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Preliminary Bridge Hydraulics Report 
 US6 Bridges Design Build Project 

BR 0061-083 
Sub Account Number 18838 (CN) 

 

1.0 Introduction 

The purpose of this report is to identify the minimum requirements for a new bridge on US6 over 
the South Platte River and to evaluate the resulting floodplain impacts.  The bridge is located in 
Section 8 Township 4 South Range 68 West in the City and County of Denver, Colorado.  The 
project location is shown in the Vicinity Map. 
 

  
Vicinity Map 

2.0 Hydrology 

2.1 Previous Studies 

A Flood Hazard Area Delineation (FHAD) was prepared for the South Platter River from Sand 
Creek to Oxford by Wright Water Engineers in September 1985.  A Major Drainageway Plan 
(MDP) was prepared for the river from Chatfield Dam to Baseline Road by Wright Water 
Engineers in November 1985. 

Urban Drainage and Flood Control District (UDFCD) and City and County of Denver (CCD) 
have constructed the Zuni and Sun Valley Reach Channel Improvements project, from 
approximately 100 feet upstream of Spear Boulevard to approximately 360 feet downstream of 
3rd Avenue.  A Letter of Map Revision (LOMR), Case No. 12-08-0474P, was completed by 
Matrix Design Group in May 2012 and approved in July 2012 for this work.  The LOMR is 
included in the Appendix. The HEC-RAS model from the approved LOMR was used for the 
preliminary hydraulic analysis of the new US6 bridge. These improvements reduce the 100-
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base flood elevations (BFEs) and flood plain extents on the South Platte River through the 
subject project area.   

2.2 Peak Discharges 

Peak discharges at the US6 bridge were obtained from the approved LOMR model and are 
presented in Table 1. 
 

Table 1 – Peak Discharge at US6 Bridge (cfs) 

River Station 10-Year 50-Year 100-Year 500-year 

11014 (Downstream of US6) 7,550 15,000 19,200 31,500 
11204 (Upstream of US6) 7,550 15,000 19,200 31,500 

 

3.0 Existing Structure 

The original existing structures appear to have been constructed around 1955, based on as-built 
plans.  The structure ID Numbers are F-16-EE and F-16-EF for the north and south structures, 
respectively.  The structures appear to have been widened about 1967. 

 

Photo 1 – Existing US6 bridges over the South Platte River 
 

4.0 Design Discussion  

4.1 Freeboard Criteria 

The CDOT Drainage Design Manual [Rev. 09-02-09] states that the minimum freeboard for a 
high debris stream should be 4 feet, or more.  For low to moderate debris stream, the minimum 
freeboard, in feet, is calculated with the following equation: 
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Freeboard = 0.1 Q0.3 + 0.008 V2  

where  Q = design discharge, cfs 

V = mean velocity of the design flow through the bridge, feet per second (fps) 

The freeboard is measured at a water surface elevation 50 to 100 feet upstream of the bridge.  
The 100-year discharge at the location of the bridge is 19,200 cfs.  The average velocity through 
the existing bridge was 10.5 fps.  The initial estimated freeboard was 2.81 feet.  The water 
surface elevation used for the freeboard is at cross section 11204 in the HEC-RAS model 
obtained from the Letter of Map Revision (LOMR) for the South Platte River Zuni to Sun Valley 
reach. 

At a meeting on December 21, 2011 with representatives from CDOT, UDFCD and CCD, it was 
decided that the minimum freeboard for the US 6 bridge over the South Platter River would be 3 
feet.  The freeboard requirement was obtained from Chapter 8 of UDFCD's Urban Storm 
Drainage Criteria Manual.  CCD’s Storm Drainage Design and Technical Criteria Manual refers 
to the UDFCD manual for bridge criteria.  The manual states that the distance between the 
design flow water surface and the bottom of the bridge deck should be a minimum of three feet 
for the 100-year flood on larger streams or rivers where large floating debris is likely.  

Through Denver, the South Platte River was considered to be a low to moderate debris stream.  
The 3 feet freeboard requirement is greater than the 2.81 feet calculated using the CDOT 
freeboard equation. 

4.2 Hydraulic Analysis and Recommended Design 

The HEC-RAS model from the Zuni to Sun Valley Reach Channel Improvements LOMR was 
used for analysis.  HEC-RAS model version 4.1.0 was used for both the LOMR analysis and the 
bridge analysis for this study. 

The 100-year discharge at the location of the bridge is 19,200 cfs.  The average velocity through 
the existing bridge was 10.5 fps.  The lowest low chord elevation on the existing bridge was 
5204.73, which occurred on the downstream side.  The 100-year water surface elevation 
upstream of the bridge, at cross section 11204 in the HEC-RAS model, was 5207.58, 2.85 feet 
higher than the low chord. 

It was desired that the new bridge opening length should be at least as wide as the floodway 
downstream of the bridge, which is approximately 156 feet.  To achieve 2 horizontal to 1 vertical 
side slopes (2:1) to the bridge abutments, the lower portion of the South Platte River channel 
was left intact in the model cross sections.  Above the lower flow portion of the channel bottom, 
the 2:1 slope started and continued to the locations where the abutments might intersect the 
slopes.  The abutments were set so that some vertical distance was available between the low 
chord and the bank.  The vertical distances were 1.5 feet and 2.8 feet.  These locations defined 
the overall length of the bridge opening.  If the minimum vertical distance must be greater, the 
abutments can be moved in, reducing the bridge opening length.  Two piers of 4-foot diameter 
were set to indicate a 3-span bridge. The piers are 67-68 feet apart. 

The resulting overall opening was 202.9 feet long.  The average velocity through the bridge was 
8.4 fps, less than for existing conditions.  The water surface elevation at cross section 11204 
was 5206.68.  The resulting required bridge low chord would be 5209.68.  For this level of 
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analysis, the low chord was set at 5210.0.  The bridge opening can be reduced if warranted by 
additional input on the bridge design parameters.  If it does decrease, the low chord elevation of 
the bridge might need to increase.  Upstream and downstream cross sections of the bridge 
opening are included in the Appendix.   

Additional requirements for the bridge over the South Platte River are contained in Book 2, 
Section 15 - Structures of the Technical Requirements. 

An existing 44-inch diameter brick sanitary line is located west of the bridge.  The center line of 
the sanitary line is approximately 31.7 feet away from the proposed west bridge abutment.   

4.3 Design Considerations for Potential Future Projects 

The 1985 MDP shows the South Platte River channel bottom being lowered by approximately 4 
feet in the area of the bridge.  The bridge design must take into account the future lowering of 
the South Platte River.  The hydraulic analysis in this report is based on the existing channel 
bottom elevation. 

5.0 Scour Analysis 

A preliminary analysis was prepared to evaluate the scour potential at the US6 bridge opening 
needed to convey the 100-year South Platte River flow and meet freeboard requirements.   

Soil boring information near the bridge was provided by RockSol Consulting Group, Inc.  The 
borings indicated the soils are generally sand over sandstone bedrock.  Soil boring 10 was 
located south of the existing bridge in the South Platte River channel.  Sandstone bedrock was 
encountered at a depth of 14 feet. Soil boring 11 was located in the channel north of the bridge.  
Sandstone bedrock was encountered at a depth of 8 feet.  

The HEC-RAS model from the approved LOMR for the South Platte River Zuni to Sun Valley 
reach was used as the basis of the bridge analysis.  A 3-span bridge was evaluated.  

Input parameters of d50 = 1.0 mm and d95 = 2.0 mm were used in the analyses.  For the 3-span 
bridge with two piers, the piers were assumed to have rounded noses.  The left abutment scour 
depth was predicted to be 10.5 feet, and the channel/pier scour depth was predicted to be 12.6 
feet at the right bank during the 100-year event.  Scour calculations are included in the 
appendix.  

Foundations used in the bridge design should be constructed below the anticipated scour depth. 
Riprap protection should be used at the abutments and piers.  Riprap size and dimensions of 
protection should be determined as the design progresses.  

6.0 Floodplain Analysis 

The South Platte River in the project area is channelized. The existing US6 bridge low chord is 
below the 100-year water surface elevation.  Although the bridge is not overtopped, it causes a 
rise in the 100-year water surface elevation upstream of US6.  Upstream of US6, the west bank 
is not adequate to contain the 100-year discharges. As a result, extensive flooding occurs on 
the low-lying west side of the South Platte River from Vallejo Street to 6th Avenue, affecting 
many warehouses, retail stores, and small fabricating shops.  In places, the floodplain in this 
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area is more than 1,500 feet wide.  The effective Flood Insurance Rate Map (FIRM) is included 
in the Appendix. 

The South Platte River Zuni to Sun Valley reach LOMR was prepared for improvements along 
the river downstream of 8th Avenue.  Those improvements reduce the 100-year floodplain in the 
vicinity of this project.   

In the proposed preliminary alternative, the South Platte River bridge low chord will be a 
minimum of 3 feet above the 100-year water surface elevation to meet UDFCD and CCD 
freeboard requirements, allowing the 100-year flood to pass underneath.  Without the 
obstruction of the bridge, the upstream water surface elevation will be lowered by 0.5 foot to 0.9 
foot and the floodplain will be reduced.  However, shallow flooding will still exist on the west side 
of the river, due to the low bank elevations upstream of US6.  HEC-RAS output for the original 
LOMR model and the 3-span bridge are included in the appendix.  The floodplain map showing 
the effective FEMA floodplain, LOMR floodplain and US6 bridge replacement floodplain is 
shown in Figure 1. 

7.0 Agency Coordination 

Approvals from UDFCD, CCD, Federal Emergency Management Agency (FEMA) and the U.S. 
Army Corps of Engineers will be needed for the US6 bridge construction over the South Platte 
River.  
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Appendix 

Bridge Upstream and Downstream Cross Sections 

100-year Scour Calculations – 3-span Bridge 

FIRM Panel 

LOMR Determination Document 

LOMR Model HEC-RAS Output 

3-span Bridge Model HEC-RAS Output 

Figure 1 – 100-Year Floodplains 
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Contraction Scour

Left Channel Right

Input Data

Average Depth (ft): 4.04 16.55 11.03

Approach Velocity (ft/s): 3.22 9.23 4.68

Br Average Depth (ft): 10.25 16.3 9.57

BR Opening Flow (cfs): 4398.47 9653.75 5147.79

BR Top WD (ft): 48.97 63.07 79.59

Grain Size D50 (mm): 1 1 1

Approach Flow (cfs): 692.79 12993.72 5513.49

Approach Top WD (ft): 53.17 85.06 106.77

K1 Coefficient: 0.64 0.64 0.64

Results

Scour Depth Ys (ft): 10.51 0 2.98

Critical Velocity (ft/s): 2.1 2.66 2.48

Equation: Live Live Live

Pier Scour

All piers have the same scour depth

    Input Data

Pier Shape: Round nose

Pier Width (ft): 4

Grain Size D50 (mm): 1

Depth Upstream (ft): 16.33

Velocity Upstream (ft/s): 9.91

K1 Nose Shape: 1

Pier Angle: 0

Pier Length (ft): 172.58

K2 Angle Coef: 1

K3 Bed Cond Coef: 1.1

Grain Size D90 (mm): 2

K4 Armouring Coef: 1

    Results

Scour Depth Ys (ft): 9.6

Froude #: 0.43

Equation: CSU equation

Pier Scour Limited to Maximum of Ys = 2.4 * a

Combined Scour Depths

Pier Scour + Contraction Scour (ft):

Channel:  9.6

Right Bank: 12.58

3-span bridge 100-year scour





Case No.: Page 1 of 5 Effective Date: December 17, 2012Issue Date: July 31, 2012 LOMR-APP

09-08-0632R  Follows Conditional Case No.: 

12-08-0474P 

Washington, D.C. 20472
Federal Emergency Management Agency

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT 

COMMUNITY AND REVISION INFORMATION PROJECT DESCRIPTION 

COMMUNITY 

APPROXIMATE LATITUDE & LONGITUDE:  39.737, -105.018
SOURCE:  Other      DATUM:  NAD 83 

City and County of Denver 
Colorado 

COMMUNITY NO.:  080046 

BASIS OF REQUEST 

IDENTIFIER 

BRIDGE
CHANNELIZATION 
EXCAVATION 
FILL 

FLOODWAY
HYDRAULIC ANALYSIS 
NEW TOPOGRAPHIC DATA 

Upper Central Platte Valley 

ANNOTATED MAPPING ENCLOSURES ANNOTATED STUDY ENCLOSURES 

DATE:  November 17, 2005 NO.:  0800460182G TYPE:  FIRM* 
DATE:  November 17, 2005 NO.:  0800460069G TYPE:  FIRM* 
DATE:  November 17, 2005 NO.:  0800460184G TYPE:  FIRM* 

DATE OF EFFECTIVE FLOOD INSURANCE STUDY:   November 17, 2005 
    PROFILES:  14P, 24P, 74P, 91P, & 92P 
    DELETED PROFILES: 98P 

    SUMMARY OF DISCHARGES TABLE:  2 
FLOODWAY DATA TABLE:  3 

Enclosures reflect changes to flooding sources affected by this revision. 
* FIRM - Flood Insurance Rate Map; ** FBFM - Flood Boundary and Floodway Map; *** FHBM - Flood Hazard Boundary Map 

FLOODING SOURCE(S) & REVISED REACH(ES) See Page 2 for Additional Flooding Sources 

South Platte River - from approximately 320 feet downstream of North Speer Boulevard to approximately 500 feet upstream of West 3rd Avenue 

SUMMARY OF REVISIONS 
Revised Flooding Effective Flooding Flooding Source Increases Decreases

South Platte River Zone AE Zone AE YES YES 
Zone X (shaded) Zone X (shaded) YES YES 
Zone AE Zone AH YES NONE 
No Floodway Floodway YES NONE 

* BFEs - Base Flood Elevations 

DETERMINATION
This document provides the determination from the Department of Homeland Security’s Federal Emergency Management Agency (FEMA) regarding 
a request for a Letter of Map Revision (LOMR) for the area described above.  Using the information submitted, we have determined that a revision to 
the flood hazards depicted in the Flood Insurance Study (FIS) report and/or National Flood Insurance Program (NFIP) map is warranted.  This 
document revises the effective NFIP map, as indicated in the attached documentation.  Please use the enclosed annotated map panels revised by 
this LOMR for floodplain management purposes and for all flood insurance policies and renewals in your community. 

This determination is based on the flood data presently available.  The enclosed documents provide additional information regarding this determination.  If you have any 
questions about this document, please contact the FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMC Clearinghouse, 847 South Pickett Street, Alexandria, VA 22304-4605.  Additional Information about the NFIP is available on our website at 
http://www.fema.gov/nfip. 

125360 PT202.BKR.12-08-0474P.H17    102-I-A-C

Erin E. Cobb, CFM, Program Specialist 
Engineering Management Branch 
Federal Insurance and Mitigation Administration 

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)
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Case No.: Page 2 of 5 Effective Date: December 17, 2012 Issue Date: July 31, 2012 LOMR-APP12-08-0474P 

Washington, D.C. 20472
Federal Emergency Management Agency

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

OTHER FLOODING SOURCES AFFECTED BY THIS REVISION 
FLOODING SOURCE(S) & REVISED REACH(ES) 

South Platte River - from approximately 320 feet downstream of North Speer Boulevard to approximately 500 feet upstream of West 3rd Avenue 
Lakewood Gulch - from the confluence with the South Platte River to approximately 220 feet upstream 
Lakewood Gulch Overflow - from the confluence with the South Platte River to approximately 780 feet upstream 
Weir Gulch - from the confluence with the South Platte River to approximately 870 feet upstream 
Sloans Lake - from the confluence with the South Platte River to approximately 770 feet upstream 

SUMMARY OF REVISIONS 
Flooding Source Effective Flooding Revised Flooding Increases Decreases
South Platte River BFEs* BFEs NONE YES 
Lakewood Gulch Floodway Floodway YES NONE 

BFEs BFEs NONE YES 
Lakewood Gulch Overflow Floodway Floodway YES YES 

Zone AE Zone AE NONE YES 
Zone X (shaded) Zone X (shaded) NONE YES 
BFEs BFEs NONE YES 

Weir Gulch Floodway Floodway YES NONE 
Zone AE Zone AE YES NONE 
BFEs BFEs NONE YES 

Sloans Lake Zone A Zone A YES NONE 
* BFEs - Base Flood Elevations 

This determination is based on the flood data presently available.  The enclosed documents provide additional information regarding this determination.  If you have any
questions about this document, please contact the FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMC Clearinghouse, 847 South Pickett Street, Alexandria, VA 22304-4605.  Additional Information about the NFIP is available on our website at 
http://www.fema.gov/nfip. 
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Engineering Management Branch 
Federal Insurance and Mitigation Administration 
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LETTER OF MAP REVISION 
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COMMUNITY INFORMATION 

APPLICABLE NFIP REGULATIONS/COMMUNITY OBLIGATION 

We have made this determination pursuant to Section 206 of the Flood Disaster Protection Act of 1973 (P.L. 93-234) and in accordance with 
the National Flood Insurance Act of 1968, as amended (Title XIII of the Housing and Urban Development Act of 1968, P.L. 90-448), 42 
U.S.C. 4001-4128, and 44 CFR Part 65.  Pursuant to Section 1361 of the National Flood Insurance Act of 1968, as amended, communities
participating in the NFIP are required to adopt and enforce floodplain management regulations that meet or exceed NFIP criteria.  These 
criteria, including adoption of the FIS report and FIRM, and the modifications made by this LOMR, are the minimum requirements for 
continued NFIP participation and do not supersede more stringent State/Commonwealth or local requirements to which the regulations 
apply. 

We provide the floodway designation to your community as a tool to regulate floodplain development.  Therefore, the floodway revision 
we have described in this letter, while acceptable to us, must also be acceptable to your community and adopted by appropriate community 
action, as specified in Paragraph 60.3(d) of the NFIP regulations.   

NFIP regulations Subparagraph 60.3(b)(7) requires communities to ensure that the flood-carrying capacity within the altered or relocated 
portion of any watercourse is maintained.  This provision is incorporated into your community’s existing floodplain management 
ordinances; therefore, responsibility for maintenance of the altered or relocated watercourse, including any related appurtenances such as 
bridges, culverts, and other drainage structures, rests with your community.  We may request that your community submit a description and
schedule of maintenance activities necessary to ensure this requirement. 

COMMUNITY REMINDERS 

We based this determination on the base (1-percent-annual-chance) flood discharges computed in the FIS for your community without 
considering subsequent changes in watershed characteristics that could increase flood discharges.  Future development of projects
upstream could cause increased flood discharges, which could cause increased flood hazards.  A comprehensive restudy of your 
community’s flood hazards would consider the cumulative effects of development on flood discharges subsequent to the publication of the
FIS report for your community and could, therefore, establish greater flood hazards in this area. 

Your community must regulate all proposed floodplain development and ensure that permits required by Federal and/or 
State/Commonwealth law have been obtained.  State/Commonwealth or community officials, based on knowledge of local conditions and
in the interest of safety, may set higher standards for construction or may limit development in floodplain areas.  If your 
State/Commonwealth or community has adopted more restrictive or comprehensive floodplain management criteria, those criteria take 
precedence over the minimum NFIP requirements. 

We will not print and distribute this LOMR to primary users, such as local insurance agents or mortgage lenders; instead, the community 
will serve as a repository for the new data.  We encourage you to disseminate the information in this LOMR by preparing a news release for
publication in your community’s newspaper that describes the revision and explains how your community will provide the data and help 
interpret the NFIP maps.  In that way, interested persons, such as property owners, insurance agents, and mortgage lenders, can benefit 
from the information. 

This determination is based on the flood data presently available.  The enclosed documents provide additional information regarding this determination.  If you have any 
questions about this document, please contact the FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMC Clearinghouse, 847 South Pickett Street, Alexandria, VA 22304-4605.  Additional Information about the NFIP is available on our website at 
http://www.fema.gov/nfip. 

125360 PT202.BKR.12-08-0474P.H17    102-I-A-C

Erin E. Cobb, CFM, Program Specialist 
Engineering Management Branch 
Federal Insurance and Mitigation Administration 
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Washington, D.C. 20472
Federal Emergency Management Agency

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

This revision has met our criteria for removing an area from the base floodplain to reflect the placement of fill.  However, we encourage 
you to require that the lowest adjacent grade and lowest floor (including basement) of any structure placed within the subject area be 
elevated to or above the Base Flood Elevation. 

We have designated a Consultation Coordination Officer (CCO) to assist your community.  The CCO will be the primary liaison between
your community and FEMA.  For information regarding your CCO, please contact: 

Ms. Jeanine D. Petterson 
Director, Mitigation Division 

Federal Emergency Management Agency, Region VIII 
Denver Federal Center, Building 710 

Post Office Box 25267 
Denver, CO 80225-0267 

(303) 235-4830 

STATUS OF THE COMMUNITY NFIP MAPS 
We are processing a revised FIRM and FIS report for the City and County of Denver in our countywide format; therefore, we will not 
physically revise and republish the FIRM and FIS report for your community to incorporate the modifications made by this LOMR at this 
time.  Preliminary copies of the countywide FIRM and FIS report, which present information from the effective FIRMs and FIS reports for
your community, were submitted to your community for review on March 15, 2012.  We will incorporate the modifications made by this 
LOMR into the countywide FIRM and FIS report before they become effective. 

This determination is based on the flood data presently available.  The enclosed documents provide additional information regarding this determination.  If you have any 
questions about this document, please contact the FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMC Clearinghouse, 847 South Pickett Street, Alexandria, VA 22304-4605.  Additional Information about the NFIP is available on our website at 
http://www.fema.gov/nfip. 
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Erin E. Cobb, CFM, Program Specialist 
Engineering Management Branch 
Federal Insurance and Mitigation Administration 
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Federal Emergency Management Agency

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

PUBLIC NOTIFICATION OF REVISION 

A notice of changes will be published in the Federal Register.  This information also will be published in your local newspaper on or about
the dates listed below and through FEMA’s Flood Hazard Mapping website at https://www.floodmaps.fema.gov/fhm/Scripts/bfe_main.asp.

LOCAL NEWSPAPER  Name:  The Denver Post
       Dates:  August 10, 2012 and August 17, 2012    

Within 90 days of the second publication in the local newspaper, a citizen may request that we reconsider this determination.  Any request 
for reconsideration must be based on scientific or technical data.  Therefore, this letter will be effective only after the 90-day appeal period 
has elapsed and we have resolved any appeals that we receive during this appeal period.  Until this LOMR is effective, the revised flood 
hazard determination information presented in this LOMR may be changed.    

This determination is based on the flood data presently available.  The enclosed documents provide additional information regarding this determination.  If you have any 
questions about this document, please contact the FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMC Clearinghouse, 847 South Pickett Street, Alexandria, VA 22304-4605.  Additional Information about the NFIP is available on our website at 
http://www.fema.gov/nfip. 

125360 PT202.BKR.12-08-0474P.H17    102-I-A-C

Erin E. Cobb, CFM, Program Specialist 
Engineering Management Branch 
Federal Insurance and Mitigation Administration 

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

https://www.floodmaps.fema.gov/fhm/Scripts/bfe_main.asp.
http://www.fema.gov/nfip.
http://www.novapdf.com
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HEC-RAS  Plan: AsBuilt - Rev Q   River: S_Platte_Prp   Reach: 01    Profile: 100-Year

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)  

01 14006   100-Year 19200.00 5203.42 5215.70 5211.98 5217.50 0.002400 11.07 1897.20 2001.66 0.56

01 13858   100-Year 19200.00 5202.50 5214.15 5211.73 5216.77 0.004839 13.28 1547.34 1527.28 0.69

01 13767   Bridge

01 13761   100-Year 19200.00 5202.50 5214.21 5210.35 5215.96 0.001731 10.63 1806.64 1145.38 0.55

01 13577   100-Year 19200.00 5202.18 5212.96 5210.68 5215.49 0.002836 12.87 1526.50 911.33 0.69

01 13420   100-Year 19200.00 5201.34 5212.87 5209.75 5214.97 0.002169 11.77 1700.94 1136.90 0.61

01 13196   100-Year 19200.00 5201.14 5210.46 5210.00 5214.06 0.005872 15.31 1305.07 621.72 0.93

01 13064   100-Year 19200.00 5194.50 5210.49 5205.02 5212.10 0.001662 10.99 2186.58 1072.95 0.48

01 12997   Bridge

01 12930   100-Year 19200.00 5193.22 5209.02 5205.32 5211.12 0.002594 13.15 1992.53 327.46 0.59

01 12427   100-Year 19200.00 5192.20 5208.36 5203.14 5210.03 0.001261 11.24 2135.99 580.57 0.49

01 11658   100-Year 19200.00 5190.90 5207.99 5200.36 5209.09 0.000796 9.27 2579.63 377.01 0.40

01 11372   100-Year 19200.00 5190.55 5207.90 5201.24 5208.77 0.000676 8.63 2997.37 914.88 0.37

01 11288   Bridge

01 11204   100-Year 19200.00 5190.35 5207.58 5201.13 5208.56 0.000746 9.02 2520.75 646.67 0.38

01 11110   Bridge

01 11014   100-Year 19200.00 5190.12 5206.13 5200.01 5207.47 0.000995 9.92 2248.38 232.72 0.44

01 10432   100-Year 19200.00 5189.41 5204.71 5200.15 5206.60 0.001524 12.77 1973.43 855.79 0.58

01 9926    100-Year 19200.00 5188.81 5203.32 5205.68 0.002048 12.84 1667.64 155.84 0.61

01 9898    100-Year 19200.00 5188.77 5203.35 5199.20 5205.54 0.001813 12.59 1798.64 161.13 0.58

01 9893    Bridge

01 9887    100-Year 19200.00 5188.74 5203.11 5205.42 0.001941 12.90 1756.24 161.69 0.60

01 9849    100-Year 19200.00 5188.67 5202.75 5205.25 0.005883 13.29 1555.40 140.06 0.62

01 9749    100-Year 19200.00 5188.48 5201.99 5204.63 0.006321 13.40 1485.79 156.91 0.64

01 9713    100-Year 19200.00 5188.41 5201.83 5204.42 0.004215 13.62 1535.36 155.92 0.66

01 9687    100-Year 19200.00 5188.24 5201.85 5204.24 0.002157 13.11 1639.07 154.68 0.63

01 9637    100-Year 19200.00 5187.53 5201.97 5197.26 5203.71 0.001002 11.16 1997.12 165.06 0.52

01 9611    Bridge

01 9584    100-Year 19200.00 5187.19 5201.29 5196.76 5202.95 0.000982 10.87 1983.47 162.45 0.51

01 9528    100-Year 19200.00 5186.80 5200.82 5202.80 0.001347 11.91 1822.37 171.70 0.58

01 9504    100-Year 19200.00 5186.20 5201.08 5202.65 0.000883 10.63 2100.52 181.53 0.49

01 9377    100-Year 19200.00 5185.86 5200.65 5196.05 5202.50 0.001050 11.45 1933.46 164.80 0.53

01 9100    100-Year 19200.00 5185.45 5200.03 5202.08 0.002016 12.21 1742.23 168.29 0.57

01 9000    100-Year 19200.00 5185.60 5199.91 5195.88 5201.89 0.001208 11.82 1879.50 668.47 0.56

01 8910    100-Year 19200.00 5185.36 5199.83 5195.58 5201.76 0.001139 11.50 1765.49 237.87 0.55

01 8852    100-Year 19200.00 5185.27 5199.75 5195.34 5201.69 0.001133 11.84 1945.01 167.48 0.55

01 8599    100-Year 19200.00 5185.07 5199.46 5195.17 5201.40 0.001145 11.70 1932.79 196.08 0.55

01 8199    100-Year 19200.00 5184.76 5198.93 5200.93 0.001215 11.97 1916.56 196.00 0.57

01 7951    100-Year 19200.00 5184.49 5198.53 5200.61 0.001255 12.18 1868.79 171.35 0.58

01 7649    100-Year 19200.00 5184.76 5197.91 5200.18 0.001472 12.59 1744.91 159.51 0.62

01 7611    100-Year 19200.00 5184.75 5197.83 5200.13 0.001472 12.55 1723.91 158.83 0.62

01 7551    100-Year 19200.00 5183.80 5197.73 5200.04 0.001496 12.75 1753.06 163.71 0.62

01 7344    100-Year 19200.00 5184.36 5197.36 5199.72 0.001572 12.96 1750.17 169.01 0.64

01 7184    100-Year 19200.00 5182.75 5197.96 5199.22 0.000761 9.57 2357.34 255.48 0.45

01 7129    100-Year 19200.00 5181.30 5198.13 5199.10 0.000485 8.38 2633.85 255.37 0.37

01 7049    100-Year 19200.00 5181.10 5198.08 5190.12 5199.06 0.000446 8.16 2569.21 201.55 0.35

01 6956    100-Year 19200.00 5180.65 5197.93 5190.27 5199.01 0.000490 8.59 2426.14 165.10 0.37

01 6899    100-Year 19200.00 5180.77 5197.95 5198.92 0.000431 8.03 2448.64 157.93 0.35

01 6876    100-Year 19200.00 5180.59 5197.88 5190.19 5198.89 0.000454 8.17 2397.66 154.84 0.36

01 6851    Bridge

01 6817    100-Year 19200.00 5180.97 5197.54 5189.98 5198.59 0.000464 8.29 2355.09 151.88 0.36

01 6764    100-Year 19200.00 5180.68 5197.24 5198.49 0.000573 9.12 2149.15 141.83 0.40

01 6646    100-Year 19200.00 5180.36 5195.95 5198.29 0.001167 12.37 1607.78 137.39 0.56

01 6545    100-Year 19200.00 5179.67 5196.04 5190.46 5197.83 0.000876 10.94 1883.89 148.50 0.49

01 6381    100-Year 19200.00 5179.64 5196.06 5197.37 0.000662 9.57 2285.65 191.54 0.42

01 6356    100-Year 19200.00 5180.20 5196.12 5189.85 5197.28 0.000596 9.17 2453.23 209.97 0.41

01 6321    Bridge

01 6295    100-Year 19200.00 5179.98 5196.07 5189.63 5197.23 0.000627 9.47 2468.00 222.89 0.42

01 6251    100-Year 19200.00 5180.55 5196.02 5191.70 5197.18 0.002131 9.26 2324.92 598.27 0.44

01 6214    100-Year 19200.00 5178.01 5196.04 5188.72 5197.12 0.000516 8.96 2658.50 500.78 0.38

01 6169    100-Year 19200.00 5178.71 5195.86 5189.58 5197.08 0.000631 9.76 2440.17 347.01 0.42

01 5999    100-Year 19200.00 5177.30 5195.61 5189.31 5196.96 0.000672 10.22 2280.43 244.70 0.44

01 5849    100-Year 19300.00 5176.72 5194.02 5196.69 0.001418 14.07 1688.63 165.10 0.62

01 5799    100-Year 19300.00 5176.63 5193.92 5190.38 5196.61 0.001395 13.92 1644.78 135.98 0.62

01 5734    Bridge

01 5709    100-Year 19300.00 5176.16 5193.51 5196.14 0.001351 13.72 1667.29 141.94 0.61

01 5649    100-Year 19300.00 5175.96 5193.46 5196.03 0.001287 13.46 1728.82 146.48 0.59

01 5559    100-Year 19300.00 5175.86 5193.35 5190.07 5195.88 0.001692 13.86 1698.28 148.85 0.61

01 5509    Bridge

01 5401    100-Year 19300.00 5175.69 5193.15 5195.29 0.001095 12.36 1875.82 172.18 0.55

01 5310    100-Year 19300.00 5175.59 5192.89 5195.15 0.001169 12.69 1801.17 155.68 0.56

01 4655    100-Year 19300.00 5174.87 5191.16 5187.93 5194.17 0.001644 14.41 1593.31 164.14 0.66

01 4573    100-Year 19300.00 5174.78 5190.92 5187.95 5194.01 0.001716 14.63 1490.43 127.72 0.67

01 4554    Bridge

01 4523    100-Year 19300.00 5174.73 5189.96 5193.72 0.002901 16.35 1329.94 124.36 0.77

01 4430    100-Year 19300.00 5174.62 5189.84 5187.92 5193.32 0.002692 15.69 1488.69 152.93 0.75

agabor
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HEC-RAS  Plan: AsBuilt - Rev Q   River: S_Platte_Prp   Reach: 01    Profile: 100-Year (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)  

01 4327    Bridge

01 4226    100-Year 19300.00 5174.40 5189.25 5192.58 0.003134 15.53 1425.34 153.48 0.75

01 4135    100-Year 19300.00 5173.86 5189.14 5192.07 0.003607 14.58 1491.71 173.83 0.69

01 3985    100-Year 19300.00 5173.76 5189.15 5191.00 0.000948 11.28 2123.44 215.39 0.54

01 3213    100-Year 19400.00 5173.22 5188.44 5190.22 0.001016 11.64 2291.26 259.33 0.53

01 2200    100-Year 19400.00 5172.51 5187.92 5189.07 0.000888 10.97 2653.95 299.95 0.49

01 1650    100-Year 19400.00 5172.12 5187.50 5188.60 0.000807 10.44 2742.56 313.29 0.47

01 863     100-Year 19400.00 5171.57 5186.94 5188.00 0.000699 9.71 2846.85 335.50 0.44

01 164     100-Year 19400.00 5171.08 5186.74 5180.27 5187.53 0.000451 7.90 3190.30 1459.80 0.35

01 45      100-Year 19400.00 5171.00 5185.95 5180.58 5187.40 0.000822 10.34 2335.09 1262.71 0.47

agabor
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HEC-RAS  Plan: Olsson   River: S_Platte_Prp   Reach: 01    Profile: 100-Year

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)  

01 14006   100-Year 19200.00 5203.42 5215.70 5211.98 5217.50 0.002400 11.07 1897.20 2001.66 0.56

01 13858   100-Year 19200.00 5202.50 5214.15 5211.73 5216.77 0.004839 13.28 1547.34 1527.28 0.69

01 13767   Bridge

01 13761   100-Year 19200.00 5202.50 5214.21 5210.35 5215.96 0.001731 10.63 1806.64 1145.38 0.55

01 13577   100-Year 19200.00 5202.18 5212.96 5210.68 5215.49 0.002836 12.87 1526.50 911.33 0.69

01 13420   100-Year 19200.00 5201.34 5212.87 5209.75 5214.97 0.002169 11.77 1700.94 1136.90 0.61

01 13196   100-Year 19200.00 5201.14 5210.46 5210.00 5214.06 0.005872 15.31 1305.07 621.72 0.93

01 13064   100-Year 19200.00 5194.50 5210.49 5205.02 5212.10 0.001662 10.99 2186.58 1072.95 0.48

01 12997   Bridge

01 12930   100-Year 19200.00 5193.22 5208.50 5205.32 5210.80 0.002963 13.73 1899.59 279.17 0.63

01 12427   100-Year 19200.00 5192.20 5207.69 5203.14 5209.57 0.001484 11.86 2000.05 395.18 0.53

01 11658   100-Year 19200.00 5190.90 5207.22 5200.36 5208.46 0.000953 9.84 2426.64 362.23 0.43

01 11372   100-Year 19200.00 5190.55 5207.10 5201.24 5208.10 0.000824 9.23 2799.87 866.13 0.40

01 11288   Bridge

01 11204   100-Year 19200.00 5190.35 5206.68 5201.08 5207.82 0.000966 9.91 2393.05 384.79 0.43

01 11110   Bridge

01 11014   100-Year 19200.00 5190.12 5206.13 5207.47 0.000995 9.92 2248.38 232.72 0.44

01 10432   100-Year 19200.00 5189.41 5204.71 5200.15 5206.60 0.001524 12.77 1973.43 855.79 0.58

01 9926    100-Year 19200.00 5188.81 5203.32 5205.68 0.002048 12.84 1667.64 155.84 0.61

01 9898    100-Year 19200.00 5188.77 5203.35 5199.20 5205.54 0.001813 12.59 1798.64 161.13 0.58

01 9893    Bridge

01 9887    100-Year 19200.00 5188.74 5203.11 5205.42 0.001941 12.90 1756.24 161.69 0.60

01 9849    100-Year 19200.00 5188.67 5202.75 5205.25 0.005883 13.29 1555.40 140.06 0.62

01 9749    100-Year 19200.00 5188.48 5201.99 5204.63 0.006321 13.40 1485.79 156.91 0.64

01 9713    100-Year 19200.00 5188.41 5201.83 5204.42 0.004215 13.62 1535.36 155.92 0.66

01 9687    100-Year 19200.00 5188.24 5201.85 5204.24 0.002157 13.11 1639.07 154.68 0.63

01 9637    100-Year 19200.00 5187.53 5201.97 5197.26 5203.71 0.001002 11.16 1997.12 165.06 0.52

01 9611    Bridge

01 9584    100-Year 19200.00 5187.19 5201.29 5196.76 5202.95 0.000982 10.87 1983.47 162.45 0.51

01 9528    100-Year 19200.00 5186.80 5200.82 5202.80 0.001347 11.91 1822.37 171.70 0.58

01 9504    100-Year 19200.00 5186.20 5201.08 5202.65 0.000883 10.63 2100.52 181.53 0.49

01 9377    100-Year 19200.00 5185.86 5200.65 5196.05 5202.50 0.001050 11.45 1933.46 164.80 0.53

01 9100    100-Year 19200.00 5185.45 5200.03 5202.08 0.002016 12.21 1742.23 168.29 0.57

01 9000    100-Year 19200.00 5185.60 5199.91 5195.88 5201.89 0.001208 11.82 1879.50 668.47 0.56

01 8910    100-Year 19200.00 5185.36 5199.83 5195.58 5201.76 0.001139 11.50 1765.49 237.87 0.55

01 8852    100-Year 19200.00 5185.27 5199.75 5195.34 5201.69 0.001133 11.84 1945.01 167.48 0.55

01 8599    100-Year 19200.00 5185.07 5199.46 5195.17 5201.40 0.001145 11.70 1932.79 196.08 0.55

01 8199    100-Year 19200.00 5184.76 5198.93 5200.93 0.001215 11.97 1916.56 196.00 0.57

01 7951    100-Year 19200.00 5184.49 5198.53 5200.61 0.001255 12.18 1868.79 171.35 0.58

01 7649    100-Year 19200.00 5184.76 5197.91 5200.18 0.001472 12.59 1744.91 159.51 0.62

01 7611    100-Year 19200.00 5184.75 5197.83 5200.13 0.001472 12.55 1723.91 158.83 0.62

01 7551    100-Year 19200.00 5183.80 5197.73 5200.04 0.001496 12.75 1753.06 163.71 0.62

01 7344    100-Year 19200.00 5184.36 5197.36 5199.72 0.001572 12.96 1750.17 169.01 0.64

01 7184    100-Year 19200.00 5182.75 5197.96 5199.22 0.000761 9.57 2357.34 255.48 0.45

01 7129    100-Year 19200.00 5181.30 5198.13 5199.10 0.000485 8.38 2633.85 255.37 0.37

01 7049    100-Year 19200.00 5181.10 5198.08 5190.12 5199.06 0.000446 8.16 2569.21 201.55 0.35

01 6956    100-Year 19200.00 5180.65 5197.93 5190.27 5199.01 0.000490 8.59 2426.14 165.10 0.37

01 6899    100-Year 19200.00 5180.77 5197.95 5198.92 0.000431 8.03 2448.64 157.93 0.35

01 6876    100-Year 19200.00 5180.59 5197.88 5190.19 5198.89 0.000454 8.17 2397.66 154.84 0.36

01 6851    Bridge

01 6817    100-Year 19200.00 5180.97 5197.54 5189.98 5198.59 0.000464 8.29 2355.09 151.88 0.36

01 6764    100-Year 19200.00 5180.68 5197.24 5198.49 0.000573 9.12 2149.15 141.83 0.40

01 6646    100-Year 19200.00 5180.36 5195.95 5198.29 0.001167 12.37 1607.78 137.39 0.56

01 6545    100-Year 19200.00 5179.67 5196.04 5190.46 5197.83 0.000876 10.94 1883.89 148.50 0.49

01 6381    100-Year 19200.00 5179.64 5196.06 5197.37 0.000662 9.57 2285.65 191.54 0.42

01 6356    100-Year 19200.00 5180.20 5196.12 5189.85 5197.28 0.000596 9.17 2453.23 209.97 0.41

01 6321    Bridge

01 6295    100-Year 19200.00 5179.98 5196.07 5189.63 5197.23 0.000627 9.47 2468.00 222.89 0.42

01 6251    100-Year 19200.00 5180.55 5196.02 5191.70 5197.18 0.002131 9.26 2324.92 598.27 0.44

01 6214    100-Year 19200.00 5178.01 5196.04 5188.72 5197.12 0.000516 8.96 2658.50 500.78 0.38

01 6169    100-Year 19200.00 5178.71 5195.86 5189.58 5197.08 0.000631 9.76 2440.17 347.01 0.42

01 5999    100-Year 19200.00 5177.30 5195.61 5189.31 5196.96 0.000672 10.22 2280.43 244.70 0.44

01 5849    100-Year 19300.00 5176.72 5194.02 5196.69 0.001418 14.07 1688.63 165.10 0.62

01 5799    100-Year 19300.00 5176.63 5193.92 5190.38 5196.61 0.001395 13.92 1644.78 135.98 0.62

01 5734    Bridge

01 5709    100-Year 19300.00 5176.16 5193.51 5196.14 0.001351 13.72 1667.29 141.94 0.61

01 5649    100-Year 19300.00 5175.96 5193.46 5196.03 0.001287 13.46 1728.82 146.48 0.59

01 5559    100-Year 19300.00 5175.86 5193.35 5190.07 5195.88 0.001692 13.86 1698.28 148.85 0.61

01 5509    Bridge

01 5401    100-Year 19300.00 5175.69 5193.15 5195.29 0.001095 12.36 1875.82 172.18 0.55

01 5310    100-Year 19300.00 5175.59 5192.89 5195.15 0.001169 12.69 1801.17 155.68 0.56

01 4655    100-Year 19300.00 5174.87 5191.16 5187.93 5194.17 0.001644 14.41 1593.31 164.14 0.66

01 4573    100-Year 19300.00 5174.78 5190.92 5187.95 5194.01 0.001716 14.63 1490.43 127.72 0.67

01 4554    Bridge

01 4523    100-Year 19300.00 5174.73 5189.96 5193.72 0.002901 16.35 1329.94 124.36 0.77

01 4430    100-Year 19300.00 5174.62 5189.84 5187.92 5193.32 0.002692 15.69 1488.69 152.93 0.75
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HEC-RAS  Plan: Olsson   River: S_Platte_Prp   Reach: 01    Profile: 100-Year (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)  

01 4327    Bridge

01 4226    100-Year 19300.00 5174.40 5189.25 5192.58 0.003134 15.53 1425.34 153.48 0.75

01 4135    100-Year 19300.00 5173.86 5189.14 5192.07 0.003607 14.58 1491.71 173.83 0.69

01 3985    100-Year 19300.00 5173.76 5189.15 5191.00 0.000948 11.28 2123.44 215.39 0.54

01 3213    100-Year 19400.00 5173.22 5188.44 5190.22 0.001016 11.64 2291.26 259.33 0.53

01 2200    100-Year 19400.00 5172.51 5187.92 5189.07 0.000888 10.97 2653.95 299.95 0.49

01 1650    100-Year 19400.00 5172.12 5187.50 5188.60 0.000807 10.44 2742.56 313.29 0.47

01 863     100-Year 19400.00 5171.57 5186.94 5188.00 0.000699 9.71 2846.85 335.50 0.44

01 164     100-Year 19400.00 5171.08 5186.74 5180.27 5187.53 0.000451 7.90 3190.30 1459.80 0.35

01 45      100-Year 19400.00 5171.00 5185.95 5180.58 5187.40 0.000822 10.34 2335.09 1262.71 0.47

agabor
Typewritten Text
3-span bridge model HEC-RAS output




	Cover
	Table of Contents
	Narrative
	1.0 Introduction
	2.0 Hydrology
	2.1 Previous Studies
	2.2 Peak Discharges

	3.0 Existing Structure
	4.0 Design Discussion
	4.1 Freeboard Criteria
	4.2 Hydraulic Analysis and Recommended Design
	4.3 Design Considerations for Potential Future Projects

	5.0 Scour Analysis
	6.0 Floodplain Analysis
	7.0 Agency Coordination
	8.0 References

	Appendix
	Bridge Upstream and Downstream Cross Sections
	100-Year Scour Calculations - 2-Span Bridge
	FIRM Panel
	LOMR Determination Document
	LOMR Model HEC-RAS Output
	3-Span Bridge Model HEC-RAS Output
	Figure 1 - 100-Year Floodplains




