0.65

Reach-1 10042   Bridge

Reach-1 9920    100 yr FIS 5700.00 5759.00 5766.30 5766.12 5768.99 0.014116 13.16 433.02 74.84 0.96
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APPENDIX D. CORRECTED EFFECTIVE MODEL 
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HEC-RAS  Plan: Corr Eff   River: HCC   Reach: Mainstem_1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mainstem_1 12694   100YR FUTURE 8303.00 5778.76 5785.29 5785.89 0.002885 8.68 1475.77 424.04 0.62

Mainstem_1 12694   100YR FIS ('77 F 5610.00 5778.76 5783.95 5784.76 0.005320 9.96 922.57 399.73 0.81

Mainstem_1 12541   100YR FUTURE 8303.00 5777.80 5785.41 5785.64 0.000810 4.90 2302.56 498.02 0.34

Mainstem_1 12541   100YR FIS ('77 F 5610.00 5777.80 5784.17 5784.38 0.000926 4.56 1701.23 477.86 0.35

Mainstem_1 12436   100YR FUTURE 8303.00 5777.05 5784.84 5785.52 0.002107 8.62 1406.68 307.90 0.56

Mainstem_1 12436   100YR FIS ('77 F 5610.00 5777.05 5783.68 5784.25 0.002161 7.79 1060.37 288.04 0.55

Mainstem_1 12430   100YR FUTURE 8303.00 5777.04 5784.76 5785.50 0.002308 8.98 1351.73 299.18 0.58

Mainstem_1 12430   100YR FIS ('77 F 5610.00 5777.04 5783.61 5784.23 0.002356 8.10 1019.20 278.85 0.57

Mainstem_1 12400   100YR FUTURE 8303.00 5776.95 5784.03 5783.60 5785.35 0.004592 12.05 1034.77 262.35 0.81

Mainstem_1 12400   100YR FIS ('77 F 5610.00 5776.95 5782.38 5782.38 5784.02 0.007589 12.89 634.38 210.23 1.00

Mainstem_1 12388   100YR FUTURE 8303.00 5776.91 5783.40 5783.40 5785.24 0.005516 11.75 874.49 246.29 0.86

Mainstem_1 12388   100YR FIS ('77 F 5610.00 5776.91 5782.21 5782.21 5783.85 0.006318 10.78 607.58 200.04 0.89

Mainstem_1 12129   100YR FUTURE 8303.00 5774.96 5782.90 5783.40 0.001482 7.38 1559.86 294.03 0.47

Mainstem_1 12129   100YR FIS ('77 F 5610.00 5774.96 5781.60 5782.01 0.001517 6.60 1189.16 277.17 0.46

Mainstem_1 11959   100YR FUTURE 8303.00 5773.19 5780.98 5780.98 5782.95 0.005534 12.49 841.19 208.59 0.87

Mainstem_1 11959   100YR FIS ('77 F 5610.00 5773.19 5779.87 5779.87 5781.55 0.005753 11.21 617.05 191.64 0.86

Mainstem_1 11772   100YR FUTURE 8303.00 5771.79 5779.92 5781.10 0.002911 9.61 1034.75 197.53 0.64

Mainstem_1 11772   100YR FIS ('77 F 5610.00 5771.79 5778.16 5779.37 0.004266 9.56 696.15 185.16 0.74

Mainstem_1 11620   100YR FUTURE 8303.00 5770.67 5779.93 5780.65 0.001528 7.80 1346.20 240.35 0.48

Mainstem_1 11620   100YR FIS ('77 F 5610.00 5770.67 5778.09 5778.78 0.001949 7.44 930.38 214.41 0.52

Mainstem_1 11494   100YR FUTURE 8303.00 5769.78 5778.55 5780.27 0.003259 10.91 843.99 141.91 0.70

Mainstem_1 11494   100YR FIS ('77 F 5610.00 5769.78 5777.15 5778.41 0.003078 9.26 653.87 128.05 0.65

Mainstem_1 11410   100YR FUTURE 8303.00 5769.43 5777.03 5777.03 5779.62 0.006282 14.01 708.81 146.91 0.95

Mainstem_1 11410   100YR FIS ('77 F 5610.00 5769.43 5775.64 5775.64 5777.76 0.006778 12.48 519.22 126.42 0.95

Mainstem_1 11400   100YR FUTURE 8303.00 5769.40 5776.95 5776.95 5779.57 0.006479 14.26 708.82 148.61 0.96

Mainstem_1 11400   100YR FIS ('77 F 5610.00 5769.40 5775.59 5775.59 5777.73 0.006887 12.67 520.86 127.82 0.96

Mainstem_1 11385   100YR FUTURE 8303.00 5769.39 5776.76 5776.76 5779.21 0.006085 13.82 735.72 155.85 0.93

Mainstem_1 11385   100YR FIS ('77 F 5610.00 5769.39 5775.44 5775.44 5777.47 0.006428 12.31 542.05 138.84 0.93



HEC-RAS  Plan: Corr Eff   River: HCC   Reach: Mainstem_1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mainstem_1 11370   100YR FUTURE 8303.00 5769.24 5776.69 5776.69 5779.09 0.006104 14.06 747.97 158.83 0.94

Mainstem_1 11370   100YR FIS ('77 F 5610.00 5769.24 5775.31 5775.31 5777.35 0.006635 12.67 543.81 138.57 0.94

Mainstem_1 11280   100YR FUTURE 8303.00 5768.23 5776.06 5776.06 5778.17 0.006127 14.14 812.78 185.09 0.94

Mainstem_1 11280   100YR FIS ('77 F 5610.00 5768.23 5774.87 5774.87 5776.66 0.006352 12.73 602.71 168.04 0.93

Mainstem_1 11180   100YR FUTURE 8303.00 5767.85 5775.53 5775.00 5777.26 0.005743 13.70 839.07 176.65 0.90

Mainstem_1 11180   100YR FIS ('77 F 5610.00 5767.85 5773.78 5773.78 5775.63 0.008654 13.96 554.76 149.66 1.06

Mainstem_1 11153   100YR FUTURE 8303.00 5767.48 5775.68 5777.03 0.003483 11.29 936.01 168.27 0.72

Mainstem_1 11153   100YR FIS ('77 F 5610.00 5767.48 5774.02 5775.17 0.004063 10.37 688.50 145.76 0.74

Mainstem_1 11100   100YR FUTURE 8303.00 5765.08 5775.38 5776.45 0.002770 11.63 1125.31 217.42 0.66

Mainstem_1 11100   100YR FIS ('77 F 5610.00 5765.08 5772.93 5772.40 5774.41 0.005224 13.10 648.09 166.47 0.87

Mainstem_1 10974   100YR FUTURE 8303.00 5764.87 5775.45 5776.24 0.001667 8.30 1272.71 222.43 0.50

Mainstem_1 10974   100YR FIS ('77 F 5610.00 5764.87 5773.02 5774.02 0.003166 9.13 773.52 192.99 0.65

Mainstem_1 10900   100YR FUTURE 8303.00 5764.74 5775.71 5776.00 0.000655 5.68 2149.86 370.84 0.32

Mainstem_1 10900   100YR FIS ('77 F 5610.00 5764.74 5773.29 5773.68 0.001195 6.31 1307.60 332.71 0.42

Mainstem_1 10842   100YR FUTURE 8303.00 5763.53 5775.44 5775.93 0.000859 6.26 1601.81 494.93 0.37

Mainstem_1 10842   100YR FIS ('77 F 5610.00 5763.53 5773.04 5773.58 0.001381 6.46 1047.52 468.66 0.44

Mainstem_1 10775   100YR FUTURE 8303.00 5762.88 5775.69 5770.43 5775.79 0.000189 3.46 3693.50 545.39 0.18

Mainstem_1 10775   100YR FIS ('77 F 5610.00 5762.88 5773.30 5769.52 5773.41 0.000299 3.73 2410.04 508.48 0.22

Mainstem_1 10750   Culvert

Mainstem_1 10725   100YR FUTURE 8355.00 5762.52 5775.00 5770.34 5775.75 0.000893 7.54 1298.13 181.51 0.39

Mainstem_1 10725   100YR FIS ('77 F 5610.00 5762.52 5772.78 5768.90 5773.37 0.000902 6.57 983.47 135.68 0.38

Mainstem_1 10679   100YR FUTURE 8475.00 5762.39 5772.53 5772.16 5775.47 0.004940 14.96 681.19 103.80 0.87

Mainstem_1 10679   100YR FIS ('77 F 5610.00 5762.39 5771.23 5773.17 0.003867 11.97 552.18 95.93 0.75

Mainstem_1 10595   100YR FUTURE 8475.00 5761.80 5772.08 5772.08 5775.00 0.004825 14.58 690.71 120.64 0.86

Mainstem_1 10595   100YR FIS ('77 F 5610.00 5761.80 5770.14 5770.14 5772.68 0.005502 13.24 478.90 100.19 0.88

Mainstem_1 10548   100YR FUTURE 8475.00 5761.55 5772.46 5770.32 5774.01 0.004638 9.65 904.01 128.82 0.53

Mainstem_1 10548   100YR FIS ('77 F 5610.00 5761.55 5770.42 5768.85 5771.63 0.005620 9.14 658.24 116.09 0.57

Mainstem_1 10500   Bridge



HEC-RAS  Plan: Corr Eff   River: HCC   Reach: Mainstem_1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mainstem_1 10326   100YR FUTURE 8475.00 5760.00 5769.34 5768.71 5772.13 0.012390 14.32 666.57 93.87 0.83

Mainstem_1 10326   100YR FIS ('77 F 5610.00 5760.00 5768.30 5769.97 0.008576 11.00 570.96 90.61 0.68

Mainstem_1 10157   100YR FUTURE 8475.00 5758.00 5767.71 5767.71 5770.13 0.009372 13.29 766.17 237.59 0.87

Mainstem_1 10157   100YR FIS ('77 F 5610.00 5758.00 5766.30 5766.30 5768.32 0.009811 11.78 547.17 184.44 0.86

Mainstem_1 10111   100YR FUTURE 8475.00 5758.00 5767.35 5767.34 5768.99 0.007289 11.32 1017.90 443.82 0.76

Mainstem_1 10111   100YR FIS ('77 F 5610.00 5758.00 5766.30 5766.16 5767.74 0.007205 10.08 708.06 398.68 0.74
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HCC Mainstem_1



  

HEC-RAS  Plan: Post-Project   River: HCC   Reach: Mainstem_1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mainstem_1 12694   100YR FUTURE 8303.00 5778.76 5785.29 5785.89 0.002893 8.69 1474.52 423.99 0.62

Mainstem_1 12694   100YR FIS ('77 F 5610.00 5778.76 5783.92 5783.83 5784.76 0.005541 10.12 909.70 398.99 0.83

Mainstem_1 12541   100YR FUTURE 8303.00 5777.80 5785.42 5785.64 0.000770 4.79 2344.05 498.21 0.33

Mainstem_1 12541   100YR FIS ('77 F 5610.00 5777.80 5784.18 5784.37 0.000873 4.43 1738.29 477.92 0.34

Mainstem_1 12436   100YR FUTURE 8303.00 5777.05 5784.84 5785.52 0.002101 8.61 1408.04 307.97 0.56

Mainstem_1 12436   100YR FIS ('77 F 5610.00 5777.05 5783.67 5784.25 0.002177 7.81 1057.56 287.85 0.55

Mainstem_1 12430   100YR FUTURE 8303.00 5777.04 5784.77 5785.50 0.002301 8.97 1353.19 299.25 0.58

Mainstem_1 12430   100YR FIS ('77 F 5610.00 5777.04 5783.60 5784.23 0.002376 8.12 1016.20 278.63 0.57

Mainstem_1 12400   100YR FUTURE 8303.00 5776.95 5784.05 5783.62 5785.35 0.004533 12.00 1039.52 262.70 0.81

Mainstem_1 12400   100YR FIS ('77 F 5610.00 5776.95 5782.40 5782.40 5784.02 0.007464 12.82 638.70 211.16 0.99

Mainstem_1 12388   100YR FUTURE 8303.00 5776.91 5783.36 5783.36 5785.24 0.005668 11.86 865.25 245.14 0.87

Mainstem_1 12388   100YR FIS ('77 F 5610.00 5776.91 5782.25 5782.25 5783.85 0.006142 10.68 614.14 200.92 0.88

Mainstem_1 12129   100YR FUTURE 8303.00 5774.96 5782.89 5783.40 0.001488 7.39 1557.85 293.95 0.47

Mainstem_1 12129   100YR FIS ('77 F 5610.00 5774.96 5781.60 5782.00 0.001521 6.60 1188.08 277.11 0.46

Mainstem_1 11959   100YR FUTURE 8303.00 5773.19 5781.02 5781.02 5782.95 0.005406 12.39 848.43 208.96 0.86

Mainstem_1 11959   100YR FIS ('77 F 5610.00 5773.19 5779.89 5779.89 5781.55 0.005673 11.15 620.42 192.04 0.86

Mainstem_1 11835   100YR FUTURE 8303.00 5772.39 5779.72 5781.23 0.004603 12.19 936.38 202.39 0.81

Mainstem_1 11835   100YR FIS ('77 F 5610.00 5772.39 5778.24 5778.24 5779.78 0.006196 12.07 646.23 190.49 0.91

Mainstem_1 11830   100YR FUTURE 8303.00 5772.34 5779.74 5781.18 0.004377 11.93 953.94 202.95 0.79

Mainstem_1 11830   100YR FIS ('77 F 5610.00 5772.34 5778.19 5778.19 5779.70 0.006157 12.00 649.18 190.71 0.90

Mainstem_1 11800   100YR FUTURE 8303.00 5772.14 5779.76 5781.00 0.003488 10.86 1018.32 200.45 0.71

Mainstem_1 11800   100YR FIS ('77 F 5610.00 5772.14 5777.92 5777.79 5779.34 0.005731 11.44 660.35 187.01 0.87

Mainstem_1 11620   100YR FUTURE 8303.00 5770.67 5779.67 5780.45 0.001708 8.07 1291.73 235.74 0.51

Mainstem_1 11620   100YR FIS ('77 F 5610.00 5770.67 5777.75 5778.53 0.002325 7.83 866.55 203.19 0.56

Mainstem_1 11494   100YR FUTURE 8303.00 5769.78 5777.13 5777.13 5779.86 0.006734 13.72 658.12 127.68 0.97

Mainstem_1 11494   100YR FIS ('77 F 5610.00 5769.78 5776.04 5775.76 5777.95 0.006035 11.43 526.08 117.11 0.89

Mainstem_1 11410   100YR FUTURE 8303.00 5769.19 5776.50 5776.50 5778.75 0.006347 14.58 734.78 158.97 0.96

Mainstem_1 11410   100YR FIS ('77 F 5610.00 5769.19 5775.22 5775.22 5777.12 0.006962 13.39 542.24 140.88 0.97



HEC-RAS  Plan: Post-Project   River: HCC   Reach: Mainstem_1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mainstem_1 11400   100YR FUTURE 8303.00 5769.10 5776.47 5776.47 5778.61 0.005986 14.17 745.21 163.48 0.93

Mainstem_1 11400   100YR FIS ('77 F 5610.00 5769.10 5775.13 5775.13 5777.03 0.007086 13.43 542.22 142.44 0.98

Mainstem_1 11385   100YR FUTURE 8303.00 5768.00 5776.37 5776.24 5778.31 0.004594 13.63 800.89 171.25 0.84

Mainstem_1 11385   100YR FIS ('77 F 5610.00 5768.00 5774.98 5774.93 5776.77 0.005332 12.99 578.87 141.21 0.87

Mainstem_1 11370   100YR FUTURE 8303.00 5768.00 5776.35 5776.14 5778.21 0.004587 13.51 818.92 182.96 0.83

Mainstem_1 11370   100YR FIS ('77 F 5610.00 5768.00 5774.90 5774.90 5776.68 0.005545 13.07 576.33 153.38 0.88

Mainstem_1 11280   100YR FUTURE 8303.00 5768.00 5776.41 5777.84 0.003220 11.47 909.56 185.44 0.70

Mainstem_1 11280   100YR FIS ('77 F 5610.00 5768.00 5774.53 5774.53 5776.21 0.005304 12.41 582.90 161.28 0.86

Mainstem_1 11180   100YR FUTURE 8303.00 5767.85 5776.33 5774.61 5777.53 0.002592 10.23 1011.52 178.49 0.63

Mainstem_1 11180   100YR FIS ('77 F 5610.00 5767.85 5774.41 5773.47 5775.54 0.003477 9.92 720.43 165.06 0.70

Mainstem_1 11150   Bridge

Mainstem_1 11100   100YR FUTURE 8303.00 5765.08 5776.03 5773.39 5776.89 0.002244 9.37 1149.57 168.05 0.52

Mainstem_1 11100   100YR FIS ('77 F 5610.00 5765.08 5773.55 5772.29 5774.50 0.003690 9.98 751.27 153.96 0.63

Mainstem_1 10974   100YR FUTURE 8303.00 5764.87 5775.92 5776.76 0.001675 8.62 1257.20 204.38 0.51

Mainstem_1 10974   100YR FIS ('77 F 5610.00 5764.87 5773.40 5774.28 0.002551 8.54 798.97 160.66 0.59

Mainstem_1 10900   100YR FUTURE 8303.00 5764.74 5775.98 5776.58 0.001127 7.59 1516.89 244.21 0.43

Mainstem_1 10900   100YR FIS ('77 F 5610.00 5764.74 5773.43 5774.06 0.001624 7.46 976.81 195.96 0.49

Mainstem_1 10825   100YR FUTURE 8303.00 5763.42 5776.11 5776.44 0.000680 6.32 1972.87 294.92 0.33

Mainstem_1 10825   100YR FIS ('77 F 5610.00 5763.42 5773.55 5773.89 0.000950 6.26 1305.73 241.34 0.38

Mainstem_1 10819   100YR FUTURE 8303.00 5763.41 5776.11 5776.44 0.000657 6.21 1979.59 291.34 0.33

Mainstem_1 10819   100YR FIS ('77 F 5610.00 5763.41 5773.53 5773.88 0.000965 6.30 1301.04 247.03 0.38

Mainstem_1 10810   100YR FUTURE 8303.00 5762.57 5776.07 5771.82 5776.43 0.000665 6.40 1938.64 284.58 0.31

Mainstem_1 10810   100YR FIS ('77 F 5610.00 5762.57 5773.47 5770.79 5773.87 0.000967 6.63 1261.27 238.85 0.36

Mainstem_1 10800   Culvert

Mainstem_1 10750   100YR FUTURE 8303.00 5762.44 5775.94 5776.32 0.000618 6.11 1812.78 219.13 0.31

Mainstem_1 10750   100YR FIS ('77 F 5610.00 5762.44 5773.40 5773.73 0.000718 5.64 1295.37 188.32 0.32

Mainstem_1 10725   100YR FUTURE 8355.00 5762.52 5775.54 5770.34 5776.21 0.000745 7.10 1376.84 184.86 0.36

Mainstem_1 10725   100YR FIS ('77 F 5610.00 5762.52 5773.10 5768.90 5773.64 0.000795 6.31 1027.92 137.68 0.36



HEC-RAS  Plan: Post-Project   River: HCC   Reach: Mainstem_1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mainstem_1 10679   100YR FUTURE 8475.00 5762.39 5772.53 5772.16 5775.47 0.004939 14.96 681.24 103.80 0.87

Mainstem_1 10679   100YR FIS ('77 F 5610.00 5762.39 5771.24 5773.17 0.003865 11.97 552.32 95.94 0.75

Mainstem_1 10595   100YR FUTURE 8475.00 5761.80 5772.08 5772.08 5775.00 0.004822 14.58 690.88 120.70 0.86

Mainstem_1 10595   100YR FIS ('77 F 5610.00 5761.80 5770.13 5770.13 5772.68 0.005509 13.24 478.66 100.18 0.88

Mainstem_1 10548   100YR FUTURE 8475.00 5761.55 5772.46 5770.39 5774.01 0.004638 9.65 904.01 128.82 0.53

Mainstem_1 10548   100YR FIS ('77 F 5610.00 5761.55 5770.42 5768.89 5771.63 0.005623 9.14 658.13 116.08 0.57

Mainstem_1 10500   Bridge

Mainstem_1 10326   100YR FUTURE 8475.00 5760.00 5769.34 5768.77 5772.13 0.012398 14.33 666.43 93.87 0.83

Mainstem_1 10326   100YR FIS ('77 F 5610.00 5760.00 5768.25 5769.94 0.008801 11.09 565.96 90.44 0.69

Mainstem_1 10157   100YR FUTURE 8475.00 5758.00 5767.74 5767.74 5770.13 0.009174 13.19 772.38 238.97 0.86

Mainstem_1 10157   100YR FIS ('77 F 5610.00 5758.00 5766.35 5766.35 5768.32 0.009491 11.65 554.43 186.49 0.84

Mainstem_1 10111   100YR FUTURE 8475.00 5758.00 5767.35 5767.14 5768.53 0.005790 10.09 1292.58 443.82 0.68

Mainstem_1 10111   100YR FIS ('77 F 5610.00 5758.00 5766.30 5765.87 5767.48 0.006273 9.40 850.14 398.68 0.69



CLOMR for Happy Canyon Creek – Belford Ave Connection 

 

 

 Appendix F 

APPENDIX F. SUPPLEMENTAL INFORMATION AND PLAN 
SHEETS 



FEDERAL EMERGENCY MANAGEMENT AGENCY
 

PAYMENT INFORMATION FORM
 

          

         :Community Name

Project Identifier:

LOMC Clearinghouse  
MT-1 application     

T-2 application   
3601 Eisenhower Ave. Suite 500 
Alexandria, VA 22304-6426  

 Attn.: LOMC Manager   

Type of Request:  

THIS  FORM MUST BE MAILED, ALONG WITH THE  APPROPRIATE FEE, TO THE  ADDRESS BELOW OR FAXED TO THE FAX  NUMBER  
BELOW.  
 
Please make check or money  order  payable to the National Flood Insurance Program.  

 

      
 

 

 

  
 
 
 
 
 
 
  E
 
 

 

             ): _______________    Check No.:          ____ _________ __  Amou nt:         

 

  INITIAL FEE      FINAL FEE      FEE BALANCE**      MASTER CARD    VISA        MONEY ORDER  
 

   

                                   —  —  —  

    1   2     3     4                5     6   7     8                 9   10   11     12              13   14 15   16        

     

     Month  

        

                         

 

 
                                                    _________________________________________________________________  

 
         : 

 
          

          

 

 

             

 


  

 
  

 M

Request No.  (if known

* CHECK   

*Note:   Check only for EDR and/or Alluvial Fan requests (as  appropriate). 

**Note: Check only if submitting a corrected fee for an ongoing request.  

 
  DR application  

FEMA Project Library 
3601 Eisenhower Ave. Suite 500 
Alexandria, VA 22304-6426 
FAX (703) 960-9125  

COMPLETE  THIS SECTION ONLY  IF PAYING BY CREDIT CARD  

 
CARD NUMBER              EXP. DATE  

—

Year 

Date                                                                                                                    Signature  

NAME  (AS IT APPEARS ON CARD)
(please  print or type)  

ADDRESS:  
(for your  
credit card  
receipt-please   
print or type)  
 

DAYTIME PHONE:

 

FEMA Form 81-107 Payment Information Form 
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U.S. DEPARTMENT OF HOMELAND SECURITY 
FEDERAL EMERGENCY MANAGEMENT AGENCY 

OVERVIEW & CONCURRENCE FORM 

O.M.B No. 1660-0016 

Expires February 28, 2014 

 

PAPERWORK BURDEN DISCLOSURE NOTICE 

Public reporting burden for this form is estimated to average 1 hours per response. The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not required 
to respond to this collection of information unless it displays a valid OMB control number. Send comments regarding the accuracy of the burden 
estimate and any suggestions for reducing this burden to: Information Collections Management, Department of Homeland Security, Federal Emergency 
Management Agency, 1800 South Bell Street, Arlington, VA 20958-3005, Paperwork Reduction Project (1660-0016). Submission of the form is required 
to obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed survey to the above address. 

 

PRIVACY ACT STATEMENT 

AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law 93-
234.  

PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National 
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM). 

ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as 
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National Flood 
Insurance Program (NFIP); Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.  

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent 
FEMA from processing a determination regarding a requested change to a (NFIP) Flood Insurance Rate Maps (FIRM). 

A.  REQUESTED RESPONSE FROM DHS-FEMA 

 
This request is for a (check one): 
 

  CLOMR: A letter from DHS-FEMA commenting on whether a proposed project, if built as proposed, would justify a map revision, or 
proposed hydrology changes (See 44 CFR Ch. 1, Parts 60, 65 & 72). 

 
  LOMR: A letter from DHS-FEMA officially revising the current NFIP map to show the changes to floodplains, regulatory floodway or flood 

elevations. (See 44 CFR Ch. 1, Parts 60, 65 & 72) 

 

B.  OVERVIEW 

 

1. The NFIP map panel(s) affected for all impacted communities is (are): 
 

Community No. Community Name State Map No. Panel No. Effective Date 

Example: 480301 
                480287 

City of Katy 
Harris County 

TX 
TX 

48473C 
48201C 

0005D 
0220G 

02/08/83 
09/28/90 

080310 Town of Parker CO 08035C 0062G 03/16/16 

080310 Town of Parker CO 08035C 0066G 03/16/16 

 
2. a. Flooding Source: Happy Canyon Creek 
 
 b. Types of Flooding:  Riverine   Coastal  Shallow Flooding (e.g., Zones AO and AH) 

 
   Alluvial fan  Lakes  Other  (Attach Description) 
 
3. Project Name/Identifier: Compark at Belford Avenue 
 
4. FEMA zone designations affected: AE, X  (choices:  A, AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X) 
 
5. Basis for Request and Type of Revision: 
 

 a. The basis for this revision request is (check all that apply) 
     

  Physical Change  Improved Methodology/Data  Regulatory Floodway Revision  Base Map Changes 
 

  Coastal Analysis  Hydraulic Analysis  Hydrologic Analysis  Corrections  
 

   Weir-Dam Changes  Levee Certification   Alluvial Fan Analysis  Natural Changes 
 

  New Topographic Data  Other (Attach Description) 
 

Note:  A photograph and narrative description of the area of concern is not required, but is very helpful during review. 
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 b.  The area of revision encompasses the following structures (check all that apply) 
  

 Structures:   Channelization    Levee/Floodwall  Bridge/Culvert 
 
   Dam   Fill  Other (Attach Description) 
 
 
6.  Documentation of ESA compliance is submitted (required to initiate CLOMR review). Please refer to the instructions for more information. 

 

 

 

C.  REVIEW FEE 

 
Has the review fee for the appropriate request category been included?   Yes     Fee amount:  $6500 
 

  No, Attach Explanation 
 
Please see the DHS-FEMA Web site at http://www.fema.gov/plan/prevent/fhm/frm_fees.shtm for Fee Amounts and Exemptions. 

D.  SIGNATURE 

All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false statement may be punishable by 
fine or imprisonment under Title 18 of the United States Code, Section 1001. 

 

Name:  Zachary J Grady Company:  Felsburg Holt & Ullevig 

Mailing Address:  
6300 South Syracuse Way, Suite 600 
Centennial, CO 80111 

Daytime Telephone No.:  3037211440 Fax No.: 3037210832 

E-Mail Address:  zach.grady@fhueng.com 

Signature of Requester (required): Date:        

As the community official responsible for floodplain management, I hereby acknowledge that we have received and reviewed this Letter of Map Revision 
(LOMR) or conditional LOMR request.  Based upon the community's review, we find the completed or proposed project meets or is designed to meet all 
of the community floodplain management requirements, including the requirements for when fill is placed in the regulatory floodway, and that all 
necessary Federal, State, and local permits have been, or in the case of a conditional LOMR, will be obtained.  For Conditional LOMR requests, the 
applicant has documented Endangered Species Act (ESA) compliance to FEMA prior to FEMA’s review of the Conditional LOMR application. For 
LOMR requests, I acknowledge that compliance with Sections 9 and 10 of the ESA has been achieved independently of FEMA’s process.  For actions 
authorized, funded, or being carried out by Federal or State agencies, documentation from the agency showing its compliance with Section 7(a)(2) 
of the ESA will be submitted.  In addition, we have determined that the land and any existing or proposed structures to be removed from the SFHA are 
or will be reasonably safe from flooding as defined in 44CFR 65.2(c), and that we have available upon request by FEMA, all analyses and 
documentation used to make this determination. 

Community Official’s Name and Title:        Community Name:        

Mailing Address:  

      

      

Daytime Telephone No.:        Fax No.:       

E-Mail Address:        

Community Official’s Signature (required):   Date:        

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR 
 

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify 
elevation information data, hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.2(b) and as 
described in the MT-2 Forms Instructions.  All documents submitted in support of this request are correct to the best of my knowledge.  I understand that 
any false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

 

Certifier’s Name:  Kendra Gabbert License No.:  45344 Expiration Date: 10/31/2017 

Company Name:  Felsburg Holt & Ullevig Telephone No.:  303-721-1440 Fax No.:  303-721-0832 

Signature: Date:        E-Mail Address:  kendra.gabbert@fhueng.com 
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Ensure the forms that are appropriate to your revision request are included in your submittal. 
 

Form Name and (Number)  Required if 5 

  Riverine Hydrology and Hydraulics Form (Form 2) New or revised discharges or water-surface elevations 
 

  Riverine Structures Form (Form 3) Channel is modified, addition/revision of bridge/culverts, 
   addition/revision of levee/floodwall, addition/revision of dam 
 

  Coastal Analysis Form (Form 4) New or revised coastal elevations 
 

  Coastal Structures Form (Form 5) Addition/revision of coastal structure 
 

  Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans 
 
 

 

 

 

 

 

 

Seal (Optional) 
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U.S. DEPARTMENT OF HOMELAND SECURITY 
FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE HYDROLOGY & HYDRAULICS FORM 
O.M.B No. 1660-0016 

Expires February 28, 2014 

 

PAPERWORK BURDEN DISCLOSURE NOTICE 

Public reporting burden for this form is estimated to average 3.5 hours per response. The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send comments 
regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Department of 
Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington VA 20958-3005, Paperwork Reduction Project 
(1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not send your 
completed survey to the above address. 

PRIVACY ACT STATEMENT 

AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law 
93-234.  

PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National 
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).  

ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as 
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National 
Flood Insurance Program (NFIP); Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.  

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent 
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM). 

 

Flooding Source:  Happy Canyon Creek   

Note: Fill out one form for each flooding source studied 

A.  HYDROLOGY 

1. Reason for New Hydrologic Analysis  (check all that apply) 

 

  Not revised (skip to section B)   No existing analysis   Improved data 

  Alternative methodology   Proposed Conditions (CLOMR)   Changed physical condition of watershed 

 
2. Comparison of Representative 1%-Annual-Chance Discharges 
 

Location Drainage Area (Sq. Mi.) Effective/FIS (cfs) Revised (cfs) 

                        

                        

                        

3. Methodology for New Hydrologic Analysis  (check all that apply) 
 

  Statistical Analysis of Gage Records   Precipitation/Runoff Model  � Specify Model:         

  Regional Regression Equations   Other (please attach description) 
 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters), and documentation to support the 
new analysis.   
 

4. Review/Approval of Analysis 
 

If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review. 
 
5. Impacts of Sediment Transport on Hydrology 
 

Is the hydrology for the revised flooding source(s) affected by sediment transport?      Yes      No      
 
If yes, then fill out Section F (Sediment Transport) of Form 3.  If No, then attach your explanation.. 
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B.  HYDRAULICS 

1. Reach to be Revised 

 
 Description Cross Section Water-Surface Elevations (ft.) 

   Effective Proposed/Revised 

Downstream Limit* FIS Section E  10111  5766.3  5766.3  

Upstream Limit* FIS Section G  12694  5784.8  5783.92  

*Proposed/Revised elevations must tie-into the Effective elevations within 0.5 foot at the downstream and upstream limits of revision. 

2. Hydraulic Method/Model Used:  HEC-RAS 4.1.0  
 

3. Pre-Submittal Review of Hydraulic Models* 

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively.  We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and CHECK-RAS.   

4.  

Models Submitted Natural Run Floodway Run Datum 

Duplicate Effective Model* 
File Name: 

Happy Canyon 
Plan Name: 

Duplicate Effective 
File Name: 

N/A 
Plan Name: 

N/A NAVD 88 

Corrected Effective Model* 
File Name: 

Happy Canyon 
Plan Name: 

Corrected Effective 
File Name: 

N/A 
Plan Name: 

N/A NAVD 88 

Existing or Pre-Project 
Conditions Model 

File Name: 
N/A 

Plan Name: 
N/A 

File Name: 
N/A 

Plan Name: 
N/A N/A 

Revised or Post-Project 
Conditions Model 

File Name: 
Happy Canyon 

Plan Name: 
Post-Project 

File Name: 
Happy Canyon 

Plan Name: 
Post-Project Floodwa NAVD 88 

Other - (attach description)   
File Name: 

N/A 
Plan Name: 

N/A 
File Name: 

N/A 
Plan Name: 

N/A N/A 

* For details, refer to the corresponding section of the instructions. 
 
                                                                                     Digital Models Submitted? (Required) 

C.  MAPPING REQUIREMENTS 

A certified topographic work map must be submitted showing the following information (where applicable): the boundaries of the effective, existing, 
and proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and 0.2%-annual-chance 
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control 
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the requester's 
property; certification of a registered professional engineer registered in the subject State; location and description of reference marks; and the 
referenced vertical datum (NGVD, NAVD, etc.). 
                                                                                 Digital Mapping (GIS/CADD) Data Submitted (preferred)  
Topographic Information:  Flown Aerial Survey for Belford Ave.  

Source:  Manhard Consultants  Date:  03-31-16  

Accuracy:  1-Foot Interval Contours  

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM and/or FBFM, at the same 
scale as the original, annotated to show the boundaries of the revised 1%-and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with 
the boundaries of the effective 1%-and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area on 
revision. 

  Annotated FIRM and/or FBFM (Required)    
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D.  COMMON REGULATORY REQUIREMENTS* 

1. For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase?    Yes    No 
 

a.   For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP regulations:  

• The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot compared to pre-project 
conditions. 

• The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot 
compared to pre-project conditions. 

 b.   Does this LOMR request cause increase in the BFE and/or SFHA compared with the effective BFEs and/or SFHA?    Yes    No 

If Yes, please attach proof of property owner notification and acceptance (if available).  Elements of and examples of property owner 
notifications can be found in the MT-2 Form 2 Instructions. 

 
2. Does the request involve the placement or proposed placement of fill?   Yes    No 
 

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the 
NFIP regulations set forth at 44 CFR 60.3(A)(3), 65.5(a)(4), and 65.6(a)(14).  Please see the MT-2 instructions for more information. 

 
3. For LOMR requests, is the regulatory floodway being revised?    Yes    No 
 

If Yes, attach evidence of regulatory floodway revision notification.  As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is 
required for requests involving revisions to the regulatory floodway.  (Not required for revisions to approximate 1%-annual-chance floodplains 
[studied Zone A designation] unless a regulatory floodway is being established. Elements and examples of regulatory floodway revision 
notification can be found in the MT-2 Form 2 Instructions.) 
 

4. For CLOMR requests, please submit documentation to FEMA and the community to show that you have complied with Sections 9 and 10 of the 
Endangered Species Act (ESA).   

 

For actions authorized, funded, or being carried out by Federal or State agencies, please submit documentation from the agency showing its 
compliance with Section 7(a)(2) of the ESA. Please see the MT-2 instructions for more detail.  

* Not inclusive of all applicable regulatory requirements.  For details, see 44 CFR parts 60 and 65.   
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DEPARTMENT OF HOMELAND SECURITY 
FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE STRUCTURES FORM 

 O.M.B. NO. 1660-0016  
Expires February 28, 2014 

PAPERWORK BURDEN DISCLOSURE NOTICE 
Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. 
You are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. 
Send comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections 
Management, Department of Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005, 
Paperwork Reduction Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance 
Program. Please do not send your completed survey to the above address. 

PRIVACY ACT STATEMENT 

AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law 
93-234.  

PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National 
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).  

ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as 
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National 
Flood Insurance Program; Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.  

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent 
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM). 

Flooding Source:  Happy Canyon Creek 
 

Note: Fill out one form for each flooding source studied.  

A. GENERAL 

Complete the appropriate section(s) for each Structure listed below:  
Channelization...............complete Section B  
Bridge/Culvert................complete Section C  
Dam...............................complete Section D  
Levee/Floodwall.............complete Section E  
Sediment Transport........complete Section F (if required) 
 

Description Of  Modeled Structure 
 
1.    Name of Structure:  Belford Avenue Bridge 

 
Type  (check one):  Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:  11100 
 
Upstream Limit/Cross Section: 11180 
 

2.    Name of Structure:  E-470 Pedestrian Train Crossing 
 
Type  (check one):  Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:  10750 
 
Upstream Limit/Cross Section:  10810 
 

 
3.    Name of Structure:        

 
Type  (check one)   Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:        
 
Upstream Limit/Cross Section:        

 

NOTE: FOR MORE STRUCTURES, ATTACH ADDITIONAL PAGES AS NEEDED. 
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B.  CHANNELIZATION 

Flooding Source:  Happy Canyon Creek 
 
Name of Structure:  Belford Avenue Bridge 
 
1. Hydraulic Considerations 
 
 The channel was designed to carry        (cfs) and/or the      -year flood. 

         The design elevation in the channel is based on (check one): 

             Subcritical flow     Critical flow    Supercritical flow    Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic 
jump is controlled without affecting the stability of the channel. 
 

  Inlet to channel       Outlet of channel       At Drop Structures      At Transitions     

  Other locations (specify):        
 
2. Channel Design Plans 
 
 Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.  
 
3. Accessory Structures 
 

The channelization includes (check one): 

  Levees [Attach Section E (Levee/Floodwall)]          Drop structures          Superelevated sections   

  Transitions in cross sectional geometry         Debris basin/detention basin  [Attach Section D (Dam/Basin)]   Energy dissipator 
 

  Weir                                Other (Describe):                                                                                                       
 

4. Sediment Transport Considerations 
 

Are the hydraulics of the channel affected by sediment transport?      Yes      No      

     If yes, then fill out Section F (Sediment Transport) of Form 3.  If No, then attach your explanation for why sediment transport was not 
considered. 

C. BRIDGE/CULVERT 
Flooding Source:  Happy Canyon Creek 
 
Name of Structure:  Belford Avenue Bridge 
    
1. This revision reflects (check one): 

  Bridge/culvert not modeled in the FIS 

  Modified bridge/culvert previously modeled in the FIS 

  Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 4.1.0 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze 
the structures.  Attach justification. 

 
3. Attach plans of the structures certified by a registered professional engineer.  The plan detail and information should include the following 

(check the information that has been provided):   

  Dimensions (height, width, span, radius, length)     Distances Between Cross Sections 

  Shape (culverts only)       Erosion Protection 

  Material        Low Chord Elevations – Upstream and Downstream 

  Beveling or Rounding       Top of Road Elevations – Upstream and Downstream 

  Wing Wall Angle       Structure Invert Elevations – Upstream and Downstream 

  Skew Angle       Stream Invert Elevations – Upstream and Downstream 

                         Cross-Section Locations 

 
4. Sediment Transport Considerations 
 

 Are the hydraulics of the structure affected by sediment transport?      Yes      No      
          
        If Yes, then fill out Section F (Sediment Transport) of Form 3.  If no, then attach an explanation. 
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  D.  DAM/BASIN 

 
Flooding Source:        
Name of Structure:        
    
1. This request is for (check one):               Existing dam/basin       New dam/basin     Modification of existing dam/basin 
 
2. The dam/basin was designed by (check one):  Federal agency   State agency    Private organization   Local government agency                       
 
 Name of the agency or organization:        
 
3. The  Dam was permitted as (check one):    Federal Dam                       State Dam      

  
Provide the permit or identification number (ID) for the dam and the appropriate permitting agency or organization   
 
Permit or ID number __________________   Permitting Agency or Organization   _____________________________ 

 
a.  Local Government Dam      Private Dam 

 
Provided related drawings, specification and supporting design information.                 

 
4. Does the project involve revised hydrology?      Yes      No 
   
  If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2). 
 

Was the dam/basin designed using critical duration storm? (must account for the maximum volume of runoff) 
 

   Yes, provide supporting documentation with your completed Form 2. 
 

   No, provide a written explanation and justification for not using the critical duration storm. 
 

5. Does the submittal include debris/sediment yield analysis?      Yes      No 
 
 If Yes, then fill out Section F (Sediment Transport).  If No, then attach your explanation for why debris/sediment analysis was not considered? 
 
6. Does the Base Flood Elevation behind the dam/basin or downstream of the dam/basin change?     Yes      No      
 
 If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below. 
 

Stillwater Elevation Behind the Dam/Basin 
  FREQUENCY (% annual chance)  FIS   REVISED 
 

10-year (10%)                  

50-year (2%)                   

100-year (1%)                   

500-year (0.2%)                 

Normal Pool Elevation             

7. Please attach a copy of the formal Operation and Maintenance Plan 
 

E.  LEVEE/FLOODWALL 
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1. System Elements 
 
 a. This Levee/Floodwall analysis is based on (check one):   
 
 

   
 b. Levee elements and locations are (check one): 
 
    earthen embankment, dike, berm, etc. Station        to            

    structural floodwall  Station        to            

    Other (describe):       Station        to            

  

 c. Structural Type (check one):   monolithic cast-in place reinforced concrete     reinforced concrete masonry block     sheet piling 

   Other (describe):            

 
d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood?  
 
  Yes       No 
 
 If Yes, by which agency?            

 

upgrading of 
an existing 
levee/floodwall 
system 

 

a newly 
constructed 
levee/floodwall 
system 

 

reanalysis of 
an existing 
levee/floodwall 
system 
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e. Attach certified drawings containing the following information (indicate drawing sheet numbers): 
 

1. Plan of the levee embankment and floodwall structures.   Sheet Numbers:       

2. A profile of the levee/floodwall system showing the Base Flood Elevation (BFE),  

  levee and/or wall crest and foundation, and closure locations for the total levee system.   Sheet Numbers:       

3. A profile of the BFE, closure opening outlet and inlet invert elevations, type and size  

  of opening, and kind of closure.   Sheet Numbers:       

 

4. A layout detail for the embankment protection measures.   Sheet Numbers:       

5. Location, layout, and size and shape of the levee embankment features, foundation treatment,  

 Floodwall structure, closure structures, and pump stations.      Sheet Numbers:       

 
2. Freeboard 
 

a. The minimum freeboard provided above the BFE is: 

 

      

 
   Riverine 

 
    3.0 feet or more at the downstream end and throughout  Yes  No 

    3.5 feet or more at the upstream end  Yes  No 

    4.0 feet within 100 feet upstream of all structures and/or constrictions  Yes  No 

 
Coastal 
 
1.0 foot above the height of the one percent wave associated with the 1%-annual-chance 
stillwater surge elevation or maximum wave runup (whichever is greater).    Yes  No 
    
2.0 feet above the 1%-annual-chance stillwater surge elevation  Yes  No 
 
Please note, occasionally exceptions are made to the minimum freeboard requirement.  If an exception is requested, attach 
documentation addressing Paragraph 65.10(b)(1)(ii) of the NFIP Regulations.   
 
 If No is answered to any of the above, please attach an explanation.  
 

b. Is there an indication from historical records that ice-jamming can affect the BFE?      Yes     No 
 
 If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.   

 
3. Closures 

 
 a. Openings through the levee system (check one):   exists      does not exist 

 
 If opening exists, list all closures: 
 

Channel Station Left or Right Bank Opening Type Highest Elevation for 
Opening Invert 

Type of Closure Device 

                              

                              

                              

                              

                              

(Extend table on an added sheet as needed and reference) 
 
Note:  Geotechnical and geologic data 
 
In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the design 
analysis for the following system features should be submitted in a tabulated summary form.  (Reference U.S. Army Corps of 
Engineers [USACE] EM-1110-2-1906 Form 2086.) 
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4. Embankment Protection 
 
 a. The maximum levee slope land side is:        
 
 b. The maximum levee slope flood side is:        
 
 c. The range of velocities along the levee during the base flood is:       (min.)  to       (max.) 
 
 d. Embankment material is protected by (describe what kind):       
 
 e. Riprap Design Parameters (check one):    Velocity   Tractive stress 
  Attach references 

 

Reach Sideslope 
Flow 

Depth 

 

Velocity 
Curve or 
Straight 

Stone Riprap 
Depth of Toedown 

D100 D50 Thickness 

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

 
(Extend table on an added sheet as needed and reference each entry) 
 
 f. Is a bedding/filter analysis and design attached?   Yes       No 
 
 g. Describe the analysis used for other kinds of protection used (include copies of the design analysis): 
 
        
 
Attach engineering analysis to support construction plans.   

 

5. Embankment And Foundation Stability 
 

a. Identify locations and describe the basis for selection of critical location for analysis:  
      

 
     Overall height:  Sta.:      , height       ft. 
 
     Limiting foundation soil strength: 
 

  Strength  φ =       degrees, c =       psf 

 
  Slope:  SS =       (h) to       (v) 
 
  (Repeat as needed on an added sheet for additional locations) 
 

b. Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.): 
       
 

c. Summary of stability analysis results:       
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E.  LEVEE/FLOODWALL (CONTINUED) 

5. Embankment And Foundation Stability (continued)  

Case Loading Conditions  Critical Safety Factor  Criteria (Min.) 

I End of construction         1.3 

II Sudden drawdown         1.0 

III Critical flood stage         1.4 

IV Steady seepage at flood stage         1.4 

VI Earthquake (Case I)         1.0 

(Reference:  USACE EM-1110-2-1913 Table 6-1) 

 
 d. Was a seepage analysis for the embankment performed?   Yes      No 
 
  If Yes, describe methodology used:       
 
 e. Was a seepage analysis for the foundation performed?   Yes      No 
 
 f. Were uplift pressures at the embankment landside toe checked?  Yes      No 
 
 g. Were seepage exit gradients checked for piping potential?   Yes      No 
 
 h. The duration of the base flood hydrograph against the embankment is       hours. 
 

Attach engineering analysis to support construction plans. 

 

 
6. Floodwall And Foundation Stability 
 
 a. Describe analysis submittal based on Code (check one):    UBC (1988)   Other (specify):       
 
 b. Stability analysis submitted provides for:    Overturning            Sliding      If not, explain:        
 
 c. Loading included in the analyses were:    Lateral earth @ PA =       psf;    Pp =       psf 
 
    Surcharge-Slope @      ,     surface       psf 
 
    Wind @ Pw =       psf 
 
    Seepage (Uplift);          Earthquake @ Peq =       %g 
 
   1%-annual-chance significant wave height:        ft. 
 
  1%-annual-chance significant wave period:        sec. 
 

d. Summary of Stability Analysis Results:  Factors of Safety. 
 Itemize for each range in site layout dimension and loading condition limitation for each respective reach.   

Loading Condition 

Criteria (Min) Sta  To Sta To 

Overturn Sliding  Overturn Sliding Overturn Sliding 

Dead & Wind 1.5 1.5                         

Dead & Soil 1.5 1.5                         

Dead, Soil, Flood, & 
Impact 

1.5 1.5                         

Dead, Soil, & Seismic 1.3 1.3                         
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   (Ref:  FEMA 114 Sept 1986; USACE EM 1110-2-2502) 
   Note: (Extend table on an added sheet as needed and reference) 

 

E.  LEVEE/FLOODWALL (CONTINUED) 

6. Floodwall And Foundation Stability (continued) 
 

e. Foundation bearing strength for each soil type: 
 

Bearing Pressure Sustained Load (psf) Short Term Load (psf) 

Computed design maximum             

Maximum allowable             
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 f. Foundation scour protection  is,  is not provided.  If provided, attach explanation and supporting documentation: 
 
 Attach engineering analysis to support construction plans.   
 
7. Settlement 
 
 a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the    

 established freeboard margin?  Yes      No 
 
 b. The computed range of settlement is       ft. to       ft. 
 
 c. Settlement of the levee crest is determined to be primarily from :   Foundation consolidation   Embankment compression 

  Other (Describe):        
 

 d. Differential settlement of floodwalls    has    has not been accommodated in the structural design and construction.   
 

 Attach engineering analysis to support construction plans.   

 

8. Interior Drainage 
 
 a. Specify size of each interior watershed: 
 
  Draining to pressure conduit:        acres 

  Draining to ponding area:        acres 

 
 b. Relationships Established 
 
  Ponding elevation vs. storage     Yes      No 

  Ponding elevation vs. gravity flow    Yes      No 

  Differential head vs. gravity flow    Yes      No 

 
 c. The river flow duration curve is enclosed:   Yes      No 
 
 d. Specify the discharge capacity of the head pressure conduit:        cfs 
 
 e. Which flooding conditions were analyzed? 
 

• Gravity flow (Interior Watershed)    Yes      No 

• Common storm (River Watershed)    Yes      No  

• Historical ponding probability    Yes      No 

• Coastal wave overtopping    Yes      No 

 
 If No for any of the above, attach explanation. 
 
e. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet   

facilities to provide the established level of flood protection.      Yes      No   If No, attach explanation. 
 

 g. The rate of seepage through the levee system for the base flood is       cfs 
 
 h. The length of levee system used to drive this seepage rate in item g:       ft. 

 

 

E.  LEVEE/FLOODWALL (CONTINUED) 

 
8. Interior Drainage (continued) 
 

i. Will pumping plants be used for interior drainage?    Yes      No 
 

If Yes, include the number of pumping plants:         For each pumping plant, list: 
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The number of pumps 

Plant #1 Plant #2 

            

The ponding storage capacity             

The maximum pumping rate             

The maximum pumping head             

The pumping starting elevation             

The pumping stopping elevation             

Is the discharge facility protected?             

Is there a flood warning plan?             

How much time is available between warning 
and flooding? 

            

Will the operation be automatic?       Yes      No 

If the pumps are electric, are there backup power sources?     Yes      No 
 
(Reference:  USACE  EM-1110-2-3101, 3102, 3103, 3104, and 3105) 
 
Include a copy of supporting documentation of data and analysis.  Provide a map showing the flooded area and maximum ponding elevations for all 
interior watersheds that result in flooding.   

 
9. Other Design Criteria 
 

a. The following items have been addressed as stated: 
 

Liquefaction   is   is not a problem 

Hydrocompaction   is   is not a problem 

Heave differential movement due to soils of high shrink/swell   is   is not a problem 

 
b. For each of these problems, state the basic facts and corrective action taken: 
       
 
 
 
  Attach supporting documentation  
  
c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
  Yes      No  Attach supporting documentation 

 
d. Sediment Transport Considerations: 
 

 Was sediment transport considered?       Yes      No      
 If Yes, then fill out Section F (Sediment Transport).  If No, then attach your explanation for why sediment transport was not considered. 
10. Operational Plan And Criteria 
 

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations?           Yes      No 
 
b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations?  

  Yes      No 

 
c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations? 

  Yes      No If the answer is No to any of the above, please attach supporting documentation.  

 

 

E.  LEVEE/FLOODWALL (CONTINUED) 
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11. Maintenance Plan 
Please attach a copy of the fomal maintenance plan for the levee/floodwall 

 
12. Operations and Maintenance Plan 

 
 Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall. 

 

CERTIFICATION OF THE LEVEE DOCUMENTION 

This certification is to be signed and sealed by a licensed registered professional engineer authorized by law to certify elevation information data, 
hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.10(e) and as described in the MT-2 
Forms Instructions.  All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false 
statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Certifier’s Name:        License No.:        Expiration Date:       

Company Name:        Telephone No.:        Fax No.:        

Signature:       Date:        E-Mail Address:        

F.  SEDIMENT TRANSPORT 

Flooding Source:         
 
Name of Structure:        
    
If there is any indication from historical records that sediment transport (including scour and deposition) can affect the Base Flood Elevation (BFE); 
and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is a potential for debris and 
sediment transport (including scour and deposition) to affect the BFEs, then provide the following information along with the supporting 
documentation: 
 
Sediment load associated with the base flood discharge:     Volume       acre-feet 
 
Debris load associated with the base flood discharge:          Volume       acre-feet 
 
Sediment transport rate        (percent concentration by volume) 
 
Method used to estimate sediment transport:       
 
Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the 
selected method. 
 
 Method used to estimate scour and/or deposition:       
 
 Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:        
 
Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based 
on bulked flows. 
 
 
 
If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs 
or structures must be provided. 
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DEPARTMENT OF HOMELAND SECURITY 
FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE STRUCTURES FORM 

 O.M.B. NO. 1660-0016  
Expires February 28, 2014 

PAPERWORK BURDEN DISCLOSURE NOTICE 
Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. 
You are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. 
Send comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections 
Management, Department of Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005, 
Paperwork Reduction Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance 
Program. Please do not send your completed survey to the above address. 

PRIVACY ACT STATEMENT 

AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law 
93-234.  

PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National 
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).  

ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as 
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National 
Flood Insurance Program; Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.  

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent 
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM). 

Flooding Source:  Happy Canyon Creek 
 

Note: Fill out one form for each flooding source studied.  

A. GENERAL 

Complete the appropriate section(s) for each Structure listed below:  
Channelization...............complete Section B  
Bridge/Culvert................complete Section C  
Dam...............................complete Section D  
Levee/Floodwall.............complete Section E  
Sediment Transport........complete Section F (if required) 
 

Description Of  Modeled Structure 
 
1.    Name of Structure:  Belford Avenue Bridge 

 
Type  (check one):  Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:  11100 
 
Upstream Limit/Cross Section: 11180 
 

2.    Name of Structure:  E-470 Pedestrian Train Crossing 
 
Type  (check one):  Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:  10750 
 
Upstream Limit/Cross Section:  10810 
 

 
3.    Name of Structure:        

 
Type  (check one)   Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:        
 
Upstream Limit/Cross Section:        

 

NOTE: FOR MORE STRUCTURES, ATTACH ADDITIONAL PAGES AS NEEDED. 
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B.  CHANNELIZATION 

Flooding Source:  Happy Canyon Creek 
 
Name of Structure:  E-470 Pedestrian Trail Crossing 
 
1. Hydraulic Considerations 
 
 The channel was designed to carry        (cfs) and/or the      -year flood. 

         The design elevation in the channel is based on (check one): 

             Subcritical flow     Critical flow    Supercritical flow    Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic 
jump is controlled without affecting the stability of the channel. 
 

  Inlet to channel       Outlet of channel       At Drop Structures      At Transitions     

  Other locations (specify):        
 
2. Channel Design Plans 
 
 Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.  
 
3. Accessory Structures 
 

The channelization includes (check one): 

  Levees [Attach Section E (Levee/Floodwall)]          Drop structures          Superelevated sections   

  Transitions in cross sectional geometry         Debris basin/detention basin  [Attach Section D (Dam/Basin)]   Energy dissipator 
 

  Weir                                Other (Describe):                                                                                                       
 

4. Sediment Transport Considerations 
 

Are the hydraulics of the channel affected by sediment transport?      Yes      No      

     If yes, then fill out Section F (Sediment Transport) of Form 3.  If No, then attach your explanation for why sediment transport was not 
considered. 

C. BRIDGE/CULVERT 
Flooding Source:  Happy Canyon Creek 
 
Name of Structure:  E-470 Pedestrian Trail Crossing 
    
1. This revision reflects (check one): 

  Bridge/culvert not modeled in the FIS 

  Modified bridge/culvert previously modeled in the FIS 

  Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS 4.1.0 
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze 
the structures.  Attach justification. 

 
3. Attach plans of the structures certified by a registered professional engineer.  The plan detail and information should include the following 

(check the information that has been provided):   

  Dimensions (height, width, span, radius, length)     Distances Between Cross Sections 

  Shape (culverts only)       Erosion Protection 

  Material        Low Chord Elevations – Upstream and Downstream 

  Beveling or Rounding       Top of Road Elevations – Upstream and Downstream 

  Wing Wall Angle       Structure Invert Elevations – Upstream and Downstream 

  Skew Angle       Stream Invert Elevations – Upstream and Downstream 

                         Cross-Section Locations 

 
4. Sediment Transport Considerations 
 

 Are the hydraulics of the structure affected by sediment transport?      Yes      No      
          
        If Yes, then fill out Section F (Sediment Transport) of Form 3.  If no, then attach an explanation. 
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  D.  DAM/BASIN 

 
Flooding Source:        
Name of Structure:        
    
1. This request is for (check one):               Existing dam/basin       New dam/basin     Modification of existing dam/basin 
 
2. The dam/basin was designed by (check one):  Federal agency   State agency    Private organization   Local government agency                       
 
 Name of the agency or organization:        
 
3. The  Dam was permitted as (check one):    Federal Dam                       State Dam      

  
Provide the permit or identification number (ID) for the dam and the appropriate permitting agency or organization   
 
Permit or ID number __________________   Permitting Agency or Organization   _____________________________ 

 
a.  Local Government Dam      Private Dam 

 
Provided related drawings, specification and supporting design information.                 

 
4. Does the project involve revised hydrology?      Yes      No 
   
  If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2). 
 

Was the dam/basin designed using critical duration storm? (must account for the maximum volume of runoff) 
 

   Yes, provide supporting documentation with your completed Form 2. 
 

   No, provide a written explanation and justification for not using the critical duration storm. 
 

5. Does the submittal include debris/sediment yield analysis?      Yes      No 
 
 If Yes, then fill out Section F (Sediment Transport).  If No, then attach your explanation for why debris/sediment analysis was not considered? 
 
6. Does the Base Flood Elevation behind the dam/basin or downstream of the dam/basin change?     Yes      No      
 
 If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below. 
 

Stillwater Elevation Behind the Dam/Basin 
  FREQUENCY (% annual chance)  FIS   REVISED 
 

10-year (10%)                  

50-year (2%)                   

100-year (1%)                   

500-year (0.2%)                 

Normal Pool Elevation             

7. Please attach a copy of the formal Operation and Maintenance Plan 
 

E.  LEVEE/FLOODWALL 
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1. System Elements 
 
 a. This Levee/Floodwall analysis is based on (check one):   
 
 

   
 b. Levee elements and locations are (check one): 
 
    earthen embankment, dike, berm, etc. Station        to            

    structural floodwall  Station        to            

    Other (describe):       Station        to            

  

 c. Structural Type (check one):   monolithic cast-in place reinforced concrete     reinforced concrete masonry block     sheet piling 

   Other (describe):            

 
d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood?  
 
  Yes       No 
 
 If Yes, by which agency?            

 

upgrading of 
an existing 
levee/floodwall 
system 

 

a newly 
constructed 
levee/floodwall 
system 

 

reanalysis of 
an existing 
levee/floodwall 
system 
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e. Attach certified drawings containing the following information (indicate drawing sheet numbers): 
 

1. Plan of the levee embankment and floodwall structures.   Sheet Numbers:       

2. A profile of the levee/floodwall system showing the Base Flood Elevation (BFE),  

  levee and/or wall crest and foundation, and closure locations for the total levee system.   Sheet Numbers:       

3. A profile of the BFE, closure opening outlet and inlet invert elevations, type and size  

  of opening, and kind of closure.   Sheet Numbers:       

 

4. A layout detail for the embankment protection measures.   Sheet Numbers:       

5. Location, layout, and size and shape of the levee embankment features, foundation treatment,  

 Floodwall structure, closure structures, and pump stations.      Sheet Numbers:       

 
2. Freeboard 
 

a. The minimum freeboard provided above the BFE is: 

 

      

 
   Riverine 

 
    3.0 feet or more at the downstream end and throughout  Yes  No 

    3.5 feet or more at the upstream end  Yes  No 

    4.0 feet within 100 feet upstream of all structures and/or constrictions  Yes  No 

 
Coastal 
 
1.0 foot above the height of the one percent wave associated with the 1%-annual-chance 
stillwater surge elevation or maximum wave runup (whichever is greater).    Yes  No 
    
2.0 feet above the 1%-annual-chance stillwater surge elevation  Yes  No 
 
Please note, occasionally exceptions are made to the minimum freeboard requirement.  If an exception is requested, attach 
documentation addressing Paragraph 65.10(b)(1)(ii) of the NFIP Regulations.   
 
 If No is answered to any of the above, please attach an explanation.  
 

b. Is there an indication from historical records that ice-jamming can affect the BFE?      Yes     No 
 
 If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.   

 
3. Closures 

 
 a. Openings through the levee system (check one):   exists      does not exist 

 
 If opening exists, list all closures: 
 

Channel Station Left or Right Bank Opening Type Highest Elevation for 
Opening Invert 

Type of Closure Device 

                              

                              

                              

                              

                              

(Extend table on an added sheet as needed and reference) 
 
Note:  Geotechnical and geologic data 
 
In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the design 
analysis for the following system features should be submitted in a tabulated summary form.  (Reference U.S. Army Corps of 
Engineers [USACE] EM-1110-2-1906 Form 2086.) 
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4. Embankment Protection 
 
 a. The maximum levee slope land side is:        
 
 b. The maximum levee slope flood side is:        
 
 c. The range of velocities along the levee during the base flood is:       (min.)  to       (max.) 
 
 d. Embankment material is protected by (describe what kind):       
 
 e. Riprap Design Parameters (check one):    Velocity   Tractive stress 
  Attach references 

 

Reach Sideslope 
Flow 

Depth 

 

Velocity 
Curve or 
Straight 

Stone Riprap 
Depth of Toedown 

D100 D50 Thickness 

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

 
(Extend table on an added sheet as needed and reference each entry) 
 
 f. Is a bedding/filter analysis and design attached?   Yes       No 
 
 g. Describe the analysis used for other kinds of protection used (include copies of the design analysis): 
 
        
 
Attach engineering analysis to support construction plans.   

 

5. Embankment And Foundation Stability 
 

a. Identify locations and describe the basis for selection of critical location for analysis:  
      

 
     Overall height:  Sta.:      , height       ft. 
 
     Limiting foundation soil strength: 
 

  Strength  φ =       degrees, c =       psf 

 
  Slope:  SS =       (h) to       (v) 
 
  (Repeat as needed on an added sheet for additional locations) 
 

b. Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.): 
       
 

c. Summary of stability analysis results:       
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E.  LEVEE/FLOODWALL (CONTINUED) 

5. Embankment And Foundation Stability (continued)  

Case Loading Conditions  Critical Safety Factor  Criteria (Min.) 

I End of construction         1.3 

II Sudden drawdown         1.0 

III Critical flood stage         1.4 

IV Steady seepage at flood stage         1.4 

VI Earthquake (Case I)         1.0 

(Reference:  USACE EM-1110-2-1913 Table 6-1) 

 
 d. Was a seepage analysis for the embankment performed?   Yes      No 
 
  If Yes, describe methodology used:       
 
 e. Was a seepage analysis for the foundation performed?   Yes      No 
 
 f. Were uplift pressures at the embankment landside toe checked?  Yes      No 
 
 g. Were seepage exit gradients checked for piping potential?   Yes      No 
 
 h. The duration of the base flood hydrograph against the embankment is       hours. 
 

Attach engineering analysis to support construction plans. 

 

 
6. Floodwall And Foundation Stability 
 
 a. Describe analysis submittal based on Code (check one):    UBC (1988)   Other (specify):       
 
 b. Stability analysis submitted provides for:    Overturning            Sliding      If not, explain:        
 
 c. Loading included in the analyses were:    Lateral earth @ PA =       psf;    Pp =       psf 
 
    Surcharge-Slope @      ,     surface       psf 
 
    Wind @ Pw =       psf 
 
    Seepage (Uplift);          Earthquake @ Peq =       %g 
 
   1%-annual-chance significant wave height:        ft. 
 
  1%-annual-chance significant wave period:        sec. 
 

d. Summary of Stability Analysis Results:  Factors of Safety. 
 Itemize for each range in site layout dimension and loading condition limitation for each respective reach.   

Loading Condition 

Criteria (Min) Sta  To Sta To 

Overturn Sliding  Overturn Sliding Overturn Sliding 

Dead & Wind 1.5 1.5                         

Dead & Soil 1.5 1.5                         

Dead, Soil, Flood, & 
Impact 

1.5 1.5                         

Dead, Soil, & Seismic 1.3 1.3                         
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   (Ref:  FEMA 114 Sept 1986; USACE EM 1110-2-2502) 
   Note: (Extend table on an added sheet as needed and reference) 

 

E.  LEVEE/FLOODWALL (CONTINUED) 

6. Floodwall And Foundation Stability (continued) 
 

e. Foundation bearing strength for each soil type: 
 

Bearing Pressure Sustained Load (psf) Short Term Load (psf) 

Computed design maximum             

Maximum allowable             
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 f. Foundation scour protection  is,  is not provided.  If provided, attach explanation and supporting documentation: 
 
 Attach engineering analysis to support construction plans.   
 
7. Settlement 
 
 a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the    

 established freeboard margin?  Yes      No 
 
 b. The computed range of settlement is       ft. to       ft. 
 
 c. Settlement of the levee crest is determined to be primarily from :   Foundation consolidation   Embankment compression 

  Other (Describe):        
 

 d. Differential settlement of floodwalls    has    has not been accommodated in the structural design and construction.   
 

 Attach engineering analysis to support construction plans.   

 

8. Interior Drainage 
 
 a. Specify size of each interior watershed: 
 
  Draining to pressure conduit:        acres 

  Draining to ponding area:        acres 

 
 b. Relationships Established 
 
  Ponding elevation vs. storage     Yes      No 

  Ponding elevation vs. gravity flow    Yes      No 

  Differential head vs. gravity flow    Yes      No 

 
 c. The river flow duration curve is enclosed:   Yes      No 
 
 d. Specify the discharge capacity of the head pressure conduit:        cfs 
 
 e. Which flooding conditions were analyzed? 
 

• Gravity flow (Interior Watershed)    Yes      No 

• Common storm (River Watershed)    Yes      No  

• Historical ponding probability    Yes      No 

• Coastal wave overtopping    Yes      No 

 
 If No for any of the above, attach explanation. 
 
e. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet   

facilities to provide the established level of flood protection.      Yes      No   If No, attach explanation. 
 

 g. The rate of seepage through the levee system for the base flood is       cfs 
 
 h. The length of levee system used to drive this seepage rate in item g:       ft. 

 

 

E.  LEVEE/FLOODWALL (CONTINUED) 

 
8. Interior Drainage (continued) 
 

i. Will pumping plants be used for interior drainage?    Yes      No 
 

If Yes, include the number of pumping plants:         For each pumping plant, list: 
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The number of pumps 

Plant #1 Plant #2 

            

The ponding storage capacity             

The maximum pumping rate             

The maximum pumping head             

The pumping starting elevation             

The pumping stopping elevation             

Is the discharge facility protected?             

Is there a flood warning plan?             

How much time is available between warning 
and flooding? 

            

Will the operation be automatic?       Yes      No 

If the pumps are electric, are there backup power sources?     Yes      No 
 
(Reference:  USACE  EM-1110-2-3101, 3102, 3103, 3104, and 3105) 
 
Include a copy of supporting documentation of data and analysis.  Provide a map showing the flooded area and maximum ponding elevations for all 
interior watersheds that result in flooding.   

 
9. Other Design Criteria 
 

a. The following items have been addressed as stated: 
 

Liquefaction   is   is not a problem 

Hydrocompaction   is   is not a problem 

Heave differential movement due to soils of high shrink/swell   is   is not a problem 

 
b. For each of these problems, state the basic facts and corrective action taken: 
       
 
 
 
  Attach supporting documentation  
  
c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
  Yes      No  Attach supporting documentation 

 
d. Sediment Transport Considerations: 
 

 Was sediment transport considered?       Yes      No      
 If Yes, then fill out Section F (Sediment Transport).  If No, then attach your explanation for why sediment transport was not considered. 
10. Operational Plan And Criteria 
 

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations?           Yes      No 
 
b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations?  

  Yes      No 

 
c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations? 

  Yes      No If the answer is No to any of the above, please attach supporting documentation.  

 

 

E.  LEVEE/FLOODWALL (CONTINUED) 
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11. Maintenance Plan 
Please attach a copy of the fomal maintenance plan for the levee/floodwall 

 
12. Operations and Maintenance Plan 

 
 Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall. 

 

CERTIFICATION OF THE LEVEE DOCUMENTION 

This certification is to be signed and sealed by a licensed registered professional engineer authorized by law to certify elevation information data, 
hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.10(e) and as described in the MT-2 
Forms Instructions.  All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false 
statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Certifier’s Name:        License No.:        Expiration Date:       

Company Name:        Telephone No.:        Fax No.:        

Signature:       Date:        E-Mail Address:        

F.  SEDIMENT TRANSPORT 

Flooding Source:         
 
Name of Structure:        
    
If there is any indication from historical records that sediment transport (including scour and deposition) can affect the Base Flood Elevation (BFE); 
and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is a potential for debris and 
sediment transport (including scour and deposition) to affect the BFEs, then provide the following information along with the supporting 
documentation: 
 
Sediment load associated with the base flood discharge:     Volume       acre-feet 
 
Debris load associated with the base flood discharge:          Volume       acre-feet 
 
Sediment transport rate        (percent concentration by volume) 
 
Method used to estimate sediment transport:       
 
Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the 
selected method. 
 
 Method used to estimate scour and/or deposition:       
 
 Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:        
 
Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based 
on bulked flows. 
 
 
 
If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs 
or structures must be provided. 

 

 





 

 

 

Smith Environmental and Engineering  

Delivering Smart Solutions for Planning, Permitting, & Design 
 
January 5, 2016 
 
Mr. Drue DeBerry 
Colorado State Supervisor 
U.S. Fish and Wildlife Service 
Colorado Field Office 
P.O. Box 25486, DFC (MS65412) 
Denver, CO 80225-0486 
 
Re: Habitat Suitability Assessment for Federally Threatened and Endangered Species for the 

Happy Canyon Creek Improvement Project. 
 
Dear Mr. DeBerry: 
 
This letter presents the results of a habitat suitability assessment (HSA) for federally listed threatened 
and endangered species (TES) completed by Smith Environmental and Engineering (SMITH) for the 
Compark development’s proposed improvements to Happy Canyon Creek. The purpose of this HSA is 
to: 1) determine whether the selected species’ habitat is currently in the Study Area, and 2) the 
likelihood of the selected species occurring in the Study Area. 
 
STUDY AREA AND PROJECT DESCRIPTION 
 
The Study Area consists of approximately 7.3 ac located along Happy Canyon Creek in unincorporated 
Douglas County, Colorado (see Figure 1). The Study Area is located south of E-470 and west of S 
Chambers Road. The Study Area is located in Sections 6 and 7 of Township 6 South, Range 66 West 
of the 6th Principal Meridian on the Parker, Colorado, U.S. Geological Survey (USGS) quadrangle. 
The center of the Study Area is located at 39.553 degrees north, 104.817 degrees west at an elevation 
of approximately 5,800 ft. 
 
Compark proposes to construct a new bridge and roadway approaches over Happy Canyon Creek as a 
part of an access road that will connect S. Chambers Road with a future development area to the west. 
These improvements will also include permanent bank stabilization in and adjacent to Happy Canyon 
Creek. 
 
EXISTING HABITAT 
 
Happy Canyon Creek is identified on the USGS topographic map as a sand wash within the Study 
Area, though it is marked as an intermittent stream farther downstream. Historically, the natural course 
of Happy Canyon Creek led to a confluence with Cherry Creek, but development along the Front 
Range altered this hydrology. Happy Canyon Creek is a tributary to Cherry Creek, but the connection 
is now facilitated by means of pipes and culverts. Within the Study Area, the Happy Canyon Creek 
floodplain is broad, flat and sandy, and some water was flowing at the time of the investigation (see 
photos in Appendix A). 
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Vegetation along the creek corridor varied significantly in the Study Area. The sharpest contrast 
occurred between the upstream segment, located near the private residences, and the downstream 
segment near E-470. The downstream banks were very steep and eroded, and upland grasses were 
growing up to the edge of the cut. Species observed included smooth brome (Bromus inermis), field 
brome (Bromus arvensis), sideoats grama (Bouteloua curtipendula), yucca (Yucca spp.), common 
mullein (Verbascum thapsus), sweetclover (Melilotus officinalis) and horseweed (Conyza canadensis). 
 
Farther upstream, the erosion was less extreme and wetland vegetation was able to establish along the 
edge of the banks. Species observed in these areas included plains cottonwood (Populus deltoides), 
sandbar willow (Salix exigua), redtop (Agrostis gigantea), common threesquare (Schoenoplectus 
pungens), arctic rush (Juncus arcticus) and Torrey’s rush (Juncus torreyi). Species observed on the 
fringes included Canada thistle (Cirsium arvense), Wood’s rose (Rosa woodsii), wild licorice 
(Glycyrrhiza lepidota) and curly dock (Rumex crispus). In one area, the wetland extended inland 
nearly 50 ft from the edge of the bank. Portions of this area were so wet that cattails (Typha spp.) and 
Nebraska sedge (Carex nebrascensis) were thriving. 
 
Soils in the Study Area have been mapped by the Natural Resource Conservation Service (NRCS). The 
creek drainage consists primarily of loamy alluvial land which is a well-drained soil found in 
floodplains. The NRCS also maps smaller areas of Newlin gravelly sandy loam and Santana loam. 
Newlin soils are well drained soils that occur on plateaus, terraces and mesas. Santana loams occur 
terraces and ridges and are also well drained (NRCS 2015). 
 
HABITAT SUITABILITY ASSESSMENT 
 
Ten TES were investigated for this HSA, because the U.S. Fish and Wildlife Service (USFWS) 
Information for Planning and Conservation (IPaC) lists them as potentially being impacted by projects 
occurring the Study Area (USFWS 2015). These species are listed in Table 1 with an explanation of 
their potential to occur in the Study Area and their potential to be affected by the Project. 
 
Table 1. Habitat Suitability Assessment for Federally Listed Species 

Species Listing 
Status 

Potential for Species to Occur in the Study Area 

BIRDS 
Least Tern 
(Sterna 
antillarum) 

FE Habitat for the tern does not occur in the Study Area., and this Project 
does not propose to deplete water from the South Platte River or its 
alluvium. Therefore SMITH believes the proposed Project will have no 
effect on this species. 

Mexican Spotted 
Owl (Strix 
occidentalis 
lucida) 

FT The owl is known to occur in Douglas County, and critical habitat has 
been established approximately 17 miles southwest of the Study Area. 
However, the Study Area does not provide suitable habitat of old growth 
forests and rock outcrops in steep canyon areas. SMITH believes there is 
no potential for the owl to occur in the Study Area, and the proposed 
Project will have no effect on this species. 

Piping Plover 
(Charadrius 
melodus) 

FT Habitat for the plover does not occur in the Study Area., and this Project 
does not propose to deplete water from the South Platte River or its 
alluvium. Therefore SMITH believes the proposed Project will have no 
effect on this species. 
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Whooping Crane 
(Grus 
americana) 

FE Habitat for the crane does not occur in the Study Area., and this Project 
does not propose to deplete water from the South Platte River or its 
alluvium. Therefore SMITH believes the proposed Project will have no 
effect on this species. 

FISH 
Greenback 
cutthroat trout 
(Oncorhynchus 
clarki stomias) 

FT Happy Canyon Creek is an intermittent stream with a sandy bed that was 
very shallow at the time of the investigation. It does not provide the 
necessary habitat conditions to support trout. Also, recent genetic 
analysis has shown that the only true population of the trout currently 
survives in Bear Creek west of Colorado Springs (Metcalf et al. 2012). 
SMITH believes there is no potential for the trout to occur in the Study 
Area, and the proposed Project will have no effect on this species. 

Pallid sturgeon 
(Scaphirhynchus 
albus) 

FE Habitat for the sturgeon does not occur in the Study Area., and this 
Project does not propose to deplete water from the South Platte River or 
its alluvium. Therefore SMITH believes the proposed Project will have 
no effect on this species. 

MAMMALS 
Preble's meadow 
jumping mouse 
(Zapus 
hudsonius 
preblei) 

FT Typical habitat for the Preble’s meadow jumping mouse  includes well-
developed plains riparian vegetation with adjacent, undisturbed 
grasslands and a nearby water source. The Study Area occurs within the 
Denver Metropolitan Block Clearance Area for the Preble’s meadow 
jumping mouse (Zapus hudsonius preblei) (Urban Drainage and Flood 
Control District 2010). Therefore SMITH believes the proposed 
Project will have no effect on this species. 

PLANTS 
Colorado 
butterfly plant 
(Gaura 
neomexicana var. 
coloradensis) 

FT The Colorado butterfly plant is known to occur in subirrigated, alluvial 
soils with mesic moisture regimes in early- to mid-successional plant 
communities. The Study Area does provide these habitat conditions 
along Happy Canyon Creek; the banks are not steeply eroded in most 
areas and there are areas where the canopy is open. Although the plant 
has been historically documented in Douglas County, it is now believed 
that those occurrences have been extirpated (Colorado Natural Heritage 
Program 1997+). Although the plant could potentially thrive in the 
Study Area, the proposed Project will not alter the character of the 
existing habitat. Furthermore, SMITH believes that this species does not 
occur in Douglas County, and therefore the proposed Project will have 
no effect on this species. 

Ute ladies'-
tresses orchid 
(Spiranthes 
diluvialis) 

FT The Ute ladies’-tresses orchid (ULTO) is known to occur in seasonally 
moist soils and wet meadows between 4,500 and 6,500 ft. The orchid 
thrives in areas that do not experience high flow events, and Happy 
Canyon Creek is subject to seasonal flooding. Furthermore, there are 
currently no known current or historically documented populations in 
Douglas County (Colorado Natural Heritage Program 1997+). 
SMITH believes that there is no potential for the orchid to occur in the 
Study Area, and the proposed Project will have no effect on this species. 

Western prairie 
fringed orchid 

FT Habitat for the orchid does not occur in the Study Area., and this 
Project does not propose to deplete water from the South Platte River or 
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(Platanthera 
praceclara) 

its alluvium. Therefore SMITH believes the proposed Project will have 
no effect on this species. 

FT = Federally Threatened; FE = Federally Endangered 

 
CONCLUSIONS 
 
SMITH concludes that the proposed Project should have no effect on any federally listed threatened or 
endangered species. SMITH requests concurrence on these opinions from the USFWS on behalf of the 
Project sponsor. 
 
REFERENCES 
Colorado Natural Heritage Program. 1997+. Colorado Rare Plant Guide. Available at:
 www.cnhp.colostate.edu. Latest update: June 30, 2014. 
 
Metcalf, J. L., Love Stowell, S., Kennedy, C. M., Rogers, K. B., McDonald, D., Epp, J., Keepers, K., 

Cooper, A., Austin, J. J. and Martin, A. P. 2012. Historical stocking data and 19th century 
DNA reveal human-induced changes to native diversity and distribution of cutthroat trout. 
Molecular Ecology 21:21, pp. 5194-5207. 

 
NRCS. 2015. United States Department of Agriculture, Web Soil Survey. Available online at 

http://websoilsurvey.nrcs.usda.gov/. Accessed November 17, 2015. 
 
Urban Drainage and Flood Control District. 2010. Preble’s Meadow Jumping Mouse, Ute-ladies’
 Tresses Orchid and Colorado Butterfly Plant Block Clearances for the Denver Metropolitan
 Area – Revised 2010. Denver, Colorado. 
 
USFWS. 2015. IPaC - Information, Planning and Conservation System. Available online at:
 http://ecos.fws.gov/ipac/. Accessed November 17, 2015. 
 
PERSONNEL 
 
Rebecca Hannon, Environmental Scientist II of SMITH investigated this site. 
 
SMITH requests concurrence on the opinions in this assessment from USFWS on behalf of the 
project sponsor. If you have any questions about this assessment, please call me at (303) 551-7980. 
 
Sincerely,  
Smith Environmental and Engineering 

 
Darrin Masters, Certified Wildlife Biologist® 
Senior Environmental Scientist 

 
cc: Russell Burrows, Manhard Consulting, Ltd. 

http://onlinelibrary.wiley.com/doi/10.1111/mec.12028/abstract
http://onlinelibrary.wiley.com/doi/10.1111/mec.12028/abstract
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APPENDIX A - PHOTOS OF THE STUDY AREA 

 
Photo1. A portion of Happy Canyon Creek where wetlands are supported, especially on the far bank. 
The shallow water that was flowing is also visible. 
 

 
Photo 2. View of wetland vegetation that has established in the floodplain bench along Happy Canyon 
Creek. Willows occur above an understory of common threesquare, rushes and wetland grasses. 
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Photo 3. View looking south at wet area that extends inland from Happy Canyon Creek. Cattails and 
sedges are growing in the wettest areas. 
 

 
Photo4. View of the upstream segment of Happy Canyon Creek near the private residences. The cut 
bank and the sandy soils are precluding the establishment of wetland vegetation. 



 
 

July 24, 2017 
 
Platte Valley Commercial Corp. 
4900 Main St. 
Kansas City, MO. 64112 
 
Re: Notification of proposed changes to the FEMA Flood Insurance Rate Map (FIRM) and 
proposed changes to the floodway for Happy Canyon Creek associated with the Belford 
Avenue Bridge and Happy Canyon Creek Project. 
 
Notice for Property: No Address, Parcel #: 2233-050-00-009 
 
To Whom It May Concern,  
 
The Flood Insurance Rate Map (FIRM) for a community depicts the Special Flood Hazard Area 
(SFHA), the area which has been determined to be subject to a 1% (100-year) or greater chance of 
flooding in any given year. The floodway is the portion of the floodplain that includes the channel of 
a river or other watercourse and the adjacent land area that must be reserved in order to discharge 
the 1% annual chance (base) flood without cumulatively increasing the water-surface elevation by 
more than a designated height. The FIRM is used to determine flood insurance rates and to help 
the community with floodplain management. 
  
Manhard Consulting Ltd. is applying for a Conditional Letter of Map Revision (CLOMR) from the 
Federal Emergency Management Agency (FEMA) to revise FIRM’s 08035C0062G and 
08035C0066G for the Town of Parker, Douglas County, Colorado. Manhard Consulting Ltd is 
proposing a new bridge structure over Happy Canyon Creek that will connect Belford Avenue from 
S. Peoria St. to the west to S. Chambers Road to the east. The Belford Ave. bridge structure will 
be built in phases. The first phase includes the eastbound roadway lanes, sidewalk and southern 
half of the bridge structure. A future phase will include the westbound lanes, sidewalk and 
remaining north half of the bridge structure. 
 
The proposed project will result in increases in the 1% annual chance (base) water-surface 
elevations for a portion of Happy Canyon Creek, when comparing existing conditions to proposed 
conditions. A rise does occur on your property.  
 
Once the project has been completed, a Letter of Map Revision (LOMR) request should be 
submitted that will, in part, revise the following flood hazards along Happy Canyon Creek.  
 
1. The floodway will be revised from downstream (north) of E-470 to north of Filbert Avenue along 
Happy Canyon Creek.   
2. Base Flood Elevations (BFEs) will both increase and decrease along Happy Canyon Creek. On 
your property, the BFEs will decrease.  
3. The SFHA will both increase and decrease along Happy Canyon Creek. On your property, the 
SFHA will decrease about 0.1 feet. 
 
This letter is to inform you of the proposed project that may affect flood elevations on your property 
at Parcel #: 2233-050-00-009 located in Douglas County, Colorado. This letter is also to inform you 
of the potential changes to the effective flood hazard information that would result after the project 
is completed and a LOMR request is submitted to FEMA.  
 
Maps and detailed analysis of the proposed flood hazard revisions can be reviewed at the Town of 
Parker at 20120 E. Mainstreet, Parker, CO 80138. If you have any questions or concerns about the 
proposed project or its effect on your property, you may contact Mr. Rick Moore at either 303-708-



 
 

0500 or by email at rick.moore@manhard.com or Mr. Jacob James at the Town of Parker at 303-
840-9546. 
 
  
Sincerely,  
 
 
 
Rick Moore, P.E. 
Project Manager 



 
 

July 24, 2017 
 
E470 Public Highway Authority 
22470 E. 6th Pkwy STE 100 
Aurora, CO. 80018 
 
Re: Notification of proposed changes to the FEMA Flood Insurance Rate Map (FIRM) and 
proposed changes to the floodway for Happy Canyon Creek associated with the Belford 
Avenue Bridge and Happy Canyon Creek Project. 
 
Notice for Property: No Address, Parcel #: 2233-064-99-002 
 
To Whom It May Concern,  
 
The Flood Insurance Rate Map (FIRM) for a community depicts the Special Flood Hazard Area 
(SFHA), the area which has been determined to be subject to a 1% (100-year) or greater chance of 
flooding in any given year. The floodway is the portion of the floodplain that includes the channel of 
a river or other watercourse and the adjacent land area that must be reserved in order to discharge 
the 1% annual chance (base) flood without cumulatively increasing the water-surface elevation by 
more than a designated height. The FIRM is used to determine flood insurance rates and to help 
the community with floodplain management. 
  
Manhard Consulting Ltd. is applying for a Conditional Letter of Map Revision (CLOMR) from the 
Federal Emergency Management Agency (FEMA) to revise FIRM’s 08035C0062G and 
08035C0066G for the Town of Parker, Douglas County, Colorado. Manhard Consulting Ltd is 
proposing a new bridge structure over Happy Canyon Creek that will connect Belford Avenue from 
S. Peoria St. to the west to S. Chambers Road to the east. The Belford Ave. bridge structure will 
be built in phases. The first phase includes the eastbound roadway lanes, sidewalk and southern 
half of the bridge structure. A future phase will include the westbound lanes, sidewalk and 
remaining north half of the bridge structure. 
 
The proposed project will result in increases in the 1% annual chance (base) water-surface 
elevations for a portion of Happy Canyon Creek, when comparing existing conditions to proposed 
conditions. A rise does occur on your property.  
 
Once the project has been completed, a Letter of Map Revision (LOMR) request should be 
submitted that will, in part, revise the following flood hazards along Happy Canyon Creek.  
 
1. The floodway will be revised from downstream (north) of E-470 to north of Filbert Avenue along 
Happy Canyon Creek.   
2. Base Flood Elevations (BFEs) will both increase and decrease along Happy Canyon Creek. On 
your property, the BFEs will decrease.  
3. The SFHA will both increase and decrease along Happy Canyon Creek. On your property, the 
SFHA will decrease about 0.1 feet. 
 
This letter is to inform you of the proposed project that may affect flood elevations on your property 
at Parcel #: 2233-064-99-002 located in Douglas County, Colorado. This letter is also to inform you 
of the potential changes to the effective flood hazard information that would result after the project 
is completed and a LOMR request is submitted to FEMA.  
 
Maps and detailed analysis of the proposed flood hazard revisions can be reviewed at the Town of 
Parker at 20120 E. Mainstreet, Parker, CO 80138. If you have any questions or concerns about the 
proposed project or its effect on your property, you may contact Mr. Rick Moore at either 303-708-



 
 

0500 or by email at rick.moore@manhard.com or Mr. Jacob James at the Town of Parker at 303-
840-9546. 
 
  
Sincerely,  
 
 
 
Rick Moore, P.E. 
Project Manager 



 
 

July 24, 2017 
 
470 Compark LLC 
C/O MPV Compark Management LLC 290 
Fillmore St. STE 2 
Denver, CO. 80206 
 
Re: Notification of proposed changes to the FEMA Flood Insurance Rate Map (FIRM) and 
proposed changes to the floodway for Happy Canyon Creek associated with the Belford 
Avenue Bridge and Happy Canyon Creek Project. 
 
Notice for Property: No Address, Parcel #: 2233-064-00-012 
 
To Whom It May Concern,  
 
The Flood Insurance Rate Map (FIRM) for a community depicts the Special Flood Hazard Area 
(SFHA), the area which has been determined to be subject to a 1% (100-year) or greater chance of 
flooding in any given year. The floodway is the portion of the floodplain that includes the channel of 
a river or other watercourse and the adjacent land area that must be reserved in order to discharge 
the 1% annual chance (base) flood without cumulatively increasing the water-surface elevation by 
more than a designated height. The FIRM is used to determine flood insurance rates and to help 
the community with floodplain management. 
  
Manhard Consulting Ltd. is applying for a Conditional Letter of Map Revision (CLOMR) from the 
Federal Emergency Management Agency (FEMA) to revise FIRM’s 08035C0062G and 
08035C0066G for the Town of Parker, Douglas County, Colorado. Manhard Consulting Ltd is 
proposing a new bridge structure over Happy Canyon Creek that will connect Belford Avenue from 
S. Peoria St. to the west to S. Chambers Road to the east. The Belford Ave. bridge structure will 
be built in phases. The first phase includes the eastbound roadway lanes, sidewalk and southern 
half of the bridge structure. A future phase will include the westbound lanes, sidewalk and 
remaining north half of the bridge structure. 
 
The proposed project will result in increases in the 1% annual chance (base) water-surface 
elevations for a portion of Happy Canyon Creek, when comparing existing conditions to proposed 
conditions. A rise does occur on your property.  
 
Once the project has been completed, a Letter of Map Revision (LOMR) request should be 
submitted that will, in part, revise the following flood hazards along Happy Canyon Creek.  
 
1. The floodway will be revised from downstream (north) of E-470 to north of Filbert Avenue along 
Happy Canyon Creek.   
2. Base Flood Elevations (BFEs) will both increase and decrease along Happy Canyon Creek. On 
your property, the BFEs will both increase and decrease.  
3. The SFHA will both increase and decrease along Happy Canyon Creek. On your property, the 
SFHA will both increase about 0.6 feet and decrease about 1.1 feet. 
 
This letter is to inform you of the proposed project that may affect flood elevations on your property 
at Parcel #: 2233-064-00-012 located in Douglas County, Colorado. This letter is also to inform you 
of the potential changes to the effective flood hazard information that would result after the project 
is completed and a LOMR request is submitted to FEMA.  
 
Maps and detailed analysis of the proposed flood hazard revisions can be reviewed at the Town of 
Parker at 20120 E. Mainstreet, Parker, CO 80138. If you have any questions or concerns about the 
proposed project or its effect on your property, you may contact Mr. Rick Moore at either 303-708-



 
 

0500 or by email at rick.moore@manhard.com or Mr. Jacob James at the Town of Parker at 303-
840-9546. 
 
  
Sincerely,  
 
 
 
Rick Moore, P.E. 
Project Manager 



 
 

July 24, 2017 
 
Compark 190 LLC 
Attn: Steve Gruenler 
4600 S. Ulster St. STE 1400 
Denver, CO. 80237 
 
Re: Notification of proposed changes to the FEMA Flood Insurance Rate Map (FIRM) and 
proposed changes to the floodway for Happy Canyon Creek associated with the Belford 
Avenue Bridge and Happy Canyon Creek Project. 
 
Notice for Property: No Address, Parcel #: 2233-053-00-001 
 
To Whom It May Concern,  
 
The Flood Insurance Rate Map (FIRM) for a community depicts the Special Flood Hazard Area 
(SFHA), the area which has been determined to be subject to a 1% (100-year) or greater chance of 
flooding in any given year. The floodway is the portion of the floodplain that includes the channel of 
a river or other watercourse and the adjacent land area that must be reserved in order to discharge 
the 1% annual chance (base) flood without cumulatively increasing the water-surface elevation by 
more than a designated height. The FIRM is used to determine flood insurance rates and to help 
the community with floodplain management. 
  
Manhard Consulting Ltd. is applying for a Conditional Letter of Map Revision (CLOMR) from the 
Federal Emergency Management Agency (FEMA) to revise FIRM’s 08035C0062G and 
08035C0066G for the Town of Parker, Douglas County, Colorado. Manhard Consulting Ltd is 
proposing a new bridge structure over Happy Canyon Creek that will connect Belford Avenue from 
S. Peoria St. to the west to S. Chambers Road to the east. The Belford Ave. bridge structure will 
be built in phases. The first phase includes the eastbound roadway lanes, sidewalk and southern 
half of the bridge structure. A future phase will include the westbound lanes, sidewalk and 
remaining north half of the bridge structure. 
 
The proposed project will result in increases in the 1% annual chance (base) water-surface 
elevations for a portion of Happy Canyon Creek, when comparing existing conditions to proposed 
conditions. A rise does occur on your property.  
 
Once the project has been completed, a Letter of Map Revision (LOMR) request should be 
submitted that will, in part, revise the following flood hazards along Happy Canyon Creek.  
 
1. The floodway will be revised from downstream (north) of E-470 to north of Filbert Avenue along 
Happy Canyon Creek.   
2. Base Flood Elevations (BFEs) will both increase and decrease along Happy Canyon Creek. On 
your property, the BFEs will both increase and decrease.  
3. The SFHA will both increase and decrease along Happy Canyon Creek. On your property, the 
SFHA will both increase about 0.6 feet and decrease about 1.1 feet. 
 
This letter is to inform you of the proposed project that may affect flood elevations on your property 
at Parcel #: 2233-053-00-001 located in Douglas County, Colorado. This letter is also to inform you 
of the potential changes to the effective flood hazard information that would result after the project 
is completed and a LOMR request is submitted to FEMA.  
 
Maps and detailed analysis of the proposed flood hazard revisions can be reviewed at the Town of 
Parker at 20120 E. Mainstreet, Parker, CO 80138. If you have any questions or concerns about the 
proposed project or its effect on your property, you may contact Mr. Rick Moore at either 303-708-



 
 

0500 or by email at rick.moore@manhard.com or Mr. Jacob James at the Town of Parker at 303-
840-9546. 
 
  
Sincerely,  
 
 
 
Rick Moore, P.E. 
Project Manager 



EFFECTIVE DUP. EFF. COR. EFF. EXISTING PROPOSED
DUP. EFF 

vs. EFF.

COR. EFF. 

vs. EFF.

EX. vs. 

COR. EFF.

PP. vs. 

COR. EFF.

PP. vs. 

EFF.

BFE BFE BFE BFE BFE BFE BFE BFE BFE BFE

9920 (E) 10111 10111 - 10111 10111 5766.3 5766.3 5766.3 - 5766.3 0.0 0.0 - 0.0 0.0

- 10157 10157 - 10157 10157 - - 5766.3 - 5766.4 - - - 0.1 -

- 10326 10326 - 10326 10326 - - 5768.3 - 5768.3 - - - -0.1 -

- 10548 10548 - 10548 10548 - - 5770.4 - 5770.4 - - - 0.0 -

- 10595 10597 - 10595 10597 - - 5770.1 - 5770.1 - - - 0.0 -

- 10679 10691 - 10679 10691 - - 5771.2 - 5771.2 - - - 0.0 -

- 10725 10735 - 10725 10735 - - 5772.8 - 5773.1 - - - 0.3 -

- - - - 10750 10764 - - - - 5773.4 - - - - -

- 10775 10786 - - - - - 5773.3 - - - - - - -

- - - - 10810 10823 - - - - 5773.5 - - - - -

- - - - 10819 10833 - - - - 5773.5 - - - - -

- - - - 10825 10838 - - - - 5773.6 - - - - -

- 10842 10856 - - - - - 5773.0 - - - - - - -

- 10900 10922 - 10900 10915 - - 5773.3 - 5773.4 - - - 0.1 -

- 10974 10995 - 10974 10989 - - 5773.0 - 5773.4 - - - 0.4 -

- 11100 11050 - 11100 11043 - - 5772.9 - 5773.6 - - - 0.6 -

- 11153 11187 - - - - - 5774.0 - - - - - - -

- 11180 11230 - 11180 11215 - - 5773.8 - 5774.4 - - - 0.6 -

- 11280 11321 - 11280 11312 - - 5774.9 - 5774.5 - - - -0.3 -

- 11370 11424 - 11370 11411 - - 5775.3 - 5774.9 - - - -0.4 -

- 11385 11440 - 11385 11426 - - 5775.4 - 5775.0 - - - -0.5 -

- 11400 11458 - 11400 11441 - - 5775.6 - 5775.1 - - - -0.5 -

- 11410 11465 - 11410 11447 - - 5775.6 - 5775.2 - - - -0.4 -

11320 (F) 11494 11544 - 11494 11526 5776.7 5776.7 5777.2 - 5776.0 0.0 0.4 - -1.1 -0.7

- 11620 11680 - 11620 11662 - - 5778.1 - 5777.8 - - - -0.3 -

- 11772 11836 - - - - - 5778.2 - - - - - - -

- - - - 11800 11979 - - - - 5777.9 - - - - -

- - - - 11830 - - - - 5778.2 - - - -

- - - - 11835 12011 - - - - 5778.2 - - - - -

- 11959 12030 - 11959 - - - 5779.9 - 5779.9 - - - - -

- 12129 12213 - 12129 12194 - - 5781.6 - 5781.6 - - - 0.0 -

- 12388 12478 - 12388 12460 - - 5782.2 - 5782.3 - - - 0.0 -

- 12400 12490 - 12400 12471 - - 5782.4 - 5782.4 - - - 0.0 -

- 12430 12520 - 12430 12501 - - 5783.6 - 5783.6 - - - 0.0 -

- 12436 12526 - 12436 12507 - - 5783.7 - 5783.7 - - - 0.0 -

- 12541 12631 - 12541 12613 - - 5784.2 - 5784.2 - - - 0.0 -

12605 (G) 12694 12777 - 12694 12759 5784.8 5784.8 5784.0 - 5783.9 0.0 -0.8 - 0.0 -0.9

Project Name : 115360-01 Compark/Belford Avenue

Flooding Source: Happy Canyon Creek

Proposed 

Cross-

Section ID

Proposed 

Stream 

Station

Company: Felsburg Holt & Ullevig

Completed By: ZJG

SOURCE DATA
COMPARISONS

HYDRAULIC CROSS-SECTION INFO. BASE FLOOD ELEVATIONS (NAVD)

UDFCD DLOMC Submittal - BFE Comparison Table

-- = Not applicable or no direct comparison available

Information taken from Effective FIS and FIRM. Flows used were 100-yr from FIS (Q=5560 cfs @ E-470)

Effective 

Cross-Section 

ID (Letter)

Corrected 

Effective Cross-

Section ID

Corrected 

Effective Stream 

Station

Existing 

Cross-

Section ID



Page: 1 of 1

Date:

Reference Stream Cross 

Location Station Section # Model Map % Difference Model Map % Difference Model Map Difference (ft) Model Map Difference (ft)

10111 0 0 #DIV/0! 0 0 #DIV/0! 399 397 2 399 397 2

10157 45 45 0% 45 45 0% 186 182 4 186 182 4
D/S XS - E-470 Bridge

10326 169 169 0% 214 214 0% 90 91 0 90 91 0
U/S XS - E-470 Bridge

10548 223 223 0% 437 437 0% 116 116 0 116 116 0

10595 46 48 4% 484 486 0% 100 101 1 100 101 1

10679 94 94 0% 578 580 0% 96 96 0 96 96 0

10725 43 44 2% 620 623 1% 138 138 1 138 138 1
D/S XS - E-470 Trail 

Crossing 10750 29 29 0% 650 653 1% 188 190 2 188 190 2
U/S XS - E-470 Trail 

Crossing 10810 59 59 0% 708 711 0% 239 236 3 239 236 3

10819 9 10 14% 717 722 1% 247 244 3 247 244 3

10825 6 5 11% 723 727 1% 241 238 4 241 238 4

10900 77 76 1% 800 803 0% 196 199 3 196 199 3

10974 74 74 0% 874 877 0% 161 161 1 161 161 1
D/S XS - Belford 

Avenue 11100 54 54 0% 928 931 0% 154 154 0 154 154 0
U/S XS - Belford 

Avenue 11180 168 169 0% 1097 1100 0% 165 160 5 165 160 5

11280 87 86 1% 1183 1186 0% 161 166 5 161 166 5

11370 66 66 0% 1249 1252 0% 153 153 1 153 153 1

11385 15 15 0% 1264 1267 0% 141 141 0 141 141 0

11400 15 15 0% 1279 1282 0% 142 142 0 142 142 0

11410 6 6 0% 1285 1288 0% 141 141 0 141 141 0

11494 128 129 0% 1414 1417 0% 117 117 0 117 117 0

11620 136 136 0% 1550 1552 0% 203 202 1 203 202 1

11800 179 179 0% 1729 1732 0% 187 188 1 187 188 1

11830 30 35 14% 1759 1767 0% 191 193 2 191 193 2

11835 6 6 0% 1765 1773 0% 190 194 4 190 194 4

11959 130 130 0% 1895 1903 0% 192 192 0 192 192 0

12129 182 182 0% 2077 2085 0% 277 277 0 277 277 0

12388 264 266 1% 2341 2351 0% 201 206 5 201 206 5

12400 11 11 0% 2352 2362 0% 211 216 5 211 216 5

12430 30 30 0% 2382 2392 0% 279 278 1 279 278 1

12436 6 6 0% 2388 2398 0% 288 287 1 288 287 1

12541 105 105 0% 2493 2504 0% 478 478 0 478 478 0

12694 153 146 4% 2646 2650 0% 399 401 2 399 401 2
*

* - Floodway = Floodplain

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

UDFCD LOMC AGREEMENT TABLE

115360-01 Compark/Belford Avenue

Felsburg Holt & Ullevig

ZJG

*

*

*

*

*

*

*

*

+/- 25 Feet

Base Floodplain Width (ft)

*

ACCEPTABLE TOLERANCES = +/- 5% of Model

Channel Distance (ft)

+/- 5% of Model

Cumulative Channel Distance (ft)

*

*

*

Floodway Width (ft)

7/24/2017

Comments

*

*

Community(ies): Town of Parker & Douglas County, CO

Happy Canyon CreekFlooding Source(s):

PROJECT NAME:

COMPANY:

COMPLETED BY:

I:\115360-01 - Compark at Belford\CADD\Hydraulics\Floodplain\Appendix A - DLOMC Tables\DLOMC_Excel_Tables.xlsx7/24/2017  11:26 AM



















Job Title Compark South By CDT Date 24-Jul-17 Job No.
Belford Ave. @ Happy Canyon Creek

Subject Checked Sheet 1 of 2

1. Estimate Mannings n For Flows over GSB

When upper 1/2 (+/- 1") of the rock depth (height) is left ungrouted: UDFCD Volume 2 Equation 9-1

Upper limit: n  <= 0.15 for above equation

0.000
#NUM!

When upper 1/3 (+/- 1") of the rock depth (height) is left ungrouted: UDFCD Volume 2 Equation 9-2

Low-flow n y= 3
d= 1.5

0.096 2
1.629

High-flow n y= 7.76
d= 1.5

0.114 5.1733
2.985

Upper limit: n  <= 0.12 for above equation

y = depth of flow above top of rock, in feet

D = diameter of the boulder, in feet

=

ln

=

0.16n 18"-42"(2/3)

n 18"-42"(2/3) = 0.086 * 5.2 0.16

=

ln ( 2.55 * 7.8 )

(

(

1.5

1.5

115360-01

GSB Calculations

y/D

)

0.086

= 0.038

= 0.059
ln 2.55 * 3.0

*

(

0.16

= =

n 18"-42"(1/2) = 0.097 * (y/D) 0.16

ln

n 18"-42"(2/3) = 0.086 * 2.0 0.16

2.55 y/D)

*

2.55 Y/D)

n 18"-42"(1/2) = 0.097
#NUM!

ln 2.55 )(



2. Rock Sizing Sheet 2 of 2

Outside the low-flow section UDFCD Volume 2 Equation 9-7

See Table 9-4 below
6.09 Use 18" (B18) grouted boulders
1.34 for protection outside of the low-flow

section.

Within the low-flow section UDFCD Volume 2 Equation 9-7

See Table 9-4 below
6.11 Use 18" (B18) grouted boulders
1.34 for protection within the low-flow

section.

V c  = Critical Velocity

S = longitudinal slope along direction of flow in ft/ft
S s  = Specific gravity of rock - assume 2.55

(For drops of 6-feet or less in height, use UD-Channels Spreadsheet to find the 100-year critical velocities

in the low-flow and the main channels to size boulders for each section)

Note: This project will use B24 boulders grouted 2/3 of the height. UDFCD recommends a minimum of B24 size due to maintenance concerns.

S s -

0.17

= = 4.56

R p = V c * S 0.17

R p = V c * S 0.17

( 2.55 - 1 ) 0.66

(

R p = 14.00 * 0.0075

1 ) 0.66

R p = 9.03 * 0.100 0.17

( S s - 1 ) 0.66

= = 4.57
( 2.55 - 1 ) 0.66



Project:

Channel ID:

Design Information (Input)

Channel Invert Slope So = 0.00750 ft/ft Left Overbank Bottom Width BL = 75.00 ft

Left Overbank Side Slope ZL = 0.03 ft/ft

Low Flow Channel Bottom Width Bm = 15.00 ft Left Overbank Manning's n n-left = 0.0350

Low Flow Channel Left Side Slope Z1 = 4.00 ft/ft Right Overbank Bottom Width BR = 20.00 ft

Low Flow Channel Right Side Slope Z2 = 4.00 ft/ft Right Overbank Side Slope ZR = 2.50 ft/ft

Low Flow Channel Manning's Nn for Qd n-lf = 0.0590 Right Overbank Manning's n n-right = 0.0350

Low Flow Channel Manning's Nn for Q100 n-m-Q100 = 0.0380

(See USDCM Vol. II, n vs. Depth Graph)

Low Flow Channel Bank-full depth Ym = 3.00 ft Overbank Flow Depth Yob (Y - Ym) Yob = 4.85 ft

Low Flow Channel Condition  for Qd Low Flow Channel Flow Condition  for Q100

Top width Tlf = 39.0 ft Top width Tm = 39.0 ft

Flow area Alf = 81.0 sq ft Flow area Am = 270.2 sq ft

Wetted perimeter Plf = 39.7 ft Wetted perimeter Pm = 39.7 ft

Discharge (Calculated) Qlf = 284.8 cfs Discharge Qm = 3,292.1 cfs

Velocity Vlf= 3.5 fps Velocity Vm = 12.2 fps

Froude number Fr-lf = 0.43 Froude number Frm = 0.82

Qd Critical Velocity Vlfc = 6.74 fps 100-Yr. Critical Velocity Vmc = 14.0 fps

Qd Critical Depth Ylfc = 1.88 ft 100-Yr. Critical Depth Ymc = 7.0 ft

Left Overbank Flow Condition for Q100 Right Overbank Flow Condition for Q100

Top width TL = 75.1 ft Top width TR = 32.1 ft

Flow area AL = 364.0600 sq ft Flow area AR = 126.4000 sq ft

Wetted perimeter PL = 79.8500 ft Wetted perimeter PR = 33.0600 ft

Discharge QL = 3,690.5 cfs Discharge QR = 1,139.5 cfs

Velocity VL = 10.1 fps Velocity VR = 9.0 fps

Froude number FrL = 0.81 Froude number FrR = 0.80

100-Yr. Critical Velocity VLc = 11.7 fps 100-Yr. Critical Velocity VRc = 10.6 fps

100-Yr. Critical Depth in Overbanks YLc = 4.2 ft 100-Yr. Critical Depth in Overbanks YRc = 4.2 ft

Composite Cross-Section Flow Condition for Q100
Top width T = 146.3 ft Discharge Q = 8,122.1 cfs

Channel Depth Y Y = 7.85 ft Velocity V = 10.7 fps

Flow area A = 760.6 sq ft Froude number Fr = 0.83

Wetted perimeter P = 152.7 ft 100-Yr. Critical Velocity Vc = 12.2 fps

Cross-Sectional Manning's n (Calculated) n = 0.0353 100-Yr. Critical Depth in Overbanks Yc = 4.20 ft

Happy Canyon Creek @ Belford Avenue - Drops

High & Low-Flow at 0.75% Slope

Capacity Analysis of Composite Channel

Yob

Ym

Bm

N-left N-lf N-right

Right Overbank AreaLow Flow ChannelLeft Overbank Area

Y Yc Z2
1

Z1
1

ZL
1

ZR
1

Alternate
Overbank

Toe Protection

BL BR



Project:

Channel ID:

Design Information (Input)

Channel Invert Slope So = 0.10000 ft/ft Left Overbank Bottom Width BL = 75.00 ft

Left Overbank Side Slope ZL = 0.03 ft/ft

Low Flow Channel Bottom Width Bm = 15.00 ft Left Overbank Manning's n n-left = 0.0350

Low Flow Channel Left Side Slope Z1 = 4.00 ft/ft Right Overbank Bottom Width BR = 20.00 ft

Low Flow Channel Right Side Slope Z2 = 4.00 ft/ft Right Overbank Side Slope ZR = 2.50 ft/ft

Low Flow Channel Manning's Nn for Qd n-lf = 0.0590 Right Overbank Manning's n n-right = 0.0350

Low Flow Channel Manning's Nn for Q100 n-m-Q100 = 0.0380

(See USDCM Vol. II, n vs. Depth Graph)

Low Flow Channel Bank-full depth Ym = 3.00 ft Overbank Flow Depth Yob (Y - Ym) Yob = 4.85 ft

Low Flow Channel Condition  for Qd Low Flow Channel Flow Condition  for Q100

Top width Tlf = 39.0 ft Top width Tm = 39.0 ft

Flow area Alf = 81.0 sq ft Flow area Am = 270.2 sq ft

Wetted perimeter Plf = 39.7 ft Wetted perimeter Pm = 39.7 ft

Discharge (Calculated) Qlf = 1,039.9 cfs Discharge Qm = 12,020.9 cfs

Velocity Vlf= 12.8 fps Velocity Vm = 44.5 fps

Froude number Fr-lf = 1.57 Froude number Frm = 2.98

Qd Critical Velocity Vlfc = 9.03 fps 100-Yr. Critical Velocity Vmc = 16.2 fps

Qd Critical Depth Ylfc = 3.81 ft 100-Yr. Critical Depth Ymc = 7.9 ft

Left Overbank Flow Condition for Q100 Right Overbank Flow Condition for Q100

Top width TL = 75.2 ft Top width TR = 32.1 ft

Flow area AL = 364.1000 sq ft Flow area AR = 126.4000 sq ft

Wetted perimeter PL = 79.8500 ft Wetted perimeter PR = 33.0600 ft

Discharge QL = 13,478.3 cfs Discharge QR = 4,160.9 cfs

Velocity VL = 37.0 fps Velocity VR = 32.9 fps

Froude number FrL = 2.96 Froude number FrR = 2.92

100-Yr. Critical Velocity VLc = 17.9 fps 100-Yr. Critical Velocity VRc = 14.6 fps

100-Yr. Critical Depth in Overbanks YLc = 10.0 ft 100-Yr. Critical Depth in Overbanks YRc = 9.1 ft

Composite Cross-Section Flow Condition for Q100
Top width T = 146.3 ft Discharge Q = 29,660.0 cfs

Channel Depth Y Y = 7.85 ft Velocity V = 39.0 fps

Flow area A = 760.7 sq ft Froude number Fr = 3.01

Wetted perimeter P = 152.7 ft 100-Yr. Critical Velocity Vc = 18.4 fps

Cross-Sectional Manning's n (Calculated) n = 0.0353 100-Yr. Critical Depth in Overbanks Yc = 8.07 ft

Happy Canyon Creek @ Belford Avenue Drops

Low-Flow at 10:1

Capacity Analysis of Composite Channel

Yob

Ym

Bm

N-left N-lf N-right

Right Overbank AreaLow Flow ChannelLeft Overbank Area

Y Yc Z2
1

Z1
1

ZL
1

ZR
1

Alternate
Overbank

Toe Protection

BL BR



Job Title Compark South By CDT Date 24-Jul-17 Job No.
Belford Ave. @ Happy Canyon Creek

Subject Checked Sheet 1 of 1

1. Lane's Weighed Creep Method

L H UDFCD Volume 2 Equation 9-5

3

From  A  to  B L H = 8.0 L v = 0 + 0.25 = 0.25 '

Hs ~ 0.25 (Change in water surface elevation between A & B)

8.0

3

From  A  to  C L H = 38.0 L v = 3 + 0.25 = 3.25 '

Hs = 1.06 (Change in water surface elevation between A & C)

38.0
3

L H  = Horizontal creep distance

Lv = Vertical creep distance

C w  = Creep ratio

H s  = Differential head between analysis points (ft)

Notes: Soil samples at the site located along Happy Canyon Creek provided by

A.G. Wassenaar Inc. indicates coarse to mediam lenses of clay/sand interbedded

poorly graded sand with gravel, well-graded sand with silt and gravel material.

Free groundwater was encountered at the time of drilling (March 2016) ranging in
depths of 2 feet near the proposed ped. box culvert and 4 feet to 8 feet along the channel.

Average LWC Ratio per UDFCD Table 9-3 to the right is: 6.0

115360-01

Seepage Control

Cw = + L v )(

OK

OK

11.7

15.0

> 6.0

> 6.0
)

=

Hs

)

0.3

1.1

11.7

15.0

=

Cw = ( + 0.3

Cw = ( + 3.3



REVETMENT RIPRAP DESIGN
SIZING

Project: Belford @ HCC By: CDT I:\115360-01 - Compark at Belford\CADD\Hydraulics\Calculations\
Project No. 115360-01 Date: 7/24/2017 Happy Canyon Creek\Bridge Hydraulics

d30 = y(sf*Cs*Cv*Ct)[(Vdes/(K1(Sg-1)*g*y]^2.5
d30=Riprap particle size for which 30% is finer by weight , ft (adapted from USACE Engineering Manual No. 1110-2-1601, 1991)
y= 8.4 Local depth of flow above particle, ft
Sf= 1.2 Safety factor

               
Cs= 0.3 Stability coefficient (for blanket thickness=d100 or 1.5d50 whichever is greater, and uniformity ratio

Stability coefficient (for blanket thickness=d100 or 1.5d50 whichever is greater, and uniformity ratio
d85/d15 = 1.7 to 5.2) Use 0.30 for angular rock and 0.375 for rounded rock

Cv= 1.35 Velocity distribution coefficient
use 1.0 for straight channels or the inside of bends
use 1.283-0.2log(Rc/W) for the outside of bends (1 for Rc/W>26)= 1.35

Rc= 130 Centerline radius of curvature of Channel bend, ft
W= 294 Width of water surface at upstream end of channel bend, ft
Rc/W= 0.442177

use 1.25 downstream from concrete channels
use 1.25 at the end of dikes

Ct= 1 Blanket thickness coefficient given as a function of the uniformity ratio d85/d15
use 1.0 recommended because it is based on very limited data

Vdes= 10.26 Characteristic velocity for design, defined as the depth-averaged velocity at a point 
20% upslope from the toe of the revetment, ft/s
Vdes= 10.26 For natural channels use Vdes=Vavg(1.74-0.52 log(Rc/W)
Vdes= 10.59 For trapezoidal channels use Vdes=Vavg(1.71-0.78 log(Rc/W)

Vavg= 5.33 Channel cross sectional average velocity, ft/s
K1= 1.00 Side slope correctional factor H:1= 4

k1=(1-((sin14°) θ= 14.0 0.24 = radians
K1= 1.00

Sg= 2.65 Specific gravity of riprap (usually taken at 2.65)
g= 32.2 Acceleration of gravity, 32.2 ft/s
d30= 0.67 Particle size for which 30% is finer by weight , ft
d50= 0.81 d50=1.2d30, ft

RIPRAP d50 SIZE= 9.7 inches Use Soil Riprap (12 inch) (2'-0" thick)
t=1.5d50= 14.5 Riprap Thickness, inches @ 120+25 to 122+25 RT.

Reference: Lagasse, et. al., NCHRP Report 568, Riprap Design Criteria, Recommended Specifications, and Quality Control, 2006



REVETMENT RIPRAP DESIGN
SIZING

Project: Belford @ HCC By: CDT I:\115360-01 - Compark at Belford\CADD\Hydraulics\Calculations\
Project No. 115360-01 Date: 7/24/2017 Happy Canyon Creek\Bridge Hydraulics

d30 = y(sf*Cs*Cv*Ct)[(Vdes/(K1(Sg-1)*g*y]^2.5
d30=Riprap particle size for which 30% is finer by weight , ft (adapted from USACE Engineering Manual No. 1110-2-1601, 1991)
y= 7.35 Local depth of flow above particle, ft
Sf= 1.2 Safety factor

               
Cs= 0.3 Stability coefficient (for blanket thickness=d100 or 1.5d50 whichever is greater, and uniformity ratio

Stability coefficient (for blanket thickness=d100 or 1.5d50 whichever is greater, and uniformity ratio
d85/d15 = 1.7 to 5.2) Use 0.30 for angular rock and 0.375 for rounded rock

Cv= 1.24 Velocity distribution coefficient
use 1.0 for straight channels or the inside of bends
use 1.283-0.2log(Rc/W) for the outside of bends (1 for Rc/W>26)= 1.26

Rc= 308 Centerline radius of curvature of Channel bend, ft
W= 236 Width of water surface at upstream end of channel bend, ft
Rc/W= 1.305085

use 1.25 downstream from concrete channels
use 1.25 at the end of dikes

Ct= 1 Blanket thickness coefficient given as a function of the uniformity ratio d85/d15
use 1.0 recommended because it is based on very limited data

Vdes= 10.80 Characteristic velocity for design, defined as the depth-averaged velocity at a point 
20% upslope from the toe of the revetment, ft/s
Vdes= 10.80 For natural channels use Vdes=Vavg(1.74-0.52 log(Rc/W)
Vdes= 10.42 For trapezoidal channels use Vdes=Vavg(1.71-0.78 log(Rc/W)

Vavg= 6.43 Channel cross sectional average velocity, ft/s
K1= 1.00 Side slope correctional factor H:1= 4

k1=(1-((sin14°) θ= 14.0 0.24 = radians
K1= 1.00

Sg= 2.65 Specific gravity of riprap (usually taken at 2.65)
g= 32.2 Acceleration of gravity, 32.2 ft/s
d30= 0.72 Particle size for which 30% is finer by weight , ft
d50= 0.87 d50=1.2d30, ft

RIPRAP d50 SIZE= 10.4 inches Use Soil Riprap (12 inch) (2'-0" thick)
t=1.5d50= 15.6 Riprap Thickness, inches @ 116+25 to 118+75 RT.

Reference: Lagasse, et. al., NCHRP Report 568, Riprap Design Criteria, Recommended Specifications, and Quality Control, 2006



REVETMENT RIPRAP DESIGN
SIZING USING UDFCD CRITERIA

Project: Belford @ HCC By: CDT I:\115360-01 - Compark at Belford\CADD\Hydraulics\Calculations\
Project No. 115360-01 Date: 7/24/2017 Happy Canyon Creek\Bridge Hydraulics

d50 >/= ((V*S^0.17)/(4.5)*(Gs-1)^0.66)^2

V= 14.58 Velocity, ft/s (Worst case velocity at Drop 2.)
S= 0.0075 Longitudinal Slope, ft/ft

Gs= 2.65 Specific gravity of riprap (usually taken at 2.65)
d50= 1.03 ft

RIPRAP d50 SIZE= 12.3 inches Riprap for Approach to Drop Structres
t=1.75d50= 21.6 Riprap Thickness, inches Soil Riprap (12 Inch) (2'-0" thick)

Reference: UDFCD Manual, Volume 1, Section 8.1.1 Equation 8-11



RIPRAP AT BRIDGE ABUTMENTS AND GUIDE BANKS
SIZING
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d50 = Y*K/(Sg-1)*(V2/gy) for Froude numbers less than 0.80
d50 = Y*K/(Sg-1)*(V2/gy)0.14 for Froude numbers greater than 0.80
d50=Median stone diamenter, ft (adapted from FHWA's HEC23, Legasse et al, 2001)
SBR= Set Back Ratio = Dist. From main channel/Flow depth in main channel

Left Right
Abutment Abutment

D= 114 37 Distance from main channel
Ych= 8.33 8.33 Flow depth in main channel

SBR= 13.7 4.4 Set Back Ratio
Q= 5317 1203       If SBR is >5, then V=Qoverbank/Aoverbank (Overbank flow only) Q total =8303 cfs
A= 762 198       If SBR is <5, then V=Qtotal/Atotal (Entire bridge opening) A total =1150 (sq ft)

Vchar.= 7.0 7.2

V= 7.56 7.66 Characteristic average velocity in the contracted section, ft/s 
Sg= 2.65 2.65 Specific gravity of riprap (usually taken at 2.65)
g= 32.2 32.2 Acceleration of gravity, 32.2 ft/s
y= 8.24 8.24 Depth of flow in the contracted bridge opening, ft
K= 1.02 1.02 For Froude <0.80 use K=0.89 for spill through and 1.02 for vertical wall abutments

For Froude >0.80 use K=0.61 for spill through and 0.69 for vertical wall abutments
F= 0.46 0.47 Froude number, (V/(gy)0.5

d50= 1.10 1.13 Median stone diamenter, ft for Froude number less than 0.80
d50= 4.11 4.12 Median stone diamenter, ft for Froude number greater than 0.80

Left Right
Abutment Abutment

d50= 1.10 1.13 Median stone diamenter, ft Riprap for Bridge Abutments
RIPRAP d50 SIZE= 13.2 13.5 inches Soil Riprap (18 Inch) (3'-0" thick)

t=1.5d50 19.8 20.3 Riprap Thickness, inches & Riprap (18 Inch) (3'-0" thick)

Reference: Lagasse, et. al., NCHRP Report 568, Riprap Design Criteria, Recommended Specifications, and Quality Control, 2006



RIPRAP AT BRIDGE PIERS
SIZING
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d50 = 0.692(Vdes)
2/(Sg-1)*2*g

d50=Riprap particle size for which 50% is finer by weight, ft (adapted from FHWA's HEC23, Legasse et al, 2001)

K1= 1.5 Shape factor equal to 1.5 for round-nose pier, 1.7 for square-faced piers, ft/s
K2= 0.9 Velocity adjustment factor or location in the channel

0.9 for a pier near a bank in a straight reach 
1.7 for a pier located in the main current of flow around a sharp bend

Sg= 2.65 Specific gravity of riprap (usually taken as 2.65)
g= 32.2 Acceleration of gravity, 32.2 ft/s

If only the average channel velocity is known, then Vdes=K1*K2*Vavg:
Vavg= 8.21 Channel average velocity, fps From bridge hyd. sheet
Vdes= 11.0835 Design velocity for local conditions at the pier, ft/s Vdes=K1*K2*Vavg

If the local velocity at the pier is known (a 2-D model stream tube), then Vdes=K1*Vlocal:
Vlocal= 9.79 Local velocity in the vicinity of the pier, ft/s From bridge hyd. sheet
Vdes= 14.685 Design velocity for local conditions at the pier, ft/s Vdes=K1*Vlocal

Vdes= 14.685 Design velocity in the vicinity of the pier to be used, ft/s 

d50= 1.40 Particle size for which 50% is finer by weight , ft
d50 = 16.9 Riprap size in inches Use standard size d50= (6", 9", 12" 18", 24")= 18 inches
t=3d50= 50.6 Minimum riprap thickness, inches t=3d50= 54.0

Conclusion
Use 4.50 ft thick layer of
Riprap d50= 18 inches

Reference: Lagasse, et. al., NCHRP Report 568, Riprap Design Criteria, Recommended Specifications, and Quality Control, 2006



RIPRAP FOR OVERTOPPING FLOW
FOR SLOPES 4:1 AND FLATTER
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Weir formula H=(Q/C*L)^.67
Q= 8303 Discharge, cfs (FHAD Future 100yr c.f.s)
C= 2.6 Weir coefficient
L= 310 Length of broad crested weir, ft
H= 4.77 Overtopping depth, ft

Median Rock Size d50=ku*qf^0.52/Cu^0.25*S^0.75*(sin a/Sg cos a-1)(cos a tan p-sin a))^1.11
Ku= 0.525 Constant for English units
qf= 26.8 Unit discharge at failure, ft/s/ft
Cu= 4.5 Coefficient of uniformity of the riprap, d60/d10
S= 0.25 Slope of the embankment. ft/ft
Sg 2.65 Specific gravity of the riprap
ά= 4 Slope of the embankment, H:1 H:1= 4.0 θ= 14.0 0.24 = radians
φ= 1 Angle of repose for riprap, H:1 H:1= 1.0 θ= 45.0 0.79 = radians
d50= 1.01 Smallest possible median rock size, d50, ft
d50= 12.1 Smallest possible median rock size, d50, in

Use a d50 of 15 inches (from Table C8.1)

Interstitial Velocity Vi=(2.48(g*d50)^0.5)*(S^0.58/Cu^2.22)
g= 32.2 Acceleration due to gravity, ft/sec
d50= 1.25 Particle size for which 50% is finer by weight, ft
S= 0.25 Slope, ft/ft
Cu= 4.5 Coefficient of uniformity of the riprap, d60/d10
Vi= 0.25 ft/sec
ŋ= 0.45 porosity
Vavg= 0.11 ft/sec

Thickness of riprap as if all of the flow were through the riprap t=qf/Vavg, ft
t= 238.3 thickness of riprap layer, ft
2*d50= 2.5 ft FALSE If "t" is < than 2*d50, then design is complete and a 2d50 thickness is ok

Use a d50 of 15 in.         0 If "t" is > than 2*d50, then continue

Allowable flow depth over riprap h=(0.06(Sg-1)d50tanφ)/(0.97S)
h= 0.51 ft depth

Calculate Manning roughness coefficient, n n=.034(d50)^.1667
n= 0.04

Calculater Unit Discharge, q q=1.489/n*y^1.19*S^0.5
q1= 6.86 ft3/s/ft

Calculate the Required Interstitial Flow through the riprap and the flow provided by a riprap thickness of 2d50
q2= 19.92 ft3/s/ft q2=qf-q1
q= 0.28 ft3/s/ft q=2d50*Vavg

t=2d50= 3 If q is > than or equal to q2, then the design is complete with a 2d50
t= 18 If not, then increase riprap size to next higher gradation (C8.1) 3

Reference: Lagasse, et. al., NCHRP Report 568, Riprap Design Criteria, Recommended Specifications, and Quality Control, 2006
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FREEBOARD REQUIREMENTS

Project: Belford Avenue @ Happy Canyon Creek File Name: Freeboard.xlsx
Date: 24-Jul-17 FHU Project #: 115360-01

Fb = 0.1 * Q^0.3 + 0.008 * V^2 (English Units)
RE: UDFCD defers to CDOT  Roadway Design Manual

REQUIRED FREEBOARD
Q100 = 8303 cfs (Design Q)

V100 = 8.21 fps (Average Velocity)

Fb= 2.04 ft. (Required Freeboard)

AVAILABLE FREEBOARD
Low chord elevation = 5780.07
Design W.S. elevation = 5776.33
Available freeboard = 3.74 ft.
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APPENDIX G. PHOTOGRAPHS 
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Photo #1.  
Looking north towards the E-470 crossing. Photo taken from existing CherokeeTrail looking 

downstream. 



CLOMR for Happy Canyon Creek – Belford Ave Connection 

 

 

 Appendix G-2 

 
 

Photo #2.  
Photo taken from existing CherokeeTrail looking upstream to the south. 
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Photo #3.  
Looking upstream towards the south. Photo taken from center of channel with Grandview 

Estates in the background. This location is approximately 500 feet upstream of the proposed 
Belford Avenue bridge crossing. 
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Photo #4.  
Looking downstream to the north. Photo taken from center of channel with E-470 in the 

background.  This photo was taken from the same location as Photo #3. 
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