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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 March 16, 2016, 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 FIS (Reference 9) that includes Happy Canyon Creek and a preliminary revised 
FIRM (Figure 6 and Reference 2) were both completed on June 30, 2016.  At the time this 
document was prepared, both preliminary documents have been submitted but not yet accepted 
by FEMA.  It was determined that the preliminary documents 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) * 
FEMA (Preliminary FIS) ** 

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 Preliminary FIS. 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/E-470 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 installed as well as a realigned low-flow segment of Happy Canyon 
Creek through the proposed 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. 

Happy Canyon Creek is conveyed under the existing E-470 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 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 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 and associated vegetation. 

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 Avenue 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 16 feet wide and connect into the existing low-flow channel section just north of 
the proposed bridge.  This section of low-flow channel will be soil riprap lined to protect from 
degradation and 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 Avenue 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 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.  The pedestrian trail has a vertical clearance at the west abutment of 
10 feet and the maintenance access has a vertical clearance at the east abutment of 8 feet. The 
proposed elevation of both paths were designed to keep inundation minimized recognizing the 
FHAD and MDP future 2-year storm event.  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 Avenue.   

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.  

The existing E-470 trail 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.  
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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 E-470 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.  All of the sections within the 
project limits, with the exception of a portion of the two most upstream sections, 12694 and 
13012, 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 2988.26 feet through the project limits.  The corrected effective model 
reach was based off of flown survey and was found to be 2964.51 feet through the project limits.  
The corrected effective reach was 23.75 feet longer 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 two 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 18 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 Avenue 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 Avenue, show no rise 
when compared to the existing conditions (pre-project) water surface elevations for the 100-year 
floodplain/floodway, do not impact any habitable structures and the flooding limits of the 
100-year floodplain/floodway will be contained entirely within 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 E-470 Trail. 

Sediment transport was not considered part of this floodplain modification study. 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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APPENDIX B. EFFECTIVE MODEL, SUPPORTING 
INFORMATION FROM FHAD AND MDP 
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1.5  Data Collection 

Table 1-2 
Happy Canyon Creek FIRM Panels 

1.6  Acknowledgements 

Table 1-3 
Project Participants 

Panel I.D. Community Study Reach Effective Date 

Project Sponsors Agency 

Project Stakeholders Agency 
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Upper Watershed: West of I-25 

Middle Watershed: I-25 to Lincoln Avenue 

Lower Watershed: Lincoln Avenue to Cherry Creek 

2.3 Reach Description 

Happy Canyon Creek Reach 1 – Castle Pines 
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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 Reach 9 – Arapahoe County 
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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) 
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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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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! 444 444 0 444 444 0

10157 45 45 1% 45 45 1% 239 239 0 239 239 0
D/S XS - E-470 Bridge

10326 169 169 0% 214 214 0% 94 94 0 94 94 0
U/S XS - E-470 Bridge

10548 223 223 0% 437 437 0% 129 129 0 129 129 0

10595 46 48 4% 484 485 0% 121 121 0 121 121 0

10679 94 94 0% 578 580 0% 103 103 0 103 103 0

10725 43 44 2% 620 623 0% 185 185 0 185 185 0
D/S XS - E-470 Trail 
Crossing 10750 29 29 0% 650 652 0% 219 219 0 219 219 0
U/S XS - E-470 Trail 
Crossing 10810 59 59 0% 708 711 0% 316 315 1 316 315 1

10819 9 10 14% 717 721 1% 326 326 1 326 326 1

10825 6 5 11% 723 727 0% 331 333 2 331 333 2

10900 85 76 10% 808 803 1% 303 312 8 303 312 8

10974 74 74 0% 882 877 1% 207 207 0 207 207 0
D/S XS - Belford 
Avenue 11100 54 54 0% 936 931 1% 175 169 6 175 169 6
U/S XS - Belford 
Avenue 11180 173 173 0% 1109 1104 0% 181 183 3 181 183 3

11280 96 96 0% 1205 1200 0% 185 189 3 185 189 3

11380 99 99 0% 1305 1300 0% 156 156 0 156 156 0

11395 15 15 0% 1320 1315 0% 162 160 2 162 160 2

11410 15 15 0% 1335 1330 0% 147 149 2 147 149 2

11416 6 6 0% 1341 1336 0% 145 147 1 145 147 1

11494 79 79 0% 1419 1414 0% 134 130 4 134 130 4

11620 136 136 0% 1555 1550 0% 235 240 4 235 240 4

11772 152 156 3% 1707 1706 0% 196 197 1 196 197 1

11925 157 161 3% 1864 1867 0% 203 203 0 203 203 0

11955 30 32 8% 1894 1900 0% 205 205 0 205 205 0

11961 6 6 0% 1900 1906 0% 207 207 0 207 207 0

12129 177 177 0% 2077 2083 0% 294 294 0 294 294 0

12388 264 266 1% 2341 2348 0% 245 245 0 245 245 0

12400 11 11 0% 2352 2360 0% 266 266 0 266 266 0

12430 30 30 0% 2382 2390 0% 300 300 0 300 300 0

12436 6 6 0% 2388 2396 0% 309 309 0 309 309 0

12541 105 105 0% 2494 2501 0% 499 499 0 499 499 0

12694 153 146 4% 2646 2647 0% 425 425 0 425 425 0
*

13012 318 326 2% 2812 2827 1% 263 264 0 200 202 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)

11/16/2016

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 F - Hydraulic Computations\Excel\DLOMC_Excel_Tables.xlsx11/16/2016  9:58 AM



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 - 5766.3 - - - 0.0 -
- 10326 10326 - 10326 10326 - - 5768.3 - 5768.2 - - - -0.1 -
- 10548 10548 - 10548 10548 - - 5770.3 - 5770.3 - - - 0.0 -
- 10595 10597 - 10595 10597 - - 5770.1 - 5770.1 - - - 0.0 -
- 10679 10691 - 10679 10691 - - 5771.1 - 5771.1 - - - 0.0 -
- 10725 10735 - 10725 10735 - - 5772.7 - 5773.0 - - - 0.3 -
- - - - 10750 10764 - - - - 5773.3 - - - - -
- 10775 10786 - - - - - 5773.2 - - - - - - -
- - - - 10810 10823 - - - - 5773.4 - - - - -
- - - - 10819 10833 - - - - 5773.7 - - - - -
- - - - 10825 10838 - - - - 5773.6 - - - - -
- 10842 10856 - - - - - 5772.9 - - - - - - -
- 10900 10922 - 10900 10915 - - 5773.2 - 5773.5 - - - 0.3 -
- 10974 10995 - 10974 10989 - - 5772.9 - 5773.3 - - - 0.4 -
- 11100 11050 - 11100 11043 - - 5773.1 - 5773.6 - - - 0.6 -
- 11153 11187 - - - - - 5774.0 - - - - - - -
- 11180 11230 - 11180 11215 - - 5773.8 - 5774.2 - - - 0.4 -
- 11280 11321 - 11280 11312 - - 5774.9 - 5774.9 - - - 0.0 -
- 11380 11424 - 11380 11411 - - 5775.3 - 5775.2 - - - -0.1 -
- 11395 11440 - 11395 11426 - - 5775.4 - 5775.6 - - - 0.2 -
- 11410 11458 - 11410 11441 - - 5775.6 - 5775.5 - - - -0.1 -
- 11416 11465 - 11416 11447 - - 5775.6 - 5775.8 - - - 0.2 -

11320 (F) 11494 11544 - 11494 11526 5776.7 5776.7 5776.8 - 5776.4 0.0 0.1 - -0.4 -0.3
- 11620 11680 - 11620 11662 - - 5777.9 - 5777.7 - - - -0.1 -
- 11772 11836 - 11772 11818 - - 5777.9 - 5777.7 - - - -0.2 -
- - - - 11925 11979 - - - - 5779.3 - - - - -
- - - - 11955 12011 - - - - 5779.8 - - - - -
- 11959 12030 - - - - - 5779.8 - - - - - - -
- - - - 11961 12017 - - - - 5780.1 - - - - -
- 12129 12213 - 12129 12194 - - 5781.6 - 5781.6 - - - 0.0 -
- 12388 12478 - 12388 12460 - - 5782.2 - 5782.2 - - - 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 - 5783.6 - - - 0.0 -
- 12541 12631 - 12541 12613 - - 5784.1 - 5784.1 - - - 0.0 -

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

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

UDFCD DLOMC Submittal - BFE Comparison Table



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
10111 10111 10111 - 10111 10111 5767.4 5767.4 5767.4 - 5767.4 0.0 0.0 - 0.0 0.0
10157 10157 10157 - 10157 10157 5767.9 5767.9 5767.7 - 5767.7 0.0 -0.2 - 0.0 -0.2
10326 10326 10326 - 10326 10326 5768.5 5768.5 5769.3 - 5769.3 0.0 0.8 - 0.0 0.8
10548 10548 10548 - 10548 10548 5770.5 5770.5 5772.4 - 5772.4 0.0 2.0 - 0.0 2.0
10595 10595 10597 - 10595 10597 5771.3 5771.3 5772.1 - 5772.1 0.0 0.8 - 0.0 0.8
10679 10679 10691 - 10679 10691 5772.1 5772.1 5772.5 - 5772.5 0.0 0.4 - 0.0 0.4

- 10725 10735 - 10725 10735 - - 5775.0 - 5775.6 - - - 0.6 -
10749 - - - - - 5774.9 5774.9 - - - 0.0 - - - -

- - - - 10750 10764 - - - - 5775.9 - - - - -
- 10775 10786 - - - - - 5775.7 - - - - - - -
- - - - 10810 10823 - - - - 5776.1 - - - - -
- - - - 10819 10833 - - - - 5776.2 - - - - -
- - - - 10825 10838 - - - - 5776.2 - - - - -

10842 10842 10856 - - - 5775.0 5775.0 5775.5 - - 0.0 0.5 - - -
- 10900 10922 - 10900 10915 - - 5775.7 - 5776.1 - - - 0.4 -

10974 10974 10995 - 10974 10989 5774.9 5774.9 5775.5 - 5775.9 0.0 0.6 - 0.5 1.0
- 11100 11050 - 11100 11043 - - 5775.5 - 5776.1 - - - 0.6 -

11153 11153 11187 - - - 5774.8 5774.8 5775.8 - - 0.0 1.0 - - -
- 11180 11230 - 11180 11215 - - 5775.6 - 5776.4 - - - 0.8 -
- 11280 11321 - 11280 11312 - - 5776.0 - 5776.1 - - - 0.1 -
- 11380 11424 - 11380 11411 - - 5776.7 - 5776.5 - - - -0.2 -
- 11395 11440 - 11395 11426 - - 5776.8 - 5777.1 - - - 0.4 -
- 11410 11458 - 11410 11441 - - 5777.0 - 5776.9 - - - -0.1 -
- 11416 11465 - 11416 11447 - - 5777.1 - 5776.9 - - - -0.2 -

11494 11494 11544 - 11494 11526 5776.8 5776.8 5778.1 - 5777.6 0.0 1.3 - -0.5 0.8
11620 11620 11680 - 11620 11662 5779.4 5779.4 5779.8 - 5779.7 0.0 0.4 - -0.1 0.3
11772 11772 11836 - 11772 11818 5779.4 5779.4 5779.8 - 5779.7 0.0 0.4 - -0.1 0.3

- - - - 11925 11979 - - - - 5780.4 - - - - -
- - - - 11955 12011 - - - - 5780.9 - - - - -

11959 11959 12030 - - - 5780.1 5780.1 5781.0 - - 0.0 0.9 - - -
- - - - 11961 12017 - - - - 5781.1 - - - - -

12129 12129 12213 - 12129 12194 5781.6 5781.6 5782.9 - 5782.9 0.0 1.3 - 0.0 1.3
12388 12388 12478 - 12388 12460 5782.8 5782.8 5783.4 - 5783.4 0.0 0.6 - 0.0 0.5

- 12400 12490 - 12400 12471 - - 5784.0 - 5784.1 - - - 0.0 -
- 12430 12520 - 12430 12501 - - 5784.8 - 5784.8 - - - 0.0 -
- 12436 12526 - 12436 12507 - - 5784.8 - 5784.9 - - - 0.0 -

12541 12541 12631 - 12541 12613 5784.7 5784.7 5785.4 - 5785.4 0.0 0.7 - 0.0 0.7
12694 12694 12777 - 12694 12759 5784.6 5784.6 5785.3 - 5785.3 0.0 0.7 - 0.0 0.6
13012 13012 13103 - 13012 13085 5787.0 5787.0 5787.0 - 5787.0 0.0 0.0 - 0.0 0.0

UDFCD DLOMC Submittal - BFE Comparison Table
Project Name : 115360-01 Compark/Belford Avenue

Flooding Source: Happy Canyon Creek
Company: Felsburg Holt & Ullevig

Completed By: ZJG

-- = Not applicable or no direct comparison available
In anticipation, the FHAD Model was taken to be Effective in this comparison.  Flows used were the 100-yr Future Flows (Q=8355 cfs @ E-470)
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DRAFT CLOMR for Happy Canyon Creek – Belford Ave Connection 

Appendix C 

APPENDIX C. DUPLICATE EFFECTIVE MODEL  
(HEC-RAS MODEL) 
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APPENDIX D. CORRECTED EFFECTIVE MODEL 
(HEC-RAS MODEL) 
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Appendix E 

APPENDIX E. POST-PROJECT MODEL 
(HEC-RAS MODEL) 
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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. 
 
SSTUDY 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). 
 
HHABITAT 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 
SStatus 

Potential for  Species tto OOccur 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. 
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AAPPENDIX 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. 



Smith Environmental and Engineering  
 

 

 
PPhoto 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. 
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FREEBOARD REQUIREMENTS

Project: Belford Avenue @ Happy Canyon Creek File Name: Freeboard.xlsx
Date: 16-Nov-16 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 = 8474 cfs (Design Q)
V100 = 7.41 fps (Average Velocity)

Fb= 1.95 ft. (Required Freeboard)

AVAILABLE FREEBOARD
Low chord elevation = 5778.97
Design W.S. elevation = 5776.18
Available freeboard = 2.79 ft.



















Job Title Compark South By CDT Date 01-Nov-16 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
1.629

High-flow n y= 7.76
d= 1.5

0.114
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

#NUM!
ln 2.55 )(

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

115360-01

GSB Calculations

y/D

)

0.086

= 0.038

= 0.059
ln 2.55 * 3.0

*

(

0.16

= =

=

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



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)

= = 4.57
( 2.55 - 1 ) 0.66

R p = 9.03 * 0.100 0.17

( S s - 1 ) 0.66

0.66

(

R p = 14.00 * 0.0075

1 ) 0.66

R p = V mc * S 0.17

R p = V c * S 0.17

( 2.55 - 1 )

0.17

= = 4.56

S s -



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 18-Oct-16 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

Cw = ( + 3.3

Cw = ( + 0.3

)
=

Hs

)

0.3

1.1

11.7

15.0

= OK

OK

11.7

15.0

> 6.0

> 6.0

115360-01

Seepage Control

Cw = + L v )(



REVETMENT RIPRAP DESIGN
SIZING

Project: Belford @ HCC By: CDT I:\115360-01 - Compark at Belford\CADD\Hydraulics\Calculations\
Project No. 115360-01 Date: 11/16/2016 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= 6.58 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= 1.36 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)= 1.36

Rc= 178 Centerline radius of curvature of Channel bend, ft
W= 429 Width of water surface at upstream end of channel bend, ft
Rc/W= 0.414918

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= 10.66 Characteristic velocity for design, defined as the depth-averaged velocity at a point 
20% upslope from the toe of the revetment, ft/s
Vdes= 10.66 For natural channels use Vdes=Vavg(1.74-0.52 log(Rc/W)
Vdes= 11.04 For trapezoidal channels use Vdes=Vavg(1.71-0.78 log(Rc/W)

Vavg= 5.5 Channel cross sectional average velocity, ft/s
K1= 1.00 Side slope correctional factor H:1= 4

k1=(1-((sin14°) = 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= 0.79 Particle size for which 30% is finer by weight , ft
d50= 0.95 d50=1.2d30, ft

RIPRAP d50 SIZE= 11.4 inches Use 18" thick layer of Soil Riprap (12 inch)
t=1.5d50= 17.1 Riprap Thickness, inches

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: 11/16/2016 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= 10.25 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= 1.33 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)= 1.33

Rc= 130 Centerline radius of curvature of Channel bend, ft
W= 214 Width of water surface at upstream end of channel bend, ft
Rc/W= 0.607477

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= 9.99 Characteristic velocity for design, defined as the depth-averaged velocity at a point 
20% upslope from the toe of the revetment, ft/s
Vdes= 9.99 For natural channels use Vdes=Vavg(1.74-0.52 log(Rc/W)
Vdes= 10.13 For trapezoidal channels use Vdes=Vavg(1.71-0.78 log(Rc/W)

Vavg= 5.39 Channel cross sectional average velocity, ft/s
K1= 1.00 Side slope correctional factor H:1= 4

k1=(1-((sin14°) = 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= 0.59 Particle size for which 30% is finer by weight , ft
d50= 0.71 d50=1.2d30, ft

RIPRAP d50 SIZE= 8.5 inches Use 18" thick layer of Soil Riprap (12 inch)
t=1.5d50= 12.7 Riprap Thickness, inches

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: 11/16/2016 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= 12.17 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)= 1.24

Rc= 308 Centerline radius of curvature of Channel bend, ft
W= 196 Width of water surface at upstream end of channel bend, ft
Rc/W= 1.571429

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= 9.81 Characteristic velocity for design, defined as the depth-averaged velocity at a point 
20% upslope from the toe of the revetment, ft/s
Vdes= 9.81 For natural channels use Vdes=Vavg(1.74-0.52 log(Rc/W)
Vdes= 9.33 For trapezoidal channels use Vdes=Vavg(1.71-0.78 log(Rc/W)

Vavg= 5.99 Channel cross sectional average velocity, ft/s
K1= 1.00 Side slope correctional factor H:1= 4

k1=(1-((sin14°) = 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= 0.50 Particle size for which 30% is finer by weight , ft
d50= 0.60 d50=1.2d30, ft

RIPRAP d50 SIZE= 7.2 inches Use 18" thick layer of Soil Riprap (12 inch)
t=1.5d50= 10.8 Riprap Thickness, inches

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: 11/16/2016 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= 13.57 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)= 1.25

Rc= 351 Centerline radius of curvature of Channel bend, ft
W= 253 Width of water surface at upstream end of channel bend, ft
Rc/W= 1.387352

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= 10.81 Characteristic velocity for design, defined as the depth-averaged velocity at a point 
20% upslope from the toe of the revetment, ft/s
Vdes= 10.81 For natural channels use Vdes=Vavg(1.74-0.52 log(Rc/W)
Vdes= 10.38 For trapezoidal channels use Vdes=Vavg(1.71-0.78 log(Rc/W)

Vavg= 6.49 Channel cross sectional average velocity, ft/s
K1= 1.00 Side slope correctional factor H:1= 4

k1=(1-((sin14°) = 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= 0.62 Particle size for which 30% is finer by weight , ft
d50= 0.75 d50=1.2d30, ft

RIPRAP d50 SIZE= 9.0 inches Use 18" thick layer of Soil Riprap (12 inch)
t=1.5d50= 13.5 Riprap Thickness, inches

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



RIPRAP AT BRIDGE ABUTMENTS AND GUIDE BANKS
SIZING

Project: Belford @ HCC By: CDT I:\115360-01 - Compark at Belford\CADD\Hydraulics\Calculations\
Project No. 115360-01 Date: 11/16/2016 Happy Canyon Creek\Bridge Hydraulics

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= 85 55 Distance from main channel
Ych= 12.17 12.17 Flow depth in main channel

SBR= 7.0 4.5 Set Back Ratio
Q= 8475 8475       If SBR is >5, then V=Qoverbank/Aoverbank (Overbank flow only)
A= 663 1345       If SBR is <5, then V=Qtotal/Atotal (Entire bridge opening)

Vchar.= 12.8 6.3

V= 5.72 3.61 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= 8.15 8.15 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= 0.35 0.22 Froude number, (V/(gy)0.5

d50= 0.63 0.25 Median stone diamenter, ft for Froude number less than 0.80
d50= 3.76 3.31 Median stone diamenter, ft for Froude number greater than 0.80

Left Right
Abutment Abutment

d50= 0.63 0.25 Median stone diamenter, ft
RIPRAP d50 SIZE= 7.5 3.0 inches

t=1.5d50 11.3 4.5 Riprap Thickness, inches

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: 11/16/2016 Happy Canyon Creek\Bridge Hydraulics

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

V= 13.93 Velocity, ft/s
S= 0.0075 Longitudinal Slope, ft/ft
Ss= 2.65 Specific gravity of riprap (usually taken at 2.65)
d50= 0.94 ft

RIPRAP d50 SIZE= 11.2 inches Riprap for Approach to Drop Structres
t=1.75d50= 19.7 Riprap Thickness, inches Soil Riprap (12 Inch)

2'-0" thick
Reference: UDFCD Manual, Volume 1, Section 4.4.2.3



RIPRAP AT BRIDGE PIERS
SIZING

Project: Belford @ HCC By: CDT I:\115360-01 - Compark at Belford\CADD\Hydraulics\Calculations\
Project No. 115360-01 Date: 11/16/2016 Happy Canyon Creek\Bridge Hydraulics

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 factorf 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= 6.17 Channel average velocity, fps From bridge hyd. sheet
Vdes= 8.3295 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= 7.46 Local velocity in the vicinity of the pier, ft/s From bridge hyd. sheet
Vdes= 11.19 Design velocity for local conditions at the pier, ft/s Vdes=K1*Vlocal

Vdes= 11.19 Design velocity in the vicinity of the pier to be used, ft/s 

d50= 0.82 Particle size for which 50% is finer by weight , ft
d50 = 9.8 Riprap size in inches Use standard size d50= (6", 9", 12" 18", 24")= 24 inches
t=3d50= 29.4 Minimum riprap thickness, inches t=3d50= 72.0

Conclusion
Use 3.00 ft thick layer of
Riprap d50= 12 inches

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




