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Abstract 
FIRM Map 53011C 0061D and FIRM Map 53015C 0886G and the Flood Insurance 

Study (FIS) Number 53011CV001B for Clark County, Washington and 
Incorporated Areas and FIS 53015CV001A for Cowlitz County, Washington 
should be modified to appropriately represent the flooding hazards in the 

corridor.    
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1 INTRODUCTION 

The analysis is intended to demonstrate the location of the floodway boundary along the Lewis 

River in Cowlitz County and Clark County, Washington near Woodland, Washington as shown on 

FIRM Map 53011C 0061D and FIRM Map 53015C 0886G should be modified to appropriately 

represent the flooding hazards in the corridor.  The Flood Insurance Study (FIS) Number 

53011CV001B for Clark County, Washington and Incorporated Areas, Revised January 19, 2018 

and 53015CV001A for Cowlitz County, Washington, Effective Date December 16, 2015 were used 

as the baseline for this analysis. 

2 BACKGROUND 

After consultation with FEMA it was determined there were two hydraulic models referenced in 

the Flood Insurance Study studies available for the Lewis River between RM 7.13 and RM 8.61. 

The two studies used different cross-section locations, different hydrology, and subsequently 

provided different results.  The FIRM Maps show the differing cross-section locations (see figure 

1).  It was then determined a new study was warranted for the Lewis River between RM 7.69 and 

RM 8.61 to create one hydraulic model for the entire reach and eliminate the conflicting 

information published in the two existing studies. 

The study area includes four primary cross sections which will be used in updating the Flood 

Insurance Studies and FIRM maps.  Two additional cross sections were added to provide more 

detailed results at key locations within the study area for use by the local regulatory agencies. 

Table 1:  Study Area Cross-Section Locations 

     Clark County Cowlitz County Revised Study 

River Mile (RM)  Cross Section Cross Section  Cross Section 

7.69   “T”  “S”   “T” 

8.13   “U”  “T”   “U” 

8.21*        “1” 

8.39   “V”  “U”   “V” 

8.50*        “2” 

8.61   “W”  “V”   “W” 

* Additional cross sections added to provide more detailed results 
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Figure 1:  Study Area 

 

3 AREA STUDIED 

Stream Name:  Lewis River 

Limits of Detailed Study:  RM 7.13 was used as the control section and was calibrated to the match the 

existing effective model.  The study evaluates the Lewis River from RM 7.69 to RM 8.61. 
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4 DATA / RESEARCH 

4.1 FEMA REGULATIONS / GUIDANCE 

Guidance for Flood Risk Analysis and Mapping, General Hydraulics Considerations, November 
2016  

Guidance for Flood Risk Analysis and Mapping, Riverine Mapping and Floodplain Boundaries 
Guidance, November 2019 

Guidance for Flood Risk Analysis and Mapping, Floodway Analysis and Mapping, November 2019 

Guidance for Flood Risk Analysis and Mapping, Hydraulics: One-Dimensional Analysis, November 
2016 

FEMA Policy Standards for Flood Risk Analysis and Mapping FEMA Policy #FP 204-078-1 (Rev 10) 

Hazard Mitigation Assistance Technical Review, Job Aide Series, Flood Risk Reduction Technical 
Review, April 2017, Supplement No. T1.4. 

Instructions for completed the application forms for conditional letters of map revision and letter 
of map revision, August 2018 

FEMA Guidance for Flood Risk Analysis and Mapping, Documentation of Endangered Species Act 
Compliance for Conditional Letters of Map Change, May 2016 

 

4.2 FLOOD HISTORY 
The Lewis River originates in the Cascade Range and falls over 12,000 feet before emptying into the 
Columbia River. Topography of the basin is mountainous, and the watershed divides consist of rugged, 
well-defined ridges. The highest elevation in the basin is 12,307 feet (Mt. Adams); average elevation is 
2,360 feet. High benches of comparatively level land are in the middle and lower sections of the basin. 
The total fall of Lewis River from its headwaters to its junction with Columbia River is 7,900 feet, an 
average of 112 feet per mile. In the 20 mile segment between the mouth and Lake Merwin Dam, Lewis 
River has an average fall of 2 feet per mile, and an average valley width of 1-mile. The average annual 
runoff is more than 90 inches. Reservoirs have been created along the main stem of the river by dams 
located approximately at RM 20 (Merwin Lake), RM 34 (Yale Lake), and RM 47 (Swift Reservoir). 
 
On the Lewis River, the largest flood in recorded history occurred in December 1933. During that flood, 
the river rose at an average rate of 0.2 foot per hour for 48 hours and remained above bankfull stage for 
30 hours. During the flood of November 1962, the third largest flood of record, the river rose at an 
average rate of 1.5 feet per hour for 9 hours as a result of opening the spillway gates at Ariel Dam. A 
maximum rate of 6 feet per hour was experienced during that rise, and the river remained above 
bankfull stage for 18 hours. 
 
The construction of Merwin Dam located on the Lewis River near RM 19.23 was completed in 1931.  While 

the available storage in the reservoir is sufficient to capture some storm water from many small to 

medium-sized events, some floods, especially large floods, exceed the limited available storage capability. 
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As a result, river releases below Merwin can be forced to high levels due to flooding events within the 

basin. 

The 100 year floodplain within Clark County extends to Hayes Road and overtops Hayes Road in some 
areas.   
 

4.2.1 Local Knowledge 

Eugene (“Phil”) Back:  Mr. Back lives at 4503 NW 416th St, Woodland, WA.  He was interviewed on 

September 5, 2020.  Mr. Back stated he had lived in the area for over 30 years.  His recollection of the 

1996 flood included showing a high water mark on his home.  It was below the living area of the home 

but was approximately 7 ft above the ground (observed high water mark on building).  He said the water 

went over Hayes Road.  He also mentioned the small island in Lewis River [Cross-Section “V”] used to be 

the riverbank prior the 1996 flood.  The river is very shallow during the summer with bars of sand and 

gravel this time of year upstream of the bend [Cross-Section “S”] and only boats with jet engines can safely 

go upstream.  There are some locations where it is possible to walk most of the way across. 

5 HYDROLOGY 

On August 18, 1983, FEMA and the Pacific Power and Light Company agreed to make 70,000 acre-feet 

available for flood control storage at Merwin Dam on the Lewis River, thus reducing the 1-percent-

annual-chance discharge at the City of Woodland from 128,000 cfs to 102,000 cfs. 

The hydraulic model supporting the Cowlitz County FIS used the updated design flows.  The hydraulic 

model supporting the Clark County HEC-RAS model use outdated hydrology values. 

The hydrology in the Cowlitz County FIS was used for this study. No changes are proposed.  FEMA 

concurred with the use of this hydrology. 

Table 2: Lewis River - Hydrology 

 Drainage Area 

(SQ. Miles) 

10%-Annual 

Chance 

2%-Annual 

Chance 

1%-Annual 

Chance 

0.2%-Annual 

Chance 

Lewis River 

At Woodland 
820 54,400 86,300 102,000 141,750 
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6 HYDRAULICS 

6.1 MODELING APPROACH 
The original effective models were prepared using HEC-2 and scanned copies of these models were 

obtained from FEMA (Clark County, Jan 1976) (Cowlitz County, September 1978, “J. Larson”) and are 

provide in Appendix A.  A hydraulic model for the Lewis River in HEC-RAS (December 2018, “Star”) was 

obtained from the Clark County Public Works Department.  This model was not considered an official 

effective model by FEMA.  A new effective model was created as part of this study and reviewed by FEMA.  

HEC-RAS version 5.0.7 was used to evaluate base flood and floodway modeling results within the study 

area.   

6.1.1 Topography 

New ground topography was obtained from the Washington FEMA 3DEP 2018 LiDAR Technical Data 

Report and was prepared by Minister & Glaeser Surveying, Inc.   FEMA allowed the use of the hydrography 

from the original effective model. Great care was applied to adjust this information to the correct datum 

and horizontally adjust the hydrographic topography to match the 2018 LiDAR data.  Additional cross-

section locations used extrapolated hydrography from the nearby cross-section that best represented the 

river geometry.  The detailed spreadsheet used to extrapolate and adjust the cross-section information is 

available upon request.  All Hydraulic and floodway modeling results are reported in the NAVD88 datum. 

6.2 EXISTING CONDITIONS 
 Table 3: Lewis River – Clark County FEMA Flood Data (1/19/2018) 

FLOODING SOURCE FLOODWAY 
1-PERCENT ANNUAL CHANCE FLOOD  

WATER SURFACE ELEVEATION 

Cross 

Section 

Distance(1) Width 

(FT) 

Section 

Area 

(Sq Ft) 

Mean 

Velocity 

(FPS) 

Regulat

ory  

Without 

Floodway 

With 

Floodway 

Increase 

T 7.69 1,466 / 

166(2) 

22,075 4.6 36.9 36.9 37.8 0.9 

U 8.13 716 / 

385(2) 

17,283 5.9 37.6 37.6 38.5 0.9 

V 8.39 851 / 

490(2) 

17,418 5.9 38.0 38.0 38.8 0.8 

W 8.61 512 / 

212(2) 

12,213 8.4 38.2 38.2 39.0 0.8 

(1)Stream distance in miles above mouth 
(2)Width/Width within county limits 
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Table 4:  Lewis River - Cowlitz County FEMA Flood Data (12/16/2015) 

FLOODING SOURCE FLOODWAY 
1-PERCENT ANNUAL CHANCE FLOOD  

WATER SURFACE ELEVEATION 

Cross 

Section 

Distance(1) Width 

(FT) 

Section 

Area 

(Sq Ft) 

Mean 

Velocity 

(FPS) 

Regulat

ory  

Without 

Floodway 

With 

Floodway 

Increase 

S 7.69 1,462 / 

1,138(2) 

21,911 4.7 36.8 36.8 37.6 0.8 

T 8.13 716 / 

436(2) 

17,283 5.9 37.5 37.5 38.4 0.9 

U 8.39 851 / 

361(2) 

17,418 5.9 37.9 37.9 38.7 0.8 

V 8.61 512 / 

308(2) 

12,213 8.4 38.1 38.1 38.9 0.8 

(1)Stream distance in miles above mouth 
(2)Width/Width within county limits 

6.3 BASE FLOOD CALIBRATION 
A new effective model was calibrated to the Cowlitz County effective model and flood data starting at RM 

7.13.  This cross section includes the original topography and hydrography used in the original study and 

hydraulic model.  FEMA concurred with the calibration of the model and the corrected effective model 

(Table 5 and Appendix B). 

6.4 REVISED FLOODPLAIN & FLOODWAY 
A new effective floodway model was also created using the corrected effective model.  FEMA concurred 

with the corrected floodway model (Table 5 and Appendix C). 

Table 5:  Lewis River - Revised Flood Data (5/13/2021) 

FLOODING SOURCE FLOODWAY 
1-PERCENT ANNUAL CHANCE FLOOD  

WATER SURFACE ELEVEATION 

Cross 

Section 

Distance(1) Width 

(FT) 

Section 

Area 

(Sq Ft) 

Mean 

Velocity 

(FPS) 

Regulat

ory  

Without 

Floodway 

With 

Floodway 

Increase 

T 7.69 1550 24,697 4.13 36.97 36.97 37.76 0.79 

U 8.13 674 15,681 6.50 37.32 37.32 38.20 0.88 

1 8.21 725 16,680 6.12 37.49 37.49 38.42 0.93 

V 8.39 625 16,897 6.04 37.76 37.76 38.71 0.95 

2 8.50 625 15,655 6.52 37.82 37.82 38.82 1.0 

W 8.61 600 14,967 6.82 37.99 37.99 38.99 1.0 
(1)Stream distance in miles above mouth 
 (2)See Appendix B & C for Hydraulic Model Output 
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6.5 REVISED FLOODPLAIN & FLOODWAY WORK MAP 
A work map has been developed showing the limits of the revised floodplain and floodway.   FEMA has 

reviewed and concurred with the line work shown on the work map provided in Figure 2.

 
Figure 2:  FEMA Floodplain Analysis Work Map 



 
APPENDIX A:  HEC-2 EFFECTIVE / FLOODWAY MODEL 

ClarkCo-HEC-2_1616095477745 (HEC-2 Print) 
Woodland-HEC-2_1616095494274 (HEC-2 Print) 

 
 

















































































































































































 
APPENDIX B:  CORRECTED EFFECTIVE BASE FLOOD 

HYDRAULIC MODEL 

Model Info – Corrected Effective 
Corrected Effective Model.TableE1 
Corrected Effective Model.TableE3 
Corrected Effective Model.TableS1 
Corrected Effective Model.TableS2 
Corrected Effective Model.XSectionDetail 
Corrected Effective Model.XSPlot 



LEWIS RIVER:  Corrected Effective Base Flood Hydraulic Model 

Project:   Lewis River 7.69 to 8.61 

Plan:    Lewis River 7.69 to 8.61 GeoRef 

Geometry:   Lewis River 7.69 to 8.61 – 2018 Lidar 2 

Steady Flow:   Lewis River 7.13 to 8.61 

 

May 2021 

Paul R. Wirfs, P.E.                                                                                                                                                                                                                                       

Ground Topo from Washington FEMA 3DEP 2018 LiDAR 

Technical Data Report data set and extracted by Minister & Glaeser Surveying, Inc. 

Bathemetry from 1978 HEC-2 Model with Datum conversion. 

Boundary conditions from 1978 HEC-2 Model water surface elevations with Datum conversions. 

Datum was converted from NGV29 to NAVD88 by adding 3.439ft factor as mentioned in the FIS. 



  

HEC-RAS  Plan: Lewis River CE GR   River: RIVER-1   Reach: Reach-1

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

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

Reach-1 8.61    PF#1 54400.00 -0.96 30.84 31.26 0.000361 5.27 11125.56 791.01 0.23

Reach-1 8.61    PF#2 86300.00 -0.96 36.00 36.57 0.000357 6.22 17872.15 1706.63 0.23

Reach-1 8.61    PF 3 102000.00 -0.96 37.99 38.60 0.000349 6.51 22140.17 3125.27 0.23

Reach-1 8.61    PF 4 141750.00 -0.96 42.37 42.91 0.000288 6.61 40769.50 4714.58 0.22

Reach-1 8.50    PF#1 54400.00 1.29 30.64 31.04 0.000339 5.12 11178.75 885.72 0.22

Reach-1 8.50    PF#2 86300.00 1.29 35.82 36.35 0.000327 5.98 18038.69 1731.68 0.22

Reach-1 8.50    PF 3 102000.00 1.29 37.82 38.39 0.000321 6.28 22568.79 2902.05 0.23

Reach-1 8.50    PF 4 141750.00 1.29 42.23 42.74 0.000264 6.37 41539.01 4682.87 0.21

Reach-1 8.39    PF#1 54400.00 3.44 30.56 30.86 0.000216 4.44 13950.31 1073.10 0.18

Reach-1 8.39    PF#2 86300.00 3.44 35.76 36.16 0.000227 5.29 20261.88 2040.97 0.19

Reach-1 8.39    PF 3 102000.00 3.44 37.76 38.19 0.000226 5.55 26907.23 3750.61 0.19

Reach-1 8.39    PF 4 141750.00 3.44 42.20 42.58 0.000188 5.62 47711.34 4840.94 0.18

Reach-1 8.21    PF#1 54400.00 3.92 30.21 30.60 0.000357 5.01 10864.51 685.79 0.22

Reach-1 8.21    PF#2 86300.00 3.92 35.44 35.91 0.000318 5.65 20082.19 3022.48 0.22

Reach-1 8.21    PF 3 102000.00 3.92 37.49 37.95 0.000290 5.74 27612.83 4289.57 0.21

Reach-1 8.21    PF 4 141750.00 3.92 42.03 42.38 0.000208 5.49 48654.17 4706.35 0.19

Reach-1 8.13    PF#1 54400.00 4.14 29.99 30.43 0.000396 5.31 10272.22 672.39 0.23

Reach-1 8.13    PF#2 86300.00 4.14 35.24 35.76 0.000361 5.94 19505.20 3145.74 0.23

Reach-1 8.13    PF 3 102000.00 4.14 37.32 37.82 0.000325 5.99 27816.32 4618.89 0.22

Reach-1 8.13    PF 4 141750.00 4.14 41.95 42.29 0.000214 5.49 50864.42 5061.38 0.19

Reach-1 7.69    PF#1 54400.00 -4.76 29.33 29.62 0.000295 4.45 14644.70 1925.39 0.20

Reach-1 7.69    PF#2 86300.00 -4.76 34.81 35.07 0.000216 4.43 30281.25 4250.14 0.18

Reach-1 7.69    PF 3 102000.00 -4.76 36.97 37.21 0.000187 4.42 40045.10 4865.14 0.17

Reach-1 7.69    PF 4 141750.00 -4.76 41.71 41.90 0.000129 4.19 64184.39 5189.52 0.15

Reach-1 7.13    PF#1 54400.00 -2.86 28.43 11.44 28.82 0.000241 5.05 10777.10 498.48 0.19

Reach-1 7.13    PF#2 86300.00 -2.86 33.67 14.93 34.29 0.000296 6.35 15327.91 1770.23 0.22

Reach-1 7.13    PF 3 102000.00 -2.86 35.81 16.31 36.48 0.000298 6.72 20642.35 2776.70 0.22

Reach-1 7.13    PF 4 141750.00 -2.86 40.70 19.40 41.34 0.000260 6.98 34321.95 2809.16 0.21



  

HEC-RAS  Plan: Lewis River CE GR   River: RIVER-1   Reach: Reach-1

Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Frctn Loss C & E Loss Q Left Q Channel Q Right Top Width

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

Reach-1 8.61    PF#1 31.26 30.84 0.42 0.21 0.01 1253.82 53146.18 791.01

Reach-1 8.61    PF#2 36.57 36.00 0.57 0.21 0.01 4370.02 81919.45 10.53 1706.63

Reach-1 8.61    PF 3 38.60 37.99 0.61 0.20 0.01 8114.17 93613.73 272.10 3125.27

Reach-1 8.61    PF 4 42.91 42.37 0.54 0.16 0.01 17831.73 112423.10 11495.14 4714.58

Reach-1 8.50    PF#1 31.04 30.64 0.40 0.15 0.03 389.54 54010.46 885.72

Reach-1 8.50    PF#2 36.35 35.82 0.53 0.15 0.04 3828.79 82443.63 27.57 1731.68

Reach-1 8.50    PF 3 38.39 37.82 0.57 0.15 0.04 6897.80 94390.47 711.73 2902.05

Reach-1 8.50    PF 4 42.74 42.23 0.51 0.12 0.04 14887.57 113365.80 13496.61 4682.87

Reach-1 8.39    PF#1 30.86 30.56 0.30 0.25 0.01 1801.30 52598.70 1073.10

Reach-1 8.39    PF#2 36.16 35.76 0.40 0.25 0.01 6434.26 79669.73 196.01 2040.97

Reach-1 8.39    PF 3 38.19 37.76 0.43 0.24 0.00 8717.49 90518.30 2764.22 3750.61

Reach-1 8.39    PF 4 42.58 42.20 0.38 0.18 0.01 13771.98 107259.10 20718.88 4840.94

Reach-1 8.21    PF#1 30.60 30.21 0.39 0.16 0.00 54400.00 685.79

Reach-1 8.21    PF#2 35.91 35.44 0.47 0.15 0.00 9.97 81925.41 4364.61 3022.48

Reach-1 8.21    PF 3 37.95 37.49 0.46 0.13 0.00 58.06 91470.23 10471.70 4289.57

Reach-1 8.21    PF 4 42.38 42.03 0.35 0.09 0.00 247.40 104921.50 36581.11 4706.35

Reach-1 8.13    PF#1 30.43 29.99 0.44 0.76 0.04 54384.54 15.46 672.39

Reach-1 8.13    PF#2 35.76 35.24 0.52 0.61 0.08 81338.29 4961.72 3145.74

Reach-1 8.13    PF 3 37.82 37.32 0.49 0.53 0.08 24.84 90342.81 11632.35 4618.89

Reach-1 8.13    PF 4 42.29 41.95 0.34 0.35 0.05 643.22 100054.20 41052.61 5061.38

Reach-1 7.69    PF#1 29.62 29.33 0.29 0.79 0.01 1.65 52036.59 2361.76 1925.39

Reach-1 7.69    PF#2 35.07 34.81 0.26 0.74 0.04 956.04 71873.20 13470.77 4250.14

Reach-1 7.69    PF 3 37.21 36.97 0.24 0.69 0.04 2415.25 79803.56 19781.19 4865.14

Reach-1 7.69    PF 4 41.90 41.71 0.19 0.51 0.05 6261.67 92638.12 42850.21 5189.52

Reach-1 7.13    PF#1 28.82 28.43 0.40 54400.00 498.48

Reach-1 7.13    PF#2 34.29 33.67 0.62 976.13 85318.55 5.30 1770.23

Reach-1 7.13    PF 3 36.48 35.81 0.67 4230.50 97634.21 135.29 2776.70

Reach-1 7.13    PF 4 41.34 40.70 0.64 21840.51 118890.60 1018.89 2809.16



  

HEC-RAS  Plan: Lewis River CE GR   River: RIVER-1   Reach: Reach-1

Reach River Sta Profile W.S. Elev Prof Delta WS E.G. Elev Top Wdth Act Q Left Q Channel Q Right Enc Sta L Ch Sta L Ch Sta R Enc Sta R

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

Reach-1 8.61    PF#1 30.84 31.26 791.01 1253.82 53146.18 1350.00 1950.00

Reach-1 8.61    PF#2 36.00 5.16 36.57 1706.63 4370.02 81919.45 10.53 1350.00 1950.00

Reach-1 8.61    PF 3 37.99 7.15 38.60 3125.27 8114.17 93613.73 272.10 1350.00 1950.00

Reach-1 8.61    PF 4 42.37 11.53 42.91 4714.58 17831.73 112423.10 11495.14 1350.00 1950.00

Reach-1 8.50    PF#1 30.64 31.04 885.72 389.54 54010.46 1025.00 1650.00

Reach-1 8.50    PF#2 35.82 5.18 36.35 1731.68 3828.79 82443.63 27.57 1025.00 1650.00

Reach-1 8.50    PF 3 37.82 7.18 38.39 2902.05 6897.80 94390.47 711.73 1025.00 1650.00

Reach-1 8.50    PF 4 42.23 11.59 42.74 4682.87 14887.57 113365.80 13496.61 1025.00 1650.00

Reach-1 8.39    PF#1 30.56 30.86 1073.10 1801.30 52598.70 600.00 1225.00

Reach-1 8.39    PF#2 35.76 5.19 36.16 2040.97 6434.26 79669.73 196.01 600.00 1225.00

Reach-1 8.39    PF 3 37.76 7.20 38.19 3750.61 8717.49 90518.30 2764.22 600.00 1225.00

Reach-1 8.39    PF 4 42.20 11.64 42.58 4840.94 13771.98 107259.10 20718.88 600.00 1225.00

Reach-1 8.21    PF#1 30.21 30.60 685.79 54400.00 150.00 850.00

Reach-1 8.21    PF#2 35.44 5.23 35.91 3022.48 9.97 81925.41 4364.61 150.00 850.00

Reach-1 8.21    PF 3 37.49 7.28 37.95 4289.57 58.06 91470.23 10471.70 150.00 850.00

Reach-1 8.21    PF 4 42.03 11.83 42.38 4706.35 247.40 104921.50 36581.11 150.00 850.00

Reach-1 8.13    PF#1 29.99 30.43 672.39 54384.54 15.46 500.00 1175.00

Reach-1 8.13    PF#2 35.24 5.25 35.76 3145.74 81338.29 4961.72 500.00 1175.00

Reach-1 8.13    PF 3 37.32 7.33 37.82 4618.89 24.84 90342.81 11632.35 500.00 1175.00

Reach-1 8.13    PF 4 41.95 11.96 42.29 5061.38 643.22 100054.20 41052.61 500.00 1175.00

Reach-1 7.69    PF#1 29.33 29.62 1925.39 1.65 52036.59 2361.76 1100.00 1950.00

Reach-1 7.69    PF#2 34.81 5.49 35.07 4250.14 956.04 71873.20 13470.77 1100.00 1950.00

Reach-1 7.69    PF 3 36.97 7.64 37.21 4865.14 2415.25 79803.56 19781.19 1100.00 1950.00

Reach-1 7.69    PF 4 41.71 12.38 41.90 5189.52 6261.67 92638.12 42850.21 1100.00 1950.00

Reach-1 7.13    PF#1 28.43 28.82 498.48 54400.00 2240.00 2752.00

Reach-1 7.13    PF#2 33.67 5.24 34.29 1770.23 976.13 85318.55 5.30 2240.00 2752.00

Reach-1 7.13    PF 3 35.81 7.38 36.48 2776.70 4230.50 97634.21 135.29 2240.00 2752.00

Reach-1 7.13    PF 4 40.70 12.27 41.34 2809.16 21840.51 118890.60 1018.89 2240.00 2752.00



  

HEC-RAS  Plan: Lewis River CE GR   River: RIVER-1   Reach: Reach-1

Reach River Sta Profile Top Wdth Act Area Vel Total W.S. Elev Base WS Prof Delta WS

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

Reach-1 8.61    PF#1 791.01 11125.56 4.89 30.84 30.84

Reach-1 8.61    PF#2 1706.63 17872.15 4.83 36.00 30.84 5.16

Reach-1 8.61    PF 3 3125.27 22140.17 4.61 37.99 30.84 7.15

Reach-1 8.61    PF 4 4714.58 40769.50 3.48 42.37 30.84 11.53

Reach-1 8.50    PF#1 885.72 11178.75 4.87 30.64 30.64

Reach-1 8.50    PF#2 1731.68 18038.69 4.78 35.82 30.64 5.18

Reach-1 8.50    PF 3 2902.05 22568.79 4.52 37.82 30.64 7.18

Reach-1 8.50    PF 4 4682.87 41539.01 3.41 42.23 30.64 11.59

Reach-1 8.39    PF#1 1073.10 13950.31 3.90 30.56 30.56

Reach-1 8.39    PF#2 2040.97 20261.88 4.26 35.76 30.56 5.19

Reach-1 8.39    PF 3 3750.61 26907.23 3.79 37.76 30.56 7.20

Reach-1 8.39    PF 4 4840.94 47711.34 2.97 42.20 30.56 11.64

Reach-1 8.21    PF#1 685.79 10864.51 5.01 30.21 30.21

Reach-1 8.21    PF#2 3022.48 20082.19 4.30 35.44 30.21 5.23

Reach-1 8.21    PF 3 4289.57 27612.83 3.69 37.49 30.21 7.28

Reach-1 8.21    PF 4 4706.35 48654.17 2.91 42.03 30.21 11.83

Reach-1 8.13    PF#1 672.39 10272.22 5.30 29.99 29.99

Reach-1 8.13    PF#2 3145.74 19505.20 4.42 35.24 29.99 5.25

Reach-1 8.13    PF 3 4618.89 27816.32 3.67 37.32 29.99 7.33

Reach-1 8.13    PF 4 5061.38 50864.42 2.79 41.95 29.99 11.96

Reach-1 7.69    PF#1 1925.39 14644.70 3.71 29.33 29.33

Reach-1 7.69    PF#2 4250.14 30281.25 2.85 34.81 29.33 5.49

Reach-1 7.69    PF 3 4865.14 40045.10 2.55 36.97 29.33 7.64

Reach-1 7.69    PF 4 5189.52 64184.39 2.21 41.71 29.33 12.38

Reach-1 7.13    PF#1 498.48 10777.10 5.05 28.43 28.43

Reach-1 7.13    PF#2 1770.23 15327.91 5.63 33.67 28.43 5.24

Reach-1 7.13    PF 3 2776.70 20642.35 4.94 35.81 28.43 7.38

Reach-1 7.13    PF 4 2809.16 34321.95 4.13 40.70 28.43 12.27



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.61    Profile: PF#1

 E.G. Elev (ft) 31.26  Element Left OB Channel Right OB

 Vel Head (ft) 0.42  Wt. n-Val.  0.080 0.035  

 W.S. Elev (ft) 30.84  Reach Len. (ft) 629.00 602.00 499.00 

 Crit W.S. (ft)   Flow Area (sq ft) 1040.89 10084.67  

 E.G. Slope (ft/ft) 0.000361  Area (sq ft) 1040.89 10084.67  

 Q Total (cfs) 54400.00  Flow (cfs) 1253.82 53146.18  

 Top Width (ft) 791.01  Top Width (ft) 197.23 593.78  

 Vel Total (ft/s) 4.89  Avg. Vel. (ft/s) 1.20 5.27  

 Max Chl Dpth (ft) 31.80  Hydr. Depth (ft) 5.28 16.98  

 Conv. Total (cfs) 2863919.0  Conv. (cfs) 66007.9 2797911.0  

 Length Wtd. (ft) 602.41  Wetted Per. (ft) 199.29 603.66  

 Min Ch El (ft) -0.96  Shear (lb/sq ft) 0.12 0.38  

 Alpha  1.14  Stream Power (lb/ft s) 0.14 1.98  

 Frctn Loss (ft) 0.21  Cum Volume (acre-ft) 52.11 1964.84 172.97 

 C & E Loss (ft) 0.01  Cum SA (acres) 14.90 116.08 66.31 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.61    Profile: PF#2

 E.G. Elev (ft) 36.57  Element Left OB Channel Right OB

 Vel Head (ft) 0.57  Wt. n-Val.  0.080 0.035 0.065 

 W.S. Elev (ft) 36.00  Reach Len. (ft) 629.00 602.00 499.00 

 Crit W.S. (ft)   Flow Area (sq ft) 4676.54 13174.17 21.44 

 E.G. Slope (ft/ft) 0.000357  Area (sq ft) 4676.54 13174.17 21.44 

 Q Total (cfs) 86300.00  Flow (cfs) 4370.02 81919.45 10.53 

 Top Width (ft) 1706.63  Top Width (ft) 1089.13 600.00 17.50 

 Vel Total (ft/s) 4.83  Avg. Vel. (ft/s) 0.93 6.22 0.49 

 Max Chl Dpth (ft) 36.96  Hydr. Depth (ft) 4.29 21.96 1.23 

 Conv. Total (cfs) 4567292.0  Conv. (cfs) 231276.3 4335458.0 557.5 

 Length Wtd. (ft) 603.26  Wetted Per. (ft) 1092.63 610.45 17.67 

 Min Ch El (ft) -0.96  Shear (lb/sq ft) 0.10 0.48 0.03 

 Alpha  1.58  Stream Power (lb/ft s) 0.09 2.99 0.01 

 Frctn Loss (ft) 0.21  Cum Volume (acre-ft) 286.88 2608.68 978.81 

 C & E Loss (ft) 0.01  Cum SA (acres) 85.92 122.95 281.34 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.61    Profile: PF 3

 E.G. Elev (ft) 38.60  Element Left OB Channel Right OB

 Vel Head (ft) 0.61  Wt. n-Val.  0.080 0.035 0.065 

 W.S. Elev (ft) 37.99  Reach Len. (ft) 629.00 602.00 499.00 

 Crit W.S. (ft)   Flow Area (sq ft) 6919.88 14369.07 851.22 

 E.G. Slope (ft/ft) 0.000349  Area (sq ft) 6919.88 14369.07 851.22 

 Q Total (cfs) 102000.00  Flow (cfs) 8114.17 93613.73 272.10 

 Top Width (ft) 3125.27  Top Width (ft) 1152.41 600.00 1372.86 

 Vel Total (ft/s) 4.61  Avg. Vel. (ft/s) 1.17 6.51 0.32 

 Max Chl Dpth (ft) 38.95  Hydr. Depth (ft) 6.00 23.95 0.62 

 Conv. Total (cfs) 5459311.0  Conv. (cfs) 434292.1 5010456.0 14563.5 

 Length Wtd. (ft) 603.49  Wetted Per. (ft) 1156.56 610.45 1373.21 

 Min Ch El (ft) -0.96  Shear (lb/sq ft) 0.13 0.51 0.01 

 Alpha  1.84  Stream Power (lb/ft s) 0.15 3.34 0.00 

 Frctn Loss (ft) 0.20  Cum Volume (acre-ft) 501.54 2867.36 1736.26 

 C & E Loss (ft) 0.01  Cum SA (acres) 109.94 123.11 424.34 



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.61    Profile: PF 4

 E.G. Elev (ft) 42.91  Element Left OB Channel Right OB

 Vel Head (ft) 0.54  Wt. n-Val.  0.080 0.035 0.065 

 W.S. Elev (ft) 42.37  Reach Len. (ft) 629.00 602.00 499.00 

 Crit W.S. (ft)   Flow Area (sq ft) 11993.63 16996.13 11779.74 

 E.G. Slope (ft/ft) 0.000288  Area (sq ft) 11993.63 16996.13 11779.74 

 Q Total (cfs) 141750.00  Flow (cfs) 17831.73 112423.10 11495.14 

 Top Width (ft) 4714.58  Top Width (ft) 1164.87 600.00 2949.71 

 Vel Total (ft/s) 3.48  Avg. Vel. (ft/s) 1.49 6.61 0.98 

 Max Chl Dpth (ft) 43.33  Hydr. Depth (ft) 10.30 28.33 3.99 

 Conv. Total (cfs) 8357574.0  Conv. (cfs) 1051358.0 6628463.0 677753.0 

 Length Wtd. (ft) 596.04  Wetted Per. (ft) 1169.79 610.45 2950.23 

 Min Ch El (ft) -0.96  Shear (lb/sq ft) 0.18 0.50 0.07 

 Alpha  2.90  Stream Power (lb/ft s) 0.27 3.31 0.07 

 Frctn Loss (ft) 0.16  Cum Volume (acre-ft) 1039.41 3441.97 3987.83 

 C & E Loss (ft) 0.01  Cum SA (acres) 116.81 123.18 502.96 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.50    Profile: PF#1

 E.G. Elev (ft) 31.04  Element Left OB Channel Right OB

 Vel Head (ft) 0.40  Wt. n-Val.  0.080 0.035  

 W.S. Elev (ft) 30.64  Reach Len. (ft) 570.00 566.00 502.00 

 Crit W.S. (ft)   Flow Area (sq ft) 628.85 10549.90  

 E.G. Slope (ft/ft) 0.000339  Area (sq ft) 628.85 10549.90  

 Q Total (cfs) 54400.00  Flow (cfs) 389.54 54010.46  

 Top Width (ft) 885.72  Top Width (ft) 265.21 620.51  

 Vel Total (ft/s) 4.87  Avg. Vel. (ft/s) 0.62 5.12  

 Max Chl Dpth (ft) 29.35  Hydr. Depth (ft) 2.37 17.00  

 Conv. Total (cfs) 2956483.0  Conv. (cfs) 21170.4 2935312.0  

 Length Wtd. (ft) 566.08  Wetted Per. (ft) 267.43 628.83  

 Min Ch El (ft) 1.29  Shear (lb/sq ft) 0.05 0.35  

 Alpha  1.10  Stream Power (lb/ft s) 0.03 1.82  

 Frctn Loss (ft) 0.15  Cum Volume (acre-ft) 40.05 1822.25 172.97 

 C & E Loss (ft) 0.03  Cum SA (acres) 11.56 107.69 66.31 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.50    Profile: PF#2

 E.G. Elev (ft) 36.35  Element Left OB Channel Right OB

 Vel Head (ft) 0.53  Wt. n-Val.  0.080 0.035 0.065 

 W.S. Elev (ft) 35.82  Reach Len. (ft) 570.00 566.00 502.00 

 Crit W.S. (ft)   Flow Area (sq ft) 4157.53 13783.29 97.87 

 E.G. Slope (ft/ft) 0.000327  Area (sq ft) 4157.53 13783.29 97.87 

 Q Total (cfs) 86300.00  Flow (cfs) 3828.79 82443.63 27.57 

 Top Width (ft) 1731.68  Top Width (ft) 916.38 625.00 190.31 

 Vel Total (ft/s) 4.78  Avg. Vel. (ft/s) 0.92 5.98 0.28 

 Max Chl Dpth (ft) 34.53  Hydr. Depth (ft) 4.54 22.05 0.51 

 Conv. Total (cfs) 4771173.0  Conv. (cfs) 211678.0 4557971.0 1524.3 

 Length Wtd. (ft) 566.15  Wetted Per. (ft) 921.15 634.04 190.64 

 Min Ch El (ft) 1.29  Shear (lb/sq ft) 0.09 0.44 0.01 

 Alpha  1.49  Stream Power (lb/ft s) 0.08 2.66 0.00 

 Frctn Loss (ft) 0.15  Cum Volume (acre-ft) 223.10 2422.40 978.13 

 C & E Loss (ft) 0.04  Cum SA (acres) 71.44 114.48 280.15 



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.50    Profile: PF 3

 E.G. Elev (ft) 38.39  Element Left OB Channel Right OB

 Vel Head (ft) 0.57  Wt. n-Val.  0.080 0.035 0.065 

 W.S. Elev (ft) 37.82  Reach Len. (ft) 570.00 566.00 502.00 

 Crit W.S. (ft)   Flow Area (sq ft) 6010.51 15030.16 1528.11 

 E.G. Slope (ft/ft) 0.000321  Area (sq ft) 6010.51 15030.16 1528.11 

 Q Total (cfs) 102000.00  Flow (cfs) 6897.80 94390.47 711.73 

 Top Width (ft) 2902.05  Top Width (ft) 933.75 625.00 1343.30 

 Vel Total (ft/s) 4.52  Avg. Vel. (ft/s) 1.15 6.28 0.47 

 Max Chl Dpth (ft) 36.53  Hydr. Depth (ft) 6.44 24.05 1.14 

 Conv. Total (cfs) 5690208.0  Conv. (cfs) 384802.8 5265700.0 39704.8 

 Length Wtd. (ft) 565.22  Wetted Per. (ft) 939.25 634.04 1344.02 

 Min Ch El (ft) 1.29  Shear (lb/sq ft) 0.13 0.48 0.02 

 Alpha  1.79  Stream Power (lb/ft s) 0.15 2.99 0.01 

 Frctn Loss (ft) 0.15  Cum Volume (acre-ft) 408.18 2664.22 1722.63 

 C & E Loss (ft) 0.04  Cum SA (acres) 94.88 114.64 408.78 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.50    Profile: PF 4

 E.G. Elev (ft) 42.74  Element Left OB Channel Right OB

 Vel Head (ft) 0.51  Wt. n-Val.  0.080 0.035 0.065 

 W.S. Elev (ft) 42.23  Reach Len. (ft) 570.00 566.00 502.00 

 Crit W.S. (ft)   Flow Area (sq ft) 10147.57 17788.86 13602.58 

 E.G. Slope (ft/ft) 0.000264  Area (sq ft) 10147.57 17788.86 13602.58 

 Q Total (cfs) 141750.00  Flow (cfs) 14887.57 113365.80 13496.61 

 Top Width (ft) 4682.87  Top Width (ft) 940.80 625.00 3117.07 

 Vel Total (ft/s) 3.41  Avg. Vel. (ft/s) 1.47 6.37 0.99 

 Max Chl Dpth (ft) 40.94  Hydr. Depth (ft) 10.79 28.46 4.36 

 Conv. Total (cfs) 8719087.0  Conv. (cfs) 915738.9 6973167.0 830180.6 

 Length Wtd. (ft) 558.68  Wetted Per. (ft) 947.56 634.04 3118.30 

 Min Ch El (ft) 1.29  Shear (lb/sq ft) 0.18 0.46 0.07 

 Alpha  2.82  Stream Power (lb/ft s) 0.26 2.95 0.07 

 Frctn Loss (ft) 0.12  Cum Volume (acre-ft) 879.55 3201.61 3842.45 

 C & E Loss (ft) 0.04  Cum SA (acres) 101.61 114.72 468.21 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.39    Profile: PF#1

 E.G. Elev (ft) 30.86  Element Left OB Channel Right OB

 Vel Head (ft) 0.30  Wt. n-Val.  0.070 0.035  

 W.S. Elev (ft) 30.56  Reach Len. (ft) 895.00 932.00 940.00 

 Crit W.S. (ft)   Flow Area (sq ft) 2104.79 11845.52  

 E.G. Slope (ft/ft) 0.000216  Area (sq ft) 2104.79 11845.52  

 Q Total (cfs) 54400.00  Flow (cfs) 1801.30 52598.70  

 Top Width (ft) 1073.10  Top Width (ft) 459.36 613.73  

 Vel Total (ft/s) 3.90  Avg. Vel. (ft/s) 0.86 4.44  

 Max Chl Dpth (ft) 27.12  Hydr. Depth (ft) 4.58 19.30  

 Conv. Total (cfs) 3705189.0  Conv. (cfs) 122686.7 3582502.0  

 Length Wtd. (ft) 931.39  Wetted Per. (ft) 462.57 623.01  

 Min Ch El (ft) 3.44  Shear (lb/sq ft) 0.06 0.26  

 Alpha  1.26  Stream Power (lb/ft s) 0.05 1.14  

 Frctn Loss (ft) 0.25  Cum Volume (acre-ft) 22.16 1676.76 172.97 

 C & E Loss (ft) 0.01  Cum SA (acres) 6.82 99.67 66.31 



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.39    Profile: PF#2

 E.G. Elev (ft) 36.16  Element Left OB Channel Right OB

 Vel Head (ft) 0.40  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 35.76  Reach Len. (ft) 895.00 932.00 940.00 

 Crit W.S. (ft)   Flow Area (sq ft) 4543.91 15053.94 664.04 

 E.G. Slope (ft/ft) 0.000227  Area (sq ft) 4543.91 15053.94 664.04 

 Q Total (cfs) 86300.00  Flow (cfs) 6434.26 79669.73 196.01 

 Top Width (ft) 2040.97  Top Width (ft) 483.79 621.51 935.68 

 Vel Total (ft/s) 4.26  Avg. Vel. (ft/s) 1.42 5.29 0.30 

 Max Chl Dpth (ft) 32.32  Hydr. Depth (ft) 9.39 24.22 0.71 

 Conv. Total (cfs) 5729064.0  Conv. (cfs) 427141.3 5288911.0 13012.0 

 Length Wtd. (ft) 930.83  Wetted Per. (ft) 487.60 632.36 935.87 

 Min Ch El (ft) 3.44  Shear (lb/sq ft) 0.13 0.34 0.01 

 Alpha  1.43  Stream Power (lb/ft s) 0.19 1.78 0.00 

 Frctn Loss (ft) 0.25  Cum Volume (acre-ft) 166.16 2235.05 973.74 

 C & E Loss (ft) 0.01  Cum SA (acres) 62.28 106.38 273.66 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.39    Profile: PF 3

 E.G. Elev (ft) 38.19  Element Left OB Channel Right OB

 Vel Head (ft) 0.43  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 37.76  Reach Len. (ft) 895.00 932.00 940.00 

 Crit W.S. (ft)   Flow Area (sq ft) 5531.74 16303.34 5072.16 

 E.G. Slope (ft/ft) 0.000226  Area (sq ft) 5531.74 16303.34 5072.16 

 Q Total (cfs) 102000.00  Flow (cfs) 8717.49 90518.30 2764.22 

 Top Width (ft) 3750.61  Top Width (ft) 500.58 624.51 2625.52 

 Vel Total (ft/s) 3.79  Avg. Vel. (ft/s) 1.58 5.55 0.54 

 Max Chl Dpth (ft) 34.32  Hydr. Depth (ft) 11.05 26.11 1.93 

 Conv. Total (cfs) 6780982.0  Conv. (cfs) 579540.3 6017676.0 183765.6 

 Length Wtd. (ft) 930.93  Wetted Per. (ft) 504.52 635.97 2626.04 

 Min Ch El (ft) 3.44  Shear (lb/sq ft) 0.15 0.36 0.03 

 Alpha  1.92  Stream Power (lb/ft s) 0.24 2.01 0.01 

 Frctn Loss (ft) 0.24  Cum Volume (acre-ft) 332.67 2460.65 1684.60 

 C & E Loss (ft) 0.00  Cum SA (acres) 85.50 106.53 385.91 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.39    Profile: PF 4

 E.G. Elev (ft) 42.58  Element Left OB Channel Right OB

 Vel Head (ft) 0.38  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 42.20  Reach Len. (ft) 895.00 932.00 940.00 

 Crit W.S. (ft)   Flow Area (sq ft) 7786.42 19075.14 20849.78 

 E.G. Slope (ft/ft) 0.000188  Area (sq ft) 7786.42 19075.14 20849.78 

 Q Total (cfs) 141750.00  Flow (cfs) 13771.98 107259.10 20718.88 

 Top Width (ft) 4840.94  Top Width (ft) 516.19 625.00 3699.74 

 Vel Total (ft/s) 2.97  Avg. Vel. (ft/s) 1.77 5.62 0.99 

 Max Chl Dpth (ft) 38.76  Hydr. Depth (ft) 15.08 30.52 5.64 

 Conv. Total (cfs) 10325280.0  Conv. (cfs) 1003172.0 7812917.0 1509195.0 

 Length Wtd. (ft) 931.79  Wetted Per. (ft) 520.75 636.56 3700.49 

 Min Ch El (ft) 3.44  Shear (lb/sq ft) 0.18 0.35 0.07 

 Alpha  2.76  Stream Power (lb/ft s) 0.31 1.98 0.07 

 Frctn Loss (ft) 0.18  Cum Volume (acre-ft) 762.22 2962.11 3643.93 

 C & E Loss (ft) 0.01  Cum SA (acres) 92.07 106.60 428.93 



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.21    Profile: PF#1

 E.G. Elev (ft) 30.60  Element Left OB Channel Right OB

 Vel Head (ft) 0.39  Wt. n-Val.   0.035  

 W.S. Elev (ft) 30.21  Reach Len. (ft) 438.00 436.00 400.00 

 Crit W.S. (ft)   Flow Area (sq ft)  10864.51  

 E.G. Slope (ft/ft) 0.000357  Area (sq ft)  10864.51  

 Q Total (cfs) 54400.00  Flow (cfs)  54400.00  

 Top Width (ft) 685.79  Top Width (ft)  685.79  

 Vel Total (ft/s) 5.01  Avg. Vel. (ft/s)  5.01  

 Max Chl Dpth (ft) 26.29  Hydr. Depth (ft)  15.84  

 Conv. Total (cfs) 2878998.0  Conv. (cfs)  2878998.0  

 Length Wtd. (ft) 435.99  Wetted Per. (ft)  696.71  

 Min Ch El (ft) 3.92  Shear (lb/sq ft)  0.35  

 Alpha  1.00  Stream Power (lb/ft s)  1.74  

 Frctn Loss (ft) 0.16  Cum Volume (acre-ft) 0.54 1433.81 172.97 

 C & E Loss (ft) 0.00  Cum SA (acres) 2.10 85.77 66.31 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.21    Profile: PF#2

 E.G. Elev (ft) 35.91  Element Left OB Channel Right OB

 Vel Head (ft) 0.47  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 35.44  Reach Len. (ft) 438.00 436.00 400.00 

 Crit W.S. (ft)   Flow Area (sq ft) 25.91 14504.27 5552.00 

 E.G. Slope (ft/ft) 0.000318  Area (sq ft) 25.91 14504.27 5552.00 

 Q Total (cfs) 86300.00  Flow (cfs) 9.97 81925.41 4364.61 

 Top Width (ft) 3022.48  Top Width (ft) 25.23 700.00 2297.26 

 Vel Total (ft/s) 4.30  Avg. Vel. (ft/s) 0.38 5.65 0.79 

 Max Chl Dpth (ft) 31.52  Hydr. Depth (ft) 1.03 20.72 2.42 

 Conv. Total (cfs) 4837026.0  Conv. (cfs) 558.8 4591835.0 244632.1 

 Length Wtd. (ft) 434.05  Wetted Per. (ft) 25.31 712.28 2298.43 

 Min Ch El (ft) 3.92  Shear (lb/sq ft) 0.02 0.40 0.05 

 Alpha  1.64  Stream Power (lb/ft s) 0.01 2.29 0.04 

 Frctn Loss (ft) 0.15  Cum Volume (acre-ft) 119.22 1918.84 906.67 

 C & E Loss (ft) 0.00  Cum SA (acres) 57.05 92.25 238.78 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.21    Profile: PF 3

 E.G. Elev (ft) 37.95  Element Left OB Channel Right OB

 Vel Head (ft) 0.46  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 37.49  Reach Len. (ft) 438.00 436.00 400.00 

 Crit W.S. (ft)   Flow Area (sq ft) 84.00 15942.84 11585.99 

 E.G. Slope (ft/ft) 0.000290  Area (sq ft) 84.00 15942.84 11585.99 

 Q Total (cfs) 102000.00  Flow (cfs) 58.06 91470.23 10471.70 

 Top Width (ft) 4289.57  Top Width (ft) 31.31 700.00 3558.26 

 Vel Total (ft/s) 3.69  Avg. Vel. (ft/s) 0.69 5.74 0.90 

 Max Chl Dpth (ft) 33.57  Hydr. Depth (ft) 2.68 22.78 3.26 

 Conv. Total (cfs) 5994540.0  Conv. (cfs) 3412.5 5375706.0 615421.6 

 Length Wtd. (ft) 432.10  Wetted Per. (ft) 31.73 712.28 3560.53 

 Min Ch El (ft) 3.92  Shear (lb/sq ft) 0.05 0.40 0.06 

 Alpha  2.17  Stream Power (lb/ft s) 0.03 2.32 0.05 

 Frctn Loss (ft) 0.13  Cum Volume (acre-ft) 274.97 2115.68 1504.86 

 C & E Loss (ft) 0.00  Cum SA (acres) 80.03 92.36 319.19 



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.21    Profile: PF 4

 E.G. Elev (ft) 42.38  Element Left OB Channel Right OB

 Vel Head (ft) 0.35  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 42.03  Reach Len. (ft) 438.00 436.00 400.00 

 Crit W.S. (ft)   Flow Area (sq ft) 256.66 19121.52 29275.99 

 E.G. Slope (ft/ft) 0.000208  Area (sq ft) 256.66 19121.52 29275.99 

 Q Total (cfs) 141750.00  Flow (cfs) 247.40 104921.50 36581.11 

 Top Width (ft) 4706.35  Top Width (ft) 44.74 700.00 3961.60 

 Vel Total (ft/s) 2.91  Avg. Vel. (ft/s) 0.96 5.49 1.25 

 Max Chl Dpth (ft) 38.11  Hydr. Depth (ft) 5.74 27.32 7.39 

 Conv. Total (cfs) 9833063.0  Conv. (cfs) 17161.7 7278305.0 2537597.0 

 Length Wtd. (ft) 426.15  Wetted Per. (ft) 45.91 712.28 3965.23 

 Min Ch El (ft) 3.92  Shear (lb/sq ft) 0.07 0.35 0.10 

 Alpha  2.67  Stream Power (lb/ft s) 0.07 1.91 0.12 

 Frctn Loss (ft) 0.09  Cum Volume (acre-ft) 679.59 2553.49 3103.08 

 C & E Loss (ft) 0.00  Cum SA (acres) 86.31 92.42 346.27 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.13    Profile: PF#1

 E.G. Elev (ft) 30.43  Element Left OB Channel Right OB

 Vel Head (ft) 0.44  Wt. n-Val.   0.035 0.065 

 W.S. Elev (ft) 29.99  Reach Len. (ft) 2310.00 2252.00 1861.00 

 Crit W.S. (ft)   Flow Area (sq ft)  10236.68 35.55 

 E.G. Slope (ft/ft) 0.000396  Area (sq ft)  10236.68 35.55 

 Q Total (cfs) 54400.00  Flow (cfs)  54384.54 15.46 

 Top Width (ft) 672.39  Top Width (ft)  634.56 37.83 

 Vel Total (ft/s) 5.30  Avg. Vel. (ft/s)  5.31 0.44 

 Max Chl Dpth (ft) 25.85  Hydr. Depth (ft)  16.13 0.94 

 Conv. Total (cfs) 2732490.0  Conv. (cfs)  2731713.0 776.7 

 Length Wtd. (ft) 2243.46  Wetted Per. (ft)  649.59 38.04 

 Min Ch El (ft) 4.14  Shear (lb/sq ft)  0.39 0.02 

 Alpha  1.01  Stream Power (lb/ft s)  2.07 0.01 

 Frctn Loss (ft) 0.76  Cum Volume (acre-ft) 0.54 1328.20 172.81 

 C & E Loss (ft) 0.04  Cum SA (acres) 2.10 79.16 66.13 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.13    Profile: PF#2

 E.G. Elev (ft) 35.76  Element Left OB Channel Right OB

 Vel Head (ft) 0.52  Wt. n-Val.   0.035 0.065 

 W.S. Elev (ft) 35.24  Reach Len. (ft) 2310.00 2252.00 1861.00 

 Crit W.S. (ft)   Flow Area (sq ft)  13693.77 5811.43 

 E.G. Slope (ft/ft) 0.000361  Area (sq ft)  13693.77 5811.43 

 Q Total (cfs) 86300.00  Flow (cfs)  81338.29 4961.72 

 Top Width (ft) 3145.74  Top Width (ft)  669.39 2476.36 

 Vel Total (ft/s) 4.42  Avg. Vel. (ft/s)  5.94 0.85 

 Max Chl Dpth (ft) 31.10  Hydr. Depth (ft)  20.46 2.35 

 Conv. Total (cfs) 4539124.0  Conv. (cfs)  4278152.0 260971.7 

 Length Wtd. (ft) 2210.57  Wetted Per. (ft)  685.98 2478.80 

 Min Ch El (ft) 4.14  Shear (lb/sq ft)  0.45 0.05 

 Alpha  1.70  Stream Power (lb/ft s)  2.68 0.05 

 Frctn Loss (ft) 0.61  Cum Volume (acre-ft) 119.09 1777.72 854.50 

 C & E Loss (ft) 0.08  Cum SA (acres) 56.92 85.39 216.86 



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.13    Profile: PF 3

 E.G. Elev (ft) 37.82  Element Left OB Channel Right OB

 Vel Head (ft) 0.49  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 37.32  Reach Len. (ft) 2310.00 2252.00 1861.00 

 Crit W.S. (ft)   Flow Area (sq ft) 65.35 15091.38 12659.59 

 E.G. Slope (ft/ft) 0.000325  Area (sq ft) 65.35 15091.38 12659.59 

 Q Total (cfs) 102000.00  Flow (cfs) 24.84 90342.81 11632.35 

 Top Width (ft) 4618.89  Top Width (ft) 65.93 672.91 3880.06 

 Vel Total (ft/s) 3.67  Avg. Vel. (ft/s) 0.38 5.99 0.92 

 Max Chl Dpth (ft) 33.18  Hydr. Depth (ft) 0.99 22.43 3.26 

 Conv. Total (cfs) 5656982.0  Conv. (cfs) 1377.4 5010467.0 645136.9 

 Length Wtd. (ft) 2192.48  Wetted Per. (ft) 66.05 690.07 3883.54 

 Min Ch El (ft) 4.14  Shear (lb/sq ft) 0.02 0.44 0.07 

 Alpha  2.37  Stream Power (lb/ft s) 0.01 2.66 0.06 

 Frctn Loss (ft) 0.53  Cum Volume (acre-ft) 274.22 1960.37 1393.54 

 C & E Loss (ft) 0.08  Cum SA (acres) 79.54 85.49 285.04 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 8.13    Profile: PF 4

 E.G. Elev (ft) 42.29  Element Left OB Channel Right OB

 Vel Head (ft) 0.34  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 41.95  Reach Len. (ft) 2310.00 2252.00 1861.00 

 Crit W.S. (ft)   Flow Area (sq ft) 768.09 18216.70 31879.63 

 E.G. Slope (ft/ft) 0.000214  Area (sq ft) 768.09 18216.70 31879.63 

 Q Total (cfs) 141750.00  Flow (cfs) 643.22 100054.20 41052.61 

 Top Width (ft) 5061.38  Top Width (ft) 172.90 675.00 4213.48 

 Vel Total (ft/s) 2.79  Avg. Vel. (ft/s) 0.84 5.49 1.29 

 Max Chl Dpth (ft) 37.81  Hydr. Depth (ft) 4.44 26.99 7.57 

 Conv. Total (cfs) 9691289.0  Conv. (cfs) 43976.1 6840592.0 2806721.0 

 Length Wtd. (ft) 2137.70  Wetted Per. (ft) 173.40 692.51 4218.01 

 Min Ch El (ft) 4.14  Shear (lb/sq ft) 0.06 0.35 0.10 

 Alpha  2.80  Stream Power (lb/ft s) 0.05 1.93 0.13 

 Frctn Loss (ft) 0.35  Cum Volume (acre-ft) 674.44 2366.62 2822.29 

 C & E Loss (ft) 0.05  Cum SA (acres) 85.22 85.54 308.73 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 7.69    Profile: PF#1

 E.G. Elev (ft) 29.62  Element Left OB Channel Right OB

 Vel Head (ft) 0.29  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 29.33  Reach Len. (ft) 1900.00 2950.00 3250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 11.21 11700.82 2932.67 

 E.G. Slope (ft/ft) 0.000295  Area (sq ft) 11.21 11700.82 2932.67 

 Q Total (cfs) 54400.00  Flow (cfs) 1.65 52036.59 2361.76 

 Top Width (ft) 1925.39  Top Width (ft) 43.49 768.39 1113.50 

 Vel Total (ft/s) 3.71  Avg. Vel. (ft/s) 0.15 4.45 0.81 

 Max Chl Dpth (ft) 34.09  Hydr. Depth (ft) 0.26 15.23 2.63 

 Conv. Total (cfs) 3168423.0  Conv. (cfs) 96.3 3030770.0 137556.0 

 Length Wtd. (ft) 2956.50  Wetted Per. (ft) 43.51 776.43 1115.82 

 Min Ch El (ft) -4.76  Shear (lb/sq ft) 0.00 0.28 0.05 

 Alpha  1.37  Stream Power (lb/ft s) 0.00 1.23 0.04 

 Frctn Loss (ft) 0.79  Cum Volume (acre-ft) 0.24 761.13 109.40 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.95 42.90 41.54 



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 7.69    Profile: PF#2

 E.G. Elev (ft) 35.07  Element Left OB Channel Right OB

 Vel Head (ft) 0.26  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 34.81  Reach Len. (ft) 1900.00 2950.00 3250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 1618.67 16223.70 12438.87 

 E.G. Slope (ft/ft) 0.000216  Area (sq ft) 1618.67 16223.70 12438.87 

 Q Total (cfs) 86300.00  Flow (cfs) 956.04 71873.20 13470.77 

 Top Width (ft) 4250.14  Top Width (ft) 621.68 850.00 2778.45 

 Vel Total (ft/s) 2.85  Avg. Vel. (ft/s) 0.59 4.43 1.08 

 Max Chl Dpth (ft) 39.57  Hydr. Depth (ft) 2.60 19.09 4.48 

 Conv. Total (cfs) 5866752.0  Conv. (cfs) 64992.2 4886005.0 915755.1 

 Length Wtd. (ft) 2961.67  Wetted Per. (ft) 622.23 858.69 2784.62 

 Min Ch El (ft) -4.76  Shear (lb/sq ft) 0.04 0.26 0.06 

 Alpha  2.04  Stream Power (lb/ft s) 0.02 1.13 0.07 

 Frctn Loss (ft) 0.74  Cum Volume (acre-ft) 76.17 1004.37 464.64 

 C & E Loss (ft) 0.04  Cum SA (acres) 40.44 46.12 104.61 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 7.69    Profile: PF 3

 E.G. Elev (ft) 37.21  Element Left OB Channel Right OB

 Vel Head (ft) 0.24  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 36.97  Reach Len. (ft) 1900.00 2950.00 3250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 2972.09 18056.21 19016.81 

 E.G. Slope (ft/ft) 0.000187  Area (sq ft) 2972.09 18056.21 19016.81 

 Q Total (cfs) 102000.00  Flow (cfs) 2415.25 79803.56 19781.19 

 Top Width (ft) 4865.14  Top Width (ft) 633.07 850.00 3382.07 

 Vel Total (ft/s) 2.55  Avg. Vel. (ft/s) 0.81 4.42 1.04 

 Max Chl Dpth (ft) 41.73  Hydr. Depth (ft) 4.69 21.24 5.62 

 Conv. Total (cfs) 7464360.0  Conv. (cfs) 176747.7 5840025.0 1447587.0 

 Length Wtd. (ft) 2945.08  Wetted Per. (ft) 633.82 858.69 3389.41 

 Min Ch El (ft) -4.76  Shear (lb/sq ft) 0.05 0.25 0.07 

 Alpha  2.39  Stream Power (lb/ft s) 0.04 1.08 0.07 

 Frctn Loss (ft) 0.69  Cum Volume (acre-ft) 193.68 1103.52 716.89 

 C & E Loss (ft) 0.04  Cum SA (acres) 61.01 46.12 129.91 

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 7.69    Profile: PF 4

 E.G. Elev (ft) 41.90  Element Left OB Channel Right OB

 Vel Head (ft) 0.19  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 41.71  Reach Len. (ft) 1900.00 2950.00 3250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 6068.55 22087.12 36028.72 

 E.G. Slope (ft/ft) 0.000129  Area (sq ft) 6068.55 22087.12 36028.72 

 Q Total (cfs) 141750.00  Flow (cfs) 6261.67 92638.12 42850.21 

 Top Width (ft) 5189.52  Top Width (ft) 682.27 850.00 3657.25 

 Vel Total (ft/s) 2.21  Avg. Vel. (ft/s) 1.03 4.19 1.19 

 Max Chl Dpth (ft) 46.47  Hydr. Depth (ft) 8.89 25.98 9.85 

 Conv. Total (cfs) 12502660.0  Conv. (cfs) 552293.1 8170882.0 3779482.0 

 Length Wtd. (ft) 2892.34  Wetted Per. (ft) 683.60 858.69 3665.19 

 Min Ch El (ft) -4.76  Shear (lb/sq ft) 0.07 0.21 0.08 

 Alpha  2.45  Stream Power (lb/ft s) 0.07 0.87 0.09 

 Frctn Loss (ft) 0.51  Cum Volume (acre-ft) 493.16 1324.79 1371.68 

 C & E Loss (ft) 0.05  Cum SA (acres) 62.54 46.12 140.60 



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 7.13    Profile: PF#1

 E.G. Elev (ft) 28.82  Element Left OB Channel Right OB

 Vel Head (ft) 0.40  Wt. n-Val.   0.035  

 W.S. Elev (ft) 28.43  Reach Len. (ft)    

 Crit W.S. (ft) 11.44  Flow Area (sq ft)  10777.10  

 E.G. Slope (ft/ft) 0.000241  Area (sq ft)  10777.10  

 Q Total (cfs) 54400.00  Flow (cfs)  54400.00  

 Top Width (ft) 498.48  Top Width (ft)  498.48  

 Vel Total (ft/s) 5.05  Avg. Vel. (ft/s)  5.05  

 Max Chl Dpth (ft) 31.29  Hydr. Depth (ft)  21.62  

 Conv. Total (cfs) 3501720.0  Conv. (cfs)  3501720.0  

 Length Wtd. (ft)   Wetted Per. (ft)  509.01  

 Min Ch El (ft) -2.86  Shear (lb/sq ft)  0.32  

 Alpha  1.00  Stream Power (lb/ft s)  1.61  

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 7.13    Profile: PF#2

 E.G. Elev (ft) 34.29  Element Left OB Channel Right OB

 Vel Head (ft) 0.62  Wt. n-Val.  0.070 0.035 0.060 

 W.S. Elev (ft) 33.67  Reach Len. (ft)    

 Crit W.S. (ft) 14.93  Flow Area (sq ft) 1873.85 13437.60 16.46 

 E.G. Slope (ft/ft) 0.000296  Area (sq ft) 1873.85 13437.60 16.46 

 Q Total (cfs) 86300.00  Flow (cfs) 976.13 85318.55 5.30 

 Top Width (ft) 1770.23  Top Width (ft) 1232.41 512.00 25.81 

 Vel Total (ft/s) 5.63  Avg. Vel. (ft/s) 0.52 6.35 0.32 

 Max Chl Dpth (ft) 36.53  Hydr. Depth (ft) 1.52 26.25 0.64 

 Conv. Total (cfs) 5018186.0  Conv. (cfs) 56760.3 4961117.0 308.3 

 Length Wtd. (ft)   Wetted Per. (ft) 1232.66 523.99 25.88 

 Min Ch El (ft) -2.86  Shear (lb/sq ft) 0.03 0.47 0.01 

 Alpha  1.26  Stream Power (lb/ft s) 0.01 3.01 0.00 

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    

  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 7.13    Profile: PF 3

 E.G. Elev (ft) 36.48  Element Left OB Channel Right OB

 Vel Head (ft) 0.67  Wt. n-Val.  0.070 0.035 0.060 

 W.S. Elev (ft) 35.81  Reach Len. (ft)    

 Crit W.S. (ft) 16.31  Flow Area (sq ft) 5908.87 14533.28 200.20 

 E.G. Slope (ft/ft) 0.000298  Area (sq ft) 5908.87 14533.28 200.20 

 Q Total (cfs) 102000.00  Flow (cfs) 4230.50 97634.21 135.29 

 Top Width (ft) 2776.70  Top Width (ft) 2164.44 512.00 100.26 

 Vel Total (ft/s) 4.94  Avg. Vel. (ft/s) 0.72 6.72 0.68 

 Max Chl Dpth (ft) 38.67  Hydr. Depth (ft) 2.73 28.39 2.00 

 Conv. Total (cfs) 5906283.0  Conv. (cfs) 244966.1 5653483.0 7834.2 

 Length Wtd. (ft)   Wetted Per. (ft) 2164.95 523.99 100.80 

 Min Ch El (ft) -2.86  Shear (lb/sq ft) 0.05 0.52 0.04 

 Alpha  1.77  Stream Power (lb/ft s) 0.04 3.47 0.02 

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    



  

Plan: Lewis River CE GR    RIVER-1    Reach-1  RS: 7.13    Profile: PF 4

 E.G. Elev (ft) 41.34  Element Left OB Channel Right OB

 Vel Head (ft) 0.64  Wt. n-Val.  0.070 0.035 0.060 

 W.S. Elev (ft) 40.70  Reach Len. (ft)    

 Crit W.S. (ft) 19.40  Flow Area (sq ft) 16544.22 17036.96 740.77 

 E.G. Slope (ft/ft) 0.000260  Area (sq ft) 16544.22 17036.96 740.77 

 Q Total (cfs) 141750.00  Flow (cfs) 21840.51 118890.60 1018.89 

 Top Width (ft) 2809.16  Top Width (ft) 2185.40 512.00 111.76 

 Vel Total (ft/s) 4.13  Avg. Vel. (ft/s) 1.32 6.98 1.38 

 Max Chl Dpth (ft) 43.56  Hydr. Depth (ft) 7.57 33.28 6.63 

 Conv. Total (cfs) 8784945.0  Conv. (cfs) 1353564.0 7368235.0 63145.6 

 Length Wtd. (ft)   Wetted Per. (ft) 2186.47 523.99 116.00 

 Min Ch El (ft) -2.86  Shear (lb/sq ft) 0.12 0.53 0.10 

 Alpha  2.41  Stream Power (lb/ft s) 0.16 3.69 0.14 

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    
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Lewis River 7.69 to 8.61       Plan: Lewis River 7.69 to 8.61 GeoRef    5/7/2021 
Flow: Lewis River 7.13 to 8.61
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Lewis River 7.69 to 8.61       Plan: Lewis River 7.69 to 8.61 GeoRef    5/7/2021 
Flow: Lewis River 7.13 to 8.61

   RS = 8.50    Section "2"
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Lewis River 7.69 to 8.61       Plan: Lewis River 7.69 to 8.61 GeoRef    5/7/2021 
Flow: Lewis River 7.13 to 8.61

   RS = 8.39    Section "V"
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Lewis River 7.69 to 8.61       Plan: Lewis River 7.69 to 8.61 GeoRef    5/7/2021 
Flow: Lewis River 7.13 to 8.61

   RS = 8.21    Section "1"
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Lewis River 7.69 to 8.61       Plan: Lewis River 7.69 to 8.61 GeoRef    5/7/2021 
Flow: Lewis River 7.13 to 8.61
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Lewis River 7.69 to 8.61       Plan: Lewis River 7.69 to 8.61 GeoRef    5/7/2021 
Flow: Lewis River 7.13 to 8.61
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Lewis River 7.69 to 8.61       Plan: Lewis River 7.69 to 8.61 GeoRef    5/7/2021 
Flow: Lewis River 7.13 to 8.61
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APPENDIX C:  CORRECTED FLOODWAY HYDRAULIC MODEL 

Model Info – Corrected Floodway 
Corrected Floodway.TableE1 
Corrected Floodway.TableE2 
Corrected Floodway.TableE3 
Corrected Floodway.TableS1 
Corrected Floodway.TableS2 
Corrected Floodway.TableXSDetail 
Corrected Floodway.XSPlot 



LEWIS RIVER:  CORRECTED FLOODWAY Hydraulic Model 

Project:   Lewis River 7.69 to 8.61 

Plan:    Lewis River Floodway 7.69 to 8.61 GR 

Geometry:   Lewis River 7.69 to 8.61 – 2018 Lidar2 

Steady Flow:   Lewis River 7.13 to 8.61 Floodway 

 

May 13, 2021 

Paul R. Wirfs, P.E.  

 

Ground Topo from Washington FEMA 3DEP 2018 LiDAR 

Technical Data Report data set and extracted by Minister & Glaeser Surveying, Inc. 

Bathemetry from 1978 HEC-2 Model with Datum conversion. 

Boundary conditions from 1978 HEC-2 Model water surface elevations with Datum conversions. 

Datum was converted from NGV29 to NAVD88 by adding 3.439ft factor as mentioned in the FIS. 

 



  

HEC-RAS  Plan: Floodway GR   River: RIVER-1   Reach: Reach-1

Reach River Sta Profile W.S. Elev Prof Delta WS E.G. Elev Top Wdth Act Q Left Q Channel Q Right Enc Sta L Ch Sta L Ch Sta R Enc Sta R

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

Reach-1 8.61    PF#1 37.99 38.60 3125.27 8114.17 93613.73 272.10 1350.00 1950.00

Reach-1 8.61    PF#2 38.99 1.00 39.71 600.00 102000.00 1350.00 1350.00 1950.00 1950.00

Reach-1 8.50    PF#1 37.82 38.39 2902.05 6897.80 94390.47 711.73 1025.00 1650.00

Reach-1 8.50    PF#2 38.82 1.00 39.48 625.00 102000.00 1025.00 1025.00 1650.00 1650.00

Reach-1 8.39    PF#1 37.76 38.19 3750.60 8717.48 90518.31 2764.21 600.00 1225.00

Reach-1 8.39    PF#2 38.71 0.95 39.28 625.00 102000.00 600.00 600.00 1225.00 1225.00

Reach-1 8.21    PF#1 37.49 37.95 4289.57 58.06 91470.25 10471.68 150.00 850.00

Reach-1 8.21    PF#2 38.42 0.93 39.01 725.00 101925.30 74.74 150.00 150.00 850.00 875.00

Reach-1 8.13    PF#1 37.32 37.82 4618.89 24.84 90342.83 11632.33 500.00 1175.00

Reach-1 8.13    PF#2 38.20 0.87 38.85 674.38 102000.00 500.00 500.00 1175.00 1175.00

Reach-1 7.69    PF#1 36.97 37.21 4865.14 2415.25 79803.62 19781.13 1100.00 1950.00

Reach-1 7.69    PF#2 37.76 0.80 38.12 1550.00 93482.09 8517.91 1100.00 1100.00 1950.00 2650.00

Reach-1 7.13    PF#1 35.81 36.48 2776.70 4230.50 97634.21 135.29 2240.00 2752.00

Reach-1 7.13    PF#2 36.64 0.83 37.33 1052.00 1513.85 100486.10 1700.00 2240.00 2752.00 2752.00



  

HEC-RAS  Plan: Floodway GR   River: RIVER-1   Reach: Reach-1

Reach River Sta Profile Prof Delta WS Top Wdth Act K Perc L Enc Sta L Dist Center L Center Station Dist Center R Enc Sta R K Perc R Enc WD

(ft) (ft)  (ft) (ft) (ft) (ft) (ft)  (ft)

Reach-1 8.61    PF#1 3125.27 1650.00

Reach-1 8.61    PF#2 1.00 600.00 9.13 1350.00 300.00 1650.00 300.00 1950.00 1.19 600.00

Reach-1 8.50    PF#1 2902.05 1337.50

Reach-1 8.50    PF#2 1.00 625.00 7.84 1025.00 312.50 1337.50 312.50 1650.00 1.76 625.00

Reach-1 8.39    PF#1 3750.60 912.50

Reach-1 8.39    PF#2 0.95 625.00 8.96 600.00 312.50 912.50 312.50 1225.00 4.62 625.00

Reach-1 8.21    PF#1 4289.57 500.00

Reach-1 8.21    PF#2 0.93 725.00 0.08 150.00 350.00 500.00 375.00 875.00 13.04 725.00

Reach-1 8.13    PF#1 4618.89 837.50

Reach-1 8.13    PF#2 0.87 674.38 0.06 500.00 337.50 837.50 337.50 1175.00 14.89 675.00

Reach-1 7.69    PF#1 4865.14 1525.00

Reach-1 7.69    PF#2 0.80 1550.00 2.82 1100.00 425.00 1525.00 1125.00 2650.00 13.70 1550.00

Reach-1 7.13    PF#1 2776.70 2496.00

Reach-1 7.13    PF#2 0.83 1052.00 4.62 1700.00 796.00 2496.00 256.00 2752.00 0.21 1052.00



  

HEC-RAS  Plan: Floodway GR   River: RIVER-1   Reach: Reach-1

Reach River Sta Profile Top Wdth Act Area Vel Total W.S. Elev Base WS Prof Delta WS

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

Reach-1 8.61    PF#1 3125.27 22140.17 4.61 37.99 37.99

Reach-1 8.61    PF#2 600.00 14966.88 6.82 38.99 37.99 1.00

Reach-1 8.50    PF#1 2902.05 22568.79 4.52 37.82 37.82

Reach-1 8.50    PF#2 625.00 15654.60 6.52 38.82 37.82 1.00

Reach-1 8.39    PF#1 3750.60 26907.22 3.79 37.76 37.76

Reach-1 8.39    PF#2 625.00 16896.51 6.04 38.71 37.76 0.95

Reach-1 8.21    PF#1 4289.57 27612.81 3.69 37.49 37.49

Reach-1 8.21    PF#2 725.00 16680.21 6.12 38.42 37.49 0.93

Reach-1 8.13    PF#1 4618.89 27816.30 3.67 37.32 37.32

Reach-1 8.13    PF#2 674.38 15680.58 6.50 38.20 37.32 0.87

Reach-1 7.69    PF#1 4865.14 40045.05 2.55 36.97 36.97

Reach-1 7.69    PF#2 1550.00 24696.60 4.13 37.76 36.97 0.80

Reach-1 7.13    PF#1 2776.70 20642.35 4.94 35.81 35.81

Reach-1 7.13    PF#2 1052.00 16806.90 6.07 36.64 35.81 0.83



  

HEC-RAS  Plan: Floodway GR   River: RIVER-1   Reach: Reach-1

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

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

Reach-1 8.61    PF#1 102000.00 -0.96 37.99 38.60 0.000349 6.51 22140.17 3125.27 0.23

Reach-1 8.61    PF#2 102000.00 -0.96 38.99 39.71 0.000374 6.82 14966.88 600.00 0.24

Reach-1 8.50    PF#1 102000.00 1.29 37.82 38.39 0.000321 6.28 22568.79 2902.05 0.23

Reach-1 8.50    PF#2 102000.00 1.29 38.82 39.48 0.000343 6.52 15654.60 625.00 0.23

Reach-1 8.39    PF#1 102000.00 3.44 37.76 38.19 0.000226 5.55 26907.22 3750.60 0.19

Reach-1 8.39    PF#2 102000.00 3.44 38.71 39.28 0.000261 6.04 16896.51 625.00 0.20

Reach-1 8.21    PF#1 102000.00 3.92 37.49 37.95 0.000290 5.74 27612.81 4289.57 0.21

Reach-1 8.21    PF#2 102000.00 3.92 38.42 39.01 0.000317 6.14 16680.21 725.00 0.22

Reach-1 8.13    PF#1 102000.00 4.14 37.32 37.82 0.000325 5.99 27816.30 4618.89 0.22

Reach-1 8.13    PF#2 102000.00 4.14 38.20 38.85 0.000370 6.50 15680.58 674.38 0.24

Reach-1 7.69    PF#1 102000.00 -4.76 36.97 37.21 0.000187 4.42 40045.05 4865.14 0.17

Reach-1 7.69    PF#2 102000.00 -4.76 37.76 38.12 0.000229 4.99 24696.60 1550.00 0.19

Reach-1 7.13    PF#1 102000.00 -2.86 35.81 16.29 36.48 0.000298 6.72 20642.35 2776.70 0.22

Reach-1 7.13    PF#2 102000.00 -2.86 36.64 16.29 37.33 0.000290 6.72 16806.90 1052.00 0.22



  

HEC-RAS  Plan: Floodway GR   River: RIVER-1   Reach: Reach-1

Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Frctn Loss C & E Loss Q Left Q Channel Q Right Top Width

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

Reach-1 8.61    PF#1 38.60 37.99 0.61 0.20 0.01 8114.17 93613.73 272.10 3125.27

Reach-1 8.61    PF#2 39.71 38.99 0.72 0.22 0.02 102000.00 600.00

Reach-1 8.50    PF#1 38.39 37.82 0.57 0.15 0.04 6897.80 94390.47 711.73 2902.05

Reach-1 8.50    PF#2 39.48 38.82 0.66 0.17 0.03 102000.00 625.00

Reach-1 8.39    PF#1 38.19 37.76 0.43 0.24 0.00 8717.48 90518.31 2764.21 3750.60

Reach-1 8.39    PF#2 39.28 38.71 0.57 0.27 0.00 102000.00 625.00

Reach-1 8.21    PF#1 37.95 37.49 0.46 0.13 0.00 58.06 91470.25 10471.68 4289.57

Reach-1 8.21    PF#2 39.01 38.42 0.59 0.15 0.01 101925.30 74.74 725.00

Reach-1 8.13    PF#1 37.82 37.32 0.49 0.53 0.08 24.84 90342.83 11632.33 4618.89

Reach-1 8.13    PF#2 38.85 38.20 0.66 0.64 0.09 102000.00 674.38

Reach-1 7.69    PF#1 37.21 36.97 0.24 0.69 0.04 2415.25 79803.62 19781.13 4865.14

Reach-1 7.69    PF#2 38.12 37.76 0.36 0.76 0.03 93482.09 8517.91 1550.00

Reach-1 7.13    PF#1 36.48 35.81 0.67 4230.50 97634.21 135.29 2776.70

Reach-1 7.13    PF#2 37.33 36.64 0.69 1513.85 100486.10 1052.00



  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.61    Profile: PF#1

 E.G. Elev (ft) 38.60  Element Left OB Channel Right OB

 Vel Head (ft) 0.61  Wt. n-Val.  0.080 0.035 0.065 

 W.S. Elev (ft) 37.99  Reach Len. (ft) 629.00 602.00 499.00 

 Crit W.S. (ft)   Flow Area (sq ft) 6919.88 14369.07 851.22 

 E.G. Slope (ft/ft) 0.000349  Area (sq ft) 6919.88 14369.07 851.22 

 Q Total (cfs) 102000.00  Flow (cfs) 8114.17 93613.73 272.10 

 Top Width (ft) 3125.27  Top Width (ft) 1152.41 600.00 1372.86 

 Vel Total (ft/s) 4.61  Avg. Vel. (ft/s) 1.17 6.51 0.32 

 Max Chl Dpth (ft) 38.95  Hydr. Depth (ft) 6.00 23.95 0.62 

 Conv. Total (cfs) 5459311.0  Conv. (cfs) 434292.1 5010456.0 14563.5 

 Length Wtd. (ft) 603.49  Wetted Per. (ft) 1156.56 610.45 1373.21 

 Min Ch El (ft) -0.96  Shear (lb/sq ft) 0.13 0.51 0.01 

 Alpha  1.84  Stream Power (lb/ft s) 0.15 3.34 0.00 

 Frctn Loss (ft) 0.20  Cum Volume (acre-ft) 501.54 2867.36 1736.25 

 C & E Loss (ft) 0.01  Cum SA (acres) 109.94 123.11 424.34 

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.61    Profile: PF#2

 E.G. Elev (ft) 39.71  Element Left OB Channel Right OB

 Vel Head (ft) 0.72  Wt. n-Val.   0.035  

 W.S. Elev (ft) 38.99  Reach Len. (ft) 629.00 602.00 499.00 

 Crit W.S. (ft)   Flow Area (sq ft)  14966.88  

 E.G. Slope (ft/ft) 0.000374  Area (sq ft)  14966.88  

 Q Total (cfs) 102000.00  Flow (cfs)  102000.00  

 Top Width (ft) 600.00  Top Width (ft)  600.00  

 Vel Total (ft/s) 6.82  Avg. Vel. (ft/s)  6.82  

 Max Chl Dpth (ft) 39.95  Hydr. Depth (ft)  24.94  

 Conv. Total (cfs) 5277625.0  Conv. (cfs)  5277625.0  

 Length Wtd. (ft) 602.00  Wetted Per. (ft)  625.26  

 Min Ch El (ft) -0.96  Shear (lb/sq ft)  0.56  

 Alpha  1.00  Stream Power (lb/ft s)  3.80  

 Frctn Loss (ft) 0.22  Cum Volume (acre-ft) 40.32 2973.29 351.17 

 C & E Loss (ft) 0.02  Cum SA (acres) 11.78 123.16 41.45 

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.50    Profile: PF#1

 E.G. Elev (ft) 38.39  Element Left OB Channel Right OB

 Vel Head (ft) 0.57  Wt. n-Val.  0.080 0.035 0.065 

 W.S. Elev (ft) 37.82  Reach Len. (ft) 570.00 566.00 502.00 

 Crit W.S. (ft)   Flow Area (sq ft) 6010.51 15030.16 1528.11 

 E.G. Slope (ft/ft) 0.000321  Area (sq ft) 6010.51 15030.16 1528.11 

 Q Total (cfs) 102000.00  Flow (cfs) 6897.80 94390.47 711.73 

 Top Width (ft) 2902.05  Top Width (ft) 933.75 625.00 1343.30 

 Vel Total (ft/s) 4.52  Avg. Vel. (ft/s) 1.15 6.28 0.47 

 Max Chl Dpth (ft) 36.53  Hydr. Depth (ft) 6.44 24.05 1.14 

 Conv. Total (cfs) 5690208.0  Conv. (cfs) 384802.8 5265700.0 39704.8 

 Length Wtd. (ft) 565.22  Wetted Per. (ft) 939.25 634.04 1344.02 

 Min Ch El (ft) 1.29  Shear (lb/sq ft) 0.13 0.48 0.02 

 Alpha  1.79  Stream Power (lb/ft s) 0.15 2.99 0.01 

 Frctn Loss (ft) 0.15  Cum Volume (acre-ft) 408.18 2664.22 1722.62 

 C & E Loss (ft) 0.04  Cum SA (acres) 94.88 114.64 408.78 



  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.50    Profile: PF#2

 E.G. Elev (ft) 39.48  Element Left OB Channel Right OB

 Vel Head (ft) 0.66  Wt. n-Val.   0.035  

 W.S. Elev (ft) 38.82  Reach Len. (ft) 570.00 566.00 502.00 

 Crit W.S. (ft)   Flow Area (sq ft)  15654.60  

 E.G. Slope (ft/ft) 0.000343  Area (sq ft)  15654.60  

 Q Total (cfs) 102000.00  Flow (cfs)  102000.00  

 Top Width (ft) 625.00  Top Width (ft)  625.00  

 Vel Total (ft/s) 6.52  Avg. Vel. (ft/s)  6.52  

 Max Chl Dpth (ft) 37.53  Hydr. Depth (ft)  25.05  

 Conv. Total (cfs) 5507675.0  Conv. (cfs)  5507675.0  

 Length Wtd. (ft) 566.00  Wetted Per. (ft)  656.21  

 Min Ch El (ft) 1.29  Shear (lb/sq ft)  0.51  

 Alpha  1.00  Stream Power (lb/ft s)  3.33  

 Frctn Loss (ft) 0.17  Cum Volume (acre-ft) 40.32 2761.69 351.17 

 C & E Loss (ft) 0.03  Cum SA (acres) 11.78 114.70 41.45 

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.39    Profile: PF#1

 E.G. Elev (ft) 38.19  Element Left OB Channel Right OB

 Vel Head (ft) 0.43  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 37.76  Reach Len. (ft) 895.00 932.00 940.00 

 Crit W.S. (ft)   Flow Area (sq ft) 5531.73 16303.34 5072.14 

 E.G. Slope (ft/ft) 0.000226  Area (sq ft) 5531.73 16303.34 5072.14 

 Q Total (cfs) 102000.00  Flow (cfs) 8717.48 90518.31 2764.21 

 Top Width (ft) 3750.60  Top Width (ft) 500.58 624.51 2625.52 

 Vel Total (ft/s) 3.79  Avg. Vel. (ft/s) 1.58 5.55 0.54 

 Max Chl Dpth (ft) 34.32  Hydr. Depth (ft) 11.05 26.11 1.93 

 Conv. Total (cfs) 6780979.0  Conv. (cfs) 579540.0 6017674.0 183764.9 

 Length Wtd. (ft) 930.93  Wetted Per. (ft) 504.52 635.97 2626.04 

 Min Ch El (ft) 3.44  Shear (lb/sq ft) 0.15 0.36 0.03 

 Alpha  1.92  Stream Power (lb/ft s) 0.24 2.01 0.01 

 Frctn Loss (ft) 0.24  Cum Volume (acre-ft) 332.67 2460.65 1684.59 

 C & E Loss (ft) 0.00  Cum SA (acres) 85.50 106.53 385.91 

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.39    Profile: PF#2

 E.G. Elev (ft) 39.28  Element Left OB Channel Right OB

 Vel Head (ft) 0.57  Wt. n-Val.   0.035  

 W.S. Elev (ft) 38.71  Reach Len. (ft) 895.00 932.00 940.00 

 Crit W.S. (ft)   Flow Area (sq ft)  16896.51  

 E.G. Slope (ft/ft) 0.000261  Area (sq ft)  16896.51  

 Q Total (cfs) 102000.00  Flow (cfs)  102000.00  

 Top Width (ft) 625.00  Top Width (ft)  625.00  

 Vel Total (ft/s) 6.04  Avg. Vel. (ft/s)  6.04  

 Max Chl Dpth (ft) 35.27  Hydr. Depth (ft)  27.03  

 Conv. Total (cfs) 6315207.0  Conv. (cfs)  6315207.0  

 Length Wtd. (ft) 932.00  Wetted Per. (ft)  646.85  

 Min Ch El (ft) 3.44  Shear (lb/sq ft)  0.43  

 Alpha  1.00  Stream Power (lb/ft s)  2.57  

 Frctn Loss (ft) 0.27  Cum Volume (acre-ft) 40.32 2550.22 351.17 

 C & E Loss (ft) 0.00  Cum SA (acres) 11.78 106.58 41.45 



  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.21    Profile: PF#1

 E.G. Elev (ft) 37.95  Element Left OB Channel Right OB

 Vel Head (ft) 0.46  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 37.49  Reach Len. (ft) 438.00 436.00 400.00 

 Crit W.S. (ft)   Flow Area (sq ft) 84.00 15942.83 11585.98 

 E.G. Slope (ft/ft) 0.000290  Area (sq ft) 84.00 15942.83 11585.98 

 Q Total (cfs) 102000.00  Flow (cfs) 58.06 91470.25 10471.68 

 Top Width (ft) 4289.57  Top Width (ft) 31.31 700.00 3558.26 

 Vel Total (ft/s) 3.69  Avg. Vel. (ft/s) 0.69 5.74 0.90 

 Max Chl Dpth (ft) 33.57  Hydr. Depth (ft) 2.68 22.78 3.26 

 Conv. Total (cfs) 5994537.0  Conv. (cfs) 3412.5 5375704.0 615420.4 

 Length Wtd. (ft) 432.10  Wetted Per. (ft) 31.73 712.28 3560.53 

 Min Ch El (ft) 3.92  Shear (lb/sq ft) 0.05 0.40 0.06 

 Alpha  2.17  Stream Power (lb/ft s) 0.03 2.32 0.05 

 Frctn Loss (ft) 0.13  Cum Volume (acre-ft) 274.97 2115.68 1504.86 

 C & E Loss (ft) 0.00  Cum SA (acres) 80.03 92.36 319.19 

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.21    Profile: PF#2

 E.G. Elev (ft) 39.01  Element Left OB Channel Right OB

 Vel Head (ft) 0.59  Wt. n-Val.   0.035 0.065 

 W.S. Elev (ft) 38.42  Reach Len. (ft) 438.00 436.00 400.00 

 Crit W.S. (ft)   Flow Area (sq ft)  16595.38 84.84 

 E.G. Slope (ft/ft) 0.000317  Area (sq ft)  16595.38 84.84 

 Q Total (cfs) 102000.00  Flow (cfs)  101925.30 74.74 

 Top Width (ft) 725.00  Top Width (ft)  700.00 25.00 

 Vel Total (ft/s) 6.12  Avg. Vel. (ft/s)  6.14 0.88 

 Max Chl Dpth (ft) 34.50  Hydr. Depth (ft)  23.71 3.39 

 Conv. Total (cfs) 5724941.0  Conv. (cfs)  5720747.0 4194.7 

 Length Wtd. (ft) 435.99  Wetted Per. (ft)  717.27 26.67 

 Min Ch El (ft) 3.92  Shear (lb/sq ft)  0.46 0.06 

 Alpha  1.01  Stream Power (lb/ft s)  2.82 0.06 

 Frctn Loss (ft) 0.15  Cum Volume (acre-ft) 40.32 2191.92 350.26 

 C & E Loss (ft) 0.01  Cum SA (acres) 11.78 92.40 41.18 

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.13    Profile: PF#1

 E.G. Elev (ft) 37.82  Element Left OB Channel Right OB

 Vel Head (ft) 0.49  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 37.32  Reach Len. (ft) 2310.00 2252.00 1861.00 

 Crit W.S. (ft)   Flow Area (sq ft) 65.35 15091.37 12659.58 

 E.G. Slope (ft/ft) 0.000325  Area (sq ft) 65.35 15091.37 12659.58 

 Q Total (cfs) 102000.00  Flow (cfs) 24.84 90342.83 11632.33 

 Top Width (ft) 4618.89  Top Width (ft) 65.93 672.91 3880.06 

 Vel Total (ft/s) 3.67  Avg. Vel. (ft/s) 0.38 5.99 0.92 

 Max Chl Dpth (ft) 33.18  Hydr. Depth (ft) 0.99 22.43 3.26 

 Conv. Total (cfs) 5656979.0  Conv. (cfs) 1377.4 5010466.0 645135.8 

 Length Wtd. (ft) 2192.49  Wetted Per. (ft) 66.05 690.07 3883.54 

 Min Ch El (ft) 4.14  Shear (lb/sq ft) 0.02 0.44 0.07 

 Alpha  2.37  Stream Power (lb/ft s) 0.01 2.66 0.06 

 Frctn Loss (ft) 0.53  Cum Volume (acre-ft) 274.22 1960.37 1393.54 

 C & E Loss (ft) 0.08  Cum SA (acres) 79.54 85.49 285.04 



  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 8.13    Profile: PF#2

 E.G. Elev (ft) 38.85  Element Left OB Channel Right OB

 Vel Head (ft) 0.66  Wt. n-Val.   0.035  

 W.S. Elev (ft) 38.20  Reach Len. (ft) 2310.00 2252.00 1861.00 

 Crit W.S. (ft)   Flow Area (sq ft)  15680.58  

 E.G. Slope (ft/ft) 0.000370  Area (sq ft)  15680.58  

 Q Total (cfs) 102000.00  Flow (cfs)  102000.00  

 Top Width (ft) 674.38  Top Width (ft)  674.38  

 Vel Total (ft/s) 6.50  Avg. Vel. (ft/s)  6.50  

 Max Chl Dpth (ft) 34.06  Hydr. Depth (ft)  23.25  

 Conv. Total (cfs) 5301908.0  Conv. (cfs)  5301908.0  

 Length Wtd. (ft) 2235.67  Wetted Per. (ft)  697.67  

 Min Ch El (ft) 4.14  Shear (lb/sq ft)  0.52  

 Alpha  1.00  Stream Power (lb/ft s)  3.38  

 Frctn Loss (ft) 0.64  Cum Volume (acre-ft) 40.32 2030.39 349.87 

 C & E Loss (ft) 0.09  Cum SA (acres) 11.78 85.52 41.07 

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 7.69    Profile: PF#1

 E.G. Elev (ft) 37.21  Element Left OB Channel Right OB

 Vel Head (ft) 0.24  Wt. n-Val.  0.070 0.035 0.065 

 W.S. Elev (ft) 36.97  Reach Len. (ft) 1900.00 2950.00 3250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 2972.08 18056.20 19016.76 

 E.G. Slope (ft/ft) 0.000187  Area (sq ft) 2972.08 18056.20 19016.76 

 Q Total (cfs) 102000.00  Flow (cfs) 2415.25 79803.62 19781.13 

 Top Width (ft) 4865.14  Top Width (ft) 633.07 850.00 3382.07 

 Vel Total (ft/s) 2.55  Avg. Vel. (ft/s) 0.81 4.42 1.04 

 Max Chl Dpth (ft) 41.73  Hydr. Depth (ft) 4.69 21.24 5.62 

 Conv. Total (cfs) 7464351.0  Conv. (cfs) 176747.6 5840022.0 1447581.0 

 Length Wtd. (ft) 2945.08  Wetted Per. (ft) 633.82 858.69 3389.41 

 Min Ch El (ft) -4.76  Shear (lb/sq ft) 0.05 0.25 0.07 

 Alpha  2.39  Stream Power (lb/ft s) 0.04 1.08 0.07 

 Frctn Loss (ft) 0.69  Cum Volume (acre-ft) 193.68 1103.52 716.89 

 C & E Loss (ft) 0.04  Cum SA (acres) 61.01 46.12 129.91 

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 7.69    Profile: PF#2

 E.G. Elev (ft) 38.12  Element Left OB Channel Right OB

 Vel Head (ft) 0.36  Wt. n-Val.   0.035 0.065 

 W.S. Elev (ft) 37.76  Reach Len. (ft) 1900.00 2950.00 3250.00 

 Crit W.S. (ft)   Flow Area (sq ft)  18732.89 5963.71 

 E.G. Slope (ft/ft) 0.000229  Area (sq ft)  18732.89 5963.71 

 Q Total (cfs) 102000.00  Flow (cfs)  93482.09 8517.91 

 Top Width (ft) 1550.00  Top Width (ft)  850.00 700.00 

 Vel Total (ft/s) 4.13  Avg. Vel. (ft/s)  4.99 1.43 

 Max Chl Dpth (ft) 42.52  Hydr. Depth (ft)  22.04 8.52 

 Conv. Total (cfs) 6745070.0  Conv. (cfs)  6181796.0 563273.5 

 Length Wtd. (ft) 2954.73  Wetted Per. (ft)  864.43 710.13 

 Min Ch El (ft) -4.76  Shear (lb/sq ft)  0.31 0.12 

 Alpha  1.35  Stream Power (lb/ft s)  1.54 0.17 

 Frctn Loss (ft) 0.76  Cum Volume (acre-ft) 40.32 1140.83 222.48 

 C & E Loss (ft) 0.03  Cum SA (acres) 11.78 46.12 26.11 



  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 7.13    Profile: PF#1

 E.G. Elev (ft) 36.48  Element Left OB Channel Right OB

 Vel Head (ft) 0.67  Wt. n-Val.  0.070 0.035 0.060 

 W.S. Elev (ft) 35.81  Reach Len. (ft)    

 Crit W.S. (ft) 16.29  Flow Area (sq ft) 5908.87 14533.28 200.20 

 E.G. Slope (ft/ft) 0.000298  Area (sq ft) 5908.87 14533.28 200.20 

 Q Total (cfs) 102000.00  Flow (cfs) 4230.50 97634.21 135.29 

 Top Width (ft) 2776.70  Top Width (ft) 2164.44 512.00 100.26 

 Vel Total (ft/s) 4.94  Avg. Vel. (ft/s) 0.72 6.72 0.68 

 Max Chl Dpth (ft) 38.67  Hydr. Depth (ft) 2.73 28.39 2.00 

 Conv. Total (cfs) 5906283.0  Conv. (cfs) 244966.1 5653483.0 7834.2 

 Length Wtd. (ft)   Wetted Per. (ft) 2164.95 523.99 100.80 

 Min Ch El (ft) -2.86  Shear (lb/sq ft) 0.05 0.52 0.04 

 Alpha  1.77  Stream Power (lb/ft s) 0.04 3.47 0.02 

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    

  

Plan: Floodway GR    RIVER-1    Reach-1  RS: 7.13    Profile: PF#2

 E.G. Elev (ft) 37.33  Element Left OB Channel Right OB

 Vel Head (ft) 0.69  Wt. n-Val.  0.070 0.035  

 W.S. Elev (ft) 36.64  Reach Len. (ft)    

 Crit W.S. (ft) 16.29  Flow Area (sq ft) 1848.66 14958.24  

 E.G. Slope (ft/ft) 0.000290  Area (sq ft) 1848.66 14958.24  

 Q Total (cfs) 102000.00  Flow (cfs) 1513.85 100486.10  

 Top Width (ft) 1052.00  Top Width (ft) 540.00 512.00  

 Vel Total (ft/s) 6.07  Avg. Vel. (ft/s) 0.82 6.72  

 Max Chl Dpth (ft) 39.50  Hydr. Depth (ft) 3.42 29.22  

 Conv. Total (cfs) 5989086.0  Conv. (cfs) 88888.1 5900198.0  

 Length Wtd. (ft)   Wetted Per. (ft) 542.28 528.19  

 Min Ch El (ft) -2.86  Shear (lb/sq ft) 0.06 0.51  

 Alpha  1.21  Stream Power (lb/ft s) 0.05 3.44  

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    
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Flow: Lewis River 7.13 to 8.61 Floodway
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Flow: Lewis River 7.13 to 8.61 Floodway
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Flow: Lewis River 7.13 to 8.61 Floodway
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Flow: Lewis River 7.13 to 8.61 Floodway
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APPENDIX D:   

CLARK COUNTY SITE DEVELOPMENT IMPACTS 

This portion of the report is in support of the site development for a single family home 
located on parcel 254377005 (4410 NW Hayes Rd).  The analysis is intended to 
demonstrate the location of the floodway boundary along the Lewis River in Clark 
County, Washington near Woodland, Washington as shown on FIRM Map 53011C 
0061D should be modified to appropriately represent the flooding hazards on parcel 
25477005 (4410 NW Hayes Rd). 

 

Property ID (Common Name)  RM Clark Co FIS Cross Section 

254780000  (4418 NW Hayes Rd)  8.30  “1” 

254377005  (4410 NW Hayes Rd)  8.39  “V” 

254369010  (4503 NW 416th St)  8.50  “2” 

254366000 (4404 NW 419th St)  8.61  “W” 
 

 
Figure D1:  Lewis River Study Area 

 

 



 
Figure D2: Parcel of Primary Interest 

 

LEWIS RIVER 

4410 NW HAYES RD 



 
Figure D3:  Revised Regulatory Floodway 

 

 
Table D1: Lewis River – Revised Flood Data (5/13/2021) 

FLOODING SOURCE FLOODWAY 
1-PERCENT ANNUAL CHANCE FLOOD  

WATER SURFACE ELEVEATION 

Cross 
Section 

Distance(1) Width 
(FT) 

Section 
Area (Sq 

Ft) 

Mean 
Velocity 

(FPS) 

Regulat
ory  

Without 
Floodway 

With 
Floodway 

Increase 

V 8.39 625 16,897 6.04 37.76 37.76 38.71 0.95 

2 8.50 625 15,655 6.52 37.82 37.82 38.82 1.0 
(1)Stream distance in miles above mouth 
 (2)See Appendix B for Hydraulic Model Output 

 

4410 NW HAYES RD 



 

 

Figure D4:  HEC-RAS Cross-Section Plot - Floodway 

 

 

Lewis River Sinuosity Analysis 
The Lewis River has a history of meandering throughout the study area.  Nineteen (19) aerial 

photographs obtained from the Clark County MapsOnline were evaluated from 1955 to 2019 to 

document the extents of the south streambank sinuosity at section “V”; RM 8.39 (Figure D3).  

The most critical streambank location appeared to have occurred in 1968 (Figures D5 & D6).  

The north bank of the Lewis River appears to be stable and has not meandered beyond the 

existing regulatory floodway boundary.  When river systems expand in width the energy 

available to transport sediment is reduced and subsequently leads to deposition.   It is unlikely 

the south streambank will migrate further south beyond its current location. 

REVISED FLOODWAY 

625 FT 



 

Figure D5: Lewis River Sinuosity Graph 



Figure D6: Lewis River Sinuosity; 2019/1968 Aerial Photography 

 



REFERENCES 

CLARK COUNTY CODE 

40.420 (FLOODPLAIN)  

Development in the floodplain is not allowed to increase the base flood elevation.  

2.    Prohibited Uses in Special Flood Hazard Areas. 

a.  Construction or reconstruction of residential structures is prohibited in the floodway 
except, in accordance with Chapter 86.16 RCW, for repairs, reconstruction, or 
improvements to a lawfully established structure: 

(1)    Which do not increase the ground floor area; and 
(2)    That are not a substantial improvement. 

b.    Floodway encroachments are prohibited unless certification by a licensed professional 
engineer registered in the state of Washington is provided demonstrating through 
hydrologic and hydraulic analyses performed in accordance with standard engineering 
practice that encroachments shall not result in any increase in flood levels during the 
occurrence of the base flood discharge. If it has been adequately demonstrated through 
calculations that the encroachment will not result in increased flood levels, all new 
nonresidential construction and nonresidential substantial improvements shall comply 
with all applicable flood hazard reduction provisions of this chapter [40.420]. 

40.440 (HABITAT CONSERVATION)  

The Lewis River watercourse requires a 250 foot riparian Habitat Conservation Zone (HCZ) 
in order to protect fish and wildlife habitat.  The HCZ extends horizontally outward from 
the ordinary high water mark. 

40.460 (SHORELINE MASTER PROGRAM) 

The county aims to ensure that existing shoreline ecological functions are protected with 
the proposed pattern and intensity of development.  The majority of the study area is 
designated as “Rural Conservancy Residential” with a few areas designated as “Natural”. 

40.210.020 (DEVELOPMENT – RURAL DISTRICTS) 

The zoning for the floodplain and surrounding area is R-5 which allows development of 
one single family residence in each 5 acre parcel.  
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