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ENGINEER’S STATEMENT 

 

The attached drainage plan and report were prepared under my direction and supervision and are correct 

to the best of my knowledge and belief.  Said drainage report has been prepared according to the criteria 

established by the County for drainage reports and said report is in conformity with the applicable master 

plan of the drainage basin.  I accept responsibility for any liability caused by any negligent acts, errors or 

omissions on my part in preparing this report. 

 

 

 

            

Scott Brown, PE 45900      Date 

For and on behalf of Galloway & Company, Inc. 

 

 

DEVELOPER’S CERTIFICATION 

 

I, The developer, have read and will comply with all of the requirements specified in this drainage report 

and plan. 

 

 

By:            

        Date 

Address:  Challenger Communities, LLC 

  8605 Explorer Dr., Suite 250 

  Colorado Springs, CO 80920 

 

  

 

 

EL PASO COUNTY CERTIFICATION 

 

Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes 1 and 2, El Paso 

County Engineering Criteria Manual and Land Development Code as amended. 

 

 

            

Jennifer Irvine, P.E.      Date 

County Engineer/ECM Administrator 

 

Conditions: 

 

 

08/22/2022

Joshua Palmer, PE
County Engineer/ECM Administrator

10/03/2022 11:24:37 AM
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I. General Description 

This report is to serve to summarize the design and proposed improvements to the West Tributary to the 

Falcon Basin (CHWS1400), which will be referred to as the Falcon Meadows Channel through the report.  

It is proposed to construct 11 grouted sloping boulder drop structures and realign portions of the channel 

to best work with proposed and future development in the area. The proposed work in the channel will 

begin at approximately at the north property line of the Falcon Meadows at Bent Grass development and 

end approximately 200’ north of Woodmen Road. No other storm structures are anticipated for the 

channel design. 

 

The project is located in the Falcon area of El Paso County, Colorado.  The site is located in the 

Northwest ¼ and Southwest ¼ of Section 1, Township 13S, Range 65W, of the Sixth Principal Meridian, 

County of El Paso, State of Colorado. A Vicinity Map is included in Appendix A.   

 

A portion of the channel has already been realigned along the north boundary line of the Falcon Meadows 

development, as well as the construction of the twin 16’ x 6’ concrete box culverts at Bent Grass 

Meadows Drive, which included a grouted sloping boulder drop structure upstream. 

 

II. Project Background 

Falcon Meadows Channel is currently a natural drainageway, running through the Falcon Meadows at 

Bent Grass development, south to Woodmen Road. The channel continues south under Woodmen Road, 

eventually entering existing Detention Pond WU in the Falcon Highlands development. The MDDP 

showed the channel remaining as a natural channel with grade control structures placed throughout to 

help control velocities and degradation throughout the channel. The channel was to remain as close to 

natural conditions as possible, with improvements only occurring in the vicinity of the drops/grade control 

structures.  

 

Due to proposed and future development within the vicinity of the channel, it is now being proposed to 

add additional drop structures and realign the channel. The channel will be a trapezoidal section with 4:1 

side slopes and maintaining an overall channel slope of 0.30% is used to keep the channel flow in a sub-

critical flow. Due to the steepness of the site in relation to the 0.30% slope, it is being proposed to use 

sloping boulder drop structures in lieu of the rock vane grates which had been proposed in the Drainage 

Basin Planning Study which also showed the channel remaining in its current location. 

 

III. Previous Reports 

The proposed site has been included in multiple drainage studies in the past.  The following is a 

composite list of the existing reports pertaining to this site analysis.   

 

1. Falcon Drainage Basin Planning Study, by Matrix Design Group, September 2015. 

2. Master Development Drainage Plan – Bent Grass Residential Subdivision, by Galloway & 

Company, February 2021 (In Review). 

3. Master Development Drainage Plan and Preliminary Drainage Plan – Bent Grass Subdivision, by 

Kiowa Engineering Corporation, December 2006.   

4. Final Drainage Report for Bent Grass Residential (Filing No. 1), by Classic Consulting Engineers 

& Surveyors, LLC, August 2014. 

5. Final Drainage Report Addendum for Bent Grass Residential (Filing No. 1), by Classic Consulting 

Engineers & Surveyors, LLC, August 2015. 
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6. Master Development Drainage Plan for The Ranch, by Classic Consulting Engineers & 

Surveyors, LLC, November 2018. 

7. Falcon Highlands Master Development Drainage Plan & Preliminary Drainage Report & Final 

Drainage Report for Filing 1, by URS, January 2005. 

8. Final Drainage Report and Erosion Control Plan – Latigo Business Center Filing No. 1 A Re-

subdivision of a Portion of Latigo Business and Research Center Filing No. 1, by Kiowa 

Engineering Corporation, November 2004. 

9. Final Drainage Letter Report for Lot 1, Latigo Business Center Filing No. 1, by Colorado Design 

Concepts, April 2005.   

10. Final Drainage and Erosion Control for The Meadows Filing Three Subdivision, by LADD 

Engineering, July 2000.   

11. Final Drainage Report Bent Grass Residential Subdivision, Filing No. 2, Galloway & Company, 

March 2020. 

12. Preliminary Drainage Report Falcon Meadows at Bent Grass, by Galloway & Company, February 

2021. 

13. Final Drainage Report for Falcon Meadows at Bent Grass Filing No. 1, by Galloway & Company, 

under review. 

 

IV. Site Description 

The Falcon Area DBPS made recommendations for the channels as they run through the project site.  

RWT202 was rerouted on the north property lone to convey flows to RWT204. Improvements were 

designed as part of the Bent Grass Residential Filing No. 2 development.  

 

Existing RWT204 is grossly oversized for the pre-Bent Grass development flows expected through it, with 

a 5-year flow of 7 cfs and a 100-year flow for 43 cfs from the DBPS study.  The future SCS calculations 

have a total flow of 181 cfs for the 5-year flow and 1029 cfs for the 100-year flow at DP 40, the location 

where offsite channel flow enters the Bent Grass development, upstream of the existing box culvert 

crossing at Bent Grass Meadows Drive in Reach RWT204.  The FEMA flow reported in this section of 

channel is 1,400 cfs.  Improvements to this section of the channel will adhere and be equivalent to the 

recommendations in the Falcon Basin DBPS.  The HEC-HMS model prepared for the Bent Grass 

Residential Subdivision Filing NO. 2 (SF-19-014) was used to identify the 2-year flow for reach RWT210.  

This flow rate (70.6 cfs) was utilized to size the low flow portion of the channel. 

 

RWT204 will generally stay in a location similar to where it is in existing conditions but will have new 

designed channel sections.  The channels will have longitudinal slopes flattened to below 1% in order to 

reduce the scour potential of the channel.  Grouted Sloping Boulder Drops will be utilized within the 

channel as grade controls (maximum height of 5’ with 4:1 slope).  Eleven total grade control structures 

will be utilized within the channel, all the way to Woodmen Road.  

 

RWT210 is the section of the channel south of Bent Grass Meadows Drive and continues south to 

Woodmen Road. The channel location will shift slightly to the east and “straighten” out the overall flow 

path. It will be located within a drainage easement. The channel will have a design with a longitudinal 

slope less than 1%, a composite section including a low flow channel, and 4:1 side slopes. The Falcon 

DBPS recommendations for the channel are to remain as a natural drainage channel.  

 

The West Trib Channel (RWT202, RWT204 & RWT210) will be maintained by the Bent Grass 

Metropolitan District. For channel improvements offsite of the Falcon Meadows at Bent Grass Filing No. 1 

and Bent Grass Residential Filing 2 property, specifically south of the development, it is agreed that the 
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developer will be responsible for the channel improvements, south of the development, to the existing 

improvements north of Woodmen Road if the current property owners have not initiated the  

improvements themselves, or the developer will work with the current property owners to reach an 

agreement on design/construction, costs, and timing of the channel improvements. Channel 

improvements shall be complete within three years of the recordation of Falcon Meadows at Bent Grass 

Filing No. 4. 

 

V. Hydraulics 

Hydraulic analyses were performed to establish a corrected condition, Pre-Project (existing) and Post-

Project (proposed) condition for the 100-year storm event. The goals of this evaluation were to document: 

a) that no existing insurable structures are impacted by the proposed project, and b) that the cumulative 

increase in the 100-year water surface elevation is below the allowable surcharge amount.  

 

PRE PROJECT (EXISTING) CONDITION: 

 
Description of Improvements: 
 

The previously approved floodplain permit was submitted to accompany the Bent Grass Residential 
Filing No. 2 project, which is located to the east along a portion of the channel. The proposed condition for 
the previously approved floodplain permit took into account the twin culverts crossing under Bent Grass 
Meadows Drive, along with a drop structure just upstream of the structure. The remainder of the channel 
was left in existing condition with no improvements and ended at Cross Section 2605, just south of the Bent 
Grass property. This model the basis of the pre-project (existing) condition model for this report. The model 
was updated to include the relocation of the channel along the north property line and was extended to the 
south to Woodmen Road. 

 
The Bent Grass Residential Filing No. 2 project was a private development subdivision north of 

East Woodmen Road in Falcon, Colorado. The project regraded portions of the West Tributary to Falcon 
Basin (CHWS1400) from a natural channel to a grass lined earthen channel and installed a new road 
crossing over the channel that conveys water through two 16 feet wide by 6 feet tall reinforced concrete 
box culverts. The location of these improvements is called out on Figure 1 at the end of this letter. The 
earthen channel was shown on separate design drawings included in the previously approved Floodplain 
permit report and construction drawings for the Bent Grass Residential Filing No. 2 project. The channel 
was designed to be approximately 5 feet deep with 4:1 side slopes and lined with native grass seed. 
Locations where the channel was to be regraded include Cross Section 5000 towards the northern end of 
the project area, as well as Cross Sections 4400 through 3800 which correspond to the location of the 
proposed roadway crossing. The roadway crossing also included a 7.6-foot drop structure upstream of the 
box culverts that has a 4:1 slope, riprap placed upstream of the drop and downstream of the culverts, and 
wingwalls at the downstream end. Other improvements that were part of the Bent Grass Residential Filing 
No. 2 Project include: a) a capture channel along the northern property line that collects upstream flows 
and convey them into the tributary, b) off-line detention ponds that will detain flows coming from the 
subdivision offsite.  

 
Hydraulic Analysis: 

 
 The pre-project condition hydraulic analysis utilized the previous “proposed” HEC-RAS model from 
the approved floodplain permit to analyze the 100-year flood event in the existing channel and associated 
improvements on the Bent Grass Residential Filing No. 2 property. The model boundary condition was not 
changed from the effective condition model from 2003. In the study reach, a Manning’s n value of 0.035 
was used in the channel. Sections of the overbank that are to be grass lined during this project were also 
assigned manning’s n values of 0.035, while undeveloped channel overbanks were assigned a Manning’s 
n of 0.050 corresponding to the effective condition model. The Bent Grass Meadows road crossing was 
modeled as a 16W’x6’H double barreled reinforced concrete box culvert.  
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POST PROJECT (PROPOSED) CONDITION: 

 
Description of Improvements: 
 

The Falcon Meadows at Bent Development includes three additional phases of single-family 
residential subdivisions, along the east and west sides of the existing channel. South of the Falcon 
Meadows site, there are 3 additional parcels of land, which have future development planned. The 
remaining entirety of the channel north of Woodmen Road, which has not previously been improved, will 
regrade the existing channel from a natural channel to a grass lined earthen channel, with 11 drop 
structures. The proposed earthen channel is shown on separate design drawings and is approximately 5 
feet deep with 4:1 side slopes and lined with native grass seed. The alignment of the channel, once it leaves 
the Falcon Meadows development, was shifted to the east, to allow larger and more useable tracts of land 
for future development, and not leaving “slivers” of unusable land along the east side of the channel.  

 
Hydraulic Analysis: 

 
 The post project condition hydraulic analysis utilized the pre-project HEC-RAS model to analyze 
the 100-year flood event in the proposed channel and associated improvements thru the West Tributary 
Channel, to Woodmen Road. The model boundary condition was not changed from the effective condition 
model from 2003. In the study reach, a Manning’s n value of 0.035 was used in the channel. Sections of 
the overbank that are to be grass lined during this project were also assigned manning’s n values of 0.035, 
while undeveloped channel overbanks were assigned a Manning’s n of 0.050 corresponding to the effective 
condition model. Manning’s n values of 0.04 were used for the channel section at the riprap drop structures 
and 0.045 at the drop structures overbank areas. See Table 1 for additional Channel Design parameters 
used in this project. 
 

Table 1: Channel Design Parameters 

Design Parameter Design Value 

Maximum 100-year Depth 5 ft 

Maximum Velocity* 7 ft/s 

Maximum Froude, 100-year* 0.8 

Maximum Shear Stress, 100-year* 1.2 lb/sf 

Maximum Longitudinal Slope* 0.61% 

Side Slope 4:1 

*Values are for normal channel section outside of drop structures  
 
The channel has been designed with a composite section.  The low flow has been designed to convey the 
2-year storm event (70.6 cfs).  This results in a 20’ wide low flow with 4:1 side slopes.  The overbanks are 
8’ wide on both sides of the low flow channel.  The low flow has a standard depth of 1.25’ and a velocity 
less than 3 ft/s and a Froude less than 0.50. FlowMaster calculations for the low flow channel design have 
been included in the appendices.   A shear stress analysis was performed on the low flow channel using 
North American Green ECMDS software and it showed that the low flow channel remains stable with a 
significant safety factor.  The calculations have been included in the appendices.  The riprap protecting the 
channel through curves with a radius less than 3.0 times the top width will be extended to the toe of the low 
flow to protect the low flow banks as well as the main channel section.  The HEC-RAS model was utilized 
to calculate the shear stress in the channel for a 100-year storm event.  It shows that the channel maintains 
a normal shear stress less than the 1.2 lb/sf.  At the drop structures increased shear stresses can be found 
on the section upstream of the crest and through the drop itself.  The riprap pad upstream of the crest 
protects the channel from the increased shear in the draw down area of the channel entering the drop 
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structure.  Where the existing channel transitions to a section with a low flow the existing riprap will be 
replaced through the transition to protect the channel. 
  
  

VI. Maintenance 

The channel is to be a private facility until all DBPS identified improvements are complete. Once the 

DBPS improvements are completed, maintenance for the channel will transition to El Paso County. After 

completion of construction and upon the Board of County Commissioners acceptance, all public drainage 

facilities within easements and public Right-of-Way will be owned and maintained by El Paso County.   

 

Maintenance access to proposed drops and channel will be provided via a proposed access road on the 

west side of the channel, running parallel to the proposed channel, located along the top bank.  

Maintenance access is also provided along the east side of the channel via the existing sewer 

maintenance access road for the south channel.  The north channel will not be able to provide 

maintenance access on the east side of the channel in conformance with the approved PUD SP-20-005.  

There will also be access from the north end of the future Lemon Grass cul-de-sac. 

 

VII. Floodplain Statement 

A portion of the project site lies within Zone AE Special Flood Hazard Area as defined by the FIRM Map 

number 08041C0553G effective December 7, 2018.  A copy of the FIRM Panel is included in Appendix A.   

 

The portion of channel that has a floodplain designation is only the RWT210 and RWT204 portions of the 

channel.  It is unknown why the western channel, RWT202 is unmapped since it is the larger contributor 

regarding flow rates.  Discussions have occurred with PPRBD and an allowable rise certificate has been 

submitted for review. A copy of this has been included in the Appendix.   

 

VIII. Drainage/Bridge Fees and Credits/Reimbursements 

As the Falcon Basin channel improvements are an improvement to public infrastructure that is being 

constructed by a private developer (Challenger Homes, LLC), the cost of the proposed improvements, or 

some portion of the cost, may be credited to the development and/or defer drainage basin fees.  The 

2019 basin fee for the Falcon Basin is $29,622/acre of impervious land and the 2021 basin fee for the 

Falcon Basin is $31,885/acre of impervious land. The 2019 bridge fee for the Falcon Basin is $4,069/acre 

of impervious land and the 2021 bridge fee for the Falcon Basin is $4,380/acre of impervious land. The 

platted acreage for the adjacent Bent Grass Residential Subdivision Filing No. 2 plat is 68.55 acres. The 

platted acreage for the adjacent Falcon Meadows at Bent Grass Filing No. 1 plat is 21.39 acres. The 

percent impervious for each of the platted areas are as follows: 

 

The Bent Grass Residential Subdivision Filing No. 2 subdivision has a total area of 68.55 acres. The 

tracts (13.326 acres) and preservation area (4.36 acres) account for a total of 17.686 acres. Tract areas 

will pay fees when they are platted with future filings. This leaves a total area of 50.864 acres to assess 

fees for Bent Grass Residential Filing No. 2. The percent impervious for the subdivision has been 

calculated with this report to be approximately 46.1 percent. 

 

50.864 acres x 46.1% = 23.45 Impervious Acres 

 

Therefore, the drainage and bridge fees are: 
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Drainage: $29,622 x 23.45 Imp. Acres = $694,635.90 

 

Bridge:  $4,069 x 23.45 Imp. Acres = $95,418.05 

 

The Falcon Meadows at Bent Grass Filing No. 1 subdivision has a total area of 21.39 acres. The tracts 

account for a total of 12.55 acres, 71 residential lots are 6.37 acres and 2.47 acres of right-of-way. The 

following calculations for the imperviousness of this development have been computed as follows: 

 

21.39 acres x 26.78% = 5.73 Impervious Acres 

 

Therefore, the drainage and bridge fees are: 

 

Drainage: $31,885 x 5.73 Imp. Acres = $182,701.05 

 

Bridge:  $4,380 x 5.73 Imp. Acres = $25,097.40 

 

Falcon Meadows at Bent Grass Filing Nos. 2, 3, and 4 subdivisions have not yet been recorded. The 
anticipated impervious area calculations are as follow: 
 
The Falcon Meadows at Bent Grass Filing No. 2 subdivision has a total area of 36.40 acres. The tracts 
account for a total of 20.46 acres, 108 residential lots are 11.30 acres and 4.64 acres of right-of-way. The 
following calculations for the imperviousness of this development have been computed as follows: 
 
36.40 acres x 26.36% = 9.60 Impervious Acres 
 
Therefore, the drainage and bridge fees are: 

 

Drainage: $31,885 x 9.60 Imp. Acres = $306,096.00 

 

Bridge:  $4,380 x 9.60 Imp. Acres = $42,048.00 

 
The Falcon Meadows at Bent Grass Filing No. 3 subdivision has a total area of 12.74 acres. The tracts 
account for a total of 0.66 acres, 49 residential lots are 9.50 acres and 2.58 acres of right-of-way. The 
following calculations for the imperviousness of this development have been computed as follows: 
 
12.74 acres x 52.32% = 6.665 Impervious Acres 
 
Therefore, the drainage and bridge fees are: 

 

Drainage: $34,117 x 6.665 Imp. Acres = $227,389.81 

 

Bridge:  $4,687 x 6.665 Imp. Acres = $31,238.86 

 
The Falcon Meadows at Bent Grass Filing No. 4 subdivision has a total area of 10.42 acres. The tracts 
account for a total of 4.05 acres, 39 residential lots are 5.73 acres and 1.04 acres of right-of-way. The 
following calculations for the imperviousness of this development have been computed as follows: 
 
10.42 acres x 33.63% = 3.5039 Impervious Acres 
 
Therefore, the drainage and bridge fees are: 

 

Drainage: $34,117.00 x 3.5039 Imp. Acres = $119,542.56 
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Bridge:  $4,687.00 x 3.5039 Imp. Acres = $16,422.78 

 

The proposed channel project lies within Basin WT210 and encompass Segment RWT210 in the 2015 

Falcon Drainage Basin Planning Study (DBPS). The DBPS indicates that this segment was planned 

2,132 LF of Natural Channel Design at a cost of $278.15 per linear foot for a total estimated cost of 

$593,015.80.  

 

Due to the complexity of the summary of costs between multiple filings and projects being 

completed a Summary sheet has been included in the appendices along with breakdown of fees 

by Filing.   

 

The information contained within the summary demonstrates that the proposed channel improvement 

costs along with Pond WU construction costs, should be more than adequate to defer the Falcon Basin 

drainage and bridge fees for Falcon Meadows at Bent Grass Filing Nos. 1, 2, 3, & 4 and Bent Grass 

Residential Subdivision Filing No. 2.  

 

The applicable pages from the 2015 Falcon DBPS are provided in Appendix A. 

 

All drainage facilities within this report were sized according to the Drainage Criteria Manuals.  Bent 

Grass Metropolitan District will own and maintain the channels until such a time that all final 

improvements have been constructed. At that time, channel corridors will become publicly owned and 

maintained and shall be the responsibility of El Paso County upon County acceptance. Upon 

development of future filings within the Bent Grass Residential Subdivision, separate Final Drainage 

Reports will be required to be submitted and approved by El Paso County. 

   

IX. Conclusion 

The Bent Grass Residential Subdivisions lie within the West Tributary of the Falcon Basin Area 

Watershed.  Water quality for the existing and proposed developments are provided in two existing and 

one proposed on-site WQCV ponds to provide water quality for the entire tributary area.  The channel is 

in general conformance with the DBPS and will safely convey runoff through the property. The proposed 

development will not have any adverse impacts on downstream developments or existing drainageways.  
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BASIN FEE CALCULATIONS 

AND SUMMARY 

 



Impervious Area 

(acres)
*

Fee Per 

Impervious Acre
= Total Fee - (

Total Collateral 

from FAE
+

Remaining Fee 

Offset from 

Previous Filings

) =
Remaining Fee 

Offset
OR

Fee Due at 

Platting

Drainage Fee 23.45 29,622.00$            694,635.90$          1,270,481.00$      -$                        575,845.10$          

Bridge Fee 23.45 4,069.00$              95,418.05$            480,000.00$          -$                        384,581.95$          

(SF-19-014) Bent Grass Residential Filing No. 2 - Final Drainage Report
FALCON DRAINAGE BASIN

2019 Original Drainage and Bridge Fees

Impervious Area 

(acres)
*

Fee Per 

Impervious Acre
= Total Fee - (

Total Collateral 

from FAE
+

Remaining Fee 

Offset from 

Previous Filings

) =
Remaining Fee 

Offset
OR

Fee Due at 

Platting

Drainage Fee 5.73 31,885.00$            182,701.05$          -$                        575,845.10$          393,144.05$          

Bridge Fee 5.73 4,380.00$              25,097.40$            -$                        384,581.95$          359,484.55$          

(SF-21-020) Falcon Meadows at Bent Grass Filing No. 1 - Final Drainage Report
FALCON DRAINAGE BASIN

2021 Original Drainage and Bridge Fees

Impervious Area 

(acres)
*

Fee Per 

Impervious Acre
= Total Fee - (

Total Collateral 

from FAE
+

Remaining Fee 

Offset from 

Previous Filings

) =
Remaining Fee 

Offset
OR

Fee Due at 

Platting

Drainage Fee 9.6 31,885.00$            306,096.00$          -$                        393,144.05$          87,048.05$            

Bridge Fee 9.6 4,380.00$              42,048.00$            -$                        359,484.55$          317,436.55$          

(SF-21-034) Falcon Meadows at Bent Grass Filing No. 2 - Final Drainage Report
FALCON DRAINAGE BASIN

2021 Original Drainage and Bridge Fees

Impervious Area 

(acres)
*

Fee Per 

Impervious Acre
= Total Fee - (

Total Collateral 

from FAE
+

Remaining Fee 

Offset from 

Previous Filings

) =
Remaining Fee 

Offset
OR

Fee Due at 

Platting

Drainage Fee 3.504 34,117.00$            119,542.56$          -$                        -$                        (119,542.56)$        

Bridge Fee 3.504 4,687.00$              16,422.78$            -$                        317,436.55$          301,013.77$          

(SF-22-023) Falcon Meadows at Bent Grass Filing No. 4 - Final Drainage Report
FALCON DRAINAGE BASIN

2022 Original Drainage and Bridge Fees

Impervious Area 

(acres)
*

Fee Per 

Impervious Acre
= Total Fee - (

Total Collateral 

from FAE
+

Remaining Fee 

Offset from 

Previous Filings

) =
Remaining Fee 

Offset
OR

Fee Due at 

Platting

Drainage Fee 6.665 34,117.00$            227,389.81$          -$                        87,048.05$            (140,341.76)$        

Bridge Fee 6.665 4,687.00$              31,238.86$            -$                        317,436.55$          286,197.70$          

(SF-22-016) Falcon Meadows at Bent Grass Filing No. 3 - Final Drainage Report
FALCON DRAINAGE BASIN

2022 Original Drainage and Bridge Fees



Project Name Fee Type
Total Fee from                     

Final Drainage Report

Total Collateral from                                                 

Financial Assurance Estimate
Remaining Fee Offsets

Construction Costs Spent To-Date on 

Collateral Improvements
Remaining Credit

1,270,481.00$                                                          489,284.78$                                              

(Channel Improvements) $264,407.00 -$                                                            

(Rip Rap Improvements) $635,264.00 -$                                                            

(Pond WU) $370,810.00 489,284.78$                                             

Bridge Fee 95,418.05$                            480,000.00$                                                              384,581.95$                      NO

Drainage Fee 182,701.05$                          -$                                                                            (182,701.05)$                     NO

Bridge Fee 25,097.40$                            -$                                                                            (25,097.40)$                       NO

Drainage Fee 306,096.00$                          -$                                                                            (306,096.00)$                     NO

Bridge Fee 42,048.00$                            -$                                                                            (42,048.00)$                       NO

Drainage Fee 227,389.81$                          -$                                                                            (227,389.81)$                     NO

Bridge Fee 31,238.86$                            -$                                                                            (31,238.86)$                       NO

Drainage Fee 119,542.56$                          -$                                                                            (119,542.56)$                     NO

Bridge Fee 16,422.78$                            -$                                                                            (16,422.78)$                       NO

Drainage Fee -$                                        1,558,171.10$                                                          1,558,171.10$                   NO

Bridge Fee -$                                        NO

Drainage Fee 1,530,365.31$                     2,828,652.10$                                                         1,298,286.79$                 489,284.78$                                             (205,351.12)$                    

Bridge Fee 210,225.08$                         480,000.00$                                                             269,774.92$                     -$                                                            -$                                    

Note: The collateral provided previously for channel construction is to be updated to the value provided with CDR-21-014

Collateral & Credit Summary - Bent Grass Development
Last Revised: Thursday, September 22

Falcon Meadows at Bent Grass 

Filing No. 1 (SF-21-020)

Falcon Meadows at Bent Grass 

Filing No. 2 (SF-21-034)

Collateral & Fee Offsets from Financial Assurance Estimate

Drainage Fee 694,635.90$                          575,845.10$                      (205,351.12)$                     NO

Bent Grass Residential                                                 

Filing No. 2 (SF-19-014)

Collateral & Credit from Actual Construction Costs
Construction 

Complete?

Total:

Falcon Meadows at Bent Grass 

Filing No. 3 (SF-22-016)

Falcon Meadows at Bent Grass 

Filing No. 4 (SF-22-023)

FM at BG Drainage Channel (CDR-

21-014)



Improvement (
Cost (As Shown on 

Falcon DBPS)
* Inflation Factor ) =

Cost (Present 

Value)
RWT210 - Natural Channel Design 593,011.00$         1.47 871,726.17$         

Engineering/Construction Admin (15%) 130,758.93$         

Contingency (20%) 174,345.23$         

Ultimate Reimbursement 1,176,830.33$      

Improvement (
Cost (As Shown on 

Falcon DBPS)
* Inflation Factor ) =

Cost (Present 

Value)

- -$                        1.47 -$                        

Engineering/Construction Admin (15%) -$                        

Contingency (20%) -$                        

Ultimate Reimbursement -$                       

Improvement (
Cost (As Shown on 

Falcon DBPS)
* Inflation Factor ) =

Cost (Present 

Value)

Regional Pond WU South 20,000.00$            1.47 29,400.00$            

Engineering/Construction Admin (15%) 4,410.00$              

Contingency (20%) 5,880.00$              

Ultimate Reimbursement 39,690.00$           

Improvement (
Cost (As Shown on 

Falcon DBPS)
* Inflation Factor ) =

Cost (Present 

Value)

Pond WU Inlet Structure 658,410.00$         1.47 967,862.70$         

Engineering/Construction Admin (15%) 145,179.41$         

Contingency (20%) 193,572.54$         

Ultimate Reimbursement 1,306,614.65$      

Falcon DBPS - Eligible Collateral - Bent Grass Development
Last Revised: Thursday, September 22

DRAINAGE FEES

Metropolian District Costs are not eligible for financial reimbursement. If the developer wishes to be reimbursed for 

the associated construction improvements of Pond WU, an amendment to the DBPS must be completed.

BRIDGE FEES
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Total Fee As Specified in the 

Approved FDR's

Total Collateral Requested from                                                 

Financial Assurance Estimate's

Total Eligible Reimbursement Cost 

As Specified in Falcon DBPS

1,530,365.31$                                        2,828,652.10$                                        1,176,830.33$                                        

Total Fee As Specified in the 

Approved FDR's

Total Collateral Requested from                                                 

Financial Assurance Estimate's

Total Eligible Reimbursement Cost 

As Specified in Falcon DBPS

210,225.08$                                           480,000.00$                                           -$                                                         

Drainage Fee: (Needs Action)

Bridge Fee: (Needs Action)

Final Comparison Table
Last Revised: Thursday, September 22

The "Total Collateral Requested from all Financial Assurance Estimate's" is greater then the "Total Fee As Specified 

in the Approved FDR's" for all 4 filings of Falcon Meadows at Bent Grass and Bent Grass Residential Filing No. 2. 

However, the "Total Eligible Reimbursement Cost As Specified in the Falcon DBPS" is less than the "Total Fee As 

Specified in the Approved FDR's". Therefore, the Developer will need approval from the drainage board to amend 

the costs specified in the DBPS.

The "Total Collateral Requested from all Financial Assurance Estimate's" is greater then the "Total Fee As Specified 

in the Approved FDR's" for all 4 filings of Falcon Meadows at Bent Grass and Bent Grass Residential Filing No. 2. 

However, the "Total Eligible Reimbursement Cost As Specified in the Falcon DBPS" is less than the "Total Fee As 

Specified in the Approved FDR's". Therefore, the Developer will need approval from the drainage board to amend 

the costs specified in the DBPS.

DRAINAGE FEES

BRIDGE FEES
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Figure 6-1
Selected Plan
Falcon DBPS

El Paso County, CO
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Note:
Infrastructure and channel improvements shown may vary slightly
from the final list published in the accompanying report as a result of
fee revisions that have occurred following the preparation of this
figure.  For current information as of September 2015, please see
tables in Section 6 of the accompanying report.

Reach Alternative Total (ft)
Natural Channel Design 13,216
Protect in Place 64,325
Roadside Ditch Improvement 7,519
Small Drop Structures w/ Toe Protection 50,750

Pond
Q2 In 
(cfs)

Q2 Out 
(cfs)

Q100 In 
(cfs)

Q100 Out 
(cfs)

Required 
Volume (AF)2

Paint Brush Hills Pond #4 PBH 4 38 29 200 150 1.34
Paint Brush Hills Pond A PBH A 35 7 170 140 2.62
Paint Brush Hills Pond B1 PBH B1 80 51 420 270 9.17
Paint Brush Hills Pond B2 PBH B2 51 10 270 180 12.09
Paint Brush Hills Pond C PBH C 56 3 300 140 6.77

Regional Pond MN R MN 65 32 850 820 7.53
Regional Pond R1 R R1 110 77 1,600 1,500 25.00
Regional Pond R2 R R2 140 140 2,200 2,200 3.13

Regional Pond WU South R WUs 47 22 1,100 930 39.54
Sub Regional Pond SR1 SR 1 54 42 610 510 11.03
Sub Regional Pond SR2 SR 2 65 65 840 840 2.05
Sub Regional Pond SR3 SR 3 72 72 910 910 1.03
Sub Regional Pond SR4 SR 4 130 27 1,000 730 19.37
Sub Regional Pond SR6 SR 6 74 9 390 200 11.82
The Meadows Pond #1 M 1 11 0 70 0 3.25
The Meadows Pond #2 M 2 28 5 210 100 7.94

Woodmen Hills Pond #1 North WH 1N 65 61 390 260 7.13
Woodmen Hills Pond #1 South WH 1S 61 10 260 260 8.78

Woodmen Hills Pond #2 WH 2 37 10 270 250 9.18
Woodmen Hills Pond #3 WH 3 110 13 530 360 8.35
Woodmen Hills Pond #4 WH 4 110 15 790 260 40.45
Woodmen Hills Pond #5 WH 5 40 1 130 20 4.10
Woodmen Hills Pond H WH H 140 110 750 750 2.66

Notes
1:  Represents future hydrology with retrofit existing detention ponds and 7 new sub regional detention ponds
2:  Required volume to highest WSE not including embankment

Sub Regional Detention Alternative1



Falcon DBPS
Developer Costs

Reach/Pond Reach Length (ft) Improvement Cost Reach/Pond
Reach Length 

(ft) Improvement Cost
RWT354 16 Roadside Ditch 23,544$                  WT 5‐2 43 Crossing ‐ Bridge 718,121$              
RMT106 226 Small Drop Structures w/Toe Protection 212,322$               MT 7 58 Crossing ‐ Bridge 207,465$             
RMT114 1,667 Small Drop Structures w/Toe Protection 853,693$               MT 6 200 Crossing ‐ Bridge 166,177$             
RWT150 3,741 Natural Channel Design 765,482$               MT 1 45 Crossing ‐ Bridge 433,032$             

RWT210_upstream 2,132 Natural Channel Design 593,011$                1,524,796$          
RWT124_upstream 1,246 Small Drop Structures w/Toe Protection 640,054$               228,719$             

RWT174 1,871 Small Drop Structures w/Toe Protection 606,335$               304,959$             
RWT234 2,129 Small Drop Structures w/Toe Protection 976,863$               2,058,474$         
RET020 1,915 Small Drop Structures w/Toe Protection 1,169,444$            
RWT094 2,145 Natural Channel Design 246,213$              
RWT296 1,134 Small Drop Structures w/Toe Protection 223,458$              
RWT122 518 Natural Channel Design 71,367$                

6,381,788$            
957,268$              

1,276,358$           
8,615,414$          

WT 14 66 Crossing ‐ Culvert 31,585$                 
WT 13 53 Crossing ‐ Culvert 28,525$                
MT 6‐2 220 Crossing ‐ Culvert 181,365$              

241,475$               
36,221$                
48,295$                

325,991$              
Paint Brush Hills Pond A Detention Pond 20,000$                 
Paint Brush Hills Pond C Detention Pond 20,000$                
Regional Pond R1 Detention Pond 1,473,028$           
Regional Pond R2 Detention Pond 322,608$              
Sub Regional Pond SR2 Detention Pond 301,203$              
Sub Regional Pond SR3 Detention Pond 49,552$                
Sub Regional Pond SR4 Detention Pond 1,435,500$           
Sub Regional Pond SR6 Detention Pond 586,078$              
The Meadows Pond #1 Detention Pond 20,000$                
Woodmen Hills Pond H Detention Pond ‐$                           

4,227,969$            
634,195$              
845,594$              

5,707,758$          
14,649,163$         

Total

Grand Total

Channel Subtotal
Engineering/Construction Admin (15%)

Contingency (20%)
Channel Total

Culvert Subtotal
Engineering/Construction Admin (15%)

Contingency (20%)
Culvert Total

Detention Subtotal
Engineering/Construction Admin (15%)

Contingency (20%)
Detention Total

Drainage Fees Bridge Fees

Subtotal
Engineering/Construction Admin (15%)

Contingency (20%)

Developer Costs Appendix E 1/1



Falcon DBPS
Metro District Costs

Reach/Pond Reach Length (ft) Improvement Cost Reach/Pond Reach Length (ft) Improvement Cost
RET030 5,042 Small Drop Structures w/Toe Protection 1,405,908$             Pond WU Inlet Structure 74 Crossing ‐ Bridge 658,410$         
RET040 1,820 Small Drop Structures w/Toe Protection 1,073,275$            MT 5‐1 48 Crossing ‐ Bridge 191,098$        
ET 19 39 Crossing ‐ Culvert 63,340$                 ET 31 302 Crossing ‐ Bridge 525,026$        

Paint Brush Hills Pond #4 Detention Pond ‐$                             1,374,534$      
Paint Brush Hills Pond B1 Detention Pond ‐$                            206,180$        
Paint Brush Hills Pond B2 Detention Pond 20,000$                 274,907$        
Regional Pond MN Detention Pond 20,000$                 1,855,620$     
Regional Pond WU South Detention Pond 20,000$                 
Woodmen Hills Pond #1 North Detention Pond 20,000$                
Woodmen Hills Pond #1 South Detention Pond 20,000$                
Woodmen Hills Pond #2 Detention Pond 20,000$                
Woodmen Hills Pond #3 Detention Pond 20,000$                
Woodmen Hills Pond #4 Detention Pond 240,000$              
Woodmen Hills Pond #5 Detention Pond 20,000$                

2,942,524$            
441,379$              
588,505$              

3,972,407$          

Bridge Fees

Subtotal
Engineering/Construction Admin (15%)

Contingency (20%)
Total

Drainage Fees

Subtotal
Engineering/Construction Admin (15%)

Contingency (20%)
Total

Metropolitan District Costs Appendix E 1/1
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Small Drop Structure
See Detail on Sheet 6-54

Re-establish Natural Channel Cross Section
See Detail on Sheet 6-51

Rock Cross Vane
Alt. Structure Type:  Riffle Drop
See Detail on Sheet 6-53WT 10 - Woodmen Rd.

EX Size:  18.92' (W) x 8.75' (H) Concrete Box
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Drainageway
Crossing
Stream Centerline
Existing Approximate 
100-yr Floodplain*

VVVFloodplain
Study Limit

Storm Sewer
") Inlet
!. Manhole

Pipe

Reach Improvements
Natural Channel
Design
Protect In Place
Roadside Ditch
Improvement
Small Drop Structures 
w/ Toe Protection
Existing Detention
Proposed Detention
Proposed Detention
Grading
Small Drop Structure
Cross Vane

kj
Immediate Action 
Required to Preserve
Existing Condition

* These approximate 100-yr floodplain boundaries are for planning
purposes only.  This information is not intended to replace the information
provided on the FEMA Flood Insurance Rate Maps for this area.
** These are conceptual design drawings and are subject  to change.  These 
drawings are not intended for construction purposes.
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Infrastructure and channel improvements shown may vary slightly 
from the final list published in the accompanying report as a result of 
fee revisions that have occurred following the preparation of this 
figure.  For current information as of September 2015, please see 
tables in Section 6 of the accompanying report.
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Sub Regional Pond SR3
EURV = 1.0 AF
Q2 in = 72 cfs
Q2 out = 72 cfs
Q100 in = 910 cfs
Q100 out = 910 cfs

kj

Rock Cross Vane
Alt. Structure Type:  Riffle Drop
See Detail on Sheet 6-53

Re-establish Natural Channel Cross Section
See Detail on Sheet 6-51
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* These approximate 100-yr floodplain boundaries are for planning
purposes only.  This information is not intended to replace the information
provided on the FEMA Flood Insurance Rate Maps for this area.
** These are conceptual design drawings and are subject  to change.  These 
drawings are not intended for construction purposes.
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Note: 
Infrastructure and channel improvements shown may vary slightly 
from the final list published in the accompanying report as a result of 
fee revisions that have occurred following the preparation of this 
figure.  For current information as of September 2015, please see 
tables in Section 6 of the accompanying report.



River Station Contraction Expansion River Station Contraction Expansion River Station Contraction Expansion
West Tributary Middle Tributary East Tributary

Falcon DBPS
Expansion & Contraction Coefficients

28432.62 0.1 0.3 2393.844 0.1 0.3 20374.32 0.1 0.3
28032.62 0.1 0.3 2000 0.1 0.3 20291.07 0.1 0.3
27507.46 0.1 0.3 1923.28*  0.3 0.5 20221.25 0.1 0.3
27232.62 0.1 0.3 1846.57*  0.3 0.5 20200.42 0.1 0.3
26814.63 0.1 0.3 1769.85*  0.3 0.5 20150.22 0.1 0.3
26425.04 0.1 0.3 1693.141 0.3 0.5 19810.83 0.1 0.3
25882.64 0.1 0.3 1661.946 Culvert 19800.9*  0.1 0.3
25406.2 0.1 0.3 1631.806 0.3 0.5 19791.1*  0.1 0.3
25024.12 0.1 0.3 1489.711 0.1 0.3 19781.2*  0.1 0.3
24630.32 0.1 0.3 1199.006 0.1 0.3 19771.3*  0.1 0.3
24203.51 0.1 0.3 800 0.1 0.3 19761.5*  0.1 0.3
23803.51 0.1 0.3 400 0.1 0.3 19751.6*  0.1 0.3
23401.38 0.1 0.3 19741.7*  0.1 0.3
23003.51 0.1 0.3 19731.9*  0.1 0.3
22594.16 0.1 0.3 19722.0*  0.1 0.3
22566.37 0.1 0.3 19712.1*  0.1 0.3
22203.51 0.3 0.5 19702.3*  0.1 0.3
22188.6*  0.3 0.5 19692.4*  0.1 0.3
22173.7*  0.3 0.5 19682.6 0.1 0.3
22158.9*  0.3 0.5 19619.02 0.1 0.3
22144.0*  0.3 0.5 19570.53 0.1 0.3
22129.18 0.3 0.5 19557.19 0.1 0.3
21948.92 Culvert 19477 0.1 0.3
21824.12 0.3 0.5 19350.22 0.1 0.3
21801.9*  0.1 0.3 18950.22 0.1 0.3
21779.8*  0.1 0.3 18550.22 0.1 0.3
21757.6*  0.1 0.3 18507.3*  0.1 0.3
21735.5*  0.1 0.3 18464.4*  0.3 0.5
21713.34 0.1 0.3 18421.6*  0.3 0.5
21430.2 0.1 0.3 18378.7*  0.3 0.5
21388.91 0.1 0.3 18335.8*  0.3 0.5
21003.51 0.1 0.3 18292.9*  0.3 0.5
20603.51 0.1 0.3 18250.1 0.3 0.5
20469.47 0.1 0.3 18205.02 Culvert
20430.88 0.1 0.3 18166.18 0.3 0.5
20203.51 0.1 0.3 18119.34 0.3 0.5
20162.9*  0.1 0.3 18092.76 Culvert
20122.3*  0.1 0.3 18065.8 0.3 0.5
20081.7*  0.3 0.5 18019.2*  0.1 0.3
20041.14 0.3 0.5 17972.7*  0.1 0.3
19961.38 Culvert 17926.2*  0.1 0.3
19894.2 0.3 0.5 17879.6*  0.1 0.3
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2‐yr 5‐yr 10‐yr 25‐yr 50‐yr 100‐yr 2‐yr 5‐yr 10‐yr 25‐yr 50‐yr 100‐yr
JWT 010 47452.3 9 21 32 58 73 89 9 21 32 58 73 89
JWT 042 47079.4 15 37 57 110 140 170 15 37 57 110 140 170
JWT 044 45564.8 24 59 89 170 210 260 24 59 89 170 210 260
JWT 050 42418.0 43 110 170 310 390 480 43 110 170 310 390 480
JWT 090 40018.0 67 160 250 470 600 740 68 160 250 480 610 730
JWT 120 36496.2 84 190 300 570 740 910 85 190 300 570 730 920
JWT 172 34399.0 90 210 320 600 760 930 99 210 320 600 760 960
JWT 180 31149.0 0 15 130 420 590 770 100 220 330 620 800 1000
JWT 200 27507.0 14 32 150 470 670 880 110 230 360 690 890 1200
JWT 210 24630.0 21 50 170 510 720 950 85 210 390 780 950 1100
JWT 234 21713.0 50 93 180 540 760 1000 130 270 420 810 1100 1400
Pond WU North Inflow 19803.0 65 120 186 548 769 1017 128 272 423 813 1054 1398
Pond WU South Inflow 18554.8 14 46 97 508 727 972 83 235 385 773 1013 1347
JWT 240 17784.0 26 54 86 410 670 890 83 200 380 770 940 1100
JWT 260 17399.7 47 92 130 420 690 910 86 210 390 790 970 1100
RWT 295 14577.8 49 97 130 430 690 910 86 210 390 790 970 1100
JWT 310 13268.4 120 230 370 730 1000 1300 160 420 640 1100 1400 1700
JWT 320 10574.0 120 250 370 740 1000 1300 160 410 630 1100 1400 1700
RWT 352 + WT350 8227.4 146 295 440 870 1170 1510 198 479 730 1290 1630 1980
JWT 352 5544.6 160 320 520 1000 1400 1900 210 530 820 1400 2000 2400
JWT 374_OUT 5379.9 190 400 600 1200 1500 1900 230 560 860 1500 2000 2500

2‐yr 5‐yr 10‐yr 25‐yr 50‐yr 100‐yr 2‐yr 5‐yr 10‐yr 25‐yr 50‐yr 100‐yr
JMT 010 15477.3 1 11 25 62 120 160 1 11 25 62 120 160
RMT 62 + MT 60 14907.6 9 32 58 124 190 259 31 70 108 202 280 360
JMT 070 9628.6 61 180 280 510 630 760 150 350 490 800 980 1200
Reg Pond MN Inflow 6738.8 65 180 289 514 644 776 151 360 495 813 991 1184
JMT 080 6346.7 40 110 260 510 640 770 86 330 490 810 980 1200
RMT 102 6210.5 40 110 260 510 640 770 86 320 490 800 980 1200
JMT 106 5363 45 120 260 530 660 800 92 320 490 820 1000 1200
JMT 110 4905.9 46 120 260 540 680 820 94 320 500 830 1000 1200
RMT 114 1489.7 46 120 260 540 670 820 94 320 500 830 1000 1200

Falcon DBPS
Steady Flow Data

West Tributary

Middle Tributary

Existing Peak Flows (cfs) Future Peak Flows (cfs)
HEC‐RAS SectionHydrologic Element

Hydrologic Element HEC‐RAS Section
Existing Peak Flows (cfs) Future Peak Flows (cfs)
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River Station Frctn (n/K) n #1 n #2 n #3 River Station Frctn (n/K) n #1 n #2 n #3 River Station Frctn (n/K) n #1 n #2 n #3
Middle Tributary East TributaryWest Tributary

Falcon DBPS
Manning's n Values

28432.62 n 0.08 0.03 0.08 2393.844 n 0.15 0.07 0.15 20374.32 n 0.08 0.07 0.08
28032.62 n 0.08 0.03 0.08 2000 n 0.15 0.07 0.15 20291.07 n 0.08 0.07 0.08
27507.46 n 0.08 0.05 0.08 1923.28*  n 0.15 0.07 0.15 20221.25 n 0.08 0.07 0.08
27232.62 n 0.08 0.05 0.08 1846.57*  n 0.15 0.07 0.15 20200.42 n 0.08 0.07 0.08
26814.63 n 0.08 0.05 0.08 1769.85*  n 0.15 0.07 0.15 20150.22 n 0.08 0.07 0.08
26425.04 n 0.08 0.05 0.08 1693.141 n 0.15 0.07 0.15 19810.83 n 0.08 0.07 0.08
25882.64 n 0.08 0.05 0.08 1661.946 Culvert 19800.9*  n 0.08 0.068 0.08
25406.2 n 0.08 0.05 0.08 1631.806 n 0.08 0.05 0.08 19791.1*  n 0.08 0.067 0.08
25024.12 n 0.08 0.05 0.08 1489.711 n 0.08 0.05 0.08 19781.2*  n 0.08 0.065 0.08
24630.32 n 0.08 0.03 0.08 1199.006 n 0.08 0.05 0.08 19771.3*  n 0.08 0.064 0.08
24203.51 n 0.08 0.03 0.08 800 n 0.08 0.05 0.08 19761.5*  n 0.08 0.062 0.08
23803.51 n 0.08 0.03 0.08 400 n 0.08 0.05 0.08 19751.6*  n 0.08 0.061 0.08
23401.38 n 0.08 0.03 0.08 19741.7*  n 0.08 0.059 0.08
23003.51 n 0.08 0.03 0.08 19731.9*  n 0.08 0.058 0.08
22594.16 n 0.08 0.03 0.08 19722.0*  n 0.08 0.056 0.08
22566.37 n 0.08 0.03 0.08 19712.1*  n 0.08 0.055 0.08
22203.51 n 0.08 0.03 0.08 19702.3*  n 0.08 0.053 0.08
22188.6*  n 0.08 0.03 0.08 19692.4*  n 0.08 0.052 0.08
22173.7*  n 0.08 0.03 0.08 19682.6 n 0.08 0.05 0.08
22158.9*  n 0.08 0.03 0.08 19619.02 n 0.08 0.05 0.08
22144.0*  n 0.08 0.03 0.08 19570.53 n 0.08 0.05 0.08
22129.18 n 0.08 0.03 0.08 19557.19 n 0.08 0.05 0.08
21948.92 Culvert 19477 n 0.08 0.05 0.08
21824.12 n 0.08 0.05 0.08 19350.22 n 0.08 0.05 0.08
21801.9*  n 0.08 0.05 0.08 18950.22 n 0.08 0.05 0.08
21779.8*  n 0.08 0.05 0.08 18550.22 n 0.08 0.05 0.08
21757.6*  n 0.08 0.05 0.08 18507.3*  n 0.08 0.05 0.08
21735.5*  n 0.08 0.05 0.08 18464.4*  n 0.08 0.05 0.08
21713.34 n 0.08 0.05 0.08 18421.6*  n 0.08 0.05 0.08
21430.2 n 0.08 0.05 0.08 18378.7*  n 0.08 0.05 0.08
21388.91 n 0.08 0.05 0.08 18335.8*  n 0.08 0.05 0.08
21003.51 n 0.08 0.05 0.08 18292.9*  n 0.08 0.05 0.08
20603.51 n 0.08 0.05 0.08 18250.1 n 0.08 0.05 0.08
20469.47 n 0.08 0.05 0.08 18205.02 Culvert
20430.88 n 0.08 0.05 0.08 18166.18 n 0.08 0.05 0.08
20203.51 n 0.08 0.05 0.08 18119.34 n 0.08 0.05 0.08
20162.9*  n 0.08 0.05 0.08 18092.76 Culvert
20122.3*  n 0.08 0.05 0.08 18065.8 n 0.08 0.07 0.08
20081.7*  n 0.08 0.05 0.08 18019.2*  n 0.08 0.07 0.08
20041.14 n 0.08 0.05 0.08 17972.7*  n 0.08 0.07 0.08
19961.38 Culvert 17926.2*  n 0.08 0.07 0.08
19894.2 n 0.08 0.05 0.08 17879.6*  n 0.08 0.07 0.08

Manning's n Values Appendix B 10/263



Reach River Sta Profile E.G. US. W.S. US. E.G. IC E.G. OC Min El Weir Flow Q Culv Group Q Weir Delta WS Culv Vel US Culv Vel DS
(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (ft) (ft/s) (ft/s)

WestTrib 47262    Culvert #1   2‐yr 7404.34 7404.34 7403.73 7404.34 7408.01 9 3.17 5.09 6.13
WestTrib 47262    Culvert #1   5‐yr 7408.11 7408.11 7408.04 7408.11 7408.01 14.27 6.91 6.72 8.07 8.36
WestTrib 47262    Culvert #1   10‐yr 7408.19 7408.19 7408.17 7408.19 7408.01 14.37 18.05 6.68 8.13 8.41
WestTrib 47262    Culvert #1   25‐yr 7408.33 7408.33 7408.35 7408.33 7408.01 14.54 44.05 6.55 8.23 8.49
WestTrib 47262    Culvert #1   50‐yr 7408.4 7408.4 7408.38 7408.4 7408.01 14.61 59.15 6.5 8.27 8.52
WestTrib 47262    Culvert #1   100‐yr 7408.45 7408.45 7408.45 7408.45 7408.01 14.68 74.82 6.46 8.31 8.56

WestTrib 45766.17 Culvert #1   2‐yr 7362.13 7362.13 7362.1 7362.13 7362.01 3.48 11.52 7.64 4.98 5.27
WestTrib 45766.17 Culvert #1   5‐yr 7362.25 7362.25 7362.24 7362.25 7362.01 3.51 33.01 7.4 5.03 5.23
WestTrib 45766.17 Culvert #1   10‐yr 7362.33 7362.33 7362.32 7362.33 7362.01 3.54 52.64 7.09 5.06 5.27
WestTrib 45766.17 Culvert #1   25‐yr 7362.52 7362.51 7362.51 7362.52 7362.01 3.6 105.85 6.81 5.15 5.35
WestTrib 45766.17 Culvert #1   50‐yr 7362.6 7362.6 7362.6 7362.6 7362.01 3.62 136.03 6.73 5.18 5.39
WestTrib 45766.17 Culvert #1   100‐yr 7362.68 7362.68 7362.68 7362.68 7362.01 3.65 165.78 6.64 5.22 5.43

WestTrib 41441.59 Culvert #1   2‐yr 7262.38 7262.38 7262.38 7262.38 7262.01 2.51 40.01 4.11 6.39 6.39
WestTrib 41441.59 Culvert #1   5‐yr 7262.71 7262.7 7262.71 7262.71 7262.01 2.49 106.99 3.97 6.34 6.34
WestTrib 41441.59 Culvert #1   10‐yr 7262.94 7262.91 7262.94 7262.94 7262.01 2.49 167.29 3.96 6.34 6.34
WestTrib 41441.59 Culvert #1   25‐yr 7263.37 7263.29 7263.36 7263.37 7262.01 2.49 307.48 3.9 6.33 6.33
WestTrib 41441.59 Culvert #1   50‐yr 7263.57 7263.47 7263.57 7263.57 7262.01 2.49 387.46 3.87 6.33 6.33
WestTrib 41441.59 Culvert #1   100‐yr 7263.79 7263.64 7263.78 7263.79 7262.01 2.49 478.2 3.85 6.35 6.35

WestTrib 21948.92 Culvert #1   2‐yr 6886.74 6886.66 6886.65 6886.74 6896.01 21 2.16 3.29 3.77
WestTrib 21948.92 Culvert #1   5‐yr 6887.19 6887.09 6887.06 6887.19 6896.01 50 2.35 4.4 5.29
WestTrib 21948.92 Culvert #1   10‐yr 6888.48 6888.4 6888.25 6888.48 6896.01 170 3.06 6.61 8.53
WestTrib 21948.92 Culvert #1   25‐yr 6890.97 6890.9 6890.61 6890.97 6896.01 510 4.53 9.54 12.53
WestTrib 21948.92 Culvert #1   50‐yr 6892.21 6892.14 6891.8 6892.21 6896.01 720 5.18 10.7 13.98
WestTrib 21948.92 Culvert #1   100‐yr 6893.44 6893.37 6892.99 6893.44 6896.01 950 5.89 11.74 15.2

WestTrib 19961.38 Culvert #1   2‐yr 6847.62 6847.57 6847.52 6847.61 6856.01 12.21 1.27 3.4 4.13
WestTrib 19961.38 Culvert #2   2‐yr 6847.62 6847.57 6847.53 6847.62 6856.01 12.54 1.27 3.43 5.05
WestTrib 19961.38 Culvert #3   2‐yr 6847.62 6847.57 6847.54 6847.62 6856.01 12.6 1.27 3.44 5.07
WestTrib 19961.38 Culvert #4   2‐yr 6847.62 6847.57 6847.54 6847.63 6856.01 12.65 1.27 3.44 5.09
WestTrib 19961.38 Culvert #1   5‐yr 6847.94 6847.87 6847.81 6847.92 6856.01 22.72 1.39 4.18 5.21
WestTrib 19961.38 Culvert #2   5‐yr 6847.94 6847.87 6847.83 6847.94 6856.01 23.3 1.39 4.22 6.37
WestTrib 19961.38 Culvert #3   5‐yr 6847.94 6847.87 6847.83 6847.94 6856.01 23.48 1.39 4.23 6.42
WestTrib 19961.38 Culvert #4   5‐yr 6847.94 6847.87 6847.83 6847.95 6856.01 23.5 1.39 4.23 6.43
WestTrib 19961.38 Culvert #1   10‐yr 6848.46 6848.35 6848.3 6848.45 6856.01 44.67 1.61 5.24 6.73
WestTrib 19961.38 Culvert #2   10‐yr 6848.46 6848.35 6848.31 6848.46 6856.01 45.04 1.61 5.25 8
WestTrib 19961.38 Culvert #3   10‐yr 6848.46 6848.35 6848.31 6848.46 6856.01 45.16 1.61 5.26 8.01
WestTrib 19961.38 Culvert #4   10‐yr 6848.46 6848.35 6848.31 6848.46 6856.01 45.14 1.61 5.26 8.01
WestTrib 19961.38 Culvert #1   25‐yr 6850.03 6849.81 6849.77 6850.01 6856.01 133.98 2.32 7.56 9.79

Falcon DBPS
West Tributary Existing Conditions HEC-RAS Outputs

Culverts

EXWT_Culv Appendix B 62/263



Reach River Sta Profile E.G. US. W.S. US. E.G. IC E.G. OC Min El Weir Flow Q Culv Group Q Weir Delta WS Culv Vel US Culv Vel DS
(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (ft) (ft/s) (ft/s)

WestTrib 47262    Culvert #1   2‐yr 7404.34 7404.34 7403.73 7404.34 7408.01 9 3.17 5.09 6.13
WestTrib 47262    Culvert #1   5‐yr 7408.11 7408.11 7408.04 7408.11 7408.01 14.27 6.91 6.72 8.07 8.36
WestTrib 47262    Culvert #1   10‐yr 7408.19 7408.19 7408.17 7408.19 7408.01 14.37 18.05 6.68 8.13 8.41
WestTrib 47262    Culvert #1   25‐yr 7408.33 7408.33 7408.35 7408.33 7408.01 14.54 44.05 6.55 8.23 8.49
WestTrib 47262    Culvert #1   50‐yr 7408.4 7408.4 7408.38 7408.4 7408.01 14.61 59.15 6.5 8.27 8.52
WestTrib 47262    Culvert #1   100‐yr 7408.45 7408.45 7408.45 7408.45 7408.01 14.68 74.82 6.46 8.31 8.56

WestTrib 45766.17 Culvert #1   2‐yr 7362.13 7362.13 7362.1 7362.13 7362.01 3.48 11.52 7.64 4.98 5.27
WestTrib 45766.17 Culvert #1   5‐yr 7362.25 7362.25 7362.24 7362.25 7362.01 3.51 33.01 7.4 5.03 5.23
WestTrib 45766.17 Culvert #1   10‐yr 7362.33 7362.33 7362.32 7362.33 7362.01 3.54 52.64 7.09 5.06 5.27
WestTrib 45766.17 Culvert #1   25‐yr 7362.52 7362.51 7362.51 7362.52 7362.01 3.6 105.85 6.81 5.15 5.35
WestTrib 45766.17 Culvert #1   50‐yr 7362.6 7362.6 7362.6 7362.6 7362.01 3.62 136.03 6.73 5.18 5.39
WestTrib 45766.17 Culvert #1   100‐yr 7362.68 7362.68 7362.68 7362.68 7362.01 3.65 165.78 6.64 5.22 5.43

WestTrib 41441.59 Culvert #1   2‐yr 7262.38 7262.38 7262.38 7262.38 7262.01 2.51 40.01 4.11 6.39 6.39
WestTrib 41441.59 Culvert #1   5‐yr 7262.71 7262.7 7262.71 7262.71 7262.01 2.49 106.99 3.97 6.34 6.34
WestTrib 41441.59 Culvert #1   10‐yr 7262.94 7262.91 7262.94 7262.94 7262.01 2.49 167.29 3.96 6.34 6.34
WestTrib 41441.59 Culvert #1   25‐yr 7263.37 7263.29 7263.36 7263.37 7262.01 2.49 307.48 3.9 6.33 6.33
WestTrib 41441.59 Culvert #1   50‐yr 7263.57 7263.47 7263.57 7263.57 7262.01 2.49 387.46 3.87 6.33 6.33
WestTrib 41441.59 Culvert #1   100‐yr 7263.79 7263.64 7263.78 7263.79 7262.01 2.49 478.2 3.85 6.35 6.35

WestTrib 21948.92 Culvert #1   2‐yr 6887.62 6887.52 6887.46 6887.62 6896.01 85 2.57 5.25 6.54
WestTrib 21948.92 Culvert #1   5‐yr 6888.83 6888.75 6888.58 6888.83 6896.01 210 3.28 7.1 9.19
WestTrib 21948.92 Culvert #1   10‐yr 6890.19 6890.11 6889.86 6890.19 6896.01 390 4.11 8.72 11.59
WestTrib 21948.92 Culvert #1   25‐yr 6892.55 6892.47 6892.12 6892.55 6896.01 780 5.37 10.99 14.32
WestTrib 21948.92 Culvert #1   50‐yr 6893.44 6893.37 6892.99 6893.44 6896.01 950 5.89 11.74 15.2
WestTrib 21948.92 Culvert #1   100‐yr 6894.19 6894.11 6893.72 6894.19 6896.01 1100 6.25 12.33 15.86

WestTrib 19961.38 Culvert #1   2‐yr 6848.17 6848.09 6848.02 6848.16 6856.01 31.76 1.48 4.68 5.93
WestTrib 19961.38 Culvert #2   2‐yr 6848.17 6848.09 6848.04 6848.17 6856.01 32.58 1.48 4.72 7.2
WestTrib 19961.38 Culvert #3   2‐yr 6848.17 6848.09 6848.05 6848.18 6856.01 32.79 1.48 4.73 7.33
WestTrib 19961.38 Culvert #4   2‐yr 6848.17 6848.09 6848.05 6848.18 6856.01 32.86 1.48 4.73 7.34
WestTrib 19961.38 Culvert #1   5‐yr 6848.91 6848.77 6848.72 6848.9 6856.01 66.98 1.81 6 7.82
WestTrib 19961.38 Culvert #2   5‐yr 6848.91 6848.77 6848.73 6848.91 6856.01 67.56 1.81 6.01 9.1
WestTrib 19961.38 Culvert #3   5‐yr 6848.91 6848.77 6848.73 6848.91 6856.01 67.69 1.81 6.02 9.1
WestTrib 19961.38 Culvert #4   5‐yr 6848.91 6848.77 6848.73 6848.91 6856.01 67.77 1.81 6.02 9.11
WestTrib 19961.38 Culvert #1   10‐yr 6849.56 6849.38 6849.33 6849.55 6856.01 104.19 2.07 6.95 9.03
WestTrib 19961.38 Culvert #2   10‐yr 6849.56 6849.38 6849.35 6849.56 6856.01 105.1 2.07 6.97 10.33
WestTrib 19961.38 Culvert #3   10‐yr 6849.56 6849.38 6849.35 6849.57 6856.01 105.28 2.07 6.97 10.34
WestTrib 19961.38 Culvert #4   10‐yr 6849.56 6849.38 6849.35 6849.57 6856.01 105.43 2.07 6.98 10.34
WestTrib 19961.38 Culvert #1   25‐yr 6850.97 6850.7 6850.67 6850.95 6856.01 200.98 2.69 8.65 11.07

Falcon DBPS
West Tributary Future Conditions HEC-RAS Outputs

Culverts
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Reach River Sta Profile Q Left Q Channel Q Right Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # XS Headloss Shear Total
(cfs) (cfs) (cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)   (ft) (lb/sq ft)

Falcon DBPS
West Tributary Existing Conditions HEC-RAS Outputs

WestTrib 27507.46 5‐yr 32 6993.21 6993.81 6993.85 0.011399 1.54 20.84 61.87 0.47 5.81 0.24
WestTrib 27507.46 10‐yr 150 6993.21 6994.08 6994.05 6994.3 0.040068 3.82 39.25 76.16 0.94 5.3 1.29
WestTrib 27507.46 25‐yr 0.3 469.7 6993.21 6994.7 6994.62 6995.06 0.02916 4.83 97.88 118.02 0.93 4.96 1.51
WestTrib 27507.46 50‐yr 10.82 659.18 6993.21 6995 6994.88 6995.4 0.022858 5.12 139.06 150.35 0.93 4.85 1.32
WestTrib 27507.46 100‐yr 34.26 845.74 6993.21 6995.26 6995.11 6995.7 0.020003 5.41 179.47 161.36 0.89 4.74 1.39

WestTrib 27232.62 2‐yr 14 6987.13 6987.65 6987.65 6987.78 0.057863 2.91 4.81 18.45 1.01 0.94
WestTrib 27232.62 5‐yr 32 6987.13 6987.85 6987.85 6988.04 0.05147 3.48 9.21 24.84 1.01 7.09 1.19
WestTrib 27232.62 10‐yr 0.4 149.52 0.08 6987.13 6988.84 6988.99 0.01123 3.17 48 52.43 0.58 7.64 0.64
WestTrib 27232.62 25‐yr 15.49 444.16 10.35 6987.13 6989.72 6989.31 6990.09 0.012263 5.03 107.49 82.91 0.76 8.05 0.99
WestTrib 27232.62 50‐yr 33.44 614.31 22.24 6987.13 6990.04 6989.71 6990.55 0.013998 5.96 135.47 93.41 0.84 8.17 1.26
WestTrib 27232.62 100‐yr 58.15 783.1 38.76 6987.13 6990.34 6990.05 6990.96 0.014909 6.69 164.86 103.29 0.89 8.33 1.48

WestTrib 26814.63 2‐yr 14 6980.37 6980.66 6980.66 6980.73 0.070601 2.11 6.63 48 1 0.61
WestTrib 26814.63 5‐yr 0.68 30.48 0.83 6980.37 6980.92 6980.76 6980.95 0.008266 1.4 25.56 90.79 0.45 7.13 0.15
WestTrib 26814.63 10‐yr 8.69 132.8 8.51 6980.37 6981.14 6981.12 6981.35 0.034811 3.88 46.69 107.84 0.98 7.01 0.94
WestTrib 26814.63 25‐yr 50.1 367.5 52.4 6980.37 6981.63 6981.6 6982.06 0.03442 5.8 110.6 153.63 1.09 7.03 1.55
WestTrib 26814.63 50‐yr 80.9 493.99 95.1 6980.37 6981.91 6981.91 6982.37 0.029101 6.21 159.22 195.55 1.06 6.56 1.48
WestTrib 26814.63 100‐yr 121.69 613.75 144.56 6980.37 6982.12 6982.12 6982.63 0.027717 6.68 203.49 223.21 1.06 6.45 1.58

WestTrib 26425.04 2‐yr 14 6973.44 6973.63 6973.63 6973.7 0.073759 2.02 6.93 55.31 1.01 0.58
WestTrib 26425.04 5‐yr 31.98 0.02 6973.44 6973.73 6973.73 6973.82 0.069505 2.47 12.98 74.42 1.04 0.76
WestTrib 26425.04 10‐yr 7.35 138.89 3.77 6973.44 6974.26 6974.34 0.010871 2.38 71.52 132.69 0.55 9.21 0.37
WestTrib 26425.04 25‐yr 42.69 402.09 25.22 6973.44 6974.86 6974.5 6975.04 0.010897 3.65 179.67 297.72 0.77 9.53 0.41
WestTrib 26425.04 50‐yr 108.08 522.78 39.15 6973.44 6975.08 6975.28 0.010747 4.03 249.42 327.19 0.73 9.59 0.51
WestTrib 26425.04 100‐yr 186.54 639.66 53.81 6973.44 6975.27 6974.69 6975.5 0.010766 4.38 314.8 353.24 0.71 9.65 0.6

WestTrib 25882.64 2‐yr 14 6964.36 6964.57 6964.62 0.051175 1.75 7.99 60.09 0.85 12.2 0.42
WestTrib 25882.64 5‐yr 0.13 31.87 6964.36 6964.72 6964.77 0.023484 1.81 17.94 77.22 0.66 12.29 0.34
WestTrib 25882.64 10‐yr 23.31 126.29 0.4 6964.36 6964.99 6964.99 6965.14 0.031045 3.34 65.38 282.71 1.13 0.45
WestTrib 25882.64 25‐yr 179.95 282.24 7.81 6964.36 6965.29 6965.29 6965.52 0.032874 4.69 167.82 364.34 0.99 10.71 0.95
WestTrib 25882.64 50‐yr 290.41 365.49 14.1 6964.36 6965.42 6965.42 6965.69 0.03433 5.27 213.8 377.17 0.97 10.08 1.21
WestTrib 25882.64 100‐yr 411.02 447.2 21.78 6964.36 6965.54 6965.54 6965.84 0.034798 5.74 258.33 389.2 0.96 9.69 1.44

WestTrib 25406.2 2‐yr 14 6952.93 6952.4 6952.41 0.01849 21.32 169.66 0.33 9.81 0.15
WestTrib 25406.2 5‐yr 32 6952.93 6952.48 6952.49 0.022962 36.96 256.53 0.4 9.63 0.21
WestTrib 25406.2 10‐yr 150 6952.93 6952.7 6952.73 0.024037 114.68 374.61 0.42 9.21 0.46
WestTrib 25406.2 25‐yr 4.54 465.46 6952.93 6953.08 6953.12 0.016185 0.86 278.47 494.32 0.4 8.65 0.57
WestTrib 25406.2 50‐yr 0 19.19 650.81 6952.93 6953.25 6953.3 0.014184 1.27 364.38 522.7 0.39 8.39 0.62
WestTrib 25406.2 100‐yr 0.63 44.23 835.14 6952.93 6953.4 6953.46 0.013154 1.74 443.81 547.49 0.39 8.14 0.67

WestTrib 25024.12 2‐yr 1.69 12.31 6941.81 6942.5 6942.5 6942.61 0.037895 2.86 6.12 26.19 0.98 7.96 0.55

EXWT Appendix B 31/263



Reach River Sta Profile Q Left Q Channel Q Right Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # XS Headloss Shear Total
(cfs) (cfs) (cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)   (ft) (lb/sq ft)

Falcon DBPS
West Tributary Existing Conditions HEC-RAS Outputs

WestTrib 25024.12 5‐yr 8.03 23.97 6941.81 6942.75 6942.87 0.027721 3.11 14.09 39.91 0.82 7.85 0.61
WestTrib 25024.12 10‐yr 66.85 82.96 0.19 6941.81 6943.34 6943.54 0.026753 4.32 48.74 68.9 0.74 7.83 1.18
WestTrib 25024.12 25‐yr 225.29 241.22 3.49 6941.81 6943.99 6943.85 6944.48 0.033518 6.93 98.19 82.67 0.9 7.82 2.47
WestTrib 25024.12 50‐yr 328.73 334.54 6.73 6941.81 6944.25 6944.21 6944.91 0.037764 8.18 119.45 85.89 0.98 7.84 3.26
WestTrib 25024.12 100‐yr 439.98 428.87 11.15 6941.81 6944.5 6944.5 6945.31 0.039216 9.14 141.36 88.71 1.01 7.7 3.88

WestTrib 24630.32 2‐yr 21 6933.51 6934.41 6934.37 6934.6 0.014511 3.47 6.05 13.47 0.91 7.19 0.4
WestTrib 24630.32 5‐yr 50 6933.51 6934.78 6934.77 6935.02 0.016508 3.96 12.64 25.57 0.99 7.34 0.51
WestTrib 24630.32 10‐yr 170 6933.51 6935.35 6935.35 6935.71 0.015764 4.79 35.52 52.3 1.02 6.64 0.66
WestTrib 24630.32 25‐yr 510 6933.51 6936.11 6936.11 6936.67 0.013484 6.01 84.8 78.78 1.02 5.38 0.9
WestTrib 24630.32 50‐yr 720 6933.51 6936.43 6936.43 6937.07 0.012627 6.46 111.5 88.6 1.01 5.01 0.99
WestTrib 24630.32 100‐yr 950 6933.51 6936.74 6936.74 6937.44 0.012005 6.69 142.1 103.21 1 4.73 1.02

WestTrib 24203.51 2‐yr 21 6926.49 6927.22 6927.22 6927.42 0.019771 3.53 5.96 16.46 1.03 0.44
WestTrib 24203.51 5‐yr 50 6926.49 6927.52 6927.52 6927.68 0.017791 3.26 15.35 44.19 0.97 0.38
WestTrib 24203.51 10‐yr 170 6926.49 6927.93 6927.93 6928.32 0.015336 4.98 34.15 46.41 1.02 5.68 0.7
WestTrib 24203.51 25‐yr 508.33 1.67 6926.49 6928.76 6928.76 6929.48 0.011721 6.83 76.4 58.29 1.05 4.63 0.95
WestTrib 24203.51 50‐yr 713.21 6.79 6926.49 6929.16 6929.16 6930.02 0.010832 7.49 101.08 65.91 1.06 4.19 1.02
WestTrib 24203.51 100‐yr 933.8 16.2 6926.49 6929.54 6929.54 6930.52 0.010147 8.02 127.79 73.3 1.06 3.68 1.09

WestTrib 23803.51 2‐yr 21 6919.56 6920.31 6920.3 6920.51 0.015534 3.54 5.93 13.55 0.94 7.15 0.42
WestTrib 23803.51 5‐yr 50 6919.56 6920.64 6920.64 6920.96 0.015928 4.6 10.88 17.07 1.01 6.86 0.63
WestTrib 23803.51 10‐yr 170 6919.56 6921.46 6921.46 6922.02 0.013122 6.02 28.24 25.44 1.01 5.56 0.9
WestTrib 23803.51 25‐yr 509.91 0.09 6919.56 6922.68 6922.68 6923.56 0.011363 7.53 67.93 41.2 1.03 4.6 1.15
WestTrib 23803.51 50‐yr 1.18 716.45 2.37 6919.56 6923.18 6923.18 6924.21 0.010059 8.16 92.09 55.68 1.12 4.2 1.02
WestTrib 23803.51 100‐yr 9.43 928.41 12.16 6919.56 6923.83 6923.83 6924.81 0.008353 8.02 137.19 101.13 1.2 3.57 0.7

WestTrib 23401.38 2‐yr 21 6912.71 6913.22 6913.22 6913.35 0.020465 2.98 7.05 25.87 1 5.25 0.35
WestTrib 23401.38 5‐yr 50 6912.71 6913.44 6913.44 6913.65 0.018142 3.76 13.31 31.45 1.02 5.24 0.48
WestTrib 23401.38 10‐yr 170 6912.71 6913.97 6913.97 6914.38 0.014357 5.15 32.99 40.62 1.01 4.74 0.73
WestTrib 23401.38 25‐yr 508.85 1.16 6912.71 6914.88 6914.88 6915.63 0.011302 6.96 74.34 51.49 1.02 4.51 1.01
WestTrib 23401.38 50‐yr 0.53 715.56 3.91 6912.71 6915.28 6915.28 6916.19 0.010641 7.68 97.33 62.92 1.08 4.17 1.02
WestTrib 23401.38 100‐yr 5.51 935.94 8.55 6912.71 6915.69 6915.69 6916.73 0.009399 8.24 126.38 80.52 1.15 3.78 0.92

WestTrib 23003.51 2‐yr 21 6906.3 6906.95 6906.86 6907.03 0.009167 2.33 9.01 26.12 0.7 5.52 0.2
WestTrib 23003.51 5‐yr 50 6906.3 6907.19 6907.09 6907.34 0.00993 3.09 16.16 32.49 0.77 5.61 0.31
WestTrib 23003.51 10‐yr 0.81 169.01 0.19 6906.3 6907.73 6907.64 6908 0.009892 4.18 42.06 60.06 0.88 5.89 0.43
WestTrib 23003.51 25‐yr 11.82 495.48 2.7 6906.3 6908.39 6908.39 6909.06 0.011269 6.68 86.26 77.09 1.1 5.39 0.78
WestTrib 23003.51 50‐yr 26.74 687.45 5.81 6906.3 6908.75 6908.75 6909.56 0.010156 7.38 116.75 88.96 1.11 5.07 0.83
WestTrib 23003.51 100‐yr 49.46 890.29 10.25 6906.3 6909.1 6909.1 6910.04 0.009435 8.01 149.82 100.26 1.12 4.77 0.88

WestTrib 22594.16 2‐yr 21 6901.02 6901.42 6901.42 6901.52 0.021748 2.57 8.18 39.23 0.99 0.59 0.28

EXWT Appendix B 32/263



Reach River Sta Profile Q Left Q Channel Q Right Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # XS Headloss Shear Total
(cfs) (cfs) (cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)   (ft) (lb/sq ft)

Falcon DBPS
West Tributary Existing Conditions HEC-RAS Outputs

WestTrib 22594.16 5‐yr 50 6901.02 6901.58 6901.58 6901.73 0.020138 3.12 16.04 54.26 1.01 0.54 0.37
WestTrib 22594.16 10‐yr 170 6901.02 6901.94 6901.94 6902.1 0.02257 3.27 51.98 178.3 1.07 0.52 0.41
WestTrib 22594.16 25‐yr 510 6901.02 6902.29 6902.29 6902.59 0.014886 4.43 115.23 183.66 0.98 0.41 0.58
WestTrib 22594.16 50‐yr 719.99 0.01 6901.02 6902.44 6902.44 6902.83 0.01462 5.03 143.32 195.67 1.04 0.41 0.67
WestTrib 22594.16 100‐yr 948.75 1.25 6901.02 6902.6 6902.6 6903.06 0.013803 5.5 174.67 202.17 1.04 0.4 0.74

WestTrib 22566.37 2‐yr 21 6897.14 6897.66 6897.66 6897.8 0.020335 2.98 7.05 25.66 1 7.19 0.35
WestTrib 22566.37 5‐yr 50 6897.14 6897.88 6897.88 6898.1 0.018016 3.76 13.28 31.07 1.01 6.18 0.48
WestTrib 22566.37 10‐yr 170 6897.14 6898.42 6898.42 6898.88 0.014183 5.41 31.41 35.49 1.01 5.02 0.78
WestTrib 22566.37 25‐yr 510 6897.14 6899.41 6899.41 6900.23 0.011438 7.27 70.11 43.07 1 2.52 1.15
WestTrib 22566.37 50‐yr 720 6897.14 6899.86 6899.86 6900.85 0.010888 7.97 90.33 46.54 1.01 1.51 1.3
WestTrib 22566.37 100‐yr 950 6897.14 6900.29 6900.29 6901.42 0.010374 8.53 111.35 49.89 1.01 1 1.42

WestTrib 22203.51 2‐yr 21 6887.36 6888.02 6888.02 6888.21 0.019314 3.46 6.07 16.91 1.02 0.29 0.43
WestTrib 22203.51 5‐yr 50 6887.36 6888.32 6888.32 6888.6 0.016077 4.29 11.65 20.49 1 0.25 0.57
WestTrib 22203.51 10‐yr 170 6887.36 6889.03 6889.03 6889.55 0.013468 5.79 29.37 28.78 1.01 0.21 0.85
WestTrib 22203.51 25‐yr 510 6887.36 6890.85 6891.25 0.004286 5.04 101.13 51.46 0.63 0.11 0.52
WestTrib 22203.51 50‐yr 0.25 715.8 3.95 6887.36 6892.1 6892.37 0.001739 4.11 187.1 109.83 0.55 0.05 0.18
WestTrib 22203.51 100‐yr 2.99 892.5 54.52 6887.36 6893.34 6893.53 0.00081 3.57 348.34 145.85 0.4 0.02 0.12

WestTrib 22188.6* 2‐yr 21 6887.12 6887.74 6887.74 6887.92 0.01869 3.42 6.14 17.01 1 0.28 0.42
WestTrib 22188.6* 5‐yr 50 6887.12 6888.03 6888.03 6888.3 0.016201 4.21 11.87 21.59 1 0.25 0.55
WestTrib 22188.6* 10‐yr 170 6887.12 6888.73 6888.73 6889.22 0.013429 5.66 30.01 30.36 1 0.21 0.82
WestTrib 22188.6* 25‐yr 510 6887.12 6890.87 6891.13 0.002496 4.13 123.35 56.45 0.49 0.07 0.34
WestTrib 22188.6* 50‐yr 720 6887.12 6892.11 6892.31 0.001208 3.6 200.21 65.25 0.36 0.04 0.23
WestTrib 22188.6* 100‐yr 0.81 937.91 11.27 6887.12 6893.34 6893.51 0.000673 3.33 315.82 121.34 0.36 0.02 0.11

WestTrib 22173.7* 2‐yr 21 6886.88 6887.41 6887.41 6887.6 0.018825 3.52 5.97 15.93 1.01 0.28 0.44
WestTrib 22173.7* 5‐yr 50 6886.88 6887.72 6887.72 6887.99 0.016692 4.18 11.97 22.57 1.01 0.25 0.55
WestTrib 22173.7* 10‐yr 170 6886.88 6888.41 6888.4 6888.89 0.013162 5.53 30.75 31.83 0.99 0.23 0.79
WestTrib 22173.7* 25‐yr 510 6886.88 6890.88 6891.06 0.001478 3.43 148.69 60.81 0.39 0.04 0.22
WestTrib 22173.7* 50‐yr 720 6886.88 6892.12 6892.28 0.000809 3.13 229.72 68 0.3 0.03 0.17
WestTrib 22173.7* 100‐yr 0.07 949.9 0.04 6886.88 6893.35 6893.49 0.000525 3.01 316.79 89.96 0.28 0.02 0.11

WestTrib 22158.9* 2‐yr 21 6886.64 6887.1 6887.1 6887.28 0.018317 3.41 6.16 16.89 1 0.28 0.42
WestTrib 22158.9* 5‐yr 50 6886.64 6887.39 6887.39 6887.67 0.016638 4.27 11.7 21.28 1.02 0.25 0.57
WestTrib 22158.9* 10‐yr 170 6886.64 6888.4 6888.65 0.005863 4.05 41.99 37.82 0.68 0.12 0.4
WestTrib 22158.9* 25‐yr 510 6886.64 6890.89 6891.02 0.000916 2.89 176.73 65.38 0.31 0.03 0.15
WestTrib 22158.9* 50‐yr 720 6886.64 6892.13 6892.25 0.000555 2.75 262.26 71.3 0.25 0.02 0.13
WestTrib 22158.9* 100‐yr 950 6886.64 6893.36 6893.47 0.000395 2.7 352.12 75.36 0.22 0.02 0.11

WestTrib 22144.0* 2‐yr 21 6886.41 6886.81 6886.81 6886.98 0.018548 3.29 6.38 18.68 0.99 0.19 0.39
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Reach River Sta Profile Q Left Q Channel Q Right Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # XS Headloss Shear Total
(cfs) (cfs) (cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)   (ft) (lb/sq ft)

Falcon DBPS
West Tributary Existing Conditions HEC-RAS Outputs

WestTrib 22144.0* 5‐yr 50 6886.41 6887.11 6887.09 6887.35 0.01408 3.96 12.64 22.77 0.94 0.17 0.49
WestTrib 22144.0* 10‐yr 170 6886.41 6888.39 6888.53 0.002888 3.01 56.56 46.87 0.48 0.06 0.22
WestTrib 22144.0* 25‐yr 510 6886.41 6890.9 6890.99 0.000591 2.46 207.18 69.95 0.25 0.02 0.11
WestTrib 22144.0* 50‐yr 720 6886.41 6892.14 6892.23 0.00039 2.42 297.46 74.83 0.21 0.01 0.09
WestTrib 22144.0* 100‐yr 950 6886.41 6893.36 6893.45 0.000294 2.43 391.38 78.57 0.19 0.01 0.09

WestTrib 22129.18 2‐yr 21 6886.17 6886.66 6886.51 6886.73 0.006032 2.18 9.65 22.61 0.59 0.16
WestTrib 22129.18 5‐yr 50 6886.17 6887.09 6886.77 6887.18 0.003671 2.44 20.5 27.82 0.5 0.17
WestTrib 22129.18 10‐yr 170 6886.17 6888.4 6887.46 6888.47 0.001351 2.26 75.21 54.05 0.34 0.12
WestTrib 22129.18 25‐yr 510 6886.17 6890.9 6888.42 6890.97 0.000392 2.12 240.33 74.46 0.21 0.08
WestTrib 22129.18 50‐yr 720 6886.17 6892.14 6888.81 6892.21 0.000274 2.15 335.18 78.55 0.18 0.07
WestTrib 22129.18 100‐yr 950 6886.17 6893.37 6889.19 6893.44 0.000213 2.21 430.26 82.04 0.17 0.07

WestTrib 21948.92 Culvert

WestTrib 21824.12 2‐yr 21 6883.52 6884.5 6884.39 6884.56 0.018282 2.09 10.07 34.84 0.6 0.35 0.43
WestTrib 21824.12 5‐yr 50 6883.52 6884.74 6884.59 6884.88 0.019319 3 16.67 35.09 0.67 0.37 0.75
WestTrib 21824.12 10‐yr 170 6883.52 6885.33 6885.19 6885.75 0.024002 5.22 32.54 35.71 0.84 0.51 1.81
WestTrib 21824.12 25‐yr 510 6883.52 6886.37 6886.37 6887.47 0.027208 8.42 60.59 36.71 0.99 0.76 3.82
WestTrib 21824.12 50‐yr 720 6883.52 6886.96 6886.96 6888.34 0.025036 9.42 76.4 37.23 0.99 0.8 4.43
WestTrib 21824.12 100‐yr 950 6883.52 6887.47 6887.47 6889.19 0.025047 10.53 90.21 37.68 1.01 0.87 5.24

WestTrib 21801.9* 2‐yr 21 6883.32 6884.17 6884.02 6884.22 0.012669 1.7 12.39 34.21 0.5 0.28 0.29
WestTrib 21801.9* 5‐yr 50 6883.32 6884.43 6884.22 6884.51 0.012834 2.32 21.54 37.38 0.54 0.29 0.46
WestTrib 21801.9* 10‐yr 170 6883.32 6885.02 6884.73 6885.25 0.014536 3.8 44.77 40.43 0.64 0.34 0.99
WestTrib 21801.9* 25‐yr 510 6883.32 6885.92 6885.64 6886.51 0.019275 6.18 82.51 43.78 0.79 0.45 2.21
WestTrib 21801.9* 50‐yr 720 6883.32 6886.29 6886.08 6887.11 0.021736 7.26 99.16 44.99 0.86 0.51 2.9
WestTrib 21801.9* 100‐yr 950 6883.32 6886.63 6886.51 6887.7 0.02432 8.3 114.5 46.07 0.93 0.58 3.64

WestTrib 21779.8* 2‐yr 21 6883.13 6883.89 6883.93 0.012721 1.69 12.4 34.44 0.5 0.3 0.29
WestTrib 21779.8* 5‐yr 50 6883.13 6884.13 6884.22 0.013659 2.32 21.56 39.42 0.55 0.3 0.47
WestTrib 21779.8* 10‐yr 170 6883.13 6884.7 6884.91 0.015677 3.67 46.33 46.99 0.65 0.36 0.96
WestTrib 21779.8* 25‐yr 510 6883.13 6885.53 6886.06 0.019762 5.84 87.3 52.01 0.79 0.45 2.04
WestTrib 21779.8* 50‐yr 720 6883.13 6885.88 6886.6 0.022081 6.81 105.68 54.17 0.86 0.51 2.64
WestTrib 21779.8* 100‐yr 950 6883.13 6886.19 6886.05 6887.11 0.024502 7.74 122.8 56.11 0.92 0.57 3.28

WestTrib 21757.6* 2‐yr 21 6882.93 6883.58 6883.63 0.014219 1.7 12.33 36.93 0.52 0.16 0.3
WestTrib 21757.6* 5‐yr 50 6882.93 6883.85 6883.92 0.012834 2.18 22.89 43.75 0.53 0.18 0.42
WestTrib 21757.6* 10‐yr 170 6882.93 6884.35 6884.55 0.016573 3.53 48.15 54.17 0.66 0.33 0.92
WestTrib 21757.6* 25‐yr 510 6882.93 6885.16 6885.61 0.018894 5.38 94.76 62.14 0.77 0.39 1.78
WestTrib 21757.6* 50‐yr 720 6882.93 6885.48 6886.08 0.020939 6.24 115.48 65.48 0.83 0.43 2.28
WestTrib 21757.6* 100‐yr 950 6882.93 6885.77 6885.59 6886.54 0.022951 7.03 135.17 68.5 0.88 0.47 2.79
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Reach River Sta Profile Q Left Q Channel Q Right Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # XS Headloss Shear Total
(cfs) (cfs) (cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)   (ft) (lb/sq ft)

Falcon DBPS
West Tributary Future Conditions HEC-RAS Outputs

WestTrib 27507.46 5‐yr 230 6993.21 6994.28 6994.23 6994.54 0.034034 4.09 56.25 87.22 0.9 5.21 1.37
WestTrib 27507.46 10‐yr 360 6993.21 6994.54 6994.46 6994.85 0.031084 4.49 80.11 100.72 0.89 5.08 1.54
WestTrib 27507.46 25‐yr 12.87 677.13 6993.21 6995.03 6994.91 6995.43 0.022318 5.13 143.48 151.6 0.92 4.85 1.32
WestTrib 27507.46 50‐yr 35.99 854.01 6993.21 6995.28 6995.12 6995.72 0.01964 5.4 182.23 162.06 0.88 4.73 1.38
WestTrib 27507.46 100‐yr 82.85 1117.15 6993.21 6995.62 6995.39 6996.1 0.017068 5.73 240.01 176.72 0.84 4.59 1.45

WestTrib 27232.62 2‐yr 0.09 109.91 0 6987.13 6988.68 6988.8 0.010653 2.76 40.04 48.81 0.54 7.58 0.54
WestTrib 27232.62 5‐yr 1.68 227.33 0.99 6987.13 6989.1 6988.73 6989.33 0.012014 3.83 62.85 61.15 0.66 7.76 0.77
WestTrib 27232.62 10‐yr 7.38 347.71 4.91 6987.13 6989.46 6989.06 6989.77 0.01225 4.56 87.22 73.92 0.73 7.92 0.9
WestTrib 27232.62 25‐yr 35.35 631.13 23.51 6987.13 6990.06 6989.74 6990.59 0.014244 6.06 137.76 94.22 0.85 8.2 1.3
WestTrib 27232.62 50‐yr 59.18 791.37 39.45 6987.13 6990.34 6990.07 6990.98 0.015069 6.74 165.67 103.55 0.89 8.33 1.5
WestTrib 27232.62 100‐yr 102.3 1028.38 69.3 6987.13 6990.71 6990.5 6991.5 0.016112 7.64 206.3 116.59 0.94 8.55 1.78

WestTrib 26814.63 2‐yr 4.67 100.6 4.73 6980.37 6981.04 6981.02 6981.22 0.037369 3.54 36.29 99.97 1 6.99 0.85
WestTrib 26814.63 5‐yr 18.07 194.29 17.64 6980.37 6981.3 6981.28 6981.56 0.032379 4.42 65.69 121.51 0.99 7.02 1.09
WestTrib 26814.63 10‐yr 35.2 289.37 35.43 6980.37 6981.5 6981.49 6981.85 0.033048 5.21 91.32 138.94 1.03 7.04 1.36
WestTrib 26814.63 25‐yr 84.8 505.23 99.97 6980.37 6981.93 6981.93 6982.4 0.028548 6.23 164.42 199 1.06 6.54 1.47
WestTrib 26814.63 50‐yr 124.1 618.42 147.45 6980.37 6982.13 6982.13 6982.64 0.02731 6.67 206.66 225.06 1.05 6.33 1.57
WestTrib 26814.63 100‐yr 191.9 778.44 229.66 6980.37 6982.39 6982.39 6982.95 0.026322 7.23 267.88 255.25 1.04 5.82 1.72

WestTrib 26425.04 2‐yr 4.2 103.58 2.22 6973.44 6974.15 6974.22 0.010422 2.09 58.45 124.77 0.52 9.16 0.3
WestTrib 26425.04 5‐yr 15.26 207.03 7.71 6973.44 6974.43 6974.17 6974.54 0.011351 2.83 95.37 145.43 0.59 9.28 0.46
WestTrib 26425.04 10‐yr 31.8 312.09 16.11 6973.44 6974.67 6974.37 6974.82 0.011208 3.32 132.41 162.94 0.61 9.41 0.57
WestTrib 26425.04 25‐yr 114.7 534.81 40.46 6973.44 6975.1 6974.68 6975.3 0.010818 4.08 255.19 329.75 0.73 9.61 0.52
WestTrib 26425.04 50‐yr 192.2 643.12 54.67 6973.44 6975.29 6974.7 6975.51 0.010534 4.36 320.68 355.31 0.7 9.66 0.59
WestTrib 26425.04 100‐yr 334 785.85 80.17 6973.44 6975.58 6975.8 0.009352 4.55 427.11 381.76 0.63 9.73 0.65

WestTrib 25882.64 2‐yr 9.81 100.12 0.07 6964.36 6964.92 6964.92 6965.06 0.031871 3.07 47.09 239.31 1.17 12.21 0.39
WestTrib 25882.64 5‐yr 58.65 169.44 1.91 6964.36 6965.11 6965.11 6965.27 0.028637 3.67 101.07 339.26 1.03 11.89 0.53
WestTrib 25882.64 10‐yr 123.3 231.73 4.93 6964.36 6965.22 6965.22 6965.41 0.030297 4.23 141.59 356.32 0.98 10.54 0.75
WestTrib 25882.64 25‐yr 302.2 372.97 14.83 6964.36 6965.43 6965.43 6965.7 0.034063 5.3 218.97 378.59 0.96 9.75 1.23
WestTrib 25882.64 50‐yr 414.7 453.38 21.91 6964.36 6965.53 6965.53 6965.85 0.036269 5.84 256.62 388.74 0.98 9.81 1.49
WestTrib 25882.64 100‐yr 579.5 587.8 32.67 6964.36 6965.61 6965.61 6966.06 0.047152 7.01 289.73 401.49 1.11 10.52 2.12

WestTrib 25406.2 2‐yr 110 6952.93 6952.66 6952.68 0.020955 98.39 366.9 0.38 9.31 0.35
WestTrib 25406.2 5‐yr 230 6952.93 6952.82 6952.85 0.021795 160.01 421.59 0.41 9.04 0.52
WestTrib 25406.2 10‐yr 0.51 359.49 6952.93 6952.98 6953.02 0.016734 0.43 231.89 474.14 0.39 8.84 0.51
WestTrib 25406.2 25‐yr 0.01 22.37 667.62 6952.93 6953.27 6953.32 0.013487 1.33 377.19 526.78 0.38 8.36 0.6
WestTrib 25406.2 50‐yr 0.71 45.6 843.69 6952.93 6953.4 6953.47 0.013081 1.76 447.83 548.71 0.39 8.13 0.67
WestTrib 25406.2 100‐yr 5.24 86.64 1108.1 6952.93 6953.58 6953.66 0.01256 2.24 549.1 566 0.39 7.8 0.76

WestTrib 25024.12 2‐yr 46.45 63.5 0.06 6941.81 6943.22 6943.11 6943.38 0.024224 3.86 40.34 64.97 0.71 8.08 0.93
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Reach River Sta Profile Q Left Q Channel Q Right Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # XS Headloss Shear Total
(cfs) (cfs) (cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)   (ft) (lb/sq ft)

Falcon DBPS
West Tributary Future Conditions HEC-RAS Outputs

WestTrib 25024.12 5‐yr 107.7 121.61 0.73 6941.81 6943.57 6943.82 0.026855 4.93 65.34 74.26 0.76 7.97 1.47
WestTrib 25024.12 10‐yr 171.9 186.25 1.87 6941.81 6943.78 6943.67 6944.18 0.033734 6.26 81.37 77.38 0.87 7.8 2.2
WestTrib 25024.12 25‐yr 338.3 344.78 6.89 6941.81 6944.24 6944.24 6944.95 0.040653 8.46 118.86 85.81 1.01 7.76 3.49
WestTrib 25024.12 50‐yr 445.2 433.41 11.36 6941.81 6944.51 6944.51 6945.33 0.039455 9.19 142.14 88.8 1.02 7.75 3.92
WestTrib 25024.12 100‐yr 613.3 566.83 19.91 6941.81 6944.88 6944.88 6945.86 0.03754 10.08 176.4 92.96 1.01 7.82 4.42

WestTrib 24630.32 2‐yr 85 6933.51 6935.02 6935.02 6935.29 0.016807 4.19 20.29 38.27 1.01 7 0.55
WestTrib 24630.32 5‐yr 210 6933.51 6935.47 6935.47 6935.86 0.015392 5.02 41.8 56.2 1.03 6.36 0.71
WestTrib 24630.32 10‐yr 390 6933.51 6935.9 6935.9 6936.39 0.013375 5.61 69.51 71.24 1 5.55 0.81
WestTrib 24630.32 25‐yr 780 6933.51 6936.52 6936.52 6937.18 0.012192 6.48 120.4 92.74 1 4.88 0.98
WestTrib 24630.32 50‐yr 950 6933.51 6936.74 6936.74 6937.44 0.012005 6.69 142.1 103.21 1 4.73 1.02
WestTrib 24630.32 100‐yr 1100 6933.51 6936.89 6936.89 6937.65 0.011644 6.99 157.3 104.35 1 4.61 1.09

WestTrib 24203.51 2‐yr 85 6926.49 6927.67 6927.67 6927.9 0.015963 3.87 21.97 44.98 0.98 6.12 0.48
WestTrib 24203.51 5‐yr 210 6926.49 6928.05 6928.05 6928.49 0.014395 5.28 39.74 47.05 1.01 5.48 0.75
WestTrib 24203.51 10‐yr 389.68 0.32 6926.49 6928.5 6928.5 6929.13 0.012564 6.36 61.85 53.31 1.04 4.88 0.9
WestTrib 24203.51 25‐yr 771.12 8.88 6926.49 6929.26 6929.26 6930.16 0.01063 7.64 108.07 67.92 1.06 4.12 1.04
WestTrib 24203.51 50‐yr 933.8 16.2 6926.49 6929.54 6929.54 6930.52 0.010147 8.02 127.79 73.3 1.06 3.68 1.09
WestTrib 24203.51 100‐yr 1075.97 24.03 6926.49 6929.76 6929.76 6930.82 0.009912 8.35 144.39 78.1 1.07 3.48 1.13

WestTrib 23803.51 2‐yr 85 6919.56 6920.93 6920.93 6921.35 0.014594 5.2 16.34 19.89 1.01 6.26 0.74
WestTrib 23803.51 5‐yr 210 6919.56 6921.65 6921.65 6922.27 0.012989 6.32 33.21 27.57 1.02 5.49 0.96
WestTrib 23803.51 10‐yr 390 6919.56 6922.33 6922.33 6923.12 0.011764 7.12 54.81 35.37 1.01 4.82 1.12
WestTrib 23803.51 25‐yr 2.24 774.14 3.62 6919.56 6923.3 6923.3 6924.37 0.009879 8.34 99.09 58.67 1.13 4.09 1.03
WestTrib 23803.51 50‐yr 9.43 928.41 12.16 6919.56 6923.83 6923.83 6924.81 0.008353 8.02 137.19 101.13 1.2 3.57 0.7
WestTrib 23803.51 100‐yr 25.27 1051.91 22.82 6919.56 6924.12 6924.12 6925.09 0.007569 8.07 177.05 183.81 1.42 3.27 0.45

WestTrib 23401.38 2‐yr 85 6912.71 6913.63 6913.63 6913.91 0.01641 4.26 19.98 36.28 1.01 5.21 0.56
WestTrib 23401.38 5‐yr 210 6912.71 6914.09 6914.09 6914.56 0.014105 5.51 38.1 41.84 1.02 5.14 0.8
WestTrib 23401.38 10‐yr 389.75 0.25 6912.71 6914.58 6914.58 6915.25 0.012022 6.56 59.83 46.6 1.02 4.81 0.96
WestTrib 23401.38 25‐yr 1.17 773.9 4.93 6912.71 6915.39 6915.39 6916.34 0.01028 7.84 104.44 67.35 1.11 4.04 0.99
WestTrib 23401.38 50‐yr 5.51 935.94 8.55 6912.71 6915.69 6915.69 6916.73 0.009399 8.24 126.38 80.52 1.15 3.78 0.92
WestTrib 23401.38 100‐yr 11.41 1075.78 12.81 6912.71 6915.95 6915.95 6917.04 0.008671 8.5 149.73 109.46 1.27 3.57 0.74

WestTrib 23003.51 2‐yr 0.01 84.99 0 6906.3 6907.42 6907.61 0.010574 3.44 24.78 46.12 0.83 5.69 0.35
WestTrib 23003.51 5‐yr 1.3 208.4 0.3 6906.3 6907.79 6907.74 6908.15 0.011712 4.78 45.76 61.39 0.97 5.97 0.54
WestTrib 23003.51 10‐yr 6.34 382.23 1.43 6906.3 6908.16 6908.16 6908.73 0.011999 6.14 69.39 69.65 1.07 6.02 0.74
WestTrib 23003.51 25‐yr 32.15 740.96 6.89 6906.3 6908.85 6908.85 6909.69 0.009888 7.55 125.64 92.13 1.11 5.01 0.84
WestTrib 23003.51 50‐yr 49.46 890.29 10.25 6906.3 6909.1 6909.1 6910.04 0.009435 8.01 149.82 100.26 1.12 4.77 0.88
WestTrib 23003.51 100‐yr 65.95 1020.4 13.66 6906.3 6909.31 6909.31 6910.32 0.009133 8.38 171.33 108.86 1.13 4.6 0.89

WestTrib 22594.16 2‐yr 85 6901.02 6901.74 6901.74 6901.91 0.019044 3.24 26.26 80.52 1 0.5 0.39
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Reach River Sta Profile Q Left Q Channel Q Right Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # XS Headloss Shear Total
(cfs) (cfs) (cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)   (ft) (lb/sq ft)

Falcon DBPS
West Tributary Future Conditions HEC-RAS Outputs

WestTrib 22594.16 5‐yr 210 6901.02 6902 6902 6902.17 0.018283 3.33 62.98 179.14 0.99 0.47 0.4
WestTrib 22594.16 10‐yr 390 6901.02 6902.16 6902.16 6902.44 0.017853 4.22 92.48 181.66 1.04 0.45 0.57
WestTrib 22594.16 25‐yr 779.85 0.15 6901.02 6902.48 6902.48 6902.89 0.014646 5.19 150.83 198.06 1.05 0.41 0.7
WestTrib 22594.16 50‐yr 948.75 1.25 6901.02 6902.6 6902.6 6903.06 0.013803 5.5 174.67 202.17 1.04 0.4 0.74
WestTrib 22594.16 100‐yr 1097.2 2.81 6901.02 6902.7 6902.7 6903.2 0.013172 5.73 195.08 205.63 1.04 0.39 0.78

WestTrib 22566.37 2‐yr 85 6897.14 6898.07 6898.07 6898.37 0.01595 4.4 19.3 32.53 1.01 5.6 0.59
WestTrib 22566.37 5‐yr 210 6897.14 6898.57 6898.57 6899.08 0.013437 5.72 36.71 36.62 1.01 4.84 0.83
WestTrib 22566.37 10‐yr 390 6897.14 6899.11 6899.11 6899.82 0.011962 6.77 57.59 40.77 1 3.71 1.04
WestTrib 22566.37 25‐yr 780 6897.14 6899.98 6899.98 6901 0.010701 8.12 96.04 47.47 1.01 1.32 1.33
WestTrib 22566.37 50‐yr 950 6897.14 6900.29 6900.29 6901.42 0.010419 8.54 111.18 49.86 1.01 1 1.43
WestTrib 22566.37 100‐yr 0 1099.96 0.04 6897.14 6900.62 6900.62 6901.76 0.010377 8.57 128.54 59.29 1.03 0.84 1.38

WestTrib 22203.51 2‐yr 85 6887.36 6888.58 6888.58 6888.95 0.014904 4.9 17.33 23.54 1.01 0.23 0.68
WestTrib 22203.51 5‐yr 210 6887.36 6889.2 6889.2 6889.78 0.013224 6.15 34.14 30.11 1.02 0.21 0.93
WestTrib 22203.51 10‐yr 390 6887.36 6890.05 6889.85 6890.64 0.008697 6.15 63.38 40.72 0.87 0.21 0.83
WestTrib 22203.51 25‐yr 0.67 765.96 13.37 6887.36 6892.44 6892.68 0.001373 3.94 225.55 118.95 0.5 0.04 0.16
WestTrib 22203.51 50‐yr 2.99 892.5 54.52 6887.36 6893.34 6893.53 0.00081 3.57 348.34 145.85 0.4 0.02 0.12
WestTrib 22203.51 100‐yr 6.02 995.84 98.15 6887.36 6894.1 6894.26 0.000575 3.37 465.49 165.85 0.34 0.01 0.1

WestTrib 22188.6* 2‐yr 85 6887.12 6888.27 6888.27 6888.64 0.01546 4.87 17.46 24.67 1.02 0.24 0.68
WestTrib 22188.6* 5‐yr 210 6887.12 6888.89 6888.89 6889.44 0.013092 5.96 35.24 32.41 1.01 0.24 0.88
WestTrib 22188.6* 10‐yr 390 6887.12 6890.07 6890.42 0.004522 4.75 82.18 47.82 0.64 0.11 0.48
WestTrib 22188.6* 25‐yr 0.02 779.98 6887.12 6892.45 6892.64 0.001023 3.51 222.18 67.1 0.34 0.03 0.21
WestTrib 22188.6* 50‐yr 0.81 937.91 11.27 6887.12 6893.34 6893.51 0.000673 3.33 315.82 121.34 0.36 0.02 0.11
WestTrib 22188.6* 100‐yr 2.65 1061.1 36.25 6887.12 6894.09 6894.24 0.000502 3.21 416.67 141.24 0.32 0.02 0.09

WestTrib 22173.7* 2‐yr 85 6886.88 6887.97 6887.97 6888.32 0.015074 4.74 17.95 25.97 1 0.23 0.65
WestTrib 22173.7* 5‐yr 210 6886.88 6888.74 6889.13 0.008473 5 42.03 36.36 0.82 0.17 0.61
WestTrib 22173.7* 10‐yr 390 6886.88 6890.09 6890.31 0.00242 3.76 103.74 53.6 0.48 0.06 0.29
WestTrib 22173.7* 25‐yr 780 6886.88 6892.45 6892.6 0.000712 3.09 252.49 69.3 0.29 0.03 0.16
WestTrib 22173.7* 50‐yr 0.07 949.9 0.04 6886.88 6893.35 6893.49 0.000525 3.01 316.79 89.96 0.28 0.02 0.11
WestTrib 22173.7* 100‐yr 0.8 1092.08 7.12 6886.88 6894.09 6894.23 0.000413 2.96 398.08 119.56 0.28 0.02 0.08

WestTrib 22158.9* 2‐yr 85 6886.64 6887.66 6887.66 6888 0.015174 4.69 18.11 26.7 1 0.23 0.64
WestTrib 22158.9* 5‐yr 210 6886.64 6888.74 6888.96 0.004207 3.74 56.17 44.46 0.59 0.09 0.33
WestTrib 22158.9* 10‐yr 390 6886.64 6890.1 6890.25 0.001374 3.05 127.79 59.04 0.37 0.04 0.18
WestTrib 22158.9* 25‐yr 780 6886.64 6892.46 6892.58 0.0005 2.73 286.09 72.46 0.24 0.02 0.12
WestTrib 22158.9* 50‐yr 950 6886.64 6893.36 6893.47 0.000395 2.7 352.12 75.36 0.22 0.02 0.11
WestTrib 22158.9* 100‐yr 0.08 1099.88 0.04 6886.64 6894.1 6894.21 0.00033 2.69 409.98 87.94 0.22 0.01 0.09

WestTrib 22144.0* 2‐yr 85 6886.41 6887.53 6887.73 0.007506 3.59 23.66 30.72 0.72 0.12 0.36
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Reach River Sta Profile Q Left Q Channel Q Right Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # XS Headloss Shear Total
(cfs) (cfs) (cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)   (ft) (lb/sq ft)

Falcon DBPS
West Tributary Future Conditions HEC-RAS Outputs

WestTrib 22144.0* 5‐yr 210 6886.41 6888.75 6888.87 0.002051 2.84 73.99 51.66 0.42 0.05 0.18
WestTrib 22144.0* 10‐yr 390 6886.41 6890.11 6890.21 0.000821 2.53 154.32 64.29 0.29 0.02 0.12
WestTrib 22144.0* 25‐yr 780 6886.41 6892.47 6892.56 0.000358 2.42 322.4 75.86 0.21 0.01 0.09
WestTrib 22144.0* 50‐yr 950 6886.41 6893.36 6893.45 0.000294 2.43 391.38 78.57 0.19 0.01 0.09
WestTrib 22144.0* 100‐yr 1100 6886.41 6894.1 6894.2 0.000258 2.44 450.57 80.7 0.18 0.01 0.09

WestTrib 22129.18 2‐yr 85 6886.17 6887.52 6887.01 6887.62 0.002809 2.46 34.48 37.69 0.45 0.16
WestTrib 22129.18 5‐yr 210 6886.17 6888.75 6887.61 6888.83 0.001043 2.21 95.14 58.33 0.3 0.11
WestTrib 22129.18 10‐yr 390 6886.17 6890.11 6888.15 6890.18 0.00051 2.12 183.62 69.4 0.23 0.08
WestTrib 22129.18 25‐yr 780 6886.17 6892.47 6888.91 6892.55 0.000254 2.16 360.82 79.49 0.18 0.07
WestTrib 22129.18 50‐yr 950 6886.17 6893.37 6889.19 6893.44 0.000213 2.21 430.26 82.04 0.17 0.07
WestTrib 22129.18 100‐yr 1100 6886.17 6894.11 6889.4 6894.19 0.00019 2.25 488.4 84.01 0.16 0.07

WestTrib 21948.92 Culvert

WestTrib 21824.12 2‐yr 85 6883.52 6884.96 6884.8 6885.18 0.020607 3.78 22.48 35.32 0.73 0.41 1.07
WestTrib 21824.12 5‐yr 210 6883.52 6885.47 6885.36 6885.99 0.025565 5.79 36.25 35.85 0.88 0.56 2.15
WestTrib 21824.12 10‐yr 390 6883.52 6886 6886 6886.92 0.02898 7.71 50.61 36.39 0.99 0.73 3.4
WestTrib 21824.12 25‐yr 780 6883.52 6887.11 6887.11 6888.57 0.024845 9.71 80.34 37.36 0.99 0.81 4.63
WestTrib 21824.12 50‐yr 950 6883.52 6887.47 6887.47 6889.19 0.025047 10.53 90.21 37.68 1.01 0.87 5.24
WestTrib 21824.12 100‐yr 1100 6883.52 6887.86 6887.86 6889.72 0.023305 10.93 100.66 39.36 1 0.86 5.44

WestTrib 21801.9* 2‐yr 85 6883.32 6884.64 6884.4 6884.77 0.013099 2.85 29.82 38.5 0.57 0.3 0.63
WestTrib 21801.9* 5‐yr 210 6883.32 6885.16 6884.85 6885.43 0.015196 4.15 50.55 41.16 0.66 0.35 1.15
WestTrib 21801.9* 10‐yr 390 6883.32 6885.66 6885.36 6886.12 0.017788 5.47 71.31 42.96 0.75 0.41 1.8
WestTrib 21801.9* 25‐yr 780 6883.32 6886.38 6886.21 6887.27 0.022412 7.54 103.41 45.29 0.88 0.53 3.09
WestTrib 21801.9* 50‐yr 950 6883.32 6886.63 6886.51 6887.7 0.024305 8.3 114.52 46.07 0.93 0.58 3.64
WestTrib 21801.9* 100‐yr 1100 6883.32 6886.82 6886.78 6888.05 0.025795 8.9 123.62 46.7 0.96 0.62 4.1

WestTrib 21779.8* 2‐yr 85 6883.13 6884.35 6884.47 0.014122 2.8 30.4 43.01 0.59 0.32 0.62
WestTrib 21779.8* 5‐yr 210 6883.13 6884.84 6885.08 0.015994 3.98 52.7 47.88 0.67 0.35 1.09
WestTrib 21779.8* 10‐yr 390 6883.13 6885.29 6885.71 0.018382 5.2 75.01 50.52 0.75 0.42 1.68
WestTrib 21779.8* 25‐yr 780 6883.13 6885.96 6886.74 0.022748 7.07 110.36 54.71 0.88 0.53 2.81
WestTrib 21779.8* 50‐yr 950 6883.13 6886.2 6886.05 6887.12 0.023986 7.68 123.68 56.21 0.91 0.55 3.23
WestTrib 21779.8* 100‐yr 1100 6883.13 6886.42 6886.28 6887.43 0.024278 8.09 135.93 57.55 0.93 0.53 3.5

WestTrib 21757.6* 2‐yr 85 6882.93 6884.04 6884.15 0.014011 2.65 32.08 49 0.58 0.22 0.57
WestTrib 21757.6* 5‐yr 210 6882.93 6884.53 6884.73 0.014222 3.63 57.92 55.74 0.63 0.26 0.92
WestTrib 21757.6* 10‐yr 390 6882.93 6884.93 6885.29 0.01764 4.81 81.06 59.82 0.73 0.36 1.48
WestTrib 21757.6* 25‐yr 780 6882.93 6885.55 6886.21 0.021833 6.49 120.2 66.22 0.85 0.45 2.45
WestTrib 21757.6* 50‐yr 0.01 949.99 6882.93 6885.87 6886.57 0.019895 6.69 141.98 70.7 0.83 0.39 2.46
WestTrib 21757.6* 100‐yr 0.85 1099.15 6882.93 6886.22 6886.9 0.015915 6.6 167.31 73.26 0.77 0.32 2.24
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APPENDIX B
Hydraulic Computations



Project: Aug15_Working_Falcon_DBPS_SSimulation Run: FU 2-yr

Start of Run: 01Jan2011, 00:00 Basin Model: Falcon_DBPS_Future
End of Run: 02Jan2011, 00:00 Meteorologic Model: 2-yr
Compute Time: 22Apr2022, 17:17:05 Control Specifications: 24-hr Storm

Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

WT020 0.0671383 4.4 01Jan2011, 06:25 0.70
JWT020 0.0671383 4.4 01Jan2011, 06:25 0.70
RWT030 0.0671383 4.4 01Jan2011, 06:39 0.69
WT030 0.0764732 8.6 01Jan2011, 06:09 0.80
JWT030 0.1436115 8.7 01Jan2011, 06:09 1.49
RWT042 0.1436115 8.7 01Jan2011, 06:20 1.49
WT010 0.1353300 8.8 01Jan2011, 06:21 1.30
JWT010 0.1353300 8.8 01Jan2011, 06:21 1.30
RWT044 0.1353300 8.8 01Jan2011, 06:33 1.29
JWT042 0.2789415 15.1 01Jan2011, 06:26 2.78
RWT046 0.2789415 15.1 01Jan2011, 06:40 2.77
WT040 0.1850600 9.1 01Jan2011, 06:34 1.77
JWT044 0.4640015 23.9 01Jan2011, 06:39 4.54
RWT054 0.4640015 23.8 01Jan2011, 06:50 4.53
WT060 0.1956300 13.6 01Jan2011, 06:30 2.33
WT050 0.1899300 17.3 01Jan2011, 06:23 2.45
JWT050 0.8495615 42.8 01Jan2011, 06:47 9.31
RWT092 0.8495615 42.7 01Jan2011, 06:49 9.31
WT070 0.1711000 13.6 01Jan2011, 06:15 1.64
JWT070 0.1711000 13.6 01Jan2011, 06:15 1.64
RWT080 0.1711000 13.6 01Jan2011, 06:34 1.64
WT080 0.0691596 8.7 01Jan2011, 06:13 0.89
Sub Regional Pond SR11.0898211 41.9 01Jan2011, 07:03 10.37
JWT080 1.0898211 41.9 01Jan2011, 07:03 10.37
RWT094 1.0898211 41.9 01Jan2011, 07:14 10.32
WT100-REV 0.1292700 37.0 01Jan2011, 06:05 2.52
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

W26-REV 0.0720000 18.4 01Jan2011, 06:04 1.18
WS3-1 0.0720000 18.1 01Jan2011, 06:15 1.18
Paint Brush Hills Pond C0.2012700 10.4 01Jan2011, 06:34 3.67
WT090 0.1533300 22.1 01Jan2011, 06:11 2.11
JWT090 1.4444211 54.5 01Jan2011, 07:12 16.10
RWT122 1.4444211 54.5 01Jan2011, 07:17 16.07
WT110 0.1942800 22.3 01Jan2011, 06:17 2.67
JWT110 1.6387011 58.6 01Jan2011, 07:16 18.74
RWT124 1.6387011 58.6 01Jan2011, 07:26 18.66
WT130-REV 0.1016250 24.0 01Jan2011, 06:13 2.27
Paint Brush Hills Pond A0.1016250 4.8 01Jan2011, 06:53 2.26
WT120-REV 0.0430300 7.2 01Jan2011, 06:09 0.64
JWT120 1.7833561 63.9 01Jan2011, 07:26 21.56
RWT172 1.7833561 63.8 01Jan2011, 07:38 21.45
WT140-REV 0.1445300 35.7 01Jan2011, 06:14 3.56
JWT140 0.1445300 35.7 01Jan2011, 06:14 3.56
RWT150 0.1445300 35.5 01Jan2011, 06:25 3.55
WT150-REV 0.1308100 40.8 01Jan2011, 06:09 3.28
Paint Brush Hills Pond B10.2753400 58.7 01Jan2011, 06:19 6.83
W34B2-REV 0.0935900 27.9 01Jan2011, 06:08 2.16
Paint Brush Hills Pond B20.3689300 9.8 01Jan2011, 07:30 8.05
JWT150 0.3689300 9.8 01Jan2011, 07:30 8.05
RWT160 0.3689300 9.8 01Jan2011, 07:40 8.00
WT160-REV 0.0734800 19.7 01Jan2011, 06:07 1.48
JWT160 0.4424100 20.1 01Jan2011, 06:07 9.49
RWT174 0.4424100 19.8 01Jan2011, 06:23 9.41
WT170-REV 0.1060150 11.6 01Jan2011, 06:22 1.57
W34-CY-REV 0.0465469 5.2 01Jan2011, 06:19 0.64
JWT172 2.3783280 81.2 01Jan2011, 06:39 33.07
RWT176 2.3783280 81.1 01Jan2011, 06:40 33.06
Sub Regional Pond SR22.3783280 66.8 01Jan2011, 08:06 30.00
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

JWT174 2.3783280 66.8 01Jan2011, 08:06 30.00
RWT180 2.3783280 66.8 01Jan2011, 08:25 29.73
WT180-REV 0.0409400 3.4 01Jan2011, 06:22 0.49
JWT180 2.4192680 67.2 01Jan2011, 08:25 30.22
RWT202 2.4192680 67.1 01Jan2011, 08:51 29.90
WT200 0.3017100 25.3 01Jan2011, 06:34 4.44
WT190 0.0574561 11.3 01Jan2011, 06:07 0.85
The Meadows Pond #10.0574561 0.3 01Jan2011, 13:19 0.44
JWT190 0.0574561 0.3 01Jan2011, 13:19 0.44
RWT204 0.0574561 0.3 01Jan2011, 14:16 0.42
JWT200 2.7784341 70.6 01Jan2011, 08:50 34.77
RWT210 2.7784341 70.6 01Jan2011, 09:00 34.59
WT210 0.2654600 31.9 01Jan2011, 06:39 5.64
JWT210 3.0438941 74.5 01Jan2011, 08:59 40.23
RWT232 3.0438941 74.5 01Jan2011, 09:08 39.95
WT220 0.1895300 47.1 01Jan2011, 06:14 4.54
JWT220 0.1895300 47.1 01Jan2011, 06:14 4.54
RWT234 0.1895300 46.9 01Jan2011, 06:26 4.53
JWT232 3.2334241 76.6 01Jan2011, 09:08 44.49
RWT236 3.2334241 76.6 01Jan2011, 09:09 44.48
WT230 0.1981800 71.3 01Jan2011, 06:06 5.04
JWT234 3.4316041 84.5 01Jan2011, 06:43 49.52
RWT240 3.4316041 84.0 01Jan2011, 06:48 49.44
WT240 0.0761461 36.4 01Jan2011, 06:02 2.05
Regional Pond WU North3.5077502 89.8 01Jan2011, 06:10 50.35
Regional Pond WU Diversion3.5077502 62.4 01Jan2011, 06:10 27.47
Old Meridian 0.0335900 24.6 01Jan2011, 06:09 1.85
RWT-OM 0.0335900 24.3 01Jan2011, 06:16 1.85
Regional Pond WU South3.5413402 48.4 01Jan2011, 09:41 20.42
RWT240_Diversion Reach0.0000000 27.1 01Jan2011, 06:16 22.79
JWT240 3.5413402 72.8 01Jan2011, 09:38 43.21
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

RWT250 3.5413402 72.8 01Jan2011, 09:39 43.17
WT250 0.1469500 63.0 01Jan2011, 06:03 3.74
JWT250 3.6882902 74.4 01Jan2011, 09:39 46.91
RWT260 3.6882902 74.4 01Jan2011, 09:59 46.55
WT260 0.1388002 9.9 01Jan2011, 06:38 1.90
JWT260 3.8270904 75.4 01Jan2011, 09:59 48.44
RWT291 3.8270904 75.4 01Jan2011, 10:03 48.33
WT270 0.0324738 11.3 01Jan2011, 06:05 0.74
JWT270 0.0324738 11.3 01Jan2011, 06:05 0.74
RWT292 0.0324738 11.2 01Jan2011, 06:11 0.74
JWT292 3.8595642 75.8 01Jan2011, 10:03 49.07
RWT295 3.8595642 75.8 01Jan2011, 10:05 49.01
WT280 0.2669500 33.4 01Jan2011, 06:15 3.67
JWT280 0.2669500 33.4 01Jan2011, 06:15 3.67
RWT294 0.2669500 33.4 01Jan2011, 06:18 3.67
JWT294 4.1265142 94.1 01Jan2011, 06:30 52.68
RWT296 4.1265142 91.9 01Jan2011, 06:40 52.36
MT040 0.3084200 94.6 01Jan2011, 06:13 8.77
MT030 0.1566300 39.0 01Jan2011, 06:06 2.81
MT020 0.0902033 25.8 01Jan2011, 06:05 1.72
JMT020 0.0902033 25.8 01Jan2011, 06:05 1.72
RMT030 0.0902033 25.4 01Jan2011, 06:20 1.72
JMT030 0.2468333 50.1 01Jan2011, 06:10 4.53
RMT040 0.2468333 49.3 01Jan2011, 06:16 4.52
Woodmen Hills Pond H0.5552533 107.8 01Jan2011, 06:25 13.18
JMT040 0.5552533 107.8 01Jan2011, 06:25 13.18
RMT050 0.5552533 107.4 01Jan2011, 06:28 13.17
MT050 0.1186100 17.0 01Jan2011, 06:21 2.12
JMT050 0.6738633 123.1 01Jan2011, 06:27 15.30
RMT064 0.6738633 121.2 01Jan2011, 06:40 15.24
MT010 0.2898900 27.9 01Jan2011, 06:27 4.28
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

The Meadows Pond #20.2898900 5.4 01Jan2011, 07:46 3.10
JMT010 0.2898900 5.4 01Jan2011, 07:46 3.10
RMT062 0.2898900 5.4 01Jan2011, 08:41 2.96
MT060 0.1941800 29.9 01Jan2011, 06:15 3.24
Sub Regional Pond SR41.1579333 27.0 01Jan2011, 08:03 19.74
JMT060 1.1579333 27.0 01Jan2011, 08:03 19.74
RMT070 1.1579333 26.9 01Jan2011, 08:11 19.63
MT070 0.1994800 25.4 01Jan2011, 06:25 3.57
JMT070 1.3574133 30.5 01Jan2011, 08:10 23.20
RMT080 1.3574133 30.5 01Jan2011, 08:14 23.16
MT080 0.0638371 62.4 01Jan2011, 06:00 3.37
Regional Pond MN 1.4212504 31.5 01Jan2011, 08:17 24.06
JMT080 1.4212504 31.5 01Jan2011, 08:17 24.06
RMT102 1.4212504 31.5 01Jan2011, 08:28 23.94
MT090 0.0435103 39.9 01Jan2011, 06:00 2.07
Woodmen Hills Pond #50.0435103 1.4 01Jan2011, 08:02 1.53
JMT090 0.0435103 1.4 01Jan2011, 08:02 1.53
RMT090 0.0435103 1.4 01Jan2011, 08:02 1.53
JMT104 0.0435103 1.4 01Jan2011, 08:02 1.53
RMT104 0.0435103 1.4 01Jan2011, 08:09 1.53
JMT102 1.4647607 32.9 01Jan2011, 08:28 25.47
RMT106 1.4647607 32.8 01Jan2011, 08:30 25.42
MT100 0.0557682 16.5 01Jan2011, 06:06 1.19
JMT106 1.5205289 33.4 01Jan2011, 08:30 26.62
RMT112 1.5205289 33.3 01Jan2011, 09:07 26.00
MT110 0.1163900 18.9 01Jan2011, 06:19 2.21
JMT110 1.6369189 34.4 01Jan2011, 09:07 28.21
RMT114 1.6369189 34.4 01Jan2011, 09:17 28.04
WT290 0.1037800 15.0 01Jan2011, 06:11 1.43
Regional Pond R1 5.8672131 107.1 01Jan2011, 10:25 74.96
JWT296 5.8672131 107.1 01Jan2011, 10:25 74.96
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

RWT314 5.8672131 107.1 01Jan2011, 10:36 74.44
WT300 0.0970199 12.2 01Jan2011, 06:15 1.33
JWT300 0.0970199 12.2 01Jan2011, 06:15 1.33
RWT312 0.0970199 12.1 01Jan2011, 06:39 1.33
WT310 0.2774200 31.3 01Jan2011, 06:16 3.58
JWT310 6.2416530 109.4 01Jan2011, 10:36 79.35
RWT320 6.2416530 109.3 01Jan2011, 10:45 78.81
WT320 0.2061400 26.8 01Jan2011, 06:14 2.83
JWT320 6.4477930 110.5 01Jan2011, 10:45 81.64
RWT352 6.4477930 110.5 01Jan2011, 10:55 81.01
ET020 0.2131700 73.4 01Jan2011, 06:07 5.42
ET010 0.1451300 37.5 01Jan2011, 06:12 3.48
Paint Brush Hills Pond #40.1451300 29.4 01Jan2011, 06:21 3.48
JET010 0.1451300 29.4 01Jan2011, 06:21 3.48
RET020 0.1451300 29.3 01Jan2011, 06:37 3.46
Sub Regional Pond SR60.3583000 9.3 01Jan2011, 07:43 7.86
JET020 0.3583000 9.3 01Jan2011, 07:43 7.86
RET030 0.3583000 9.3 01Jan2011, 08:37 7.62
ET030 0.2042800 44.9 01Jan2011, 06:17 4.89
JET030 0.5625800 44.9 01Jan2011, 06:17 12.51
RET040 0.5625800 44.6 01Jan2011, 06:30 12.42
Woodmen Hills Pond #1 North0.7117200 60.8 01Jan2011, 06:33 15.40
ET040 0.1491400 27.9 01Jan2011, 06:16 3.00
Woodmen Hills Pond #1 South0.7117200 9.6 01Jan2011, 12:57 11.96
JET040 0.7117200 9.6 01Jan2011, 12:57 11.96
RET050 0.7117200 9.6 01Jan2011, 13:08 11.83
ET050 0.1171900 36.5 01Jan2011, 06:03 2.24
Woodmen Hills Pond #20.8289100 10.4 01Jan2011, 13:06 12.51
JET050 0.8289100 10.4 01Jan2011, 13:06 12.51
RET060 0.8289100 10.4 01Jan2011, 13:21 12.32
ET060 0.2854300 105.0 01Jan2011, 06:02 5.77
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

Woodmen Hills Pond #31.1143400 12.6 01Jan2011, 13:03 15.73
JET060 1.1143400 12.6 01Jan2011, 13:03 15.73
RET070 1.1143400 12.6 01Jan2011, 13:18 15.50
ET070 0.2497500 93.5 01Jan2011, 06:03 5.67
JET070 1.3640900 93.6 01Jan2011, 06:03 21.17
RET080 1.3640900 64.9 01Jan2011, 06:31 20.74
ET080 0.2916400 113.3 01Jan2011, 06:08 8.69
Woodmen Hills Pond #41.6557300 9.8 02Jan2011, 00:00 12.03
JET080 1.6557300 9.8 02Jan2011, 00:00 12.03
RET090 1.6557300 9.8 02Jan2011, 00:00 11.93
ET090 0.1242400 26.0 01Jan2011, 06:24 3.33
JET090 1.7799700 29.2 01Jan2011, 06:25 15.26
RET100 1.7799700 29.1 01Jan2011, 06:30 15.18
ET100 0.0480615 11.4 01Jan2011, 06:02 0.66
JET100 1.8280315 30.6 01Jan2011, 06:30 15.84
RET110 1.8280315 30.6 01Jan2011, 06:38 15.68
ET110 0.2260300 24.0 01Jan2011, 06:15 2.71
JET110 2.0540615 41.4 01Jan2011, 06:32 18.39
RET120 2.0540615 41.4 01Jan2011, 06:39 18.22
ET120 0.1091300 10.7 01Jan2011, 06:17 1.31
JET120 2.1631915 49.7 01Jan2011, 06:21 19.53
RET152 2.1631915 49.5 01Jan2011, 06:29 19.36
ET130 0.1348100 10.9 01Jan2011, 06:31 1.85
JET130 0.1348100 10.9 01Jan2011, 06:31 1.85
RET140 0.1348100 10.9 01Jan2011, 07:06 1.83
ET140 0.2675900 15.9 01Jan2011, 06:51 3.64
JET140 0.4024000 25.8 01Jan2011, 07:01 5.48
RET154 0.4024000 25.7 01Jan2011, 07:27 5.43
JET152 2.5655915 53.7 01Jan2011, 07:01 24.79
RET156 2.5655915 53.5 01Jan2011, 07:06 24.67
ET150 0.1777300 17.0 01Jan2011, 06:21 2.29
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Hydrologic
Element

Drainage Area
(MI2)

Peak Discharge
(CFS)

Time of Peak Volume
(AC-FT)

JET154 2.7433215 62.3 01Jan2011, 06:34 26.96
RET162 2.7433215 59.6 01Jan2011, 07:07 26.43
ET160 0.1889200 18.6 01Jan2011, 06:26 2.79
JET160 2.9322415 66.8 01Jan2011, 07:06 29.22
RET164 2.9322415 66.5 01Jan2011, 07:12 29.07
WT350 0.3037700 38.3 01Jan2011, 06:17 4.49
JWT352 9.6838045 132.8 01Jan2011, 08:22 114.58
RWT354 9.6838045 132.8 01Jan2011, 08:22 114.57
WT330 0.3266800 32.2 01Jan2011, 06:23 4.48
JWT330 0.3266800 32.2 01Jan2011, 06:23 4.48
RWT344 0.3266800 32.0 01Jan2011, 06:34 4.47
WT340 0.2780000 18.9 01Jan2011, 06:42 3.80
JWT354 10.2884845 141.5 01Jan2011, 08:22 122.83
RWT372 10.2884845 141.4 01Jan2011, 08:27 122.38
WT360 0.0656830 6.9 01Jan2011, 06:18 0.85
JWT360 0.0656830 6.9 01Jan2011, 06:18 0.85
RWT374 0.0656830 6.9 01Jan2011, 06:36 0.84
Regional Pond R2 10.3541675 142.1 01Jan2011, 08:29 120.04
JWT372 10.3541675 142.1 01Jan2011, 08:29 120.04
RWT376 10.3541675 141.9 01Jan2011, 08:38 119.24
WT370 0.2147600 7.2 01Jan2011, 06:17 1.20
JWT374_OUTLET 10.5689275 142.7 01Jan2011, 08:38 120.44
FS010 0.1220000 6.3 01Jan2011, 06:20 0.98
JFS010_OUTLET 0.1220000 6.3 01Jan2011, 06:20 0.98
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.30 %

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Bottom Width 20.00 ft

Discharge 70.60 ft³/s

Results

Normal Depth 1.22 ft

Flow Area 30.23 ft²

Wetted Perimeter 30.03 ft

Hydraulic Radius 1.01 ft

Top Width 29.73 ft

Critical Depth 0.69 ft

Critical Slope 0.02113 ft/ft

Velocity 2.34 ft/s

Velocity Head 0.08 ft

Specific Energy 1.30 ft

Froude Number 0.41

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.22 ft

Critical Depth 0.69 ft

Channel Slope 0.30 %

Low Flow Channel Design

6/30/2022 11:44:52 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Low Flow Channel Design
GVF Output Data

Critical Slope 0.02113 ft/ft

6/30/2022 11:44:52 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.30 %

Normal Depth 1.22 ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Bottom Width 20.00 ft

Discharge 70.60 ft³/s

Cross Section Image

Low Flow Channel Section
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North American Green
5401 St. Wendel-Cynthiana Rd.
Poseyville, Indiana 47633
Tel. 800.772.2040
>Fax 812.867.0247
www.nagreen.com
ECMDS v7.0

CHANNEL ANALYSIS
> > > low flow

Name low flow
Discharge 70.6
Channel Slope 0.003
Channel Bottom Width 20
Left Side Slope 4
Right Side Slope 4
Existing Bend Radius 130
Low Flow Liner
Retardence Class C 6-12 in
Vegetation Type Bunch Type
Vegetation Density Fair 50-64%
Soil Type Sandy Loam (GM)

Unreinforced Vegetation

Phase Reach Discharge Velocity
Normal
Depth

Mannings N
Permissible
Shear Stress

Calculated
Shear Stress

Safety
Factor

Remarks
Staple
Pattern

Unreinforced
Vegetation

Straight 70.6 cfs 2.33 ft/s 1.21 ft 0.035 4 lbs/ft2 0.23 lbs/ft2 17.59 STABLE --

Underlying
Substrate

Straight 70.6 cfs 2.33 ft/s 1.21 ft 0.035 0.9 lbs/ft2 0.19 lbs/ft2 4.79 STABLE --

Unreinforced
Vegetation

Bend 70.6 cfs 2.33 ft/s 1.21 ft 0.035 4 lbs/ft2 0.37 lbs/ft2 10.87 STABLE --

Underlying
Substrate

Bend 70.6 cfs 2.33 ft/s 1.21 ft 0.035 0.9 lbs/ft2 0.3 lbs/ft2 2.96 STABLE --
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North American Green
5401 St. Wendel-Cynthiana Rd.
Poseyville, Indiana 47633
Tel. 800.772.2040
>Fax 812.867.0247
www.nagreen.com
ECMDS v7.0

Inputs
Channel Discharge (Q): 70.6 cfs
Peak Flow Period (H): hours
Channel Slope (S0): 0.003 ft/ft
Bottom Width (B): 20 ft
Left Side Slope (ZL): 4 (H : V)
Right Side Slope (ZR): 4 (H : V)
Existing Channel Bend: Yes
Bend Coefficient (Kb):
Channel Bend Radius: 130 ft
Retardance Class of Vegetation:C 6-12 in
Vegetation Type: Bunch Type
Vegetation Density: Fair 50-64%
Soil Type: Sandy Loam (GM)

Channel Lining Options

Basic Relationships

A = Cross sectional area, ft2 (m2) = (B * D) + (ZL / 2 * D2) + (ZR / 2 * D2)

Where:
B = Base width of channel, ft (m)
D = Flow depth, ft (m)
ZL = Left side bank slope (H : 1 V)
ZR = Right side bank slope (H : 1 V)

 
P = Wetted perimeter, ft (m) = B + ZL * D + ZR * D
R = Hydraulic radius, � (m) = A / P
 
V = Flow velocity, ft/s (m/s) = Q / A

Where:
Q = Channel discharge, cfs (cms)

 
Taua Average bed shear stress, psf (Pa) = 62.4 * R * S0

Where:
S0 = Gradient of channel, ft/ft (m/m)

 
Tau0 = Maximum bed shear stress, psf (Pa) = 62.4 * D * S0

 

Unvegetated Conditions Computations:

n = Manning’s   n = a * Tauab
 

and (iteratively solved)

n = 1.486 / Q * A * R(2/3)S0
0.5

 
Where:
n = Manning’s n
a = Product specific coefficient from performance testing
b = Product specific coefficient from performance testing

 

ANALYSIS COMPUTATIONS
> > > > View Computation
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SFP = Product factor of safety = TauT / Tau0

 
Where:
TauT = Permissible shear stress from testing, psf (Pa)

 
Taup = In place permissible shear, psf (Pa) = TauT / alpha * (TauS + alpha / 4.3)
 

Where:
alpha = unit conversion constant, 0.14 English, 6.5 Metric
TauS = Permissible shear stress of soil

 
SFL = Factor of safety of installed liner = Taup / Taua

Vegetated Computations:

n = Manning’s   n = alpha * Cn* Taua-0.4
 

and (iteratively solved)

n = 1.486 / Q * A * R(2/3)S0
0.5

 
Where:
alpha = Unit conversion constant, 0.213 English, 1.0 Metric
Cn = Vegetation retardance coefficient

 
SFP = Product factor of safety = TauTV / Tau0

 
Where:
TauTV = Permissible shear stress from testing, psf (Pa)

 
Taup = In place permissible shear, psf (Pa) = TauS / (1 – CFTRM) * (n / nS)2
 

Where:
CFTRM = Coefficient of TRM performance derived from testing TauS = Permissible shear stress of soil
nS = Manning’s of soil bed if left unprotected
SFL = Factor of safety of installed liner = Taup / Taua

 

Unreinforced Vegetation

Phase Mannings N
Predicted flow

depth (D)

Cross sectional

area (A)

Wetted

perimeter (P)

Hydraulic

radius (R)

Flow velocity

(V)

Froude

number (FR)

Calculated Shear

Stress
SFP/SFL

Unreinforced
Vegetation

0.035 1.21 ft 30.2 ft2 30.02 ft 1.01 ft 2.33 ft/s 0.41 0.23 lbs/ft2 17.59 (SFL)

Underlying
Substrate

0.035 1.21 ft 30.2 ft2 30.02 ft 1.01 ft 2.33 ft/s 0.41 0.19 lbs/ft2 4.79 (SFL)

Unreinforced
Vegetation

0.035 1.21 ft 30.2 ft2 30.02 ft 1.01 ft 2.33 ft/s 0.41 0.37 lbs/ft2 10.87 (SFL)

Underlying
Substrate

0.035 1.21 ft 30.2 ft2 30.02 ft 1.01 ft 2.33 ft/s 0.41 0.3 lbs/ft2 2.96 (SFL)



Boulder Calculations for Drop Structures
Drop Number 1 2 3 4 5 6 7 8 9 10 11
RAS Section 4847 4703 4570 3950 3700 3400 2975 2775 2400 2200 2000
V (fps) 8.22 9.07 9.07 9.12 9.11 9.12 9.12 9.10 9.12 9.44 8.75
S (ft/ft) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Rp 4.90 5.37 5.37 5.40 5.39 5.40 5.40 5.38 5.40 5.58 5.18
Boulder Size (in) 24 24 24 24 24 24 24 24 24 24 24

Rp - From MHFD USDCM Equation 9-7 for rock sizing parameter
Boulder Size per MHFD USDCM Figure 9-4



Hydraulic Structures  Chapter 9 

9-24 Urban Drainage and Flood Control District September 2017  
Urban Storm Drainage Criteria Manual Volume 2 

1. If the vertical distance from the drop toe to the drop crest is less than or equal to six feet, determine 
the critical velocity for the design flow in both the low-flow channel and the overbanks.  This velocity 
occurs just upstream of the drop crest.  For drop structures up to six feet in height, gradually varied 
flow acceleration is considered negligible.  If the vertical distance from the drop toe to the drop crest 
is greater than six feet, determine the actual velocity at the drop toe using S2 curve drawdown 
calculations for the design flow in both the low-flow channel and the overbanks.  This can be done 
using either the standard step or the direct step method.  If a detailed hydraulic analysis has been 
completed using HEC-RAS (see Section 2.3), then the actual velocity is provided in the HEC-RAS 
output and the critical velocity can be taken from the section just upstream of the drop structure. 

2. Calculate rock-sizing parameter, Rp (dimensionless), for both segments of the cross section 
(overbanks and in the low-flow channel): 

( ) 66.0

17.0

1−
=

s
p S

VSR             Equation 9-7 

Where: 

V = critical velocity, Vc (for drop structure heights up to six feet) or drawdown velocity at the 
toe of the drop (for drop height exceeding six feet) 

S  = slope along the face of the drop (ft/ft) 

Ss        = specific gravity of the rock (Assume 2.55 unless the quarry certifies a higher value.) 

Note that for drop heights exceeding six feet, Equation 9-7 becomes iterative, since Manning’s roughness 
coefficient is a function of the boulder size, from Equation 9-1 or 9-2. 

3. Select minimum boulder sizes for the cross-section segments within and outside the low-flow channel 
cross-section from Table 9-4.  If the boulder sizes for the low-flow channel and the overbank 
segments differ, UDFCD recommends using only the larger sized boulders throughout the entire 
structure.  Mistakes during construction are more common when specifying multiple rock sizes within 
the same structure. 

  

2.55 was assumed
and used in the

calculations
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Figure 8-32.  Example HEC-RAS general profile plot of shear stress   

7.3 Evaluation of Erosion at Channel Bends 

Special erosion control measures are often needed at bends.  Riprap sizing should be based on locally 
higher velocities at the outside of a bend.  An estimate of velocity along the outside of the bend can to be 
made using the following equation.    

V
T
rV c

a )176.2147.0( +−=            Equation 8-10 

Where: 

Va = adjusted channel velocity for riprap sizing along the outside of channel bends (ft/sec) 

V = mean channel velocity for the peak flow of the major design flow (ft/sec) 

rc = channel centerline radius (ft) 

T = Top width of water during the major design flow (ft) 

  



Riprap Calculations for Outter Banks of Channel Bends
Curve Number
(From Survey Control Plan) C1 C2 C3 C4 C6 C7
US Station Offsite 43+11.68 42+39.91 36+30.91 30+79.36 26+43.39
HEC-RAS Section 5072 4339 4239 3587 3081 2662
Centerline Radius (ft) 130 200 160 500 300 250
Top Width (ft) 50.28 74.13 72.66 71.62 74.7 76.86
Channel Slope (%) 0.35 0.30 0.30 0.61 0.37 0.30
Mean Velocity (fps) 8.63 5.91 6.34 5.76 5.98 5.74

Adjusted Velocity = Va (fps) * 15.5 10.5 11.7 6.6 9.5 9.7
D50 (in) ** 12 5 7 3 5 5
Superelevation (ft) *** 0.45 0.20 0.28 0.07 0.14 0.16

* Equation 8-10 from MHFD USDCM Chapter 8 for Evaluation of Erosion at Channel Bends
** Equation 8-11 from MHFD USDCM Chapter 8 for Riprap on Mild Slope Conditions
*** Euation MD-9 from UDFCD USCDM 2008 Chapter 7 Major Drainage
Note: Only Curves with radius to top width ratios less than 3.0 are included in these calculations.
Riprap protection is not required for appropriately sized channel radii.

North Channel South Channel
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8.1 Riprap Sizing 

Procedures for sizing rock to be used in soil riprap, void-filled riprap, and riprap over bedding are the 
same. 

8.1.1 Mild Slope Conditions 

When subcritical flow conditions occur and/or slopes are mild (less than 2 percent), UDFCD recommends 
the following equation (Hughes, et al, 1983): 

 
2

)1(5.4 66.0

17.0

50 
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≥
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VSd             Equation 8-11 

Where: 

V = mean channel velocity (ft/sec) 

S = longitudinal channel slope (ft/ft) 

d50 = mean rock size (ft) 

Gs = specific gravity of stone (minimum = 2.50, typically 2.5 to 2.7), Note:  In this equation (Gs -1) 
considers the buoyancy of the water, in that the specific gravity of water is subtracted from the 
specific gravity of the rock. 

Note that Equation 8-11 is applicable for sizing riprap for channel lining with a longitudinal slope of no 
more than 2%.  This equation is not intended for use in sizing riprap for steep slopes (typically in excess 
of 2 percent), rundowns, or protection downstream of culverts.  Information on rundowns is provided in 
Section 7.0 of the Hydraulic Structures chapter of the USDCM, and protection downstream of culverts is 
discussed in the Culverts and Bridges chapter.  For channel slopes greater than 2% use one of the 
methods presented in 8.1.2. 

Rock size does not need to be increased for steeper channel side slopes, provided the side slopes are no 
steeper than 2.5H:1V (UDFCD 1982).  Channel side slopes steeper than 2.5H:1V are not recommended 
because of stability, safety, and maintenance considerations.  See Figure 8-34 for riprap placement 
specifications.  At the upstream and downstream termination of a riprap lining, the thickness should be 
increased 50% for at least 3 feet to prevent undercutting.  

8.1.2 Steep Slope Conditions   

Steep slope rock sizing equations are used for applications where the slope is greater than 2 percent 
and/or flows are in the supercritical flow regime.  The following rock sizing equations may be referred to 
for riprap design analysis on steep slopes:  

 CSU Equation, Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase II 
(prepared by S.R. Abt, et al, Colorado State University, 1988).  This method was developed for steep 
slopes from 2 to 20 percent.  

 USDA- Agricultural Research Service Equations, Design of Rock Chutes (by K.M. Robinson, et al, 
USDA- ARS, 1998 Transactions of ASAE) and An Excel Program to Design Rock Chutes for Grade 

2.50 was assumed
and used in the

calculations
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3.2.3.2 Side Slopes 
The flatter the side slopes, the more stable are the banks.  For grassed channels, channels with wetland 

bottoms, and bioengineered channels, side slopes should not be steeper than 4H:1V.  Under special 

conditions in areas of existing development (i.e., not new development) and where right-of-way is a 

problem, the slopes may be as steep as 3H:1V; however, the designer is cautioned that operation of 

mowing equipment may not be safe on side slopes that are steeper than 4H:1V.  Channels that require 

minimal slope maintenance such as concrete channels may have side slopes as steep as 1.5H:1V, 

although public safety issues must be taken into account.  For riprap-lined channels, side slopes should 

not be steeper than 2.5H:1V. 

For vegetated channels with underlying riprap, slopes must accommodate maintenance.  For example, a 

grassed channel with underlying riprap should have side slopes no steeper than 4H:1V, as required for a 

grassed channel. 

Local standards or conditions may require flatter side slopes.  Side slopes steeper than 3H:1V are not 

recommended in residential areas or areas with frequent foot traffic.  Fencing or railings may need to be 

considered if side slopes will be steeper than 3H:1V in these areas. 

3.2.4 Curvature and Transitions 
Generally, the gentler the curves, the better the channel will function.  Channel alignments should not be 

selected to maximize land-use opportunities for lot layout; instead, lot layouts should be selected based 

on channel alignment.  The centerline curvature of the channel shall have a radius of at least twice the 

top width of the 100-year flow channel.  The exception to this axiom is for concrete channels that may 

experience supercritical flow conditions.  From a practical standpoint, it is generally not advisable to have 

any curvature in a channel conveying supercritical flow, since minor perturbations can be amplified as 

they move downstream.  

Superelevation must also be considered with respect to curvature.  Curves in a channel cause the flow 

velocity to be greater on the outside of the curve, and the depth of flow is also greater on the outside of a 

curve due to centrifugal force.  This rise in water surface on the outside of a curve is referred to as 

superelevation.  For subcritical flows, superelevation can be estimated by: 

cgr
TVy

2

2

=Δ  (MD-9) 

in which: 

Δy = increase in water surface elevation above average elevation due to superelevation (ft) 

V = mean flow velocity (ft/sec) 

T = top width of the channel under design flow conditions (ft) 

Rev. 04/2008 MD-25 
Urban Drainage and Flood Control District 
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1155 Kelly Johnson Blvd., Suite 305
Colorado Springs, CO 80920
719.900.7220 • GallowayUS.com

June 30, 2022

Mr. Keith Curtis
Floodplain Administrator
Pikes Peak Regional Building Department
2880 International Circle
Colorado Springs, CO 80910.

RE: Less Than One-Foot Rise Certification for Falcon Meadows at Bent Grass Channel Design on
Unnamed Tributary to Black Squirrel Creek No. 2

Dear Mr. Curtis,

Galloway and Company Inc. is pleased to provide this letter and supporting documentation for
the floodplain evaluation of the proposed channel design for the Falcon Meadows at Bent Grass Project
along the Unnamed Tributary to Black Squirrel Creek No. 2 in the West Tributary Falcon Basin. Hydraulic
analyses were performed to establish a corrected condition, Pre-Project (existing) and Post-Project
(proposed) condition for the 100-year storm event. The goals of this evaluation were to document: a)
that no existing insurable structures are impacted by the proposed project, and b) that the cumulative
increase in the 100-year water surface elevation is below the allowable surcharge amount.

As the floodplain for the Unnamed Tributary to Black Squirrel Creek No. 2 is classified as ZONE
AE on the Effective Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map
(FIRM), and because there is no regulatory floodway associated with the creek, improvements that
encroach on the tributary’s floodplain meet the criteria to obtain a floodplain permit through a less than
one-foot rise certification with the Pikes Peak Regional Building Department.  This certification permits
development within the Unnamed Tributary to Black Squirrel Creek No. 2 floodplain as long as the
hydraulic study demonstrates that: “the cumulative effect of the proposed development, when combined
with all other existing and anticipated development, will not increase the water surface elevation of the
base flood elevation more than one-foot at any point within the community.” However, in January 2014
the State of Colorado implemented a more stringent floodway surcharge of one-half foot.  Therefore, per
FEMA’s and the Pikes Peak Regional Building Department’s floodplain and stormwater regulations, the
more stringent guideline governs. Submittal of a Conditional Letter of Map Revision (CLOMR) to FEMA
is not anticipated for the current project assuming that the minimum guidelines are satisfied. Due to the
drop in water surface elevations, it is a Letter of Map Revision (LOMR) will be submitted to FEMA upon
construction of the channel improvements.

In January 2020, a floodplain permit was issued for the channel to include the construction of
the box culvert under Bent Grass Meadows Drive and the relocation of the channel to run along the north
property boundary before tying into the Unnamed Tributary to Black Squirrel Creek No. 2.

EFFECTIVE CONDITION:

The effective hydraulic and hydrologic conditions for our study reach along the Unnamed
Tributary to Black Squirrel Creek No. 2 is documented in the 2003 FEMA approved ‘Letter of Map
Revision for the West Tributary Falcon Basin Zone A Conversion,’ LOMR No.: 03-08-0385P.   The study
modeled the 100-year floodplain conditions along the Unnamed Tributary to Black Squirrel Creek No. 2
from approximately 200 feet upstream to East Woodmen Road. The current model for the Bent Grass
Residential Filing No. 2 Project ties into the effective model at Cross Section 1517, which corresponds
to section number 4 in the effective model as well as Cross Section F on the effective FIRM. The effective
100-year utilized peak discharges of 1,450 cfs between Cross Sections 5100 and 3900, and 1,482 cfs
from Station 3900 to the downstream study limit of the model at Woodmen Road. LOMR 03-08-0385P
and the associated model output file are provided at the end of this letter report. The corrected model in
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the previously approved floodplain permit had the model ending at Cross Section 2605, at the southern
boundary of the Falcon Meadows property. The corrected model has been expanded to extend all the
way to Woodmen Road.

REVISED CORRECTED CONDITION:

The revised corrected condition hydraulic analysis was modeled using HEC-RAS version 5.0.7.
The model utilized the effective model’s results to establish the hydrology for the analysis. 100-year peak
discharges were adopted from the effective results. Manning’s n values of 0.035 and 0.050 were adopted
from the effective model and used in the channel and overbanks. Contraction and expansion coefficients
were also adopted from the effective model. The known water surface elevation from the effective model
was used as the downstream boundary condition.

With the inclusion of three cross sections from the 2003 study (Sections F-H), the following
changes were made in the revised corrected condition model:

1. The 2003 study had been modeled using HEC-2, which has limited modeling capabilities when
compared to more recent versions of HEC-RAS. Thus, a new version of the model was created
in HEC-RAS v. 5.0.3 and geo-rectified along the Unnamed Tributary to Black Squirrel Creek No.
2 into the NAD83 Colorado State Plane Central ( FIPS 0502) projected coordinate system.

2. The 2003 study is comprised of 9 cross sections, 5 of which are located within the study area.
Only 3 cross section orientations (4550, 3694, and 2605) were carried over from the 2003 study.
Additional cross sections were cut in the revised corrected condition model.

3. Except for the cross sections downstream of the Falcon Meadows boundary (offsite sections),
cross sections were cut using updated topographic data that was surveyed by Galloway in April
2019.

In general, revised corrected condition water surface elevations at cross sections corresponding to cross
sections from the 2003 study tend to be a foot lower in elevation. This can likely be attributed to the
current study utilizing more high-resolution topographic information as well as a more robust model. The
100-year water surface elevations from the revised corrected condition and effective condition are
compared in Table 1.

PRE PROJECT (EXISTING) CONDITION:

Description of Improvements:

The previously approved floodplain permit was submitted to accompany the Bent Grass
Residential Filing No. 2 project, which is located to the east along a portion of the channel. The proposed
condition for the previously approved floodplain permit took into account the twin culverts crossing under
Bent Grass Meadows Drive, along with a drop structure just upstream of the structure. The remainder
of the channel was left in existing condition with no improvements and ended at Cross Section 2605,
just south of the Bent Grass property. This model the basis of the pre-project (existing) condition model
for this report. The model was updated to include the relocation of the channel along the north property
line and was extended to the south to Woodmen Road.

The Bent Grass Residential Filing No. 2 project was a private development subdivision north of
East Woodmen Road in Falcon, Colorado. The project regraded portions of the Unnamed Tributary to
Black Squirrel Creek No.2 from a natural channel to a grass lined earthen channel and installed a new
road crossing over the channel that conveys water through two 16 feet wide by 6 feet tall reinforced
concrete box culverts. The location of these improvements is called out on Figure 1 at the end of this
letter. The earthen channel was shown on separate design drawings included in the previously approved
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Floodplain permit report and construction drawings for the Bent Grass Residential Filing No. 2 project.
The channel was designed to be approximately 5 feet deep with 4:1 side slopes and lined with native
grass seed. Locations where the channel was to be regraded include Cross Section 5000 towards the
northern end of the project area, as well as Cross Sections 4400 through 3800 which correspond to the
location of the proposed roadway crossing. The roadway crossing also included a 7.6-foot drop structure
upstream of the box culverts that has a 4:1 slope, riprap placed upstream of the drop and downstream
of the culverts, and wingwalls at the downstream end. Other improvements that were part of the Bent
Grass Residential Filing No. 2 Project include: a) a capture channel along the northern property line that
collects upstream flows and convey them into the tributary, b) off line detention ponds that will detain
flows coming from the subdivision offsite.

Hydraulic Analysis:

The pre-project condition hydraulic analysis utilized the previous “proposed” HEC-RAS model
from the approved floodplain permit to analyze the 100-year flood event in the existing channel and
associated improvements on the Bent Grass Residential Filing No. 2 property. The model boundary
condition was not changed from the effective condition model from 2003. In the study reach, a Manning’s
n value of 0.035 was used in the channel. Sections of the overbank that are to be grass lined during this
project were also assigned manning’s n values of 0.035, while undeveloped channel overbanks were
assigned a Manning’s n of 0.050 corresponding to the effective condition model. The Bent Grass
Meadows road crossing was modeled as a 16W’x6’H double barreled reinforced concrete box culvert.

The following changes were made to the pre-project condition model in order to evaluate the
100-year event associated with the post project condition:

1. Ancillary cross sections that were not close to proposed improvements were removed while
additional cross sections were cut closer to the improvements.

2. Flow lengths were reassigned to accommodate the changes in cross section configurations.

3. Cross sections 4100 and 4050 were replaced with the 16’Wx6’H double barreled reinforced

4. concrete box culvert and associated design road with both low and high chords.

5. Cross section geometries were revised to reflect the proposed grade within the Unnamed
Tributary to Black Squirrel Creek No. 2.

6. Cross sections were revised to better model and map back water areas.

7. Channel was extended to the south to Woodmen Road

POST PROJECT (PROPOSED) CONDITION:

Description of Improvements:

The Falcon Meadows at Bent Development includes three additional phases of single family
residential subdivisions, along the east and west sides of the existing channel. South of the Falcon
Meadows site, there are 3 additional parcels of land, which have future development planned. The
remaining entirety of the channel north of Woodmen Road, which has not previously been improved, will
regrade the existing channel from a natural channel to a grass lined earthen channel, with 11 drop
structures. The proposed earthen channel is shown on separate design drawings and is approximately
5 feet deep with 4:1 side slopes and lined with native grass seed. The alignment of the channel, once it
leaves the Falcon Meadows development, was shifted to the east, to allow larger and more useable
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tracts of land for future development, and not leaving “slivers” of unusable land along the east side of
the channel.

Hydraulic Analysis:

The post project condition hydraulic analysis utilized the pre-project HEC-RAS model to analyze
the 100-year flood event in the proposed channel and associated improvements thru the Unnamed
Tributary Channel, to Woodmen Road. The model boundary condition was not changed from the
effective condition model from 2003. In the study reach, a Manning’s n value of 0.035 was used in the
channel. Sections of the overbank that are to be grass lined during this project were also assigned
manning’s n values of 0.035, while undeveloped channel overbanks were assigned a Manning’s n of
0.050 corresponding to the effective condition model. Manning’s n values of 0.04 were used for the
channel section at the riprap drop structures and 0.045 at the drop structures overbank areas.

The following changes were made to the post-project condition model in order to evaluate the
100-year event associated with the post project condition:

1. Ancillary cross sections that were not close to proposed improvements were removed while
additional cross sections were cut closer to the improvements.

2. Flow lengths were reassigned to accommodate the changes in cross section configurations.

3. Cross section geometries were revised to reflect the proposed grade within the Unnamed
Tributary to Black Squirrel Creek No. 2.

4. Realignment of the offsite channel section, south of Falcon Meadows development, to allow for
more useable parcels of land available for development.

Conclusions:

Based on the results depicted on Figure 1 and Table 1 the following conclusions are drawn:

1. The 100-year water surface elevations are generally lower from the corrected to the
proposed condition.

2. The maximum increase of 0.3 is noted at Cross Section 4152, which is within the
maximum increase of 0.5 feet allowed by the State of Colorado.

3. The indicated rises in the 100-year water surface elevations do not impact any insurable
structures.

If you have any questions or comments about any of the information presented in this letter, please do
not hesitate to contact us.

Sincerely,
GALLOWAY

Scott Brown, PE
Project Manger
303-962-8522

06/30/2022
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Attachments:

A. Allowable Rise Certification

B. Table 1: Summary of Model Water Surface Elevations

C. Effective Firm Panel

D. Work Maps

E. Construction drawings

F. Corrected Model Results Table

G. Corrected Water Surface Profiles

H. Corrected Cross Sections

I. Pre-Project Model Results Table

J. Pre-Project Water Surface Profiles

K. Pre-Project Cross Sections

L. Post Project Model Results Table

M. Post Project Water Surface Profiles

N. Post Project Cross Sections

O. Cover Page of LOMR No.: 03-08-0385P

P. HEC-2 Output File From Effective Study
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Colorado Springs, CO 80920
719.900.7220 • GallowayUS.com

Allowable Rise Certification
I certify that I am a duly qualified registered Professional Engineer licensed in the state of
Colorado.

Using standard Engineering practice, I have evaluated the floodplain in the area of the proposed
project, and I have determined pre-project 100-year flood depths. I certify that the cumulative
effects of the proposed Bent Grass Residential Filing No. 2 Project as detailed in the associated
construction drawings will result in less than a half-foot rise in the 100-year flood elevations that
I have determined for Unnamed Tributary to Black Squirrel Creek No. 2 which is shown on FEMA
FIRM 08041C0553G.   This certification is intended as proof of meeting the requirements set forth
in the Federal Code 44CFR Chp. 1, 60.3.c.10.

I offer the following documentation in accordance with standard Engineering practice to support
my findings:

a)    The Effective Firm Panel

b) The Current Study

Scott Brown, PE
Project Manger
303-962-8522

06/30/2022



ATTACHMENT B
Table 1: Summary of Model Water Surface Elevations



Effective Corrected Existing Proposed Effective vs.
Corrected

Corrected
vs. Existing

Existing vs.
Proposed

N/A 6057 6057 -- 6973.7 6973.3 -- -0.4
N/A 6007 6007 -- 6973.2 6973.2 -- 0.0
N/A 5956 5956 -- 6973.1 6973.1 -- 0.0
N/A 5906 5906 -- 6972.9 6972.9 -- 0.0
N/A 5856 5856 -- 6972.7 6972.7 -- 0.0
N/A 5806 5806 -- 6972.5 6972.5 -- 0.0
N/A 5756 5756 -- 6972.3 6972.3 -- 0.0
N/A 5706 5706 -- 6972.2 6972.2 -- 0.0
N/A 5656 5656 -- 6972.0 6972.0 -- 0.0
N/A 5606 5606 -- 6971.8 6971.8 -- 0.0
N/A 5556 5556 -- 6971.6 6971.6 -- 0.0
N/A 5506 5506 -- 6971.4 6971.4 -- 0.0
N/A 5456 5456 -- 6971.2 6971.2 -- 0.0
N/A 5406 5406 -- 6971.0 6971.0 -- 0.0
N/A 5356 5356 -- 6970.8 6970.8 -- 0.0
N/A 5306 5306 -- 6970.5 6970.5 -- 0.0
N/A 5256 5256 -- 6970.3 6970.3 -- 0.0
N/A 5206 5206 -- 6970.0 6970.0 -- 0.0
N/A 5156 5156 -- 6969.7 6969.7 -- 0.0
N/A 5106 5106 -- 6969.2 6969.2 -- 0.0
N/A 5088 5088 -- 6968.8 6968.8 -- 0.0
N/A 5083 5083 -- 6968.4 6968.4 -- 0.0
N/A 5072 5072 -- 6965.8 6965.8 -- 0.0
N/A 5062 5062 -- 6964.0 6964.1 -- 0.1
N/A 5056 5056 -- 6964.0 6964.1 -- 0.1
N/A 5006 5006 -- 6963.8 6963.5 -- -0.4
N/A 4955 4955 -- 6962.7 6962.6 -- -0.1
4900 4900 4740 6960.8 6960.8 6957.4 0.0 -3.4
4850 4850 4690 6959.6 6959.6 6957.0 0.0 -2.6
4750 4750 4590 6957.6 6957.6 6954.0 0.0 -3.6
4650 4650 4489 6955.7 6955.7 6948.8 0.0 -6.9
4600 4600 4477 6954.1 6954.2 6949.0 0.0 -5.1

H 4550 4550 4440 6955 6954.0 6954.1 6948.9 -1.01 0.1 -5.2
4500 4500 4390 6952.6 6952.8 6948.7 0.2 -4.1
4400 4400 4289 6950.9 6949.1 6948.2 -1.8 -0.8
4300 4300 4167 6949.0 6948.3 6946.8 -0.7 -1.5
4250 4250 4152 6948.0 6943.1 6943.4 -4.9 0.3

4212.47 4136 -- 6943.7 6943.6 -- -0.1
4200 4200 4089 6946.6 6943.6 6943.6 -3.0 0.0

4151.92 4072 6943.4 6943.4 -- 0.0
4150 4150 4056 6946.1 6943.3 6943.3 -2.8 0.0
4050 4010.56 3931 6944.0 6939.9 6940.0 -4.1 0.0

4001.57 3923 -- 6940.3 6940.0 -- -0.2
4000 4000 3887 6942.8 6939.6 6939.5 -3.2 -0.1
3900 3900 3803 6940.4 6939.4 6935.9 -1.0 -3.4
3850 3850 3764 6939.4 6938.8 6935.7 -0.5 -3.1
3800 3800 3725 6938.4 6938.0 6935.5 -0.4 -2.4

G 3694 3694 3620 6936.8 6935.9 6935.5 6931.5 -0.9 -0.4 -4.0
3600 3600 3523 6934.1 6934.1 6931.2 0.0 -3.0
3500 3500 3375 6933.1 6933.1 6930.6 0.0 -2.5
3450 3450 3369 6932.2 6932.0 6930.3 -0.2 -1.6
3350 3350 3302 6930.3 6930.3 6925.7 0.0 -4.6

FEMA
Effective
Section

Differences

TABLE 1: SUMMARY OF MODEL WATER SURFACE ELEVATIONS

Existing
Stream
Station

Corresponding
Proposed

Stream Station

Corrected
Station

100 Year Water Surface Elevation (ft, NGVD29)



Effective Corrected Existing Proposed Effective vs.
Corrected

Corrected
vs. Existing

Existing vs.
Proposed

FEMA
Effective
Section

Differences
Existing
Stream
Station

Corresponding
Proposed

Stream Station

Corrected
Station

100 Year Water Surface Elevation (ft, NGVD29)

3300 3300 3237 6929.5 6929.5 6925.5 0.0 -4.0
3250 3250 3178 6928.7 6928.7 6925.3 0.0 -3.4
3200 3200 3130 6927.9 6927.9 6925.1 0.0 -2.8
3150 3150 3086 6926.8 6926.8 6924.9 0.0 -1.9
3100 3100 3050 6925.7 6925.6 6924.7 -0.1 -0.9
3050 3050 2994 6925.8 6925.7 6924.4 0.0 -1.3
3000 3000 2940 6924.9 6924.6 6924.0 -0.3 -0.6
2900 2900 2848 6923.1 6923.1 6920.2 0.0 -3.0
2800 2800 2741 6921.9 6921.9 6919.5 0.0 -2.4
2650 2650 2594 6919.1 6919.2 6915.6 0.1 -3.6

F 2605 2605 2544 6918.9 6918.1 6918.1 6915.4 -0.76 0.0 -2.7
2550 2550 2490 6916.4 6916.6 6915.2 0.2 -1.4
2500 2500 2407 6915.6 6915.9 6914.7 0.2 -1.2
2450 2450 2298 6915.0 6915.0 6910.6 0.0 -4.4
2400 2400 2290 6913.8 6913.8 6910.6 0.0 -3.2
2300 2300 2238 6911.7 6911.7 6910.3 0.0 -1.3
2200 2200 2142 6909.6 6909.6 6909.5 0.0 -0.2
2100 2100 2098 6906.9 6906.9 6905.9 0.0 -1.0
2000 2000 2039 6906.0 6906.0 6905.4 0.0 -0.6
1900 1900 1957 6904.6 6904.6 6904.9 0.0 0.2
1800 1800 1808 6903.2 6903.2 6902.0 0.0 -1.2
1700 1700 1712 6902.2 6902.2 6901.4 0.0 -0.8
1600 1600 1606 6900.9 6900.9 6900.9 0.0 -0.1

E 1517 1517 1498 6900.2 6899.0 6900.1 6899.9 -1.18 1.1 -0.2
1474 1474 -- 6899.3 6899.4 -- 0.1

1450 1453 1453 6898.9 6898.6 6898.4 -0.3 -0.2
1428 1428 -- 6898.1 6898.2 -- 0.0

1350 1386 1386 6897.4 6897.9 6898.0 0.5 0.1
1329 1329 -- 6897.0 6897.0 -- 0.0
1317 1317 -- 6894.0 6894.0 -- 0.0

1300 1286 1286 6893.6 6893.7 6893.7 0.1 0.0
1243 1243 -- 6893.4 6893.4 -- 0.0

1200 1179 1179 6892.1 6892.5 6892.5 0.4 0.0
1150 1169 1169 6890.9 6890.9 6890.9 0.0 0.0

1126 1126 -- 6890.8 6890.8 -- 0.0
1050 1050 1050 6890.7 6890.7 6890.7 0.1 0.0
1000 1000 1000 6888.6 6888.6 6888.6 0.0 0.0

Table 1: Comparative water surface table between the Effective, Corrected, Pre-Project, and Post Project Condition Models.
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ATTACHMENT F
Corrected Model Results Table



HEC-RAS  Plan: CE-Full   River: Existing Channel   Reach: East    Profile: 100-YR
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)
East 5100 100-YR 1450.00 6961.61 6965.44 6965.30 6966.52 0.011582 8.37 173.33 69.36 0.93
East 5000 100-YR 1450.00 6959.70 6964.44 6964.44 6965.25 0.008065 7.85 249.03 150.00 0.80
East 4900 100-YR 1450.00 6956.08 6960.79 6960.79 6961.95 0.013766 8.64 167.91 72.92 1.00
East 4850 100-YR 1450.00 6954.44 6959.57 6959.57 6960.85 0.011955 9.11 164.48 76.47 0.96
East 4750 100-YR 1450.00 6952.24 6957.61 6957.61 6958.64 0.009194 8.42 202.35 106.55 0.85
East 4650 100-YR 1450.00 6950.54 6955.69 6955.69 6956.99 0.009734 9.44 180.55 88.71 0.90
East 4600 100-YR 1450.00 6949.23 6954.14 6954.14 6955.50 0.011212 9.39 162.26 72.27 0.95
East 4550 100-YR 1450.00 6947.92 6953.99 6954.44 0.003636 5.85 299.78 108.98 0.55
East 4500 100-YR 1450.00 6947.69 6952.62 6952.62 6953.98 0.012698 9.36 156.36 63.97 0.99
East 4400 100-YR 1450.00 6944.96 6950.91 6950.91 6952.44 0.012996 9.93 145.97 48.16 1.01
East 4300 100-YR 1450.00 6943.79 6949.03 6949.03 6950.47 0.013076 9.63 150.65 52.85 1.01
East 4250 100-YR 1450.00 6942.82 6947.98 6947.98 6949.38 0.013214 9.48 152.90 55.39 1.01
East 4200 100-YR 1450.00 6941.68 6946.64 6946.50 6947.85 0.011256 8.82 165.69 68.05 0.93
East 4150 100-YR 1450.00 6941.65 6946.09 6946.09 6947.25 0.011968 8.69 172.72 93.27 0.95
East 4100 100-YR 1450.00 6940.48 6944.95 6945.73 0.006607 7.16 214.04 87.34 0.73
East 4050 100-YR 1450.00 6939.60 6944.04 6944.04 6945.24 0.012970 8.80 166.68 75.86 0.98
East 4000 100-YR 1450.00 6938.49 6942.81 6942.81 6943.97 0.013747 8.63 167.95 72.77 1.00
East 3900 100-YR 1482.00 6937.13 6940.40 6940.79 0.004893 4.97 298.20 137.20 0.59
East 3850 100-YR 1482.00 6935.31 6939.38 6939.38 6940.33 0.015218 7.83 189.31 102.79 1.02
East 3800 100-YR 1482.00 6934.35 6938.37 6938.37 6939.35 0.014818 7.97 185.87 95.62 1.01
East 3694 100-YR 1482.00 6931.87 6935.90 6935.35 6936.40 0.006339 5.66 261.92 120.28 0.68
East 3600 100-YR 1482.00 6930.58 6934.13 6934.13 6935.02 0.015261 7.59 195.27 111.20 1.01
East 3500 100-YR 1482.00 6928.81 6933.06 6933.53 0.004466 5.49 269.94 99.40 0.59
East 3450 100-YR 1482.00 6928.02 6932.16 6931.98 6933.14 0.011213 7.97 185.96 78.07 0.91
East 3350 100-YR 1482.00 6926.42 6930.26 6930.26 6931.20 0.014860 7.79 190.26 102.64 1.01
East 3300 100-YR 1482.00 6924.78 6929.52 6929.13 6930.36 0.008627 7.33 203.28 90.23 0.81
East 3250 100-YR 1482.00 6923.75 6928.65 6928.57 6929.81 0.012281 8.65 172.15 77.55 0.96
East 3200 100-YR 1482.00 6923.28 6927.89 6927.89 6929.18 0.012805 9.12 164.05 69.81 0.99
East 3150 100-YR 1482.00 6923.15 6926.80 6926.80 6928.02 0.011835 8.92 173.15 89.33 0.96
East 3100 100-YR 1482.00 6921.98 6925.73 6925.73 6926.80 0.010846 8.32 189.46 115.29 0.91
East 3050 100-YR 1482.00 6921.56 6925.75 6926.28 0.003812 5.90 276.01 119.52 0.56
East 3000 100-YR 1482.00 6920.57 6924.94 6924.94 6925.93 0.010696 8.09 198.14 120.81 0.90
East 2900 100-YR 1482.00 6919.31 6923.14 6923.14 6924.13 0.009679 8.40 217.59 125.92 0.87
East 2800 100-YR 1482.00 6917.16 6921.89 6921.89 6922.89 0.007415 8.47 228.01 129.53 0.79
East 2650 100-YR 1482.00 6913.71 6919.05 6919.05 6920.05 0.007453 8.52 233.99 140.11 0.79
East 2605 100-YR 1482.00 6912.90 6918.14 6918.14 6918.84 0.007050 7.18 291.71 257.53 0.74
East 2550 100-YR 1482.00 6912.38 6916.42 6916.42 6917.34 0.009885 8.11 231.50 159.50 0.87
East 2500 100-YR 1482.00 6911.54 6915.64 6915.64 6916.45 0.015320 7.20 205.95 127.95 1.00
East 2450 100-YR 1482.00 6910.62 6915.01 6915.01 6915.85 0.007581 7.87 249.73 150.00 0.78
East 2400 100-YR 1482.00 6907.81 6913.82 6913.82 6914.92 0.008446 8.64 206.08 128.30 0.83
East 2300 100-YR 1482.00 6908.18 6911.66 6911.66 6912.68 0.010513 8.50 214.19 134.14 0.90
East 2200 100-YR 1482.00 6906.18 6909.60 6909.60 6910.63 0.014373 8.16 181.72 89.13 1.01
East 2100 100-YR 1482.00 6903.79 6906.88 6906.88 6907.90 0.014545 8.13 182.20 90.63 1.01
East 2000 100-YR 1482.00 6902.93 6905.98 6906.57 0.007178 6.12 242.21 108.75 0.72
East 1900 100-YR 1482.00 6901.77 6904.63 6904.63 6905.54 0.014740 7.62 194.43 107.89 1.00
East 1800 100-YR 1482.00 6900.25 6903.16 6903.16 6904.07 0.014494 7.69 194.04 114.37 1.00
East 1700 100-YR 1482.00 6899.58 6902.20 6902.60 0.007757 5.09 291.31 183.38 0.71
East 1600 100-YR 1482.00 6898.29 6900.92 6900.92 6901.47 0.017393 5.95 249.03 232.59 1.00
East 1517 100-YR 1482.00 6897.37 6899.02 6899.02 6899.62 0.017218 6.20 238.99 203.41 1.01
East 1450 100-YR 1482.00 6896.35 6898.86 6898.89 0.000429 1.20 1144.29 467.39 0.17
East 1350 100-YR 1482.00 6893.53 6897.38 6897.38 6898.64 0.010449 9.83 200.13 97.33 0.93
East 1300 100-YR 1482.00 6889.13 6893.61 6893.53 6894.55 0.013276 7.75 191.17 94.56 0.96
East 1200 100-YR 1482.00 6888.27 6892.12 6892.12 6893.15 0.014656 8.14 182.05 88.89 1.00
East 1150 100-YR 1482.00 6885.25 6890.89 6891.02 0.000976 2.96 505.40 160.45 0.29
East 1050 100-YR 1482.00 6884.18 6890.69 6890.91 0.001169 3.75 395.65 94.20 0.32
East 1000 100-YR 1482.00 6883.33 6888.64 6888.64 6890.60 0.012887 11.22 132.13 34.10 1.00

1



ATTACHMENT G
Corrected Water Surface Profiles
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ATTACHMENT H
Corrected Cross Sections



0 20 40 60 80 100 120 140 160
6960

6962

6964

6966

6968

6970

6972

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 5100

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .035

0 20 40 60 80 100 120 140 160
6959

6960

6961

6962

6963

6964

6965

6966

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 5000

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6956

6958

6960

6962

6964

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4900

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6954

6956

6958

6960

6962

6964

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4850

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

1



0 20 40 60 80 100 120 140 160
6952

6953

6954

6955

6956

6957

6958

6959

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4750

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140
6950

6951

6952

6953

6954

6955

6956

6957

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4650

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6949

6950

6951

6952

6953

6954

6955

6956

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4600

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

-50 0 50 100 150 200
6946

6948

6950

6952

6954

6956

6958

6960

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4550

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.05 .035 .05

2



0 20 40 60 80 100 120 140
6946

6948

6950

6952

6954

6956

6958

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4500

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6944

6946

6948

6950

6952

6954

6956

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4400

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6942

6944

6946

6948

6950

6952

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4300

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6942

6943

6944

6945

6946

6947

6948

6949

6950

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4250

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

3



0 20 40 60 80 100 120 140 160
6941

6942

6943

6944

6945

6946

6947

6948

6949

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4200

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6941

6942

6943

6944

6945

6946

6947

6948

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4150

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140
6940

6941

6942

6943

6944

6945

6946

6947

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4100

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140
6939

6940

6941

6942

6943

6944

6945

6946

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4050

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

4



0 20 40 60 80 100 120 140 160
6938

6939

6940

6941

6942

6943

6944

6945

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 4000

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.
0
5

.035 .05

0 50 100 150 200
6937

6938

6939

6940

6941

6942

6943

6944

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3900

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.
0
5

.035 .05

0 20 40 60 80 100 120 140 160 180
6935

6936

6937

6938

6939

6940

6941

6942

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3850

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.
0
5

.035 .
0
5

0 20 40 60 80 100 120 140
6934

6935

6936

6937

6938

6939

6940

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3800

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .
0
5

5



0 100 200 300 400 500 600
6930

6932

6934

6936

6938

6940

6942

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3694

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 50 100 150 200
6930

6931

6932

6933

6934

6935

6936

6937

6938

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3600

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.035 .05

0 20 40 60 80 100 120 140 160
6928

6929

6930

6931

6932

6933

6934

6935

6936

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3500

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.05 .035 .
0
5

0 20 40 60 80 100 120 140 160
6928

6929

6930

6931

6932

6933

6934

6935

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3450

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

6



0 20 40 60 80 100 120 140 160 180
6926

6927

6928

6929

6930

6931

6932

6933

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3350

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .
0
5

0 50 100 150 200
6924

6925

6926

6927

6928

6929

6930

6931

6932

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3300

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160 180
6923

6924

6925

6926

6927

6928

6929

6930

6931

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3250

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6923

6924

6925

6926

6927

6928

6929

6930

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3200

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

7



0 20 40 60 80 100 120 140 160
6923

6924

6925

6926

6927

6928

6929

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3150

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6921

6922

6923

6924

6925

6926

6927

6928

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3100

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6921

6922

6923

6924

6925

6926

6927

6928

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3050

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6920

6921

6922

6923

6924

6925

6926

6927

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 3000

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

8



0 50 100 150 200
6919

6920

6921

6922

6923

6924

6925

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2900

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6917

6918

6919

6920

6921

6922

6923

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2800

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6913

6914

6915

6916

6917

6918

6919

6920

6921

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2650

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 100 200 300 400 500 600 700
6912

6913

6914

6915

6916

6917

6918

6919

6920

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2605

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

9



0 50 100 150 200 250
6912

6913

6914

6915

6916

6917

6918

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2550

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 50 100 150 200
6911

6912

6913

6914

6915

6916

6917

6918

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2500

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .
0
5

0 20 40 60 80 100 120 140 160
6910

6911

6912

6913

6914

6915

6916

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2450

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6907

6908

6909

6910

6911

6912

6913

6914

6915

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2400

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

10



0 50 100 150 200 250
6908

6909

6910

6911

6912

6913

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2300

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6906

6907

6908

6909

6910

6911

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2200

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.
0
5

.035 .05

0 20 40 60 80 100 120 140 160
6903

6904

6905

6906

6907

6908

6909

6910

6911

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2100

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.
0
5

.035 .05

0 20 40 60 80 100 120 140 160
6902

6903

6904

6905

6906

6907

6908

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 2000

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.05 .035 .05

11



0 50 100 150 200
6901

6902

6903

6904

6905

6906

6907

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1900

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6900

6901

6902

6903

6904

6905

6906

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1800

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 50 100 150 200 250 300
6899

6900

6901

6902

6903

6904

6905

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1700

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.
0
5

.035 .05

0 50 100 150 200 250 300
6898.0

6898.5

6899.0

6899.5

6900.0

6900.5

6901.0

6901.5

6902.0

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1600

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.
0
5

.035 .
0
5

12



200 300 400 500 600 700 800
6897.0

6897.5

6898.0

6898.5

6899.0

6899.5

6900.0

6900.5

6901.0

6901.5

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1517

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.
0
5

.035 .05

-400 -300 -200 -100 0 100 200 300 400
6892

6894

6896

6898

6900

6902

6904

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1450

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.05 .035 .
0
5

0 20 40 60 80 100 120 140 160
6893

6894

6895

6896

6897

6898

6899

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1350

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6889

6890

6891

6892

6893

6894

6895

6896

6897

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1300

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

13



0 20 40 60 80 100 120 140 160
6888

6889

6890

6891

6892

6893

6894

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1200

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

0 50 100 150 200
6884

6886

6888

6890

6892

6894

6896

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1150

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.
0
5

.035 .
0
5

0 20 40 60 80 100 120 140 160 180
6884

6886

6888

6890

6892

6894

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1050

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Ground

Bank Sta

.05 .035 .05

0 20 40 60 80 100 120 140 160
6882

6884

6886

6888

6890

6892

6894

CLH23_Exist&CE       Plan: CE-Full    12/22/2021
River = Existing Channel   Reach = East      RS = 1000

Station (ft)

El
ev

at
io

n
(ft

)

Legend

EG 100-YR

WS 100-YR

Crit 100-YR

Ground

Bank Sta

.05 .035 .05

14



ATTACHMENT I
Pre-Project Model Results Table



HEC-RAS  Plan: Pre   River: UT_BSC2   Reach: NCONFL-BGM    Profile: 100-YR
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)
NCONFL-BGM 6057 100-YR 1000.00 6969.55 6973.72 6973.72 6975.04 0.018034 9.22 108.42 41.89 1.01
NCONFL-BGM 6007 100-YR 1000.00 6968.59 6973.23 6973.59 0.003560 4.83 206.96 63.16 0.47
NCONFL-BGM 5956 100-YR 1000.00 6968.41 6973.05 6973.42 0.003569 4.84 206.71 63.08 0.47
NCONFL-BGM 5906 100-YR 1000.00 6968.23 6972.88 6973.24 0.003560 4.83 206.93 63.14 0.47
NCONFL-BGM 5856 100-YR 1000.00 6968.06 6972.69 6973.06 0.003587 4.85 206.37 63.07 0.47
NCONFL-BGM 5806 100-YR 1000.00 6967.88 6972.51 6972.88 0.003593 4.85 206.26 63.05 0.47
NCONFL-BGM 5756 100-YR 1000.00 6967.71 6972.33 6972.70 0.003627 4.86 205.57 62.97 0.47
NCONFL-BGM 5706 100-YR 1000.00 6967.53 6972.15 6972.52 0.003639 4.87 205.30 62.93 0.48
NCONFL-BGM 5656 100-YR 1000.00 6967.36 6971.96 6972.33 0.003679 4.89 204.50 62.84 0.48
NCONFL-BGM 5606 100-YR 1000.00 6967.18 6971.78 6972.15 0.003714 4.91 203.80 62.74 0.48
NCONFL-BGM 5556 100-YR 1000.00 6967.01 6971.58 6971.96 0.003780 4.94 202.53 62.58 0.48
NCONFL-BGM 5506 100-YR 1000.00 6966.83 6971.39 6971.77 0.003827 4.96 201.62 62.46 0.49
NCONFL-BGM 5456 100-YR 1000.00 6966.66 6971.19 6971.58 0.003926 5.01 199.78 62.23 0.49
NCONFL-BGM 5406 100-YR 1000.00 6966.48 6970.98 6971.38 0.004028 5.05 197.92 61.98 0.50
NCONFL-BGM 5356 100-YR 1000.00 6966.31 6970.76 6971.17 0.004186 5.12 195.23 61.65 0.51
NCONFL-BGM 5306 100-YR 1000.00 6966.13 6970.54 6970.96 0.004370 5.20 192.23 61.51 0.52
NCONFL-BGM 5256 100-YR 1000.00 6965.96 6970.29 6970.73 0.004680 5.33 187.54 60.64 0.53
NCONFL-BGM 5206 100-YR 1000.00 6965.78 6970.01 6970.48 0.005121 5.51 181.57 59.85 0.56
NCONFL-BGM 5156 100-YR 1000.00 6965.61 6969.67 6970.20 0.006003 5.83 171.53 58.50 0.60
NCONFL-BGM 5106 100-YR 1000.00 6965.43 6969.18 6969.84 0.008144 6.50 153.79 56.00 0.69
NCONFL-BGM 5088 100-YR 1000.00 6965.37 6968.83 6968.41 6969.65 0.011018 7.24 138.13 53.75 0.80
NCONFL-BGM 5083 100-YR 1000.00 6965.35 6968.38 6968.38 6969.54 0.018231 8.65 115.56 50.25 1.01
NCONFL-BGM 5072 100-YR 1000.00 6962.72 6965.75 6965.75 6966.92 0.018224 8.65 115.58 50.25 1.01
NCONFL-BGM 5062 100-YR 1000.00 6960.10 6964.00 6964.60 0.007164 6.22 160.71 56.76 0.65
NCONFL-BGM 5056 100-YR 1000.00 6960.08 6963.97 6964.56 0.007096 6.19 161.57 57.13 0.65
NCONFL-BGM 5006 100-YR 1000.00 6959.90 6963.81 6964.19 0.005112 5.27 230.73 127.77 0.55
NCONFL-BGM 4955 100-YR 1000.00 6959.72 6962.68 6962.68 6963.66 0.019315 7.93 126.09 65.58 1.01
NCONFL-BGM 4900 100-YR 1450.00 6956.08 6960.79 6960.79 6961.95 0.013751 8.63 167.98 72.94 1.00
NCONFL-BGM 4850 100-YR 1450.00 6954.44 6959.58 6959.58 6960.85 0.011886 9.09 164.84 76.61 0.96
NCONFL-BGM 4750 100-YR 1450.00 6952.25 6957.61 6957.61 6958.68 0.009513 8.52 197.20 106.64 0.87
NCONFL-BGM 4650 100-YR 1450.00 6950.54 6955.70 6955.70 6956.99 0.009615 9.40 181.50 89.06 0.89
NCONFL-BGM 4600 100-YR 1450.00 6949.23 6954.15 6954.15 6955.50 0.011109 9.36 162.85 72.45 0.94
NCONFL-BGM 4550 100-YR 1450.00 6947.92 6954.07 6953.08 6954.72 0.004367 6.54 245.57 120.32 0.61
NCONFL-BGM 4500 100-YR 1450.00 6947.90 6952.81 6952.81 6954.22 0.012766 9.55 152.99 63.02 0.99
NCONFL-BGM 4400 100-YR 1450.00 6945.00 6949.07 6948.94 6950.40 0.011001 9.29 158.71 56.31 0.94
NCONFL-BGM 4300 100-YR 1450.00 6944.70 6948.29 6947.84 6949.23 0.007971 7.78 188.38 66.98 0.80
NCONFL-BGM 4275 100-YR 1450.00 6944.60 6947.78 6947.78 6949.05 0.013610 9.03 160.56 64.47 1.01
NCONFL-BGM 4250 100-YR 1450.00 6939.95 6943.08 6943.08 6944.38 0.012851 9.19 159.61 63.34 0.99
NCONFL-BGM 4212.47 100-YR 1450.00 6937.01 6943.68 6943.85 0.000760 3.40 443.50 98.79 0.27
NCONFL-BGM 4200 100-YR 1450.00 6936.87 6943.62 6943.82 0.000677 3.55 408.59 108.11 0.26
NCONFL-BGM 4151.92 100-YR 1450.00 6936.82 6943.43 6943.79 0.001073 4.84 299.84 90.43 0.33
NCONFL-BGM 4150 100-YR 1450.00 6936.78 6943.33 6940.13 6943.76 0.000177 5.31 276.92 83.75 0.37
NCONFL-BGM 4073 Culvert
NCONFL-BGM 4010.56 100-YR 1450.00 6936.40 6939.94 6939.76 6941.45 0.001399 9.87 149.14 42.54 0.93
NCONFL-BGM 4001.57 100-YR 1450.00 6936.38 6940.28 6941.06 0.005502 7.09 205.72 68.34 0.68
NCONFL-BGM 4000 100-YR 1450.00 6936.28 6939.59 6939.45 6940.73 0.011364 8.54 169.70 79.70 0.93
NCONFL-BGM 3900 100-YR 1450.00 6936.02 6939.36 6939.87 0.005695 5.75 257.56 122.54 0.65
NCONFL-BGM 3850 100-YR 1450.00 6935.31 6938.84 6939.51 0.008202 6.58 220.49 97.40 0.77
NCONFL-BGM 3800 100-YR 1450.00 6934.35 6937.95 6937.95 6938.94 0.014759 7.95 182.42 94.05 1.01
NCONFL-BGM 3694 100-YR 1482.00 6931.81 6935.53 6935.35 6936.24 0.010872 6.76 219.11 115.41 0.87
NCONFL-BGM 3600 100-YR 1482.00 6930.58 6934.13 6934.13 6935.02 0.015245 7.59 195.35 111.22 1.01
NCONFL-BGM 3500 100-YR 1482.00 6928.80 6933.06 6933.52 0.004225 5.39 274.81 99.77 0.57
NCONFL-BGM 3450 100-YR 1482.00 6927.99 6931.95 6931.95 6933.09 0.013780 8.59 172.56 75.61 1.00
NCONFL-BGM 3350 100-YR 1482.00 6926.42 6930.26 6930.26 6931.20 0.014757 7.76 190.87 102.92 1.01
NCONFL-BGM 3300 100-YR 1482.00 6924.78 6929.52 6929.14 6930.36 0.008680 7.34 202.85 89.96 0.81
NCONFL-BGM 3250 100-YR 1482.00 6923.75 6928.66 6928.57 6929.81 0.012179 8.63 172.72 77.97 0.96
NCONFL-BGM 3200 100-YR 1482.00 6923.28 6927.88 6927.88 6929.18 0.012816 9.12 164.00 69.79 0.99
NCONFL-BGM 3150 100-YR 1482.00 6923.15 6926.80 6926.80 6928.02 0.011701 8.89 173.92 89.73 0.95
NCONFL-BGM 3100 100-YR 1482.00 6921.99 6925.61 6925.61 6926.83 0.013162 8.86 168.32 77.51 0.99
NCONFL-BGM 3050 100-YR 1482.00 6921.38 6925.73 6926.31 0.004324 6.12 250.03 97.99 0.60
NCONFL-BGM 3000 100-YR 1482.00 6920.36 6924.59 6924.59 6925.73 0.013102 9.05 198.96 133.53 1.00
NCONFL-BGM 2900 100-YR 1482.00 6919.31 6923.13 6923.13 6924.13 0.009768 8.43 216.67 125.57 0.88
NCONFL-BGM 2800 100-YR 1482.00 6917.18 6921.86 6921.86 6922.91 0.007828 8.65 224.60 139.68 0.81
NCONFL-BGM 2650 100-YR 1482.00 6913.71 6919.18 6919.18 6919.89 0.005569 7.53 323.45 268.13 0.69
NCONFL-BGM 2605 100-YR 1482.00 6912.88 6918.10 6918.10 6918.83 0.006506 7.36 295.36 255.68 0.72
NCONFL-BGM 2550 100-YR 1482.00 6912.38 6916.58 6916.58 6917.36 0.008613 7.70 256.77 166.76 0.82
NCONFL-BGM 2500 100-YR 1482.00 6911.54 6915.86 6915.86 6916.81 0.008681 8.47 234.75 140.20 0.84
NCONFL-BGM 2450 100-YR 1482.00 6910.68 6915.01 6915.01 6915.97 0.008539 8.28 225.43 138.27 0.83
NCONFL-BGM 2400 100-YR 1482.00 6907.81 6913.81 6913.81 6914.92 0.008583 8.69 204.38 127.31 0.83
NCONFL-BGM 2300 100-YR 1482.00 6908.18 6911.66 6911.66 6912.68 0.010554 8.51 213.90 134.11 0.91
NCONFL-BGM 2200 100-YR 1482.00 6906.18 6909.60 6909.60 6910.63 0.014318 8.14 181.98 89.19 1.01
NCONFL-BGM 2100 100-YR 1482.00 6903.79 6906.88 6906.88 6907.90 0.014434 8.11 182.69 90.71 1.01
NCONFL-BGM 2000 100-YR 1482.00 6902.93 6905.98 6906.56 0.007214 6.13 241.81 108.71 0.72
NCONFL-BGM 1900 100-YR 1482.00 6901.77 6904.64 6904.63 6905.54 0.014585 7.59 195.23 108.14 1.00
NCONFL-BGM 1800 100-YR 1482.00 6900.25 6903.16 6903.16 6904.08 0.014520 7.69 193.61 114.37 1.00
NCONFL-BGM 1700 100-YR 1482.00 6899.58 6902.20 6902.60 0.007750 5.09 291.40 183.40 0.71
NCONFL-BGM 1600 100-YR 1482.00 6898.29 6900.92 6900.92 6901.47 0.017355 5.95 249.16 229.12 1.00
NCONFL-BGM 1517 100-YR 1482.00 6897.37 6900.13 6900.27 0.001829 3.03 500.36 256.40 0.36
NCONFL-BGM 1474     Ex. Drop Crest 100-YR 1482.00 6897.10 6899.26 6899.26 6900.02 0.020626 7.00 211.81 142.62 1.01
NCONFL-BGM 1453     Ex. Drop Toe 100-YR 1482.00 6893.69 6898.55 6899.01 0.008216 5.44 272.58 125.01 0.65
NCONFL-BGM 1428 100-YR 1482.00 6893.40 6898.10 6898.75 0.011000 6.47 228.90 128.68 0.86
NCONFL-BGM 1386 100-YR 1482.00 6892.51 6897.90 6898.33 0.006512 5.25 282.47 152.05 0.67
NCONFL-BGM 1329     Ex. Drop Top 100-YR 1482.00 6892.85 6896.96 6896.96 6897.79 0.012085 7.39 212.91 149.10 0.92
NCONFL-BGM 1317     Ex. Drop Toe 100-YR 1482.00 6889.26 6893.98 6893.75 6894.80 0.010956 7.27 203.73 96.01 0.88
NCONFL-BGM 1286 100-YR 1482.00 6889.05 6893.72 6894.45 0.009902 6.82 217.37 104.86 0.83
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HEC-RAS  Plan: Pre   River: UT_BSC2   Reach: NCONFL-BGM    Profile: 100-YR (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)
NCONFL-BGM 1243 100-YR 1482.00 6888.75 6893.35 6893.02 6894.03 0.009078 6.59 224.85 106.90 0.80
NCONFL-BGM 1179     Ex. Drop Top 100-YR 1482.00 6888.12 6892.48 6892.48 6893.27 0.015379 7.15 207.16 129.58 1.00
NCONFL-BGM 1169     Ex. Drop Toe 100-YR 1482.00 6885.50 6890.87 6890.98 0.000817 2.66 563.25 192.89 0.26
NCONFL-BGM 1126 100-YR 1482.00 6885.05 6890.81 6890.94 0.000843 2.96 510.34 157.18 0.27
NCONFL-BGM 1050 100-YR 1482.00 6884.24 6890.74 6890.88 0.000796 2.94 503.45 129.74 0.26
NCONFL-BGM 1000 100-YR 1482.00 6883.33 6888.64 6888.64 6890.60 0.012887 11.22 132.13 34.10 1.00
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ATTACHMENT J
Pre-Project Water Surface Profiles
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ATTACHMENT K
Pre-Project Cross Sections
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ATTACHMENT L
Post Project Model Results Table



HEC-RAS  Plan: Post   River: BG-Full   Reach: Channel-Rev Stat    Profile: PF 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 Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft)
Channel-Rev Stat 6057 PF 1 1000.00 6969.00 6973.28 6973.93 0.007304 6.78 159.55 54.75 0.67 1.3
Channel-Rev Stat 6007 PF 1 1000.00 6968.59 6973.23 6973.59 0.003560 4.83 206.96 63.16 0.47 0.7
Channel-Rev Stat 5956 PF 1 1000.00 6968.41 6973.05 6973.42 0.003569 4.84 206.71 63.08 0.47 0.7
Channel-Rev Stat 5906 PF 1 1000.00 6968.23 6972.88 6973.24 0.003560 4.83 206.93 63.14 0.47 0.7
Channel-Rev Stat 5856 PF 1 1000.00 6968.06 6972.69 6973.06 0.003587 4.85 206.37 63.07 0.47 0.7
Channel-Rev Stat 5806 PF 1 1000.00 6967.88 6972.51 6972.88 0.003593 4.85 206.26 63.05 0.47 0.7
Channel-Rev Stat 5756 PF 1 1000.00 6967.71 6972.33 6972.70 0.003627 4.86 205.57 62.97 0.47 0.7
Channel-Rev Stat 5706 PF 1 1000.00 6967.53 6972.15 6972.52 0.003639 4.87 205.30 62.93 0.48 0.7
Channel-Rev Stat 5656 PF 1 1000.00 6967.36 6971.96 6972.33 0.003679 4.89 204.50 62.84 0.48 0.7
Channel-Rev Stat 5606 PF 1 1000.00 6967.18 6971.78 6972.15 0.003714 4.91 203.80 62.74 0.48 0.7
Channel-Rev Stat 5556 PF 1 1000.00 6967.01 6971.58 6971.96 0.003780 4.94 202.53 62.58 0.48 0.8
Channel-Rev Stat 5506 PF 1 1000.00 6966.83 6971.39 6971.77 0.003827 4.96 201.62 62.46 0.49 0.8
Channel-Rev Stat 5456 PF 1 1000.00 6966.66 6971.19 6971.58 0.003926 5.01 199.78 62.23 0.49 0.8
Channel-Rev Stat 5406 PF 1 1000.00 6966.48 6970.98 6971.38 0.004028 5.05 197.92 61.98 0.50 0.8
Channel-Rev Stat 5356 PF 1 1000.00 6966.31 6970.76 6971.17 0.004186 5.12 195.23 61.65 0.51 0.8
Channel-Rev Stat 5306 PF 1 1000.00 6966.13 6970.54 6970.96 0.004370 5.20 192.23 61.51 0.52 0.8
Channel-Rev Stat 5256 PF 1 1000.00 6965.96 6970.29 6970.73 0.004685 5.33 187.48 60.63 0.53 0.9
Channel-Rev Stat 5206 PF 1 1000.00 6965.78 6970.01 6970.48 0.005126 5.51 181.51 59.84 0.56 1.0
Channel-Rev Stat 5156 PF 1 1000.00 6965.61 6969.67 6970.20 0.006005 5.83 171.50 58.49 0.60 1.1
Channel-Rev Stat 5106 PF 1 1000.00 6965.43 6969.18 6969.84 0.008140 6.50 153.81 56.01 0.69 1.4
Channel-Rev Stat 5088     Ex. Drop Crest PF 1 1000.00 6965.37 6968.84 6968.40 6969.65 0.010977 7.23 138.31 53.77 0.79 1.7
Channel-Rev Stat 5083 PF 1 1000.00 6965.35 6968.38 6968.38 6969.55 0.018331 8.67 115.34 50.21 1.01 2.6
Channel-Rev Stat 5072 PF 1 1000.00 6962.72 6965.76 6965.76 6966.92 0.018115 8.63 115.82 50.29 1.00 2.6
Channel-Rev Stat 5062     Ex. Drop Toe PF 1 1000.00 6960.10 6964.09 6964.66 0.006549 6.03 165.95 57.49 0.63 1.2
Channel-Rev Stat 5056 PF 1 1000.00 6960.08 6964.06 6964.62 0.006486 5.99 166.85 57.86 0.62 1.1
Channel-Rev Stat 5006 PF 1 1000.00 6959.78 6963.46 6962.90 6964.21 0.009775 6.92 144.54 54.95 0.75 1.6
Channel-Rev Stat 4955     End Ex. Imp. PF 1 1000.00 6959.62 6962.57 6962.57 6963.51 0.019509 7.79 128.32 69.07 1.01 2.2
Channel-Rev Stat 4833     Begin Prop. Imp. PF 1 1000.00 6958.00 6961.75 6962.28 0.005432 5.85 170.95 65.97 0.64 0.9
Channel-Rev Stat 4817 PF 1 1000.00 6957.95 6961.62 6962.18 0.005918 6.02 166.00 65.38 0.67 0.9
Channel-Rev Stat 4794 PF 1 1000.00 6957.88 6961.30 6961.99 0.010389 6.67 150.00 63.40 0.76 1.5
Channel-Rev Stat 4789 PF 1 1000.00 6957.86 6961.21 6961.95 0.011458 6.90 145.03 62.73 0.80 1.6
Channel-Rev Stat 4788 PF 1 1000.00 6957.86 6961.19 6960.84 6961.94 0.011714 6.95 143.98 62.63 0.81 1.7
Channel-Rev Stat 4785     Drop 1 Crest PF 1 1000.00 6957.84 6960.82 6960.82 6961.86 0.018850 8.16 122.50 59.78 1.01 2.4
Channel-Rev Stat 4784 PF 1 1000.00 6957.63 6960.61 6960.61 6961.65 0.018962 8.20 121.92 59.30 1.01 2.4
Channel-Rev Stat 4768 PF 1 1000.00 6953.64 6957.72 6958.18 0.005077 5.43 184.28 61.50 0.55 0.9
Channel-Rev Stat 4765     Drop 1 Toe PF 1 1000.00 6952.97 6957.83 6958.12 0.002580 4.34 230.57 64.56 0.40 0.6
Channel-Rev Stat 4756 PF 1 1000.00 6952.83 6957.84 6958.09 0.001686 4.07 245.76 67.32 0.38 0.4
Channel-Rev Stat 4740 PF 1 1450.00 6952.78 6957.35 6958.01 0.005061 6.50 223.19 69.55 0.64 1.0
Channel-Rev Stat 4735 PF 1 1450.00 6952.76 6957.33 6957.98 0.005031 6.47 224.03 69.92 0.64 1.0
Channel-Rev Stat 4731 PF 1 1450.00 6952.75 6957.31 6957.96 0.005060 6.47 224.07 70.27 0.64 1.0
Channel-Rev Stat 4690 PF 1 1450.00 6952.63 6957.03 6957.73 0.005798 6.71 216.18 71.25 0.68 1.1
Channel-Rev Stat 4672 PF 1 1450.00 6952.58 6956.87 6957.62 0.006472 6.97 208.01 70.32 0.71 1.2
Channel-Rev Stat 4655 PF 1 1450.00 6952.52 6956.66 6957.50 0.007504 7.34 197.58 69.09 0.77 1.3
Channel-Rev Stat 4649 PF 1 1450.00 6952.51 6956.53 6957.44 0.011075 7.65 189.46 68.21 0.81 1.9
Channel-Rev Stat 4645 PF 1 1450.00 6952.49 6956.44 6957.40 0.012071 7.89 183.87 67.52 0.84 2.0
Channel-Rev Stat 4644 PF 1 1450.00 6952.49 6956.40 6956.09 6957.39 0.012530 7.99 181.50 67.22 0.86 2.1
Channel-Rev Stat 4640     Drop 2 Crest PF 1 1450.00 6952.41 6956.05 6956.05 6957.31 0.017791 9.01 160.96 64.77 1.01 2.7
Channel-Rev Stat 4629     Drop 2 Toe PF 1 1450.00 6949.60 6954.09 6954.82 0.007313 6.85 211.66 65.50 0.67 1.4
Channel-Rev Stat 4616 PF 1 1450.00 6949.45 6954.08 6954.71 0.004800 6.36 227.81 70.38 0.62 1.0
Channel-Rev Stat 4604 PF 1 1450.00 6949.41 6954.03 6954.65 0.004810 6.33 228.98 71.40 0.62 0.9
Channel-Rev Stat 4595 PF 1 1450.00 6949.38 6953.98 6954.61 0.004877 6.33 229.12 72.36 0.63 0.9
Channel-Rev Stat 4590 PF 1 1450.00 6949.37 6953.96 6954.58 0.004892 6.32 229.37 72.74 0.63 0.9
Channel-Rev Stat 4557 PF 1 1450.00 6949.27 6953.73 6954.41 0.005509 6.59 220.04 71.68 0.66 1.0
Channel-Rev Stat 4539 PF 1 1450.00 6949.22 6953.57 6954.30 0.006088 6.82 212.53 70.87 0.69 1.1
Channel-Rev Stat 4537 PF 1 1450.00 6949.21 6953.56 6954.28 0.006129 6.84 211.98 70.76 0.70 1.1
Channel-Rev Stat 4515 PF 1 1450.00 6949.14 6953.22 6954.09 0.010460 7.51 193.19 68.59 0.79 1.8
Channel-Rev Stat 4512 PF 1 1450.00 6949.14 6953.15 6954.07 0.011216 7.69 188.58 68.06 0.81 1.9
Channel-Rev Stat 4510 PF 1 1450.00 6949.13 6953.09 6952.72 6954.04 0.011810 7.83 185.27 67.69 0.83 2.0
Channel-Rev Stat 4508     Drop 3 Crest PF 1 1450.00 6949.12 6952.72 6952.72 6953.98 0.017737 9.00 161.05 64.76 1.01 2.7
Channel-Rev Stat 4505 PF 1 1450.00 6948.63 6952.25 6952.25 6953.52 0.017667 9.04 160.35 63.81 1.01 2.7
Channel-Rev Stat 4489     Drop 3 Toe PF 1 1450.00 6944.63 6948.84 6949.74 0.009590 7.61 190.62 61.65 0.76 1.8
Channel-Rev Stat 4477 PF 1 1450.00 6944.09 6949.00 6949.57 0.003869 6.07 238.96 67.08 0.57 0.8
Channel-Rev Stat 4457 PF 1 1450.00 6944.03 6948.96 6949.48 0.003681 5.82 249.14 72.03 0.55 0.8
Channel-Rev Stat 4453 PF 1 1450.00 6944.02 6948.94 6949.47 0.003699 5.80 249.81 72.85 0.55 0.8
Channel-Rev Stat 4440 PF 1 1450.00 6943.98 6948.91 6949.41 0.003643 5.70 254.27 75.40 0.55 0.8
Channel-Rev Stat 4390 PF 1 1450.00 6943.83 6948.70 6949.22 0.003809 5.79 250.31 74.99 0.56 0.8
Channel-Rev Stat 4339 PF 1 1450.00 6943.68 6948.48 6949.03 0.004038 5.91 245.27 74.44 0.57 0.8
Channel-Rev Stat 4289 PF 1 1450.00 6943.53 6948.24 6948.82 0.004390 6.09 238.17 73.65 0.60 0.9
Channel-Rev Stat 4239 PF 1 1450.00 6943.38 6947.96 6948.58 0.004934 6.34 228.76 72.70 0.63 1.0
Channel-Rev Stat 4189 PF 1 1450.00 6943.23 6947.55 6948.29 0.006304 6.91 209.92 70.51 0.71 1.2
Channel-Rev Stat 4183 PF 1 1450.00 6943.21 6947.48 6948.24 0.006499 6.97 208.00 70.54 0.72 1.2
Channel-Rev Stat 4167     Ex. Drop Crest PF 1 1450.00 6943.16 6946.75 6946.75 6948.02 0.022504 9.01 160.92 64.74 1.01 3.4
Channel-Rev Stat 4152 PF 1 1450.00 6940.35 6943.35 6943.35 6944.58 0.022503 8.88 163.28 67.36 1.01 3.4
Channel-Rev Stat 4136     Ex. Drop Toe PF 1 1450.00 6937.01 6943.62 6943.81 0.000798 3.48 416.55 98.86 0.27 0.2
Channel-Rev Stat 4089 PF 1 1450.00 6936.87 6943.62 6943.80 0.000086 3.47 417.86 121.95 0.25 0.0
Channel-Rev Stat 4072 PF 1 1450.00 6936.83 6943.42 6943.78 0.000150 4.86 298.52 102.52 0.34 0.1
Channel-Rev Stat 4056 PF 1 1450.00 6936.78 6943.34 6940.11 6943.76 0.000184 5.23 277.42 83.87 0.36 0.1
Channel-Rev Stat 3992     BG Meadows Dr Culvert
Channel-Rev Stat 3931 PF 1 1450.00 6936.40 6939.95 6939.95 6941.75 0.015441 10.74 134.95 42.55 1.01 3.4
Channel-Rev Stat 3923 PF 1 1450.00 6936.38 6940.04 6939.63 6941.30 0.013664 9.01 161.00 59.83 0.84 3.0
Channel-Rev Stat 3887     Drop 4 Crest PF 1 1482.00 6936.26 6939.46 6939.46 6940.76 0.017586 9.13 162.31 63.53 1.01 2.8
Channel-Rev Stat 3867     Drop 4 Toe PF 1 1482.00 6931.40 6936.14 6936.82 0.006175 6.61 224.10 64.09 0.62 1.3
Channel-Rev Stat 3837 PF 1 1482.00 6931.18 6936.05 6936.62 0.004157 6.07 244.17 72.70 0.58 0.9
Channel-Rev Stat 3803 PF 1 1482.00 6931.08 6935.92 6936.47 0.004107 5.99 247.57 74.68 0.58 0.8
Channel-Rev Stat 3764 PF 1 1482.00 6930.96 6935.73 6936.31 0.004372 6.12 242.17 74.10 0.60 0.9
Channel-Rev Stat 3725 PF 1 1482.00 6930.85 6935.51 6936.13 0.004797 6.32 234.46 73.28 0.62 0.9
Channel-Rev Stat 3687 PF 1 1482.00 6930.73 6935.25 6935.93 0.005453 6.61 224.18 72.11 0.66 1.0
Channel-Rev Stat 3669 PF 1 1482.00 6930.68 6935.10 6935.82 0.005966 6.82 217.32 71.37 0.69 1.1
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HEC-RAS  Plan: Post   River: BG-Full   Reach: Channel-Rev Stat    Profile: PF 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 Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft)
Channel-Rev Stat 3642 PF 1 1482.00 6930.60 6934.68 6934.23 6935.59 0.010890 7.66 193.44 68.64 0.80 1.9
Channel-Rev Stat 3637     Drop 5 Crest PF 1 1482.00 6930.57 6934.21 6934.21 6935.49 0.017681 9.06 163.62 65.03 1.01 2.7
Channel-Rev Stat 3620     Drop 5 Toe PF 1 1482.00 6926.73 6931.50 6932.16 0.006050 6.52 227.28 65.52 0.62 1.3
Channel-Rev Stat 3587 PF 1 1482.00 6926.48 6931.45 6931.96 0.003677 5.76 257.33 75.72 0.55 0.8
Channel-Rev Stat 3523 PF 1 1482.00 6926.29 6931.17 6931.71 0.003954 5.91 250.94 75.06 0.57 0.8
Channel-Rev Stat 3375 PF 1 1482.00 6925.96 6930.59 6931.22 0.004935 6.38 232.16 73.02 0.63 1.0
Channel-Rev Stat 3369 PF 1 1482.00 6925.84 6930.31 6931.01 0.005713 6.72 220.54 71.70 0.68 1.1
Channel-Rev Stat 3342 PF 1 1482.00 6925.74 6929.83 6929.38 6930.74 0.010827 7.65 193.83 68.68 0.80 1.9
Channel-Rev Stat 3337     Drop 6 Crest PF 1 1482.00 6925.70 6929.36 6929.36 6930.63 0.017694 9.05 163.69 65.08 1.01 2.7
Channel-Rev Stat 3317     Drop 6 Toe PF 1 1482.00 6920.87 6925.70 6926.35 0.005825 6.49 228.41 64.35 0.61 1.3
Channel-Rev Stat 3302 PF 1 1482.00 6920.69 6925.69 6926.26 0.003752 6.01 246.66 68.71 0.56 0.8
Channel-Rev Stat 3287 PF 1 1482.00 6920.64 6925.68 6926.19 0.003521 5.72 258.99 74.36 0.54 0.8
Channel-Rev Stat 3237 PF 1 1482.00 6920.49 6925.50 6926.00 0.003535 5.68 260.93 76.09 0.54 0.7
Channel-Rev Stat 3178 PF 1 1482.00 6920.31 6925.28 6925.79 0.003683 5.76 257.21 75.71 0.55 0.8
Channel-Rev Stat 3130 PF 1 1482.00 6920.17 6925.08 6925.61 0.003855 5.85 253.13 75.28 0.56 0.8
Channel-Rev Stat 3086 PF 1 1482.00 6920.04 6924.88 6925.44 0.004081 5.97 248.12 74.75 0.58 0.8
Channel-Rev Stat 3081 PF 1 1482.00 6920.02 6924.86 6925.42 0.004095 5.98 247.84 74.72 0.58 0.8
Channel-Rev Stat 3076 PF 1 1482.00 6920.01 6924.84 6925.40 0.004133 6.00 247.04 74.64 0.58 0.8
Channel-Rev Stat 3060 PF 1 1482.00 6919.96 6924.76 6925.33 0.004224 6.05 245.12 74.43 0.59 0.9
Channel-Rev Stat 3050 PF 1 1482.00 6919.93 6924.72 6925.29 0.004290 6.08 243.85 74.30 0.59 0.9
Channel-Rev Stat 2994 PF 1 1482.00 6919.76 6924.40 6925.03 0.004886 6.36 232.95 73.09 0.63 1.0
Channel-Rev Stat 2962 PF 1 1482.00 6919.67 6924.14 6924.86 0.005389 6.79 218.98 73.35 0.66 1.1
Channel-Rev Stat 2944 PF 1 1482.00 6919.61 6924.02 6924.75 0.006011 6.84 216.74 71.32 0.69 1.1
Channel-Rev Stat 2940 PF 1 1482.00 6919.60 6923.99 6924.73 0.006147 6.89 215.04 71.11 0.70 1.1
Channel-Rev Stat 2917 PF 1 1482.00 6919.53 6923.64 6923.18 6924.53 0.010588 7.59 195.36 68.88 0.79 1.8
Channel-Rev Stat 2912     Drop 7 Crest PF 1 1482.00 6919.51 6923.15 6923.15 6924.43 0.017713 9.06 163.60 65.08 1.01 2.7
Channel-Rev Stat 2896     Drop 7 Toe PF 1 1482.00 6915.67 6920.30 6921.02 0.006762 6.77 218.87 64.81 0.65 1.4
Channel-Rev Stat 2862 PF 1 1482.00 6915.41 6920.22 6920.80 0.004305 6.11 242.57 73.45 0.59 0.9
Channel-Rev Stat 2848 PF 1 1482.00 6915.37 6920.16 6920.73 0.004273 6.07 244.14 74.30 0.59 0.9
Channel-Rev Stat 2762 PF 1 1482.00 6915.11 6919.62 6920.31 0.005481 6.62 223.81 72.09 0.66 1.0
Channel-Rev Stat 2744 PF 1 1482.00 6915.06 6919.48 6920.20 0.005980 6.83 217.09 71.34 0.69 1.1
Channel-Rev Stat 2741 PF 1 1482.00 6915.05 6919.45 6920.18 0.006077 6.86 215.88 71.20 0.70 1.1
Channel-Rev Stat 2717 PF 1 1482.00 6914.98 6919.07 6918.61 6919.98 0.010764 7.63 194.27 68.77 0.80 1.9
Channel-Rev Stat 2712     Drop 8 Crest PF 1 1482.00 6914.95 6918.59 6918.59 6919.87 0.017798 9.07 163.32 65.02 1.01 2.8
Channel-Rev Stat 2696     Drop 8 Toe PF 1 1482.00 6911.11 6915.92 6916.56 0.005829 6.44 230.19 65.77 0.61 1.2
Channel-Rev Stat 2662 PF 1 1482.00 6910.86 6915.87 6916.39 0.003607 5.74 258.08 75.11 0.55 0.8
Channel-Rev Stat 2594 PF 1 1482.00 6910.66 6915.62 6916.14 0.003694 5.77 256.94 75.67 0.55 0.8
Channel-Rev Stat 2544 PF 1 1482.00 6910.51 6915.41 6915.95 0.003872 5.86 252.71 75.24 0.56 0.8
Channel-Rev Stat 2490 PF 1 1482.00 6910.35 6915.17 6915.73 0.004170 6.02 246.21 74.53 0.58 0.8
Channel-Rev Stat 2407 PF 1 1482.00 6910.10 6914.69 6915.34 0.005081 6.45 229.79 72.75 0.64 1.0
Channel-Rev Stat 2387 PF 1 1482.00 6910.04 6914.55 6915.23 0.005482 6.62 223.77 72.09 0.66 1.0
Channel-Rev Stat 2369 PF 1 1482.00 6909.98 6914.41 6915.13 0.005944 6.81 217.53 71.39 0.69 1.1
Channel-Rev Stat 2342 PF 1 1482.00 6909.90 6914.00 6913.54 6914.90 0.010655 7.60 194.90 68.80 0.80 1.9
Channel-Rev Stat 2337     Drop 9 Crest PF 1 1482.00 6909.89 6913.52 6913.52 6914.80 0.017739 9.06 163.59 65.13 1.01 2.7
Channel-Rev Stat 2321     Drop 9 Toe PF 1 1482.00 6905.99 6910.66 6911.36 0.006621 6.73 220.26 64.83 0.64 1.4
Channel-Rev Stat 2298 PF 1 1482.00 6905.82 6910.62 6911.21 0.004277 6.17 240.32 71.35 0.59 0.9
Channel-Rev Stat 2290 PF 1 1482.00 6905.79 6910.59 6909.48 6911.18 0.004303 6.14 241.55 72.66 0.59 0.9
Channel-Rev Stat 2287 PF 1 1482.00 6905.79 6910.58 6911.16 0.004356 6.14 241.47 73.32 0.60 0.9
Channel-Rev Stat 2238 PF 1 1482.00 6905.64 6910.33 6910.94 0.004650 6.25 237.06 73.55 0.61 0.9
Channel-Rev Stat 2187 PF 1 1482.00 6905.49 6909.99 6910.67 0.005544 6.65 222.90 72.00 0.67 1.1
Channel-Rev Stat 2169 PF 1 1482.00 6905.43 6909.84 6910.57 0.006019 6.84 216.62 71.30 0.69 1.1
Channel-Rev Stat 2163 PF 1 1482.00 6905.41 6909.79 6910.53 0.006214 6.92 214.21 71.01 0.70 1.2
Channel-Rev Stat 2142 PF 1 1482.00 6905.35 6909.45 6908.99 6910.35 0.010689 7.61 194.72 68.79 0.80 1.9
Channel-Rev Stat 2137     Drop 10 Crest PF 1 1482.00 6905.34 6908.97 6908.97 6910.25 0.017695 9.05 163.69 65.12 1.01 2.7
Channel-Rev Stat 2121     Drop 10 Toe PF 1 1482.00 6901.46 6905.93 6906.72 0.007854 7.13 207.86 63.83 0.70 1.6
Channel-Rev Stat 2098 PF 1 1482.00 6901.26 6905.87 6906.53 0.005068 6.54 226.51 69.92 0.64 1.0
Channel-Rev Stat 2087 PF 1 1482.00 6901.23 6905.81 6906.48 0.005240 6.55 226.27 71.59 0.65 1.0
Channel-Rev Stat 2039 PF 1 1482.00 6901.09 6905.42 6906.19 0.006494 7.02 210.99 70.68 0.72 1.2
Channel-Rev Stat 1987 PF 1 1482.00 6900.93 6905.09 6905.84 0.006680 6.95 213.20 74.20 0.72 1.2
Channel-Rev Stat 1966 PF 1 1482.00 6900.87 6904.94 6905.70 0.006907 6.97 212.66 75.62 0.73 1.2
Channel-Rev Stat 1957 PF 1 1482.00 6900.84 6904.86 6905.63 0.007092 7.01 211.49 76.09 0.74 1.2
Channel-Rev Stat 1942 PF 1 1482.00 6900.80 6904.60 6904.24 6905.49 0.011710 7.55 196.18 75.27 0.82 1.9
Channel-Rev Stat 1932     Drop 11 Crest PF 1 1482.00 6900.77 6904.21 6904.21 6905.39 0.018028 8.72 170.01 72.80 1.01 2.6
Channel-Rev Stat 1922     Drop 11 Toe PF 1 1482.00 6898.40 6902.80 6903.44 0.006599 6.44 230.25 72.61 0.64 1.3
Channel-Rev Stat 1892 PF 1 1482.00 6898.21 6902.63 6903.25 0.004935 6.35 233.26 73.75 0.63 1.0
Channel-Rev Stat 1887 PF 1 1482.00 6898.20 6902.60 6903.23 0.005031 6.39 232.03 73.85 0.64 1.0
Channel-Rev Stat 1854 PF 1 1482.00 6898.10 6902.38 6903.05 0.005516 6.54 226.64 74.74 0.66 1.0
Channel-Rev Stat 1808 PF 1 1482.00 6897.96 6902.00 6902.76 0.006972 7.00 211.86 75.39 0.74 1.2
Channel-Rev Stat 1754 PF 1 1482.00 6897.80 6901.61 6902.35 0.007821 6.91 214.40 85.02 0.77 1.2
Channel-Rev Stat 1712 PF 1 1482.00 6897.67 6901.44 6902.01 0.006130 6.04 245.46 99.50 0.68 0.9
Channel-Rev Stat 1674 PF 1 1482.00 6897.55 6901.26 6901.76 0.005728 5.67 261.43 110.86 0.65 0.8
Channel-Rev Stat 1606 PF 1 1482.00 6897.34 6900.87 6901.32 0.006165 5.38 275.28 133.52 0.66 0.8
Channel-Rev Stat 1551 PF 1 1482.00 6897.20 6900.56 6901.01 0.007357 5.39 275.21 152.51 0.71 0.8
Channel-Rev Stat 1498 PF 1 1482.00 6897.06 6899.94 6899.85 6900.55 0.013919 6.28 236.12 167.89 0.93 1.2
Channel-Rev Stat 1474     Ex. Drop Crest PF 1 1482.00 6896.91 6899.38 6899.38 6900.13 0.020340 6.92 214.12 146.18 1.01 1.9
Channel-Rev Stat 1453     Ex. Drop Toe PF 1 1482.00 6893.69 6898.39 6898.96 0.011177 6.10 242.97 131.78 0.79 1.3
Channel-Rev Stat 1428 PF 1 1482.00 6893.40 6898.15 6898.70 0.009100 5.94 249.65 139.94 0.78 1.0
Channel-Rev Stat 1386 PF 1 1482.00 6892.53 6898.00 6898.35 0.005347 4.80 314.21 174.75 0.61 0.6
Channel-Rev Stat 1329     Ex. Drop Top PF 1 1482.00 6892.88 6896.97 6896.97 6897.85 0.012686 7.56 205.25 142.30 0.94 1.1
Channel-Rev Stat 1317     Ex. Drop Toe PF 1 1482.00 6889.23 6893.97 6893.71 6894.76 0.010662 7.15 207.38 98.21 0.87 1.4
Channel-Rev Stat 1286 PF 1 1482.00 6889.03 6893.71 6894.42 0.009764 6.78 218.50 104.96 0.83 1.3
Channel-Rev Stat 1243 PF 1 1482.00 6888.72 6893.36 6892.99 6894.01 0.008749 6.50 228.08 107.66 0.79 1.1
Channel-Rev Stat 1179     Ex. Drop Top PF 1 1482.00 6888.12 6892.48 6892.48 6893.27 0.015347 7.15 207.35 129.68 1.00 1.5
Channel-Rev Stat 1169     Ex. Drop Toe PF 1 1482.00 6885.50 6890.86 6890.97 0.000818 2.66 562.59 192.45 0.26 0.1
Channel-Rev Stat 1126 PF 1 1482.00 6885.05 6890.79 6890.93 0.000798 3.04 507.74 156.76 0.27 0.2
Channel-Rev Stat 1050 PF 1 1482.00 6884.24 6890.73 6890.87 0.000731 2.98 505.67 135.53 0.26 0.2
Channel-Rev Stat 1000 PF 1 1482.00 6883.33 6888.64 6888.64 6890.60 0.012887 11.22 132.13 34.10 1.00 2.9
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ATTACHMENT N
Post Project Cross Sections
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ATTACHMENT O
Cover Page of LOMR No.: 03-08-0385P





ATTACHMENT P
HEC-2 Output File From Effective Study



1******************************************************                                       *************************************** 

 *  WATER SURFACE PROFILES                            *                                       *  U.S. ARMY CORPS OF ENGINEERS       * 

 *  VERSION OF SEPTEMBER 1988                         *                                       *  THE HYDROLOGIC ENGINEERING CENTER  * 

 *  ERROR: 01,02                                      *                                       *  609 SECOND STREET, SUITE D         * 

 *  UPDATED:  4 APRIL    1989                         *                                       *  DAVIS, CALIFORNIA 95616-4687       * 

 *  RUN DATE     4/14/ 3   TIME   13: 5:15            *                                       *  (916) 756-1104, (916) 551-1748     * 

 ******************************************************                                       *************************************** 

 

 

 

 

 

 

 

                                             X     X  XXXXXXX   XXXXX              XXXXX  

                                             X     X  X        X     X            X     X 

                                             X     X  X        X                        X 

                                             XXXXXXX  XXXX     X          XXXXX    XXXXX  

                                             X     X  X        X                  X       

                                             X     X  X        X     X            X       

                                             X     X  XXXXXXX   XXXXX             XXXXXXX 

 END OF BANNER 
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                                                                                     THIS RUN EXECUTED  4/14/ 3    13: 5:15 

 ************************************************** 

   HEC2 RELEASE DATED SEP 88 UPDATED APR  1989 

 

 

   ERROR CORR -  01,02 

   MODIFICATION -     

 ************************************************** 

 

 

 T1      WEST TRIBUTARY FALCON BASIN ZONE A CONVERSION                            

 T2      PROJECT NUMBER 03016  FILENAME WTRB100.DAT                               

 T3      100-YEAR FREQUENCY EX. COND XSEC L TO R FACING UPSTREAM                  

  

 J1  ICHECK    INQ       NINV      IDIR      STRT      METRIC    HVINS     Q         WSEL      FQ 

  

        0         3         0         0       .01         0         0         0      6895           

  

 J2  NPROF     IPLOT     PRFVS     XSECV     XSECH     FN       ALLDC     IBW       CHNIM      ITRACE 

  

       1         0        -1                                                                       

  

  

 QT        2        111       1482                                                                                    

 NC      .05        .05       .035         .1          .3                                                             

 X1        1         14       1130       1240           0           0                       0                         

 GR     6896       1000       6894       1090        6894        1130        6893        1162        6894        1240 

 GR   6894.2       1255       6894       1270      6893.7        1275        6894        1280        6895        1300 

 GR     6894       1310     6893.5       1340        6894        1355        6896        1450                         

  

 X1        2          6       1080       1220         165         155         367                                     

 GR   6901.5       1000       6900       1080        6898        1130        6899        1220        6900        1290 

 GR   6900.7       1308                                                                                               

  

 X1        3          7       1120       1205         525         522         525                                     

 GR     6912       1000       6910       1102        6906        1110        6904        1172        6906        1205 

 GR     6908       1230       6910       1420                                                                         

  

 X1        4         17       1242       1270         560         515         571                                     

 GR     6920       1000       6918       1090      6916.2        1100        6918        1108      6918.2        1115 

 GR     6918       1127     6917.5       1138        6918        1150        6918        1182      6917.6        1190 

 GR     6918       1200     6918.4       1222        6918        1242        6914        1258        6916        1270 

 GR     6918       1305     6919.8       1325                                                                         

  

 X1        5         13       1150       1195         535         535         551                                     

 GR     6930       1000       6928       1055      6926.2        1065        6928        1072      6929.4        1100 

 GR     6928       1122     6927.6       1132        6928        1142        6926        1150        6924        1172 

 GR     6926       1195       6928       1205        6930        1355                                                 

  

 QT        2        108       1450                                                                                    

 X1        6          9       1014       1070         560         565         600                                     

 GR     6940       1000       6936       1014        6934        1055      6935.8        1070        6934        1080 

 GR   6933.8       1088       6934       1096        6936        1105        6940        1138                         
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 X1        7          9       1365       1420         370         375         390                                     

 GR     6950       1000       6948       1090        6946        1365        6944        1375        6942        1385 

 GR     6944       1410       6946       1420        6948        1490        6950        1620                         

  

 X1        8         12       1320       1375         470         470         475                                     

 X4        1     6955.5       1250                                                                                    

 GR     6958       1000       6956       1120        6954        1320        6952        1330        6950        1340 

 GR     6952       1355       6954       1375        6956        1405        6958        1440        6960        1470 

 GR     6960       1510       6960       1710                                                                         

  

 X1        9         13       1110       1150         530         620         600                                     

 GR     6976       1000       6974       1055        6972        1080        6970        1090        6968        1100 

 GR     6966       1110       6964       1135        6964        1150        6966        1180        6968        1190 

 GR     6970       1220       6972       1275        6974        1325                                                 
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    SECNO    DEPTH    CWSEL    CRIWS    WSELK    EG       HV       HL       OLOSS   BANK ELEV 

    Q        QLOB     QCH      QROB     ALOB     ACH      AROB     VOL      TWA   LEFT/RIGHT 

    TIME     VLOB     VCH      VROB     XNL      XNCH     XNR      WTN      ELMIN      SSTA 

    SLOPE    XLOBL    XLCH     XLOBR    ITRIAL   IDC      ICONT    CORAR    TOPWID     ENDST 

 

 

 *PROF 1 



 
 

 
 

  

 CCHV=     .100 CEHV=     .300 

 *SECNO 1.000 

      1.00     2.01  6895.01      .00  6895.00  6895.36      .35      .00      .00  6894.00 

     1482.     164.     932.     386.      63.     166.     135.       0.       0.   6894.00 

       .00     2.60     5.62     2.87     .050     .035     .050     .000  6893.00  1044.67 

   .010134       0.       0.       0.        0        0        3      .00   358.18  1402.85 

0 

 *SECNO 2.000 

 7185 MINIMUM SPECIFIC ENERGY 

 3720 CRITICAL DEPTH ASSUMED 

      2.00     2.17  6900.17  6900.17      .00  6900.78      .61     3.75      .08  6900.00 

     1482.       1.    1356.     125.       1.     209.      47.       2.       2.   6899.00 

       .01      .67     6.50     2.65     .050     .035     .050     .000  6898.00  1070.96 

   .013758     165.     367.     155.        2        8        0      .00   223.39  1294.36 

0 

 *SECNO 3.000 

      3.00     3.00  6907.00  6906.98      .00  6907.92      .91     7.05      .09  6906.00 

     1482.       2.    1467.      13.       1.     190.       6.       5.       4.   6906.00 

       .03     1.99     7.71     2.14     .050     .035     .050     .000  6904.00  1108.00 

   .013101     525.     525.     522.        7       11        0      .00   109.52  1217.52 

0 

 *SECNO 4.000 

 3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

 3693 PROBABLE MINIMUM SPECIFIC ENERGY 

 3720 CRITICAL DEPTH ASSUMED 

      4.00     4.85  6918.85  6918.85      .00  6919.51      .66     5.85      .03  6918.00 

     1482.     432.     778.     273.     161.      92.      69.       8.       6.   6916.00 

       .06     2.67     8.46     3.96     .050     .035     .050     .000  6914.00  1051.59 

   .008404     560.     571.     515.       20       14        0      .00   262.89  1314.48 

0 

 *SECNO 5.000 

 

 3265 DIVIDED FLOW 

 

 3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

 3693 PROBABLE MINIMUM SPECIFIC ENERGY 

 3720 CRITICAL DEPTH ASSUMED 
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    SECNO    DEPTH    CWSEL    CRIWS    WSELK    EG       HV       HL       OLOSS   BANK ELEV 

    Q        QLOB     QCH      QROB     ALOB     ACH      AROB     VOL      TWA   LEFT/RIGHT 

    TIME     VLOB     VCH      VROB     XNL      XNCH     XNR      WTN      ELMIN      SSTA 

    SLOPE    XLOBL    XLCH     XLOBR    ITRIAL   IDC      ICONT    CORAR    TOPWID     ENDST 

 

 

      5.00     4.41  6928.41  6928.41      .00  6929.39      .98     4.40      .10  6926.00 

     1482.     133.    1297.      52.      51.     154.      20.      12.       9.   6926.00 

       .08     2.60     8.45     2.52     .050     .035     .050     .000  6924.00  1043.67 

   .007746     535.     551.     535.       20       11        0      .00   156.96  1235.91 

0 

 *SECNO 6.000 

 7185 MINIMUM SPECIFIC ENERGY 

 3720 CRITICAL DEPTH ASSUMED 

      6.00     2.97  6936.77  6936.77      .00  6937.76      .99     6.74      .00  6936.00 

     1450.       2.     860.     588.       1.     100.      83.      14.      10.   6935.80 

       .10     2.09     8.56     7.10     .050     .035     .050     .000  6933.80  1011.32 

   .018718     560.     600.     565.       10       19        0      .00   100.01  1111.32 

0 

 *SECNO 7.000 

 7185 MINIMUM SPECIFIC ENERGY 

 3720 CRITICAL DEPTH ASSUMED 

      7.00     4.87  6946.87  6946.87      .00  6947.76      .89     4.35      .01  6946.00 

     1450.      77.    1353.      20.      52.     173.      13.      16.      12.   6946.00 

       .11     1.48     7.83     1.48     .050     .035     .050     .000  6942.00  1245.22 

   .007498     370.     390.     375.       10       14        0      .00   205.26  1450.49 

0 

 *SECNO 8.000 

 3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

 3693 PROBABLE MINIMUM SPECIFIC ENERGY 

 3720 CRITICAL DEPTH ASSUMED 

      8.00     5.02  6955.02  6955.02      .00  6956.13     1.11     4.10      .07  6954.00 

     1450.      46.    1390.      15.      24.     161.       8.      18.      13.   6954.00 

       .13     1.90     8.63     1.89     .050     .035     .050     .000  6950.00  1272.54 

   .010031     470.     475.     470.       20        8        0      .00   117.72  1390.26 

0 

 *SECNO 9.000 

 7185 MINIMUM SPECIFIC ENERGY 

 3720 CRITICAL DEPTH ASSUMED 

      9.00     3.28  6967.28  6967.28      .00  6968.43     1.15     7.05      .01  6966.00 

     1450.      10.    1016.     424.       4.     106.      72.      21.      15.   6964.00 

       .15     2.56     9.57     5.86     .050     .035     .050     .000  6964.00  1103.61 

   .013882     530.     600.     620.       10       14        0      .00    82.77  1186.39 

0 
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                                                                                     THIS RUN EXECUTED  4/14/ 3    13: 5:15 

 ************************************************** 

   HEC2 RELEASE DATED SEP 88 UPDATED APR  1989 

 

 

   ERROR CORR -  01,02 

   MODIFICATION -     

 ************************************************** 

 

 

 NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST 

 

 

 100-YEAR FREQUENCY EX. C 

 

 SUMMARY PRINTOUT TABLE  150 

 

 

       SECNO     XLCH      ELTRD     ELLC      ELMIN       Q       CWSEL     CRIWS      EG       10*KS      VCH      AREA      .01K   

  

        1.000       .00       .00       .00   6893.00   1482.00   6895.01       .00   6895.36    101.34      5.62    363.62   147.22 

  



 
 

 
 

 *      2.000    367.00       .00       .00   6898.00   1482.00   6900.17   6900.17   6900.78    137.58      6.50    256.72   126.35 

  

        3.000    525.00       .00       .00   6904.00   1482.00   6907.00   6906.98   6907.92    131.01      7.71    197.41   129.48 

  

 *      4.000    571.00       .00       .00   6914.00   1482.00   6918.85   6918.85   6919.51     84.04      8.46    322.19   161.66 

  

 *      5.000    551.00       .00       .00   6924.00   1482.00   6928.41   6928.41   6929.39     77.46      8.45    225.25   168.39 

  

 *      6.000    600.00       .00       .00   6933.80   1450.00   6936.77   6936.77   6937.76    187.18      8.56    184.32   105.98 

  

 *      7.000    390.00       .00       .00   6942.00   1450.00   6946.87   6946.87   6947.76     74.98      7.83    238.36   167.45 

  

 *      8.000    475.00       .00       .00   6950.00   1450.00   6955.02   6955.02   6956.13    100.31      8.63    192.84   144.78 

  

 *      9.000    600.00       .00       .00   6964.00   1450.00   6967.28   6967.28   6968.43    138.82      9.57    182.57   123.07 
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 100-YEAR FREQUENCY EX. C 

 

 SUMMARY PRINTOUT TABLE  150 

 

 

       SECNO       Q       CWSEL    DIFWSP    DIFWSX    DIFKWS    TOPWID     XLCH   

  

        1.000   1482.00   6895.01       .00       .00       .01    358.18       .00 

  

 *      2.000   1482.00   6900.17       .00      5.16       .00    223.39    367.00 

  

        3.000   1482.00   6907.00       .00      6.83       .00    109.52    525.00 

  

 *      4.000   1482.00   6918.85       .00     11.85       .00    262.89    571.00 

  

 *      5.000   1482.00   6928.41       .00      9.56       .00    156.96    551.00 

  

 *      6.000   1450.00   6936.77       .00      8.35       .00    100.01    600.00 

  

 *      7.000   1450.00   6946.87       .00     10.10       .00    205.26    390.00 

  

 *      8.000   1450.00   6955.02       .00      8.15       .00    117.72    475.00 

  

 *      9.000   1450.00   6967.28       .00     12.26       .00     82.77    600.00 
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  SUMMARY OF ERRORS AND SPECIAL NOTES 

 

 

 CAUTION SECNO=      2.000  PROFILE=  1  CRITICAL DEPTH ASSUMED 

 CAUTION SECNO=      2.000  PROFILE=  1  MINIMUM SPECIFIC ENERGY 

  

 CAUTION SECNO=      4.000  PROFILE=  1  CRITICAL DEPTH ASSUMED 

 CAUTION SECNO=      4.000  PROFILE=  1  PROBABLE MINIMUM SPECIFIC ENERGY 

 CAUTION SECNO=      4.000  PROFILE=  1  20 TRIALS ATTEMPTED TO BALANCE WSEL 

  

 CAUTION SECNO=      5.000  PROFILE=  1  CRITICAL DEPTH ASSUMED 

 CAUTION SECNO=      5.000  PROFILE=  1  PROBABLE MINIMUM SPECIFIC ENERGY 

 CAUTION SECNO=      5.000  PROFILE=  1  20 TRIALS ATTEMPTED TO BALANCE WSEL 

  

 CAUTION SECNO=      6.000  PROFILE=  1  CRITICAL DEPTH ASSUMED 

 CAUTION SECNO=      6.000  PROFILE=  1  MINIMUM SPECIFIC ENERGY 

  

 CAUTION SECNO=      7.000  PROFILE=  1  CRITICAL DEPTH ASSUMED 

 CAUTION SECNO=      7.000  PROFILE=  1  MINIMUM SPECIFIC ENERGY 

  

 CAUTION SECNO=      8.000  PROFILE=  1  CRITICAL DEPTH ASSUMED 

 CAUTION SECNO=      8.000  PROFILE=  1  PROBABLE MINIMUM SPECIFIC ENERGY 

 CAUTION SECNO=      8.000  PROFILE=  1  20 TRIALS ATTEMPTED TO BALANCE WSEL 

  

 CAUTION SECNO=      9.000  PROFILE=  1  CRITICAL DEPTH ASSUMED 

 CAUTION SECNO=      9.000  PROFILE=  1  MINIMUM SPECIFIC ENERGY 
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