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1.0  Introduction 
 

This  Letter  of  Map  Revision  (LOMR)  request  on  behalf  of  Mesa  County  is  prepared  for  Lewis  Wash  to 
document  the  change  to  the  Zone  A  regulatory  floodplain  as  a  result  of  the  reconstruction  of  D½  Road 
Bridge  and  channel  improvements  upstream  and  downstream  of  the  bridge.  The  work  lowered  the 
floodplain in all cases; therefore a CLOMR to document proposed hydraulic conditions prior to construction 
was neither required nor submitted.  
 
The Lewis Wash drainage basin originates to the north at the top of the Book Cliffs at an elevation of 6,600 
feet and outfalls into the Colorado River at elevation 4,610 feet.  The Lewis Wash watershed is comprised 
of  10.1  square  miles.  I-70  at  elevation  4,780  feet  divides  the  basin  into  two  distinct  portions:  upper  steep 
cliffs, and lower flat cultivated or developed lands. 6.4 square miles lie above I-70, and 3.7 square miles lie 
between the interstate and the Colorado River.  
 
Lewis  Wash  is  a  manmade  channelized  drainageway  paralleling  31  Road  through  the  City  of  Grand 
Junction and through unincorporated portions of Mesa County, Colorado.  The average slope of the channel 
through  the  developed  region  is  approximately  0.64%.    There  are  numerous  bridge  and  culvert  crossings 
along the wash.  Most of these crossing structures cannot pass the 100-year flood, and consequently, there 
are many break-outs from the channel. Since the wash is a manmade channel, the surrounding area does not 
typically drain back towards the wash.  Once water breaks out of the banks, it frequently flows away from 
the channel. The  floodplain  in  many  areas  is broad and shallow outside of the  formal channel  banks. This 
made  hydraulic  modeling  of  existing  conditions  for  the  FIS  challenging  and  complicated  for  a o ne-
dimensional  model. Tracking the shallow sheet  flow leaving the channel was  beyond the scope of work of 
the FIS study, so the regulatory floodplain was designated as a Zone A even though a detailed study of the 
mainstem was completed and had base floodplain elevations computed. 
 

2.0  Purpose of Study 
 
The purpose of this LOMR is to document changes to the regulatory floodplain due to the construction of 
the D½ Road bridge and channel improvements. This study was completed on behalf of Mesa County with 
the support of the City of Grand Junction for Lewis Wash for the reach between D ½ Road and E Road to 
evaluate the reduced flood hazards to the community.  
 
Reconstruction  of  the  D½  Road  Bridge  efficiently  passes  the  100-year  discharge,  which  removed  20.72 
acres  of  property  and  41 s tructures  from  the  100-year  floodplain  due t o  the  bridge  replacement  alone.  In 
addition,  excavation  and  reshaping  of  the  Lewis  Wash  channel  between  D½  Road  and  E  Road  bridges 
removed an additional 12.4 acres of property and 60 structures from the 100-year floodplain.  
 
The  channel  between  D ½   Road  and  E  Road  fully  contains  the  100-year  flood.  This  LOMR  is  being 
submitted to Federal Emergency Management Agency (FEMA) through a LOMR to take approximately 101 
existing structures and 33.12 acres out of the regulatory floodplain. 
 
 
 

3.0  Location 
 
The Vicinity Map, Figure 1, illustrates the project area in Mesa County, Colorado. Lewis Wash runs north 
to south along 31 Road. The area of concern for this study is between D ½ Road and E Road. 
 

Figure 1 - Vicinity Map 
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4.0  Topographic Mapping and Data Gathering 
 
Base mapping was obtained from the Mesa County and was supplemented with an as-built site survey. This 
study  utilized  Mesa’s 2001  topographic  mapping  with  a 2- foot  contour  interval  which  was  the  same 
mapping  used  to  complete  the  effective  floodplain  map.  The  following  outlines  the  base  mapping 
specifications: 
  
Mapping 

Existing Topography - Mesa County, 2001, 2’ Contour Interval 
As-built Survey Topography November 30, 2012 As-built, 2’ Contour Interval 
As-built Survey D½ Road Bridge Dimensions and Elevations May 7, 2012  

 
Deliverables 
·           As-built floodplain extents in GIS format 
      As-built flood profile in CAD format 

 
Datum / Units 

Coordinate System and Horizontal Datum - Colorado State Plane Coordinate System, Central 
Zone, North American Datum of 1983 (NAD-’83), U.S. Feet 
Vertical Datum – North American Vertical Datum of 1988 (NAVD ‘88) 
Units – U.S. feet 

 
Field  surveys were performed on May  7, 2012 a nd November 30, 2012 t o collect the as-built dimensions 
and elevations for the new D½ Road Bridge structure. In addition, 14 cross sections were surveyed.  Figure 
D-1 – LOMR Work Map shows the surveyed cross section locations. The purpose of the field survey was to 
incorporate the new data into the effective FEMA floodplain model. 
 
Base  mapping  with  existing  topography  was  obtained  from  Mesa  County,  2001,  2-foot  contour  interval. 
Coordinate  system  and  horizontal  datum  is  UTM  Zone  12,  North  American  Datum  of  1983 ( NAD-’83), 
meters. Vertical datum is the North American Vertical Datum of 1988 (NAVD ’88), U.S. feet. 
 
FEMA’s effective hydraulic model was acquired from the Floodplain Information Report Lewis Wash Mesa 
County, Colorado, Revised January 7, 2008, by Matrix Design Group, Inc. 
 
The  design  for  the  D½  Road  Bridge  over  Lewis  Wash  was  taken  from  the  Preliminary  Design  Report, 
Alternative 3 Pre-stressed Concrete Slab Bridge Plan, by Schmueser/Gordon/Meyer Engineers & Surveyors. 
 
The  geotechnical  investigation  for  D½  Road  Bridge  over  Lewis  Wash,  Grand  Junction,  Colorado,  was 
provided by Mesa County from Huddleston-Berry Engineering and Testing, LLC, January 18, 2011. 
 

4.1  Bridge Criteria 

The Mesa County/City of Grand Junction Stormwater Management Manual (SWMM), December 2007 was 
used as design guidelines and the minimum requirements for hydraulic structure and channel include:   

1. Bridge structures must pass the full 100-year event through the structure.   

2. Bridge  freeboard  below  the  low  chord  shall  be  a  minimum  of  1  foot  above  the  100-year  flood 
elevation.   

3. Single (clear) span bridge is desired.   
4.  No  significant  rise  in  the  flood  elevation  (especially  in  residential  areas)  shall  occur  by  the 
construction  of  the  bridge.   The  floodplain  rise  shall  be  1  foot  or  less  in  rural  areas  as  long  as 
houses are not influenced.   

5. Velocities shall be within reasonable limits to maintain channel stability (SWMM Table 805). 
6. Minimum thalweg longitudinal gradient of 0.5% for the channel. 
7. Channel bank side slopes shall be 2:1 (H: V) or flatter 
8. Manning’s n within reasonable range (SWMM Table 802A, 802B, 802C & 802D) 
9. Channel flow depth desired to be less than 7 feet outside the low flow section. 
10. Channel freeboard shall be 1 foot minimum. 
 

4.2  Site Photos 

The following three Pictures 2-1, 2-2 and 2-3 were taken May 7, 2012 of the Lewis Wash channel after 
construction of the new bridge, but prior to any channel improvements. The Picture 2-4 shows the pre-
project D ½ Road culvert.  

 

 
Figure 2-1 Lewis Wash Bridge As-built for the D ½ Road Bridge Crossing  

 



Lewis Wash 
Letter of Map Revision  Mesa County, Colorado 

 

 3 

 
Figure 2-2 Lewis Wash Channel Pre-Construction Conditions 

 

 
Figure 2-3 Lewis Wash Channel with Eroded Banks Pre-Construction 

 
Figure 2-4 Old D½ Road Bridge prior to Reconstruction as modeled in FEMA’s Effective Model 

 
 

 
Figure 2-5 New D½ Road Bridge as modeled in this LOMR 
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5.0  Hydrology 
 
The upper portion, north of I-70, consists primarily of arid badlands with very little vegetation.  Steep slopes 
and lack of urban development characterize this area.  The area at the base of the slopes is positioned on a 
highly  erosive  alluvial  fan,  and  has  historically  generated  large  sediment  loads  during  peak  events.   T he 
upper basin consists almost entirely of  ‘D’ classification  soils.  T hese  soils are generally  characterized  by 
low permeability and high runoff. 
 

The lower portion of the watershed, south of I-70, consists of a mixture of low-density subdivisions.  This 
lower portion is characterized by flatter slopes and contains a number of smaller tributary channels.  Soils in 
the  lower  basin  primarily  belong  to the  ‘B’  hydrologic  classification,  as  defined  by  the  Natural  Resource 
Conservation  Service.   T hese  soils  are  generally  characterized  by  relatively  high  permeability  and  low 
runoff.  Small, scattered pockets of ‘C’ and ‘D’ classifications also exist. 
 
No  new  hydrologic  analysis  was  performed  for  this  study.  The  hydrology  from  the  2008 Fl oodplain 
Information Report was incorporated into this report as listed below in Table 1. 
 
 
 

Table 1 - Summary of Discharges 
From approved Floodplain Information Report Dated January 7, 2008 

Flooding Source and Location 
Lewis Wash 

 

Drainage 
Area 

Peak Discharges (cfs) 

(Square 
Miles) 

Irrigation 
10-
Year 

50-
Year 

100-
Year 

500-
Year 

                  
Upstream of Interstate 70 3.79 32 1,295   2,168   2,618   3,609 
Upstream of Interstate 70 4.19 32 1,340   2,262   2,739   3,800 
Upstream of Government Highline Canal   6.86 32 1,055   1,377   1,786   2,714 
Upstream of F½ Road 6.97 32 1,060   1,386   1,794   2,726 
Upstream of Price Ditch 7.30 32 1,093   1,444   1,862   2,818 
Upstream of F Road 7.44 32 1,096   1,457   1,857   2,810 
Upstream of E½ Road 7.89 32 1,126   1,510   1,920   2,899 
Upstream of Interstate 70 Business 7.98 32 1,230   1,517   1,929   2,911 
Upstream of Union Pacific Rail Road  8.96 32 1,228   1,675   2,117   3,173 
Upstream of Grand Valley Canal 9.49 32 1,235   1,721   2,157   3,221 
Upstream of E Road 9.57 32 1,239   1,727   2,163   3,231 
Between E Road and D.5 Road 9.71 32 1,253   1,750   2,194   3,278 
Upstream of D½ Road 9.85 32 1,173  1,689  2,094  3,127 
Between D½ Road and D Road 9.92 32 1,175   1,694   2,100   3,136 
Upstream of D Road 10.10 32 1,190   1,718   2,130   3,184 
Upstream of Confluence with Colorado River   10.14 32 1,190   1,720   2,132   3,187 

 
 
 

6.0  Hydraulic Analysis 
 
The improvements to the Lewis Wash in this study reach were finished with two stages. The first stage, a 
new 100-year capacity D½ Road Bridge with span length of 28.5 feet was constructed to replace the 
existing undersized culvert. The second stage, the capacity of the existing channel between E Road and D½ 
Road was investigated with the new D½ Road Bridge in place and a channel improvement was designed to 
remove the residual breakout due to the deficient channel sections. 

6.1    Replacement of D½ Road Bridge 
 
The new D½ Road Bridge with span length of 28.5’ and maximum opening height of 9.3’ has the capacity 
to pass through 100-year flood with 1.2’ of freeboard. The improved D½ Road Bridge reduced the extents 
of the regulatory floodplain upstream of D½ Road.  
 
The  following  Tables  and  Figures  describe  the  existing  conditions  hydraulics  of  Lewis  Wash  after  the 
construction of the new D½ Road Bridge: 
 

Table 2 –   Lewis Wash As-built HEC-RAS Hydraulic Output for the subject cross section locations 
in 10-, 50-, 100-, and 500-year flood conditions 

Table 3 –   Lewis  Wash  As-built  D ½   Rd  Bridge  HEC-RAS  Hydraulic  Output  Parameters  at  the 
structure for a 100-year flood 

Figure 3 -  Lewis  Wash  100-year  Flood  Profile,  FEMA  effective  model  from  2008 ( dashed  line), 
and As-built condition with the new bridge 2012 (blue line) 

Figure 4 -  Lewis Wash As-built Cross Sections showing the 100-year flood results for the existing 
condition hydraulic analysis 

Figure 5 -   Annotated  FEMA  Floodplain  Map  showing  the  change  in  the  approximate  100-year 
floodplain before and after the bridge construction.   

 
The overbank flooding at approximately 800 feet to 1,700 feet upstream of D½ Road was not reduced by the 
bridge  improvement.  The  conveyance  capacity  was  restricted  by  the  mildly  sloped  reach  (approximately 
average slope 0.4%) and narrow channel cross sections at approximately 1,100 feet to 1,500 feet upstream 
of  D½  Road.  To  remove  the  left  overbank  flooding  and  protect  the  community  from 100-year  flood,  a 
channel  modification  project  was  implemented  for  this  reach  to  establish  appropriate  thalweg  slope  and 
cross section size.  
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Table 2 – Lewis Wash _ D ½ Road As-built Hydraulics Output 
(New D ½ Road Bridge with Surveyed Existing Condition Channel between D ½ Road and E Road) 

 

 

Table 2 – Lewis Wash _ D ½ Road As-built Hydraulics Output 
(New D ½ Road Bridge with Surveyed Existing Condition Channel between D ½ Road and E Road) 

(Continued) 

     
 
 
 
 
 
 

Table 3 – Lewis Wash _ D ½ Road Bridge As-built Hydraulics Output 
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River = RIVER-1   Reach = Reach-1      RS = 19    Surveyed cross section at channel, floodplain using 2001
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Figure 4 - Lewis Wash _ Cross Sections 
(As-built D 1/2 Road Cross Sections with Surveyed Existing Condition Channel between D 1/2 Road and E Road)



Figure 5 - Annotated Floodplain Map
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6.2    Improved Channel Hydraulics 
 
The existing condition HEC-RAS model with new D½ Road Bridge was used as the base model for channel 
improvement  analysis.   T he  Manning’s n  value  was  determined  using  SWMM  Table  802C.  A  new 
geometry file was created in the HEC-RAS model after input of all the required parameters for the proposed 
channel.  
 
The existing longitudinal slope of the Lewis Wash between D½ Road and E Road was analyzed as shown in 
Table  4.  The  average  slope  is  0.64%  from  E  Road  to  D½  Road.  The  pre-construction  thalweg  had  an 
average slope 0.4% for the reach with deficient conveyance capacity. The improved channel thalweg slope 
is 0.69% and starts at cross section 16 to end at cross section 18.5 in the hydraulic model.  
 

Q 

Total

Channel 

Thalweg 

Elevation

As‐built 

W.S. 

Elevation

Reach 

Length 

between 

Cross 

Sections

Accumulated 

Reach Length

Channel 

Thalweg 

Slope 

between 

Cross 

Average 

Slope 

between D 

1/2 Road 

and E Road

Average 

slope 

between 

XS 16 to 

XS 18.5

(cfs)  (ft)  (ft)  (ft)  (ft)  (%)  (%)  (%)

20 2163  4648.60  4657.23  229  3143  1.15 ‐ D/S of E Road

19.5 2163  4645.96  4656.36  274  2914  0.47 ‐

19 2163  4644.68  4655.20  209  2640  0.76 ‐

18.5 2163  4643.09  4654.19  294  2431  0.32

18 2194  4642.15  4653.46  246  2137  0.25

17.5 2194  4641.54  4651.99  258  1891  0.60

17 2194  4640.00  4648.80  245  1634  1.54

16.5 2194  4636.24  4645.87  258  1389  0.83

16 2194  4634.11  4644.96  255  1131  0.53

15.5 2194  4632.77  4641.81  256  877  0.12 ‐

15 2094  4632.47 4641.44  27  621 ‐0.38 ‐ U/S of D 1/2 Road

Table 4 ‐ Lewis Wash ‐ Channel Thalweg Elevation

0.64

0.69

HEC‐RAS 

Cross 

Section

Note

Proposed reach for 

channel modification

 
 
The proposed channel modification is a minimum 1533-foot section of channel from the projection of Ouray 
Avenue to Palomino  Way that needs to be reshaped with a t rapezoidal  cross section with a 5   feet bottom 
width  and  2:1 ( H:V)  side  slopes.  The  parameters  of  right-of-way,  construction  and  maintenance 
requirements  were  considerations  in  the  design  of  the  cross  section.  Flatter  side  slopes  were  used  where 
there  was  adequate  land  area  and  easements  for  a w ider  channel  section.  Figure  6  shows  the  trapezoidal 
cross sections pre- and proposed-construction conditions.  
 
The channel was excavated to fully contain the 100-year flood. In some areas, the channel was lowered by 
as much as 2.2 feet. With this excavation, the 100-year floodplain is contained within the channel section. 
The reconstructed channel  has a  minimum 1  foot of  freeboard during a 100- year  flood. The results of the 
post-construction conditions channel are shown in the following figures and tables: 
 

Table 5 –  Lewis  Wash  Hydraulic  Output  parameters  by  cross  section  for  the  improved  reach  for 
the 10-, 50-, 100-, and 500-year flood conditions 

Figure 7 -  Lewis  Wash  100-year  Flood  Profile,  pre-  construction  (dashed)  and  post-construction 
(solid) 

Figure 8 -  Lewis Wash Cross Sections show the results of post-construction hydraulic analysis for 
a 100-year flood 

 
The downstream limit of the floodplain hydraulic analysis is Cross Section 13 from the effective HEC-RAS 
model.  This  cross  section  is  located  approximately  500  feet  from  downstream  face  of  the  new  D½  Road 
Bridge.  FEMA  Cross  Section  20.3  is  the  most  upstream  cross  section  for  this  studied  reach.  This  cross 
section  is  located  downstream  of  the  E  Road  Bridge.  The  FEMA  Flood  Insurance  Rate  Map  (FIRM)  is 
included in Appendix B and it illustrates the location of all FEMA Cross sections in the project area. 
 
The average post-construction longitudinal slope along the study reach is 0.0062 feet per foot.  The channel 
characteristics are uniform throughout the study reach as a canal-like channel clean of vegetation and debris 
with an average Manning’s roughness coefficient of 0.035.   
 



  

HEC-RAS  Plan: AB Road Channel   River: RIVER-1   Reach: Reach-1

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

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

Reach-1  13      2094.00  4629.10  4637.09 4637.72  0.002180  6.37  328.99  48.05 0.43

Reach-1  13      1173.00  4629.10  4635.17 4635.54  0.001616  4.84  242.51  43.86 0.36

Reach-1  13      1689.00  4629.10  4636.64 4637.11  0.001650  5.48  308.23  45.75 0.37

Reach-1  13      3127.00  4629.10  4637.81  4635.04  4638.94  0.004054  8.54  366.22  55.56 0.59

Reach-1  13.5    2094.00  4630.00  4637.83  4637.83  4640.36  0.012871  12.76  164.06  32.82 1.01

Reach-1  13.5    1173.00  4630.00  4635.88  4635.88  4637.81  0.013776  11.15  105.19  27.49 1.00

Reach-1  13.5    1689.00  4630.00  4637.04  4637.04  4639.33  0.013223  12.16  138.92  30.66 1.01

Reach-1  13.5    3127.00  4630.00  4640.03  4640.03  4642.43  0.008625  12.63  275.58  70.52 0.86

Reach-1  14      2094.00  4631.35  4640.21 4641.53  0.002366  9.25  230.33  52.03 0.68

Reach-1  14      1173.00  4631.35  4638.11 4639.09  0.002714  7.92  148.07  33.79 0.67

Reach-1  14      1689.00  4631.35  4639.37 4640.55  0.002521  8.75  193.12  38.08 0.68

Reach-1  14      3127.00  4631.35  4641.75  4640.45  4643.42  0.002361  10.51  332.35  73.23 0.73

Reach-1  14.3    2094.00  4631.53  4640.15  4638.40  4641.72  0.001976  10.07  208.01  28.66 0.66

Reach-1  14.3    1173.00  4631.53  4638.28  4636.63  4639.17  0.001533  7.59  154.52  28.60 0.58

Reach-1  14.3    1689.00  4631.53  4639.38  4637.65  4640.66  0.001799  9.07  186.15  28.63 0.63

Reach-1  14.3    3127.00  4631.53  4641.38  4640.11  4643.95  0.002751  12.84  243.48  59.37 0.78

Reach-1  14.5    Bridge

Reach-1  14.7    2094.00  4632.57  4640.63  4639.20  4642.35  0.002435  10.53  198.83  28.72 0.71

Reach-1  14.7    1173.00  4632.57  4638.62  4637.45  4639.69  0.002192  8.31  141.16  28.63 0.66

Reach-1  14.7    1689.00  4632.57  4639.80  4638.47  4641.24  0.002336  9.65  175.08  28.69 0.69

Reach-1  14.7    3127.00  4632.57  4645.08  4640.91  4646.40  0.001154  9.34  388.42  74.80 0.49

Reach-1  15      2094.00  4632.47  4641.33 4642.55  0.002066  8.87  236.16  43.56 0.67

Reach-1  15      1173.00  4632.47  4638.64 4639.81  0.003414  8.69  134.94  32.79 0.76

Reach-1  15      1689.00  4632.47  4640.09 4641.37  0.002681  9.07  186.16  37.85 0.72

Reach-1  15      3127.00  4632.47  4645.92 4646.61  0.000537  6.79  535.77  78.70 0.38

Reach-1  15.5    2194.00  4633.00  4641.65  4641.65  4644.07  0.013175  12.49  175.71  36.69 1.01

Reach-1  15.5    1253.00  4633.00  4639.79  4639.79  4641.68  0.014189  11.02  113.73  30.23 1.00

Reach-1  15.5    1750.00  4633.00  4640.83  4640.83  4643.03  0.013697  11.92  146.85  33.83 1.01

Reach-1  15.5    3278.00  4633.00  4645.81 4647.08  0.003619  9.11  384.04  71.94 0.57

Reach-1  16      2194.00  4634.50  4644.89 4645.84  0.003753  7.83  280.35  47.81 0.57

Reach-1  16      1253.00  4634.50  4642.79 4643.49  0.003828  6.70  186.92  41.17 0.55

Reach-1  16      1750.00  4634.50  4643.98 4644.82  0.003760  7.34  238.35  44.94 0.56

Reach-1  16      3278.00  4634.50  4646.85 4647.99  0.003471  8.61  389.62  72.12 0.57

Reach-1  16.5    2194.00  4636.90  4645.81 4647.07  0.005239  9.00  243.75  43.84 0.67

Reach-1  16.5    1253.00  4636.90  4643.78 4644.72  0.005382  7.76  161.47  37.45 0.66

Reach-1  16.5    1750.00  4636.90  4644.93 4646.05  0.005287  8.48  206.38  41.06 0.67

Reach-1  16.5    3278.00  4636.90  4647.62 4649.17  0.004890  9.99  332.03  65.78 0.67

Reach-1  17      2194.00  4638.30  4646.92  4646.61  4649.11  0.010590  11.88  184.69  35.74 0.92

Reach-1  17      1253.00  4638.30  4645.11  4644.71  4646.67  0.010177  10.05  124.66  30.34 0.87

Reach-1  17      1750.00  4638.30  4646.13  4645.80  4648.05  0.010450  11.12  157.35  33.39 0.90

Reach-1  17      3278.00  4638.30  4648.46  4648.30  4651.28  0.011168  13.48  243.22  324.47 0.97

Reach-1  17.5    2194.00  4641.00  4649.75 4651.36  0.006944  10.20  215.20  38.54 0.76

Reach-1  17.5    1253.00  4641.00  4647.69 4648.90  0.007191  8.83  141.87  32.81 0.75

Reach-1  17.5    1750.00  4641.00  4648.85 4650.29  0.007026  9.62  181.89  36.05 0.75

Reach-1  17.5    3278.00  4641.00  4651.60  4650.31  4653.56  0.006649  11.22  297.53  66.58 0.76

Reach-1  18      2194.00  4642.16  4651.48  4650.63  4653.22  0.007973  10.59  207.14  38.45 0.80

Reach-1  18      1253.00  4642.16  4649.49  4648.73  4650.79  0.008004  9.14  137.14  31.97 0.78

Reach-1  18      1750.00  4642.16  4650.61  4649.80  4652.17  0.008022  10.00  175.01  35.62 0.80

Reach-1  18      3278.00  4642.16  4654.11  4653.59  4654.64  0.002517  7.00  861.97  1550.49 0.47

Reach-1  18.5    2163.00  4643.73  4654.00 4654.96  0.003560  7.90  273.86  43.87 0.56

Reach-1  18.5    1239.00  4643.73  4651.73 4652.44  0.003440  6.76  183.22  36.33 0.53

Reach-1  18.5    1727.00  4643.73  4653.02 4653.88  0.003515  7.42  232.67  40.62 0.55

Reach-1  18.5    3231.00  4643.73  4654.58 4656.38  0.006226  10.77  300.07  45.88 0.74

Reach-1  19      2163.00  4645.29  4654.69  4653.11  4655.94  0.005243  8.96  241.27  43.17 0.67

Reach-1  19      1239.00  4645.29  4652.45  4651.27  4653.46  0.005912  8.09  153.20  35.22 0.68

Reach-1  19      1727.00  4645.29  4653.72  4652.32  4654.87  0.005480  8.59  201.04  39.74 0.67

Reach-1  19      3231.00  4645.29  4656.06  4654.72  4657.74  0.006683  10.49  348.49  661.56 0.76

Reach-1  19.5    2163.00  4646.34  4656.15 4657.52  0.006054  9.38  230.67  42.38 0.71

Reach-1  19.5    1239.00  4646.34  4654.07 4655.11  0.006069  8.19  151.19  33.88 0.68

HEC-RAS  Plan: AB Road Channel   River: RIVER-1   Reach: Reach-1 (Continued)

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

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

Reach-1  19.5    1727.00  4646.34  4655.25 4656.48  0.006107  8.90  193.96  38.69 0.70

Reach-1  19.5    3231.00  4646.34  4657.82 4659.54  0.006343  10.53  306.72  49.15 0.74

Reach-1  20      2163.00  4648.60  4657.35  4655.86  4658.86  0.005313  9.89  219.07  38.38 0.68

Reach-1  20      1239.00  4648.60  4655.40  4653.89  4656.40  0.005164  8.02  154.47  31.55 0.64

Reach-1  20      1727.00  4648.60  4656.52  4655.01  4657.79  0.005280  9.03  191.51  35.25 0.66

Reach-1  20      3231.00  4648.60  4658.87  4657.39  4661.10  0.005923  12.00  270.14  44.11 0.74

Reach-1  20.3    2163.00  4648.84  4659.14  4659.14  4661.99  0.013295  13.55  159.66  27.50 0.99

Reach-1  20.3    1239.00  4648.84  4656.83  4656.83  4659.11  0.014362  12.13  102.18  22.21 1.00

Reach-1  20.3    1727.00  4648.84  4658.14  4658.14  4660.75  0.013743  12.95  133.36  25.22 0.99

Reach-1  20.3    3231.00  4648.84  4663.18  4663.18  4663.57  0.001978  6.50  1555.00  1789.48 0.40

Table 5 - Lewis Wash LOMR 
(As-built D 1/2 Road Bridge and Channel between D 1/2 Road and E Road)
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River = RIVER-1   Reach = Reach-1      RS = 18    Surveyed cross section at channel, floodplain using 2001
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River = RIVER-1   Reach = Reach-1      RS = 19    Surveyed cross section at channel, floodplain using 2001

Station (ft)

El
ev
at
i
o
n 
(f
t)

Legend

WS 100-Year

Ground

Ineff

Bank Sta

.05 .
0
3
5

.05

 

0 20 40 60 80 100
4646

4648

4650

4652

4654

4656

4658

4660

4662

Lewis Wash Hydraulic Model       Plan: As-built D1/2 Road and Channel    12/5/2012 

River = RIVER-1   Reach = Reach-1      RS = 19.5    Surveyed cross section

Station (ft)

El
ev
at
i
o
n 
(f
t)

Legend

WS 100-Year

Ground

Bank Sta

.05 .035 .
0
5

 

0 500 1000 1500 2000 2500 3000
4648

4650

4652

4654

4656

4658

4660

4662

4664

Lewis Wash Hydraulic Model       Plan: As-built D1/2 Road and Channel    12/5/2012 

River = RIVER-1   Reach = Reach-1      RS = 20    

Station (ft)

El
ev
at
i
o
n 
(f
t)

Legend

WS 100-Year

Ground

Ineff

Bank Sta

.05 .
0
3
5

.05

Figure 8 - Lewis Wash _ Post-construction Cross Sections 
D 1/2 Road to E Road



Lewis Wash 
Letter of Map Revision  Mesa County, Colorado 

 

 18 

6.3    Survey Information 
 
As-built  information  was  surveyed  by  Matrix  Design  Group,  Inc. on  May  7,  2012 a nd  November  30, 
2012 as described in Section 4.0.  

6.4    Modeling 

 
The  U.S.  Army  Corp  of  Engineers  HEC-RAS  program  version  4.1.0  was  used  to  calculate  the  water 
surface  elevations  for  the  pre-project  condition  and  post-project  condition.  The  HEC-RAS  hydraulic 
analysis that was completed for Lewis Wash is presented below.  
 
 Effective Model 
 
The  effective  condition  HEC-RAS  model  was  provided  by  Mesa  County  which  was  previously  run 
using the older version of HEC-RAS 3.1.0. The HEC-RAS output for the model is included in Appendix 
C and a copy of HEC-RAS input and output digital file in included in the compact disc. 
 
Duplicate Effective Model 
 
The effective model was reproduced in HEC-RAS 4.1.0 to ensure that the effective model’s input data 
was  transferred  correctly  and  to  ensure  that the  revised  data  will  be  integrated  in  the  effective  data  to 
provide a continuous FIS model upstream and downstream of the revised reach. The duplicated model 
using  HEC-RAS  4.1.0  generated  exactly  the  same  output  compared  with  the  effective  model  output. 
Table 6 shows the water surface comparison. 
 
Manning’s “n” values used in the duplicated effective model were 0.035 for the channel and 0.050 for 
the over-banks. These are the same Manning’s “n” values that were used in the FEMA Effective model. 
A copy of the duplicated model input and output was included in Appendix C. 
 

Effective Model 

HEC‐RAS 3.1.0 

Output

Duplicated Effective 

Model  HEC‐RAS 4.1.0 

Output

13 2,094  4629.1  4637.1 4637.1 0.0

14 2,094  4632.9  4638.2 4638.2 0.0

14.3 2,094  4633.0  4640.2 4640.2 0.0

14.5 D 1/2 Road Bridge

14.7 2,094  4633.1  4644.3 4644.3 0.0

15 2,094  4633.2  4644.3 4644.3 0.0

16 2,194  4635.2  4644.1 4644.1 0.0

17 2,194  4640.5  4649.1 4649.1 0.0

18 2,194  4643.0  4653.1 4653.1 0.0

19 2,163  4645.2  4654.4 4654.4 0.0

20 2,163  4648.6  4656.6 4656.6 0.0

20.3 2,163  4648.8  4659.1 4659.1 0.0

Table 6 ‐ Output Comparison

(Duplicated Effective vs. Regulatory Effective Model )

W.S. Elevation (NAVD 88) (ft)Model 

Cross 

Section 

ID

Q100‐year 

Total 

(cfs)

Channel 

Thalweg 

(ft)

W.S. 

Elevation 

Discrepancy 

(ft)

 
 
 
Corrected Effective (Existing Condition) Model 
 
A  corrected  effective/existing  condition  model  was  established  and  used  as  base  model  for  this  study. 
Four  effective  cross  sections  (FEMA  Cross  Sections16,  17,  18 &   19)  were  updated  with  surveyed 
information. Six new cross sections were inserted in between the effective cross sections to reduce the 
average  cross  section  spacing  from  approximately  500  feet  down  to  approximately  250  feet.  The 
corrected  effective/existing  condition  model  offered  more  and  better  detailed  hydraulic  information 
which  facilitated  the  hydraulic  analysis  for  D½  Road  design  study  and  channel  improvement  study 
between  D½  Road  and  E  Road.  The  corrected  effective  also  offered  a  base  for  comparison  of  the 
hydraulics  changes physically on a cross section  by cross section  basis. The Table 7  shows the  model 
output comparison between effective model and corrected effective model and Figure 9 shows the flood 
profiles comparison. 
 
Manning’s “n” values used in the corrected effective model were 0.035 for the channel and 0.050 for the 
over-banks. These are the same Manning’s “n” values that were used in the FEMA Effective model. A 
copy of the corrected effective model input and output was included in Appendix C. 
 
The  water  surface  elevations  were  seen  generally  higher  than  the  regulatory  effective  water  surface 
elevation  throughout the  study  reach.  This  is  usually  seen  in  the  HEC-RAS  model  with  more  densely 
spaced  cross sections. Especially cross  section 14, the effective regulatory  model  couldn’t  balance  the 
energy calculation, so forced the water surface elevation to be at the critical depth which showed much 
lower water depth compared to the corrected model. 
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Model 

Cross 

Section ID

Q100‐year 

Total (cfs)

Channel 

Thalweg 

(ft)

W.S. Elevation 

(NAVD 88) (ft)

Model 

Cross 

Section ID

Q100‐year 

Total (cfs)

Channel 

Thalweg 

(ft)

W.S. Elevation 

(NAVD 88) (ft)

13 2,094  4629.1  4637.1 13 2,094  4629.1  4637.1 0.0

‐ ‐   ‐   ‐ 13.5 2,094  4630.1  4638.2 ‐

14 2,094  4632.9  4638.2 14 2,094  4632.9  4641.3 3.2

14.3 2,094  4633.0  4640.2 14.3 2,094  4633.0  4640.9 0.7

14.5 2,094  D 1/2 Road Bridge 14.5 2,094  D 1/2 Road Bridge

14.7 2,094  4633.1  4644.3 14.7 2,094  4633.1  4644.3 0.0

15 2,094  4633.2  4644.3 15 2,094  4633.2  4644.3 0.0

‐ ‐   ‐   ‐ 15.5 2,194  4632.8  4643.9 ‐

16 2,194  4635.2  4644.1 16 2,194  4634.1  4645.0 0.9

‐ ‐   ‐   ‐ 16.5 2,194  4636.2  4645.9 ‐

17 2,194  4640.5  4649.1 17 2,194  4640.0  4648.8 ‐0.3

‐ ‐   ‐   ‐ 17.5 2,194  4641.5  4652.0 ‐

18 2,194  4643.0  4653.1 18 2,194  4642.2  4653.5 0.4

‐ ‐   ‐   ‐ 18.5 2,163  4643.1  4654.2 ‐

19 2,163  4645.2  4654.4 19 2,163  4644.7  4655.2 0.8

‐ ‐   ‐   ‐ 19.5 2,163  4646.0  4656.4 ‐

20 2,163  4648.6  4656.6 20 2,163  4648.6  4657.3 0.7

20.3 2,163  4648.8  4659.1 20.3 2,163  4648.8  4659.1 0.0

Corrected Effective Model HEC‐RAS 4.1.0 OutputRegulatory Effective Model HEC‐RAS 3.1.0 Output

Table 7 ‐ Output Comparison

W.S. Elevation 

Discrepancy 

(Corrected ‐ 

Regulatory) (ft)

(Corrected Effective vs. Regulatory Effective Model )

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 – Flood Profile Comparison 
(Corrected Effective vs. Regulatory Effective) 

 
 
Post-Project (As-built Condition) Model 
 
The  corrected  effective  model  was  then  revised  to  create  the  as-built  condition  model.  The  as-built 
bridge plan and associated as-built channel improvement grading plan were incorporated into the model. 
Stamped as-built plans can be found in Appendix A. 
 
A total of fourteen cross sections from 13.5 to 19.5 inside the study reach were updated with the as-built 
topography.  Four  cross  sections  14,  14.3,  14.7  and  15  were  kept  the  same  naming  in  the  post-project 
model  while  have  been  moved  to  the  locations  at  where  the  required  four  cross  sections  for  properly 
modeling  the  new  D½  Road  Bridge  were.  The  rest  ten  cross  sections  were  at  the  same  station  as 
corrected effective model and were updated with cross sections cut from the as-built topography. 
 
Manning’s “n” values used in the post-project model were 0.035 for the channel and 0.050 for the over-
banks.  These  are  the  same  Manning’s  “n”  values  that  were  used  in  the  FEMA  Effective  model.  See 



Lewis Wash 
Letter of Map Revision  Mesa County, Colorado 

 

 20 

Table 8 for water surface elevation comparison. Figure 10 shows the flood profile comparison. A copy 
of the post-project condition HEC-RAS input and output was included in Appendix C. 
 
The  new  100-year  capacity  D½  Road  Bridge  and  the  channel  improvement  between  D½  Road  and  E 
Road  lower  the  100-year  event  water  surface  elevation  throughout  the  study  reach  with  a  maximum 
reduction of 3.7 feet at upstream face of D½ Road. The post-project 100-year discharge was contained 
in the  improved channel cross section  for most of the study area except the 100-year  floodplain  in  the 
left descending overbank at cross section 14 spreads out approximate 5 feet beyond the top of the  left 
bank. This is due to the mild sloped grading in the left overbank area. The slightly wider floodplain does 
not spread outside of the drainageway easement, so private owned property is not adversely impacted. 

Channel 

Thalweg 

(ft)

W.S. Elevation 

(NAVD 88) (ft)

Channel 

Thalweg 

(ft)

W.S. Elevation 

(NAVD 88) (ft)

13 2,094  4629.1  4637.1  4629.1  4637.1 0.0

13.5 2,094  4630.0  4637.8  4630.1  4638.2 ‐0.3

14 2,094  4631.4  4640.2  4632.9  4641.3 ‐1.1

14.3 2,094  4631.5  4640.2  4633.0  4640.9 ‐0.7

14.5 2,094  D 1/2 Road Bridge

14.7 2,094  4632.6  4640.6  4633.1  4644.3 ‐3.7

15 2,094  4632.5  4641.3  4633.2  4644.3 ‐3.0

15.5 2,194  4633.0  4641.7  4632.8  4643.9 ‐2.3

16 2,194  4634.5  4644.9  4634.1  4645.0 ‐0.1

16.5 2,194  4636.9  4645.8  4636.2  4645.9 ‐0.1

17 2,194  4638.3  4646.9  4640.0  4648.8 ‐1.9

17.5 2,194  4641.0  4649.8  4641.5  4652.0 ‐2.2

18 2,194  4642.1  4651.5  4642.2  4653.5 ‐2.0

18.5 2,163  4643.3  4653.8  4643.1  4654.2 ‐0.4

19 2,163  4645.3  4654.5  4644.7  4655.2 ‐0.7

19.5 2,163  4646.2  4656.1  4646.0  4656.4 ‐0.3

20 2,163  4648.6  4657.3  4648.6  4657.3 0.0

20.3 2,163  4648.8  4659.1  4648.8  4659.1 0.0

Corrected Effective Model

Table 8 ‐ Output Comparison

(Post‐Project Condition vs. Corrected Effective Model )

W.S. Elevation 

Discrepancy 

(Post‐Project ‐ 

Corrected) (ft)

Note: Both post‐project and corrected effective condition were run using HEC‐RAS version 4.1.0.

Model 

Cross 

Section ID

Q100‐year 

Total (cfs)

Post‐Project Model Output

 
 
 
 
 
 
 
 
 

Figure 10 – Flood Profile Comparison 
(Post-Project Condition vs. Corrected Effective) 

 
 
Post-Project (As-built Condition) Floodway Model 
 
Per discussion with Michael Baker staff, the floodway encroachment analysis for this study reach can be 
omitted  because  there  is  not  a r egulatory  floodway  defined  for  the  Zone  A  designation  and  the  post-
project  floodplain  was  contained  in  the  improved  channel  corridor.  For  all  practical  purposes,  the 
floodway top width is the same as the floodplain top width. 
 
Hydraulic Output 
 
The 100-year  floodplain surface elevations  for effective  model, pre-project and post-project conditions 
have  been  compared  in  Table  6,  7 an d  8.  Table  9 s hows  the  floodplain  data  for  the  post-project 
condition. The detailed input and output of the HEC-RAS models are included in Appendix C. The post-
project  floodplain  boundary  has  been  delineated  and  is  included  in  the  work  map  (Figure  D-1)  and 
annotated FIRM (Figure D-2) in the Appendix D. 
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Peak 

Discharge

Top        

Width 

Flow        

Area

Average 

Velocity

Water 

Surface 

Elevation

(feet)  (cfs)  (feet)  (sq ft)  (ft/sec)  (feet)

13  4629.1  2,094  48  329  6.4  4637.1

13.5  4630  2,094  33  164  12.8  4637.8

14  4631.35  2,094  52  230  9.1  4640.2

14.3  4631.53  2,094  29  208  10.1  4640.2

14.5  Bridge

14.7  4632.57  2,094  29  199  10.5  4640.6

15  4632.47  2,094  44  236  8.9  4641.3

15.5  4633  2,194  37  176  12.5  4641.7

16  4634.5  2,194  92  283  7.8  4644.9

16.5  4636.9  2,194  44  244  9.0  4645.8

17  4638.3  2,194  36  185  11.9  4646.9

17.5  4641  2,194  39  215  10.2  4649.8

18  4642.1  2,194 38 209  10.5  4651.5

18.5  4643.3  2,163 43 268  8.1  4653.8

19  4645.29  2,163 43 235  9.2  4654.5

19.5  4646.2  2,163  42  229  9.4  4656.1

20  4648.6  2,163  38  221  9.9  4657.3

20.3  4648.84  2,163  28  160  13.6  4659.1

Table 9 ‐ Floodplain Data Table _ Post‐project Condition

Lewis Wash, Mesa County, Colorado

Cross 

Section 

Number

Streambed 

Elevation

100 ‐ Year Flood  (NAVD 88)

 
 
  

7.0         Floodplain Boundaries and Profiles 
 
The 1 percent annual chance (100-year) flood has been adopted by FEMA as the base flood for floodplain 
management purposes.  For the Lewis  Wash, the 100-year  floodplain  boundary  has  been delineated using 
the flood elevations determined at each cross section.  The floodplain boundaries were interpolated between 
the modeled cross sections using the topographic contours with an interval of 2 feet that were obtained from 
the 2001 topography for the overbank area outside of the project area and surveyed as-built topography for 
the project area. The 100-year floodplain boundary is shown on the attached LOMR Work Map (Figure D-
1) and the annotated FIRM Panels (Figure D-2) in Appendix D. 
 
The post-project 100-year floodplain ties in the effective regulatory floodplain on the cross section 13 at the 
downstream study limit and on cross section 20 at the upstream study limit.  
 
There is no published flood profile available for a regulatory Zone A designation floodplain. A copy of the 
FEMA flood profile-like flood profile (Figure D-3) for Lewis Wash shows the post-construction elevation 
profiles for the affected reaches is included in Appendix D. 
 

8.0          Sediment Transport 
 
An irrigation base flow of 32 cfs was analyzed in the proposed condition model to evaluate stable channel 
design, in addition to evaluating the four FEMA regulated discharges of 10-, 50-, 100- and 500-year flood.  
Table 8 shows the channel hydraulics for the base flow condition. At a flow of 32 cfs, the maximum flow 
velocity is approximate 4 fps and the maximum shear force in channel is approximately 0.5 lb/sq-ft.  
 
The soils data indicates that that the soils consist of Sagers silty clay loam. (See Appendix B for excerpts 
from  the  soils  report  completed  for the  bridge  design.)  Per  SWMM  Table  805, the  maximum  permissible 
mean channel velocity for erosive soils is 3.0 fps. The existing channel contains some erosion areas along 
the banks. Riprap revetment lining in needed for the improved channel to minimize the scour potential.  
 
The  upper  banks  and  the  soil  on  the  riprap  will  be  stabilized  with  vegetation.  It  is  assumed  that  native 
grasses can be established without supplemental irrigation during the establishment period. Weed control is 
also important for disturbed areas. 
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Table 8 – Irrigation Base Flow Channel Hydraulics 

 

9.0          Conclusions       
 
The  results  of  this  analysis  indicate  that  the  as-built  bridge  and  channel  improvements  reduced  the  water 
surface elevations in all areas. The revised floodplain is narrower compared to the regulatory floodplain and 
contained inside the post-construction channel section. Only downstream of the D½ Road Bridge in the left 
overbank  is  the  post-construction  floodplain  slightly  wider  than  the  regulatory  floodplain.  Approximately 
33.12 acres of the existing regulatory  floodplain  which  inundated 101 structures was removed  by the  new 
D1/2  Road  Bridge  and  channel  improvement.  There  is  no  adversely  affected  property  owner  so  no 
notification letter was required.  
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APPENDIX A 
 

 MT-2 Forms 
 Certified As-built D ½ Road Bridge Elevation Plan  
 Certified As-built Topography Plan (Included in Figure 
D-1 Work Map)
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estimate and any suggestions for reducing this burden to: Information Collections Management, Department of Homeland Security, Federal Emergency 
Management Agency, 1800 South Bell Street, Arlington, VA 20958-3005, Paperwork Reduction Project (1660-0016). Submission of the form is required 
to obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed survey to the above address.

PRIVACY ACT STATEMENT 

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

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

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

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

A.  REQUESTED RESPONSE FROM DHS-FEMA 

This request is for a (check one): 

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

LOMR:   A letter from DHS-FEMA officially revising the current NFIP map to show the changes to floodplains, regulatory floodway or flood 
elevations. (See 44 CFR Ch. 1, Parts 60, 65 & 72) 

B.  OVERVIEW 

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

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

Example: 480301 
                480287 

City of Katy 
Harris County 

TX 
TX 

48473C 
48201C 

0005D 
0220G 

02/08/83 
09/28/90 

080117 Grand Junction City of CO   08077C   0828F   07/06/10 

080115 Mesa County CO   08077C   0828F   07/06/10 

2.   a. Flooding Source: Lewis Wash 

   b. Types of Flooding:   Riverine     Coastal   Shallow Flooding (e.g., Zones AO and AH) 

 Alluvial fan   Lakes   Other  (Attach Description) 

3.   Project Name/Identifier: D 1/2 Road Bridge Replacement and Channel Improvements 

4.   FEMA zone designations affected: A  (choices:  A, AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X) 

5.   Basis for Request and Type of Revision: 

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

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

 Coastal Analysis   Hydraulic Analysis  Hydrologic Analysis  Corrections   

 Weir-Dam Changes   Levee Certification   Alluvial Fan Analysis  Natural Changes 

 New Topographic Data   Other (Attach Description) 

Note:  A photograph and narrative description of the area of concern is not required, but is very helpful during review. 
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U.S. DEPARTMENT OF HOMELAND SECURITY 
FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE HYDROLOGY & HYDRAULICS FORM 
O.M.B No. 1660-0016 
Expires February 28, 2014 

 

PAPERWORK BURDEN DISCLOSURE NOTICE 

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

PRIVACY ACT STATEMENT 

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

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

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

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

 

Flooding Source:  Lewis Wash   

Note: Fill out one form for each flooding source studied 

A.  HYDROLOGY 

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

 

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

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

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

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

                        

                        

                        

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

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

  Regional Regression Equations   Other (please attach description) 
 
Please enclose all relevant models in digital format, maps, computations (including computation of parameters), and documentation to support the 
new analysis.   
 

4.  Review/Approval of Analysis 
 
If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review. 

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

1.  Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.)

 Effective Proposed/Revised

Downstream Limit* Approxi. 500' from d/s face of 
D1/2 Road  

13    4637.09     4637.09   

Upstream Limit* Approxi. 40' from d/ face of E 
Road

20    4657.27     4657.31   

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

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

3.  Pre-Submittal Review of Hydraulic Models* 

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

4.    
Models Submitted Natural Run Floodway Run Datum 

Duplicate Effective Model* 
File Name: 
Floodplain.prj 

Plan Name: 
Floodplain.p03 

File Name: 
______________ 

Plan Name: 
______________ NAVD 88 

Corrected Effective Model* 
File Name: 
Floodplain.prj 

Plan Name: 
Floodplain.p04 

File Name: 
______________ 

Plan Name: 
______________ NAVD 88 

Existing or Pre-Project 
Conditions Model 

File Name: 
Floodplain.prj 

Plan Name: 
Floodplain.p04 

File Name: 
______________ 

Plan Name: 
______________ NAVD 88 

Revised or Post-Project 
Conditions Model 

File Name: 
Floodplain.prj 

Plan Name: 
Floodplain.p08 

File Name: 
______________ 

Plan Name: 
______________ NAVD 88 

Other - (attach description)   
File Name: 

______________ 
Plan Name: 

______________ 
File Name: 

______________ 
Plan Name: 

______________ __________ 

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

C.  MAPPING REQUIREMENTS 

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

Source:  Matrix Design Group, Inc.    Date:  November 30, 2012  

Accuracy:  2 foot  

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

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

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

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

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

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

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

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

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

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

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

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

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

 

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

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

FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE STRUCTURES FORM 

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

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

PRIVACY ACT STATEMENT 

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

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

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

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

Flooding Source:  Lewis Wash 
 
Note: Fill out one form for each flooding source studied.  

A. GENERAL 
Complete the appropriate section(s) for each Structure listed below:  

Channelization...............complete Section B  
Bridge/Culvert................complete Section C  
Dam...............................complete Section D  
Levee/Floodwall.............complete Section E  
Sediment Transport........complete Section F (if required) 
 

Description Of  Modeled Structure 
 
1.     Name of Structure:  D 1/2 Road Bridge 

 
Type  (check one):  Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:  D 1/2 Road 
 
Downstream Limit/Cross Section:  14.3 
 
Upstream Limit/Cross Section: 14.7 
 

2.     Name of Structure:  Lewis Wash Channel Improvement 
 
Type  (check one):   Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:  Between D 1/2 Road and E Road 
 
Downstream Limit/Cross Section:  Approxi. 540' from  u/s face of D 1/2 Road/ 16 
 
Upstream Limit/Cross Section:  Appoxi. 1840' from u/s face of D 1/2 Road/ 18.5 
 

 
3.     Name of Structure:        

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

 
NOTE: FOR MORE STRUCTURES, ATTACH ADDITIONAL PAGES AS NEEDED. 
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B.  CHANNELIZATION 
Flooding Source:  Lewis Wash 
 
Name of Structure:  Channel Improvement 
 
1.   Hydraulic Considerations 
 
   The channel was designed to carry  2,194 (cfs) and/or the 100-year flood. 

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

              Subcritical flow       Critical flow       Supercritical flow      Energy grade line 

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

  Inlet to channel        Outlet of channel        At Drop Structures       At Transitions     

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

The channelization includes (check one): 

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

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

 
4.   Sediment Transport Considerations 
 
Are the hydraulics of the channel affected by sediment transport?      Yes       No      

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

C. BRIDGE/CULVERT 
Flooding Source:  Lewis Wash 
 
Name of Structure:  D 1/2 Road Bridge 
    
1.   This revision reflects (check one): 

  Bridge/culvert not modeled in the FIS 

  Modified bridge/culvert previously modeled in the FIS 

  Revised analysis of bridge/culvert previously modeled in the FIS 

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

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

(check the information that has been provided):   

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

  Shape (culverts only)           Erosion Protection 

  Material              Low Chord Elevations – Upstream and Downstream 

  Beveling or Rounding             Top of Road Elevations – Upstream and Downstream 

  Wing Wall Angle               Structure Invert Elevations – Upstream and Downstream 

  Skew Angle               Stream Invert Elevations – Upstream and Downstream 

                                    Cross-Section Locations 

 
4.   Sediment Transport Considerations 
 
  Are the hydraulics of the structure affected by sediment transport?       Yes       No      

          
        If Yes, then fill out Section F (Sediment Transport) of Form 3.  If no, then attach an explanation. 



E.L. 4639.90
End of Wing Wall

E.L. 4645.50
Top of Head Wall

E.L. 4647.79
Top of Rail

E.L. 4641.94
Low Chord

E.L. 4647.92
Top of Rail

E.L. 4645.60
Top of Head Wall

E.L. 4641.95
Low Chord

E.L. 4642.89
End of Wing Wall

E.L. 4643.95
End of Wing Wall

E.L. 4647.92
Top of Rail

E.L. 4645.57
Top of Head Wall

E.L. 4641.84
Low Chord

E.L. 4641.95
Low Chord

E.L. 4645.57
Top of Head Wall E.L. 4643.88

End of Wing Wall

Surveyed Finished Elevation 05/07/2012

U/S 4632.57
D/S 4631.53U/S 4632.67

D/S 4631.57

U/S 4635.75
D/S 4635.20

U/S 4635.69
D/S 4635.20



Lewis Wash 
Letter of Map Revision  Mesa County, Colorado 

 

  

 
 
 
 
 
 

APPENDIX B 
 

• Flood Insurance Rate Map, July 6, 2010 
• Excerpts from Geotechnical Investigation D1/2 Road Bridge over Lewis Wash Report 

 















Lewis Wash 
Letter of Map Revision  Mesa County, Colorado 

 

  

 
 
 
 
 
 
 

APPENDIX C 
 

• FEMA Effective HEC-RAS Model Output 
• Duplicated Effective HEC-RAS Model Output 
• Corrected Effective HEC-RAS Model Output 
• Post-project Condition HEC-RAS Results 



  

HEC-RAS  Plan: Existing Con   River: RIVER-1   Reach: Reach-1    Profile: 100-Year

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

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

Reach-1  13      2094.00  4629.10  4637.09 4637.72  0.002180  6.37  328.99  48.05 0.43

Reach-1  14      2094.00  4632.90  4638.16  4638.16  4640.71  0.014312  12.81  163.43  32.15 1.00

Reach-1  14.3    2094.00  4632.98  4640.16  4640.16  4642.82  0.013321  13.08  160.04  59.22 1.00

Reach-1  14.5    Bridge

Reach-1  14.7    2094.00  4633.13  4644.34  4643.80  4644.38  0.000822  3.10  2126.50  2163.79 0.22

Reach-1  15      2094.00  4633.20  4644.34  4638.46  4644.39  0.000325  2.69  2451.33  2311.74 0.16

Reach-1  16      2194.00  4635.17  4644.14  4642.35  4645.18  0.004683  8.19  267.77  53.85 0.64

Reach-1  17      2194.00  4640.50  4649.13  4649.13  4650.89  0.010268  10.72  218.68  558.20 0.92

Reach-1  18      2194.00  4643.00  4653.06  4651.59  4653.62  0.003113  6.37  503.68  442.69 0.52

Reach-1  19      2163.00  4645.20  4654.40  4652.68  4655.57  0.003976  8.72  259.36  61.36 0.61

Reach-1  20      2163.00  4648.60  4656.60  4655.86  4658.53  0.007914  11.15  194.17  35.56 0.81

Reach-1  20.3    2163.00  4648.84  4659.14  4659.14  4661.99  0.013295  13.55  159.66  27.50 0.99

Effective Regulatory HEC-RAS 3.1.0 Model Output
100- Year Floodplain

  

HEC-RAS  Plan: LW_DE   River: RIVER-1   Reach: Reach-1    Profile: 100-Year

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

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

Reach-1  13      2094.00  4629.10  4637.09 4637.72  0.002180  6.37  328.99  48.05 0.43

Reach-1  14      2094.00  4632.90  4638.15  4638.15  4640.71  0.014378  12.83  163.18  32.14 1.00

Reach-1  14.3    2094.00  4632.98  4640.16  4640.16  4642.82  0.013321  13.08  160.04  59.22 1.00

Reach-1  14.5    Bridge

Reach-1  14.7    2094.00  4633.13  4644.34  4643.80  4644.38  0.000822  3.10  2126.50  2163.79 0.22

Reach-1  15      2094.00  4633.20  4644.34  4638.46  4644.40  0.000324  2.69  2452.46  2311.84 0.16

Reach-1  16      2194.00  4635.17  4644.14  4642.35  4645.18  0.004683  8.19  267.77  53.85 0.64

Reach-1  17      2194.00  4640.50  4649.13  4649.13  4650.89  0.010268  10.72  218.68  558.20 0.92

Reach-1  18      2194.00  4643.00  4653.06  4651.59  4653.62  0.003115  6.37  503.51  442.54 0.52

Reach-1  19      2163.00  4645.20  4654.40  4652.68  4655.57  0.003976  8.72  259.36  61.36 0.61

Reach-1  20      2163.00  4648.60  4656.60  4655.86  4658.53  0.007914  11.15  194.17  35.56 0.81

Reach-1  20.3    2163.00  4648.84  4659.14  4659.14  4661.99  0.013295  13.55  159.66  27.50 0.99

Duplicated Effective HEC-RAS 4.1.0 Model Output
100- Year Floodplain



  

HEC-RAS  Plan: LW_CO   River: RIVER-1   Reach: Reach-1    Profile: 100-Year

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

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

Reach-1  13      2094.00  4629.10  4637.09 4637.72  0.002180  6.37  328.99  48.05 0.43

Reach-1  13.5    2094.00  4630.08  4638.15  4638.15  4640.53  0.012260  12.39  171.18  43.79 0.98

Reach-1  14      2094.00  4632.90  4641.33 4642.25  0.003835  7.70  280.67  67.48 0.53

Reach-1  14.3    2094.00  4632.98  4640.85  4640.16  4642.92  0.009449  11.56  181.07  110.27 0.85

Reach-1  14.5    Bridge

Reach-1  14.7    2094.00  4633.13  4644.34  4643.80  4644.38  0.000822  3.10  2126.50  2163.79 0.22

Reach-1  15      2094.00  4633.20  4644.34  4638.46  4644.40  0.000324  2.69  2452.46  2311.84 0.16

Reach-1  15.5    2194.00  4632.77  4643.90 4644.93  0.004302  8.16  268.97  46.94 0.60

Reach-1  16      2194.00  4634.11  4645.03  4642.79  4645.95  0.003617  7.69  285.45  55.59 0.56

Reach-1  16.5    2194.00  4636.24  4645.91 4647.04  0.004407  8.55  258.10  46.79 0.61

Reach-1  17      2194.00  4640.00  4648.80  4648.80  4651.24  0.011638  12.55  177.61  432.63 0.96

Reach-1  17.5    2194.00  4641.54  4651.99  4650.18  4653.14  0.004543  8.72  273.53  67.54 0.62

Reach-1  18      2194.00  4642.15  4653.46  4651.39  4654.04  0.002654  6.85  569.66  559.77 0.47

Reach-1  18.5    2163.00  4643.09  4654.19 4655.29  0.004394  8.41  257.20  42.78 0.60

Reach-1  19      2163.00  4644.68  4655.20  4653.28  4656.21  0.004344  8.07  268.11  47.76 0.60

Reach-1  19.5    2163.00  4645.96  4656.36 4657.51  0.004892  8.60  251.65  44.98 0.64

Reach-1  20      2163.00  4648.60  4657.27  4655.86  4658.82  0.005526  10.01  216.48  38.09 0.69

Reach-1  20.3    2163.00  4648.84  4659.14  4659.14  4661.99  0.013295  13.55  159.66  27.50 0.99

Corrected Effective HEC-RAS 4.1.0 Model Output
100- Year Floodplain



  

HEC-RAS  Plan: LOMR   River: RIVER-1   Reach: Reach-1    Profile: 100-Year

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

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

Reach-1  13      2094.00  4629.10  4637.09 4637.72  0.002180  6.37  328.99  48.05 0.43

Reach-1  13.5    2094.00  4630.00  4637.83  4637.83  4640.36  0.012871  12.76  164.06  32.82 1.01

Reach-1  14      2094.00  4631.35  4640.10 4641.49  0.002231  9.44  222.27  45.26 0.70

Reach-1  14.3    2094.00  4631.53  4640.05  4638.40  4641.67  0.002059  10.21  205.17  28.66 0.67

Reach-1  14.5    Bridge

Reach-1  14.7    2094.00  4632.57  4640.55  4639.20  4642.31  0.002519  10.65  196.63  28.72 0.72

Reach-1  15      2094.00  4632.47  4641.28 4642.53  0.002108  8.95  234.00  42.92 0.68

Reach-1  15.5    2194.00  4633.00  4641.65  4641.65  4644.07  0.013175  12.49  175.71  36.69 1.01

Reach-1  16      2194.00  4634.50  4644.89  4642.71  4645.84  0.003753  7.83  280.35  52.48 0.57

Reach-1  16.5    2194.00  4636.90  4645.81 4647.07  0.005239  9.00  243.75  43.84 0.67

Reach-1  17      2194.00  4638.30  4646.92  4646.61  4649.11  0.010590  11.88  184.69  35.74 0.92

Reach-1  17.5    2194.00  4641.00  4649.75 4651.36  0.006944  10.20  215.20  38.54 0.76

Reach-1  18      2194.00  4642.10  4651.48  4650.57  4653.19  0.007789  10.52  208.62  38.44 0.80

Reach-1  18.5    2163.00  4643.30  4653.80 4654.81  0.003765  8.08  267.76  43.21 0.57

Reach-1  19      2163.00  4645.29  4654.54  4653.06  4655.85  0.005592  9.19  235.41  42.62 0.69

Reach-1  19.5    2163.00  4646.20  4656.09 4657.48  0.006152  9.44  229.04  42.13 0.71

Reach-1  20      2163.00  4648.60  4657.31  4655.86  4658.84  0.005415  9.95  217.81  38.24 0.68

Reach-1  20.3    2163.00  4648.84  4659.14  4659.14  4661.99  0.013295  13.55  159.66  27.50 0.99

Post-project Condition HEC-RAS 4.1.0 Model Output
100- Year Floodplain

  

Plan: LOMR    RIVER-1    Reach-1  RS: 14.5       Profile: 100-Year

 E.G. US. (ft) 4642.31  Element Inside BR US  Inside BR DS

 W.S. US. (ft) 4640.55  E.G. Elev (ft) 4642.31   4641.67 

 Q Total (cfs) 2094.00  W.S. Elev (ft) 4640.52   4640.05 

 Q Bridge (cfs) 2094.00  Crit W.S. (ft) 4639.21   4638.41 

 Q Weir (cfs)   Max Chl Dpth (ft) 7.95 8.52 

 Weir Sta Lft (ft)   Vel Total (ft/s) 10.73  10.22 

 Weir Sta Rgt (ft)   Flow Area (sq ft) 195.18   204.96 

 Weir Submerg    Froude # Chl  0.67 0.62 

 Weir Max Depth (ft)   Specif Force (cu ft) 1381.20   1422.31 

 Min El Weir Flow (ft) 4644.52  Hydr Depth (ft) 6.85 7.19 

 Min El Prs (ft) 4641.95  W.P. Total (ft) 39.06  39.47 

 Delta EG (ft) 0.65  Conv. Total (cfs) 24217.1   26092.3 

 Delta WS (ft) 0.50  Top Width (ft) 28.50  28.50 

 BR Open Area (sq ft) 236.02  Frctn Loss (ft) 0.55 0.01 

 BR Open Vel (ft/s) 10.73  C & E Loss (ft) 0.08 0.00 

 Coef of Q    Shear Total (lb/sq ft) 2.33 2.09 

 Br Sel Method  Energy only   Power Total (lb/ft s) 0.00 0.00 

Post-project Condition HEC-RAS 4.1.0 Model Output
100- Year D 1/2 Road Bridge
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 13.5    As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 14    As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 14.3    D/S Face D.5 Road, As-built surveyed cross section
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River = RIVER-1   Reach = Reach-1      RS = 14.5     BR  D 1/2 Road  D 1/2 Road Bridge
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 14.5     BR  D 1/2 Road  D 1/2 Road Bridge
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 14.7    U/S Face D.5 Road, As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 15    As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 15.5    As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 16    As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 16.5    As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 17    As-built surveyed cross section at channel, floodplain using 200
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 17.5    As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 18    As-built surveyed cross section at channel, floodplain using 200
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 18.5    As-built surveyed cross section
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Lewis Wash Hydraulic Model       Plan: LOMR D1/2 Road and Channel    12/20/2012 
River = RIVER-1   Reach = Reach-1      RS = 19    As-built surveyed cross section at channel, floodplain using 200
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River = RIVER-1   Reach = Reach-1      RS = 19.5    As-built surveyed cross section
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APPENDIX D 
 

• Figure D-1 LOMR D½ Road Bridge and Channel Improvements Work Map 
• Figure D-2 Annotated Flood Rate Insurance Map 
• Figure D-3 Post-project Flood Profile 
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