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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

HEC-RAS Version 3.1.3 May 2005 
U.S. Army Corp of Engineers 
Hydrologic Engineering Center 

609 Second Street 
Davis, California 

X X XXXXXX XXXX XXXX XX XXXX 
X X X X X X X X X  X 
X X X X X X  X X X  
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX 
X X X X X X X X X 
X X X X X X X  X X X 
X X XXXXXX XXXX X X X X XXXXX 

PROJECT DATA 
Project Title: Existing Seville Channel 
Project File : ExistingChannel.prj 
Run Date and Time: 4/30/2006 3:21:08 PM 

Project in English units 

PLAN DATA 

Plan Title: Proposed Plan 
Plan File : p:\City_of_Scottsdale\23444553\Engr\Off-St Drainage - DS\Indian Bend Rd 
Ditch\ExistingChannelIp19 

Geometry Title: ProposedChannel 
Geometry File : p:\City-of_Scottsdale\23444553\Engr\Off-Site Drainage - DS\Indian Bend 

Rd Ditch\ExistingChannel,glO 

Flow Title : COS SWMP Peak Flows 
Flow File : p:\City-of-Scottsdale\23444553\Engr\Off-Site Drainage - DS\Indian Bend 

Rd Ditch\ExistingChannel.f02 

Plan Sumary Information: 
Number of: Cross Sections = 28 Multiple Openings = 0 

Culverts = 2 Inline Structures = 0 
Bridges = 4 Lateral Structures = 0 

Computatiolral Information 
Water surface calculation tolerance = 0.01 
Critical depth calculation tolerance = 0.01 
Maximum number of iterations = 20 
Maximum difference tolerance = 0.3 
Flow tolerance factor = 0.001 

Computation Options 
Critical depth computed only where necessary 
Convevance Calculation Method: At breaks in n values onlv 
Friction Slope Method: Average Conveyance 
Computational Flow Regime: Subcritical Flow 

FLOW DATA 

Flow Title: COS SWMP Peak Flows 
Flow File : p:\City-of-Scottsdale\23444553\Engr\Off-t Drainage - DS\Indian Bend Rd 
Ditch\ExistingChannel.f02 

Flow Data ( c f s )  
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• lo-Yr River Reach 

Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

East Ditch Indian Bend Rd 10 
546 
East Ditch Indian Bend Rd 5.5 

675 
Seville Channel Indian Bend Road10 

546 
Seville Channel Indian Bend Road5.5 

675 
Revised Seville Indian Bend RoadlO 

546 
Revised Seville Indian Bend Road5.5 

675 
Revised Seville Indian Bend RoadlO 

546 
Revised Seville Indian Bend Road5.5 

675 

Boundary Conditions 

River Reach Profile 

Revised Sevillg Indian Bend Road100-Yr 
Revised Seville Indian Bend Road50-Yr 
Revised Seville Indian Bend Road25-Yr 
Revised Seville Indian Bend Roadlo-Yr 

Upstream 

a GEOMETRY DATA 

Geometry Title: Proposedchannel 
Geometry File : p:\City-of-Scottsdale\23444553\Engr\Off-Sit Drainage - DS\Indian Bend Rd 
Ditch\ExistingChannel.glO 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 10 

INPUT 
Description: Scottsdale Rd, 3-lO'x6' Box Inlet 
Station Elevation Data "urn= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta  lev 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

-29.999 .03 -29.999 ,013 29.999 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
-29.999 29.999 145 145 145 .1 .3 

Ineffective Flow "urn= 4 
Sta L Sta R Elev Permanent 

-29.999 -16.334 1297.79 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ftj 
Vel Head (ft) 

1298.62 Element 
0.19 Wt. n-Val. 

Downstream 

Critical 
Critical 
Critical 
Critical 

Left OB Channel Right OB 
0.013 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

W.S. Elev iftl' 
Czit W.S. iftl 
E.G. Slope ift/ftl 
Q Total Icfsl 
Top Width iftl 
Vel Total lft/sl 
Max Chl Dpth iftl 
Conv. Total icfsl 
Length Wtd. iftl 
Min Ch El iftl 
Alpha 
FIctn Loss ift) 
C 6 E LOSS lft) 

1298.44 Reach Len. lftl 145.00 145.00 145.00 
1295.36 Flow Area isq ftl 307.76 
0.000116 Area isq ftl 307.76 
1073.00 Flow icfsl 1073.00 
60.00 Top Width iftl 60.00 
3.49 Avg. Vel. lft/sl 3.49 
6.64 Hydr.Depth iftl 5.13 

99839.3 Conv. icfsl 99839.3 
145.00 Wetted Per. ift) 64.36 
1291.79 Shear llb/sq ftl 0.03 

1.00 Stream Power ilb/ft sl 0.12 
Cum Volume (acre-ft) 11.09 0.00 
Cum SA (acres) 2.80 0.01 

Note: Multlple critical depths were found at this location. The critical depth with the lowest, 
valid, 

Water Surface was used. 

CULVERT 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.9 

INPUT 
Description: Scottsdale Rd, 3-10qx6' Box 
Distance from Upstream XS = ,001 
Deck/Roadway Width = 139.998 
Weir Coefficient - - 2.6 
Upstream Deck/Roadway Coordinates 

num= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

-29.999 1300.54 1297.79 -16.33 1300.54 29.999 1300.54 1297.79 

Upstream Bridge Cross Section Data 
Station Elevation Data "urn= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-29.999 1296.99 -26.667 1295.99 -23.333 1294.99 -19.999 1293.99 -16.667 1292.99 
13.333 1291.99 -8.667 1291.79 0 1291.79 8.667 1291.79 13.333 1231.99 
16.667 1292.99 19.999 1293.99 23.333 1294.99 26.667 1295.99 29.999 1296.99 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

-29.999 .03 -29.999 .013 29.999 .03 

Bank Sta: Left Right Coeff Contr. Expan 
-29.999 29.999 .I .3 

Ineffective Flow num= 4 
Sea L Sta R Elev Permanent 

Downstream Deck/Roadway Coordinates 
num= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

-29.999 1299.13 1296.8 -16.33 1299.13 29.999 1299.13 1296.8 

Downstream Bridge Cross Section Data 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev S t n  Pl-v 

Manning's n Values num= 3 
Sta n val Sta n Val Sta n Val 

-29.999 .03 -29.999 ,013 29.999 .03 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 efs 

Bank Sta: Left Right Coeff Contr. Expan 
-29.999 29.999 .I .3 

Ineffective Flow num= 4 
Sta L Sta R Elev Permanent 

-29.999 -16.3341297.467 F 
6.334 -51297.967 F 

5 6.3341297.467 F 
16.334 29.9991297.467 F 

Upstream Embankment side slope - - 0 horiz. to 1.0 vertical 

Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 

Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Culverts = 1 

Culvert Name Shape Rise Span 
Culvert #1 BOX 6 10 
FHWA Chart # 9 - flared wingwalls and Inlet top edge bevel 
FHWA Scale # 1 - Wingwall flared 45 deg.; inlet top edge bevel=0.043D 
Solution Criteria = Hiahest U.S. EG 
Culvert Upstrm Dist Length Top n Bottom n Depth Blocked Entrance LOSS Coef Exit LOSS Coef 

,001 144.998 ,013 .013 0 .5 1 
Number of Barrels = 3 
Upstream Elevation = 1291.79 
Centerline Stations 

Sta. Sta. Sta. 
-11.334 0 11.334 

Downstream Elevation = 1290.8 
Centerline Stations 

Sta. Sta. Sta. 
-11.334 0 11.334 

CULVERT OUTPUT Profile 11100-Yr Culv Group: Culvert #1 

Q Culv Group (cfsl 
f Barrels 
Q Barrel (cfs) 
E.G. US. (ft) 
W.S. US. (ft) 
E.G. DS lft) 
W.S. DS (ftl 
Delta EG (ftl 
Delta WS (ftl 
E.G. IC ift) 
E.G. oc ~ftj 
Cnlvert Control 
Culv WS Inlet (ft) 
Culv WS Outlet (ft) 
Culv Nml Depth (ftl 
CUlv Crt Depth (ftl 

1298.62 
Outlet 
1297.79 
1296.80 

Culv Full Len (ftl 145.00 
Culv Vel US Ift/sl 5.96 
Culv Vel DS ift/sl 5.96 
Culv Inv El Up lft) 1291.79 
Culv Inv El Dn (ft) 1290.80 
Culv Frctn Ls (ft) 0.17 
Culv Exit LOSS jft) 0.38 
Culv Entr Loss (ft) 0.28 
Q Weir (cfal 
Weir Sta Lft lft) 
Weir Sta Rgt lft) 
Weir Submerg 
Weir Max Depth lft) 
Weir Avg Depth (fti 
Weir Flow Area (sq ftl 
Min El Weir Flow lftl 1300.55 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.8 

INPUT 
Description: Scottsdale Rd, 3-103x6' Box Outlet 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 efs 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

-29.999 .03 -29.999 .013 29.999 .03 

Rank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
-29.999 29.999 108 108 108 .I 

Ineffective Flow num= 4 
Sta L Sta R Elev Permanent 

-29.999 -16.3341297.467 F 
-6.334 -51297.467 F 

5 6.3341297.467 F 
16.334 29.9991297.467 F 

CROSS SECTION OUTPUT 

E.G. Elev lftl 
Vel Head lftl 
W.S. Elev Iftl 
Crit W.S. lftl 
E.G. Slope (ft/ft) 
Q Total lcfsl 
Top Width Iftl 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfsl 
Length Wtd. (ft) 
Min Ch El lftl 
Aloha 
Frctn Loss (ft) 
C h E LOSS (it) 

Profile W100-Yr 

Element Left OR 
wt. n-val. 
Reach Len. lft) 108.00 
Flow Area (sq ftl 
Area lsq ftl 
€10" I c ~ s I  
Top Width lft) 
Avg. Vel. lft/sl 
Hydr. Depth Iftl 
Con". I c ~ s I  
Wetted Per. Iftl 
Shear llb/sq ftl 
Stream Power (lb/ft s) 
Cum Volume (acre-ft) 
Cum SA (acres) 

Channel Right OR 
0.013 
108.00 108.00 
318.58 
318.58 
1073.00 
60.00 
3.37 
5.31 

105367.1 
64.73 
0.03 

Warning: Multiple water surfaces were found that could halance the energy equation. The program 
selected the water surface whose main channel velocity head was the closest to the 

previously 
computed cross section. 

Warning: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: The conveyance ratio lupstream conveyance divided by downstream conveyance] is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.75 

INPUT 
Description: 40' US of RR Bridge 
Station Elevation Data num= 9 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
0 1299.3 83 1298 89 1295 92 1292 99 1291 

110 1291 127 1295 136 1297 168 1298 

Manning's n Values "urn= 3 
Sta n val Sta n Val Sta n Val 

0 .03 0 .03 168 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Enpan. 
0 168 4 0 4 0 40 .1 .3 

CROSS SECTION OUTPUT Profile Wl00-Yr 

E.G. Elev lft) 
Vel Head lftl 
W.S. Elev (ftl 
Crit W.S. (ft) 

1297.75 Element Left 0B Channel Right OB 
0.38 Wt. n-Val. 0.030 

1297.37 Reach Len. (ftl 40.00 40.00 40.00 
Flow Area lsq ftl 217.40 
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E.G. Slope lft/ft) 
Q Total Icfsl 
Too Width lftl 
vei Total ~ftjs) 
Max Chl Dpth lftl 
Conv. Total (cfs) 
Length Wtd. lft) 
Min Ch El lft) 
Alpha 
Frctn Loss (ft) 
C 6 E LOSS lft) 

Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Area lsq ftl 
Flow lcfsl 
Top Width lft) 
Avg. Vel. lft/s) 
Hydr. Depth lft) 
Conv. lcfs) 
Wetted Per. lft) 
shear llb/sq ft) 
stream Power llb/ft s )  
cum Volume lacre-ft) 
Cum SA (acres) 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.74 

INPUT 
Description: US Face of RR Bridge 
Station Elevation Data nun= 13 

Sta Elev sta Elev Sta Elev Sta Elev Sta Elev 
0 1299 12 1298 18 1297 23 1296 30 1295 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
0 .03 0 .03 110 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
0 110 12 12 12 .1 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev lft) 1297.64 Element 
Vel Head (ftl 
W.S. Elev lft) 
Crit W.S. lftl 

0.32 Wt. n-Val. 
1297.32 Reach Len. lft) 
1295.31 Flow Area lsa ft) 

E.G. slope(ft/ft~ 0.002739 Area ~ s q  ft) 
Q Total lcfs) 1073.00 Flow lcfs) 
Top Width (ftl 113.54 TopWidth lft) 
Vel Total (ft/s) 4.48 Avg. Vel. lft/sl 
Man Chl Dpth lft) 6.32 Hydr.Depth lft) 
Con". Total lcfs) 20501.2 Conv. lcfs) 
Length Wtd. lft) 0.01 Wetted Per. lft) 
Min Ch El lft) 1291.00 Shear llb/sq ft) 
Alpha 1.02 stream Power (lb/ft sl 
Frctn LOSS lft) cum volume (acre-ft) 
C 6 E LOSS lft) Cum SA (acres) 

Left OB 

BRIDGE 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.73 

INPUT 
Description: McCormick Park RR Bridge 
Distance from Upstream XS = .O1 
Deck/Roadway Width = 11.9 
Weir Coefficient - - 2.6 
Upstream Deck/Roadway Coordinates 

num= 13 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

Channel Right OB 
0.030 0.030 
0.01 0.01 

236.39 3.15 
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Sevilie Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Upstream Bridge Cross Sectlon Data 
Station Elevation Data num= 1 3  

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
0 1299 1 2  1298  1 8  1297 2 3  1296 30 1295 

32.58 1295  32.58 1291  57 .33  1291  57 .33  1295  65 1295  
67 1296  110 1297 1 7 1  1298  

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

0 . 0 3  0  . 0 3  110 . 0 3  

Bank Sta: Left Right Coeff Contr. Expan 
0 110 .1 . 3  

Downstream Deck/Roadway Coordinates 
num= 1 2  
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

0 1299  1 2  1298  1 8  1297 
23 1296 30 1295  30  12951293.875 

Downstream Bridge Cross Section Data 
Station Elevation Data num= 12  

Sta Elev Sta Elev sta Elev Sta Elev Sta Elev 
0 1299 12  1298 1 8  1297 2 3  1296 30 1295 

30 1291  57 .33  1291  57.33 1295  65 1295 67 1296 
110 1297 1 7 1  1298  

Manning's n Values n m =  3 

a Sta n Val Sta n Val Sta n Val 
0 . 0 3  0 . 0 3  110 . 0 3  - 

Bank Sta: Left Right Coeff Contr. Expan. 
0 1 1 0  . I  . 3  

Upstream Embankment side slope - - 0 horiz. to 1 . 0  vertical 
Downstream Embankment side slope - - 0 horiz. to 1 . 0  vertical 
Maximum allowable submergence for weir flow = .95  
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Bridge Coefficient Sets = 1 

LOW Flow Methods and Data 
Energy 

Selected Low Flow Methods = Highest Energy Answer 

High Flow Method 
Pressure and Weir flow 

Submerged Inlet Cd - - 
Submerged Inlet + Outlet Cd = . 8  
Max Low Cord - - 

Additional Bridge Parameters 
Add Friction component to Momentum 
DO not add Weight component to Momentum 
Class B flow critical depth computations use critical depth 

inside the bridge at the upstream end 
Criteria to check for pressure flow = Upstream energy grade line 

BRIDGE OUTPUT Profile #loo-Yr 

E.G. US. (ft) 
W.S. US. (ft) 

1297.64 Element Inside BR US Inside BR DS 
1297.32 E.G. Elev ift) 1297.64 1297.54 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Q Total (cfs) 
Q Bridge (cfsl 
O Weir icfsl 
weir Sta Lft (ftl 
Weir Sta Rgt (ft) 
Weir Submerg 
Weir Max Depth (ftl 
Min El Weir Flow iftl 
Min El Prs (ft) 
Delta EG (ftl 
Delta WS (ftl 
BR Open Area (sq ftl 
BR Open Vel (ft/s) 
Coef of Q 
Br Sel Method 

W.S. Elev (ft) 1 2 9 7 . 3 2  1 2 9 6 . 9 6  
Crit W.S. iftl 1 2 9 6 . 3 9  1 2 9 5 . 9 5  -- -. 
Max Chl Doth iftl 6.77 5 Qfi . . ~ - -  

V e l  Total' (ft/s) 5 . 0 7  5 . 8 9  
Flow Area (sq ft) 2 1 1 . 7 0  1 8 2 . 2 6  
Froude # Chl 0 . 3 6  0 . 4 3  
Specif Force (cu ft) 6 4 6 . 0 9  6 3 5 . 4 6  
~ y d r  Depth (ftl 1 . 8 6  2 . 0 3  
W.P. Total (ftl 1 6 9 . 2 4  1 5 0 . 8 1  
Conv. Total lcfsl 
Top Width (ft) 
Frctn Loss (ft) 
C & E LOSS (ftl 
shear Total ilb/sq ftl 
Power Total (lb/ft s) 

Note: The downstream water surface is above the minimum elevation required for orifice flow. 
The 

orifice flow equation was used for pressure flow. 
Note: For the cross section inside the bridge at the upstream end, the water surface and energy 
have 

been projected from the upstream cross section. The selected bridge modeling method does 
not compute answers inside the bridge. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 
Note: For the cross section inside the bridge at the downstream end, the water surface and 
energy 

are based on critical depth over the weir. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.72  

INPUT 
Description: DS Face of RR Bridge 
Station Elevation Data num= 12 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
0 1 2 9 9  1 2  1 2 9 8  1 8  1297 2 3  1 2 9 6  3 0  1 2 9 5  

3 0  1 2 9 1  5 7 . 3 3  1 2 9 1  5 7 . 3 3  1 2 9 5  65  1 2 9 5  67 1 2 9 6  
1 1 0  1 2 9 7  1 7 1  1 2 9 8  

Mannina's n Values numi 3 
Sta n Val Sta n Val Sta n Val 
0 . 0 3  0  . 0 3  1 1 0  . 0 3  

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 1 1 0  1 0 0  1 0 0  1 0 0  .1 . 3  

CROSS SECTION OUTPUT Profile X100-Yr 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ftl 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/sl 
Max Chl Dpth (ft) 
Conv. Total (cfsj 
Length Wtd. (ftl 
Min Ch El (ft) 
Alpha 

1 2 9 7 . 2 1  Element Left 0B Channel Right 08 
0 . 4 8  Wt. n-Val. 0 . 0 3 0  

1 2 9 6 . 7 3  Reach Len.  (ft) 1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  
Flow Area (sq ftl 1 9 3 . 5 2  

0 .004336 Area (sq ft) 1 9 3 . 5 2  
1 0 7 3 . 0 0  Flow (cfsl 1 0 7 3 . 0 0  

7 8 . 9 1  Top Width (ftl 7 8 . 9 1  
5 .54  Avg. Vel. (ft/sl 5 . 5 4  
5 . 7 3  Hydr. Depth (ftl 2 . 4 5  

1 6 2 9 5 . 5  Conv. (cfsl 1 6 2 9 5 . 5  
1 0 0 . 0 0  Wetted P e r .  (ftl 8 7 . 3 0  

1 2 9 1 . 0 0  Shear (lb/sq ft) 0 . 6 0  
1 . 0 0  Stream Power (lb/ft sl 3 . 3 3  
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Frctn Loss (ft) 
C & E LOSS (ft) 

0.35 Cum Volume (acreeft) 
0.06 Cum SA (acres) 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.7 

INPUT 
Descriotion: 100' ft US of 3-10'x4' Box 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
0 .03 0 .03 120 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 120 100 100 100 .1 .3 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev (ft) 
Vel Head lft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 

Element 
Wt. n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ftl 
Flow (c fs )  
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
conv. (cfs) 
Wetted Per. (ft) 
Shear (lb/sq it) 
Stream Power (Lb/ft sl 
Cum Volume (acreeft) 

Left OB 

100.00 

C & E LOSS (ft) 0.03 Cum SA (acres) 2.12 

Warning: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.6 

INPUT 
Description: 22t75 Rt. 3-10rx4' Box Inlet 
Station Elevation Data num= 13 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-35 1296 2 9  1295 -26 1294 -23 1293 -19 1292 
-18 1289.9 0 1289.9 18 1289.9 19 1292 23 1293 
26 1294 29 1295 35 1296 

Manning's n Values "urn= 3 
Sta n Val Sta n val Sta n Val 
-35 .03 -35 ,013 35 .03 

Bank Sta: Left Right 
-35 35 135 135 135 . I  .3 

Lengths: Left Channel Right Coeff Contr. Expan 

Ineffective Flow num= 2 
I Sta L Sta R Elev Permanent 

-35 -16.33 1296 F 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

1 6 . 3 3  35 1296 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E . G .  E l e v  lftl 
Vel Head lfti 
W.S. Elev lit) 
Crit W.S. (ft) 
E.G. Slope (ft/fti 
Q Total lcfs) 
Top Width lft) 
Vel Total Ift/s) 
Max Chl Dpth (ft) 
Conv. Total icfs) 
Length Wtd. (ft) 
Min Ch El lfti 
Alpha 
Frctn Loss jft) 
C 6 E LOSS (ft) 

Element  eft OB 
Wt. n-Val. 
Reach Len. ifti 135.00 
Flow Area (sq ft) 
Area (sq ft) 
Flow lcfs) 
Top Width (ft) 
Avg. Vel. lft/s) 
Hydr. Depth lft) 
Conv. (cfs) 1 
Wetted Per. (ftl 
Shear (Ib/sq ftl 
stream Power (lb/ft s )  
Cum Volume (acre-ft) 
Cum SA (acres) 

Channel 1 
0.013 

135.00 
327.39 

light 08 

135.00 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CULVERT 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9 . 5  

INPUT 
Descriotion: Indian Bend Rd. 3 - 1 0 t x 4 '  Box ~ ~ . 
Distance from Upstream XS = , 0 0 1  
Deck/Roadway Width = 134.998 
Weir Coefficient - - 2 . 6  - 
Upstream Deck/Roadway Coordinates 

num= 1 5  
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

-353 1298 -339 1297 -303 1296 

Upstream Bridge Cross Section Data 
Station Elevation Data num= 1 3  

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-35 1296 -29 1295 -26 1294 -23 1293 -19 1292 
-18 1289.9  0 1289.9  18 1289.9  1 9  1292 23 1293 

26 1294 29 1295 35  1296 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
-35 .03  -35 , 0 1 3  35 .03  

Bank Sta: Left Right Coeff Contr. Expan. 
-35 35 .1 . 3  

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

-35 -16.33 1296 F 
16 .33  35 1296 F 

Downstream Deck/Roadway Coordinates 
num= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
4 0  1296 -16 .33  1296 40 1296 

Downstream Bridge Cross Section Data 
station Elevation Data num= 5 

Page 10 of 36 



Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

I Sta Elev Sta Elev Sta Elev Sta Elev Sta  lev 
-40 1289.53 -8.667 1289.53 0 1289.53 8.667 1289.53 40 1289.53 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
-40 .027 -40 ,013 40 ,027 

Bank Sta: Left Right Coeff Contr. Expan 
-40 4 0 .1 .3 

Ineffective Flow num= 2 
Sta L sta R Elev Permanent 
-40 -16.33 1296 F 

16.33 40 1296 F 

Upstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation a t  which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Culverts = 1 

Culvert Name Shape Rise Span 
Culvert #1 BOX 4 10 
FHWA Chart # 8 - flared wingwalls 
FHWA Scale # 1 - Winqwall flared 30 to 75 deq. 
solution Criteria = Highest U.S. EG 
Culvert Upstrm Dist Length Top n Bottom n Depth Blocked 

.001 134.998 .013 ,013 0 
Number of Barrels = 3 
Upstream Elevation = 1289.9 
Centerline stations 

Sta. Sta. Sta. 
11.334 0 11.34 
Downstream Elevation = 1289.53 
Centerline Stations 

Sta. Sta. Sta. 
-11.34 0 11.34 

CULVERT OUTPUT Profile #100-Yr Culv Group: Culvert #1 

Q Culv Group (cfs) 1021.71 Culv Full Len (ft) 
# Barrels 3 Culv Vel US ift/sl 
Q Barrel (cfsl 340.57 Culv Vel DS ift/sl 
E.G. US. (ftl 1296.74 Culv Inv El Up ift) 
W.S. US. (ftl 1296.57 Culv Inv El Dn (ft) 
E.G. DS (ft) 1295.24 Culv Frctn Ls (ft) 
W.S. DS iftl 1294.59 Culv Exit Loss (ft) 
Delta EG iftl 1.50 Culv Entr Loss (ftl 
Delta WS iftl 1.98 Q Weir (cfs) 
E.G. IC ift) 1296.10 Weir Sta Lft (ft) 
E.G. OC iftl 1296.74 Weir Sta Rgt (ft) 
Culvert Control Outlet Weir Submerg 
Culv WS Inlet iftl 1293.90 Weir Max Depth (ft) 
Culv WS Outlet (ft) 1293.53 Weir Avg Depth (ftl 
Culv Nml Depth ift) Weir Flow Area (sq ft) 
Culv Crt Depth (ft) 3.30 Min El Weir Flow (ftj 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.4 

INPUT 
Description: 22+75 Lt, 3-lO'x4' Box Outlet 
Station Elevation Data num= 5 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-40 1289.53 -8.667 1289.53 0 1289.53 8.667 1289.53 40 1289.53 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
-40 .027 -40 ,013 40 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
-40 40 25 2 5 2 5 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 
-40 -16.33 1296 F 

16.33 40 1296 F 

CROSS SECTION OUTPUT Profile #LOO-Yr 

E.G. Elev lft) 
Vel Head lft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope lft/ft) 
Q Total lcfs) 
Top Width (ft) 
Vel Total lft/s) 
Max Chl Dpth lft) 
Conv. Total lcfs) 
Length Wtd. lftl 
Min Ch El ift) 
Alpha 
Frctn Loss lft) 
C & E LOSS (ft) 

1295.24 Element 
0.66 Wt. n-Val. 

1294.59 Reach Len. (ft) 
1292.75 Flow Area l s q  ft) 

0.000372 Area lss ftl 
1073.00 Flow lcfsl 
80.00 Top Width lftl 
6.50 Avg. Vel. lft/s) 
5.06 Hydr.Depth lft) 

55599.0 Conv. lcfsl 
25.00 Wetted Per. lft) 

1289.53 Shear llb/sq ft) 
1.00 Stream Power llb/ft sl 
0.02 Cum Volume (acre-ft) 
0.03 Cum SA (acres)  

Left OB Channel Right OB 
0.013 

25.00 25.00 25.00 
165.13 
404.47 
1073.00 
80.00 
6.50 
5.06 

55599.0 
32.66 

Warning: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: The conveyance ratlo (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.3 

INPUT 
Description: 23t00 
Station Elevation Data num= 14 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1296 41 1296 41 1296.58 50.5 1296.58 50.5 1300.58 

51.5 1300.58 51.5 1295.42 51.5 1289.86 75.5 1289.98 94.2 1295.23 
94.2 1297.56 94.9 1297.56 94.9 1296.56 99.5 1296.56 

Mannina's n values nun= 3 
Sta n Val Sta n val Sta n Val 
14 ,027 14 .027 99.5 .027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
14 99.5 200 200 200 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 51.5 1296.58 F 
93.5 99.5 1297 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev lft) 1295.18 Element 
Vel Head lftl 1.00 Wt. n-Val. 
W.S. Elev lft) 1294.19 Reach Len. (ft) 

Left OB Channel Right OB 
0.027 

200.00 200.00 200.00 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Crit W.S. (ft) 1293.54 Flow Area lsq ftl 
E.G. Slope lft/ft) 0.004786 Area (sq ft) 
Q Total Icfs) 1073.00 Flow (cfs) 
Top Width lft) 38.99 Top Width (ft) 
Vel Total lft/s) 8.01 Avg. vel. (ft/s) 
Max Chl Dpth lft) 4.33 Hydr. Depth (ftl 
Conv. Total (cfs) 15503.4 Conv. Icfs) 
Length Wtd. (ft) 200.00 Wetted Per. lftl 
Min Ch El (Et) 1289.86 Shear llb/sq ftl 
Alpha 1.00 Stream Power llh/ft s )  
Frctn Loss (ft) 1.12 Cum Volume lacre-ft) 
C & E LOSS (ft) 0.03 Cum SA (acres) 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 
section. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9.2 

INPUT 
Description: 25+00 
Station Elevation Data num= 14 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295.3 41 1295.3 41 1295.88 50.5 1295.88 50.5 1300.38 

51.5 1300.38 51.5 1294.34 51.5 1288.81 74 1288.8 94.5 1294.27 
94.5 1295.7 95 1295.7 95 1294.7 99.5 1294.7 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 .027 14 .027 99.5 .027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
14 99.5 115 115 115 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

CROSS SECTION OUTPUT 

E.G. Elev lft) 
Vel Head (ftl 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total lcfs) 
Top Width [ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total lcfs) 
Length Wtd. lft) 
Min Ch El (Et) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ftl 

Profile #100-Yr 

1294.04 Element Left OB Channel Right OB 
1.25 Wt. "-Val. 0.027 

1292.79 Reach Len. lftl 115.00 115.00 115.00 
1292.51 Flow Area lsq ft) 
0.006589 Area lsq ft) 
1073.00 Flow Icfs) 
37.46 Topwidth (ft) 
8.98 Avg. Vel. lft/s1 
3.99 Hydr. Depth jft) 

13219.0 Conv. (cfs) 
115.00 Wetted Per. (ft) 
1288.80 Shear (lh/sq ft) 

1.00 Stream Power (lb/ft sl 
0.86 Cum Volume (acre-ft) 
0.01 Cum SA (acres) 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

0 CROSS SECTION 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 9 

INPUT 
Description: 26+15 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295 45.5 1295 45.5 1295.58 50.5 1295.58 50.5 1300.08 

51.5 1300.08 51.5 1293.52 51.5 1288.86 73.4 1287.98 94.5 1291.83 
94.5 1293.22 94.5 1295.72 95.5 1295.72 95.5 1294.72 100.5 1294.72 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 ,027 14 ,027 100.5 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
14 100.5 22.5 22.5 22.5 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 51.5 1295.58 F 
94.5 100.5 1296 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ft) 
Vel Head lft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfsl 
Top Width (ftl 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs! 
Length Wtd. (ft) 
Min Ch El lft! 
Alpha 
Frctn Loss (ft) 
C & E Loss lft) 

Element 
Wt. "-Val. 
Reach Len. (ft) 
Flow Area (sq it) 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth lft) 
con*. icfs) 
Wetted Per. (ft) 
Shear llb/sq ft) 
stream Power (lb/ft s )  
Cum Volume (acre-ft! 
Cum SA (acres) 

Left OB 

22.50 

Channel 
0.027 
22.50 
114.84 
114.84 
1073.00 
42.94 
9.34 
2.67 

11586.2 
46.27 
1.33 
12.42 
5.76 
1.36 

Right 08 

22.50 

Warning: The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 
£01 

additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came back below critical depth. This indicates that 
there 

is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 8.9 

INPUT 
Description: 26+37.5, 1' US of Brdg Face 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295 45.5 1295 45.5 1295.58 50.5 1295.58 50.5 1300.08 

51.5 1300.08 51.5 1293.52 51.5 1287.73 62.5 1287.2 69.5 1287.3 
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SeviUe Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

14 , 0 1 3  14 , 0 1 3  9 9 . 5  , 0 1 3  

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
14 9 9 . 5  5  4 5 4  54 .1 . 3  

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 5 1 . 5  1 2 9 5 . 5 8  F 
8 9 . 5  9 9 . 5  1 2 9 7  F 

CROSS SECTION OUTPUT Profile W100-Yr 

E.G. Elev lft) 
Vel Head (ftl . . 
W.S. Elev lft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width lftl 
vel Total lft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El ift) 
Alpha 
Frctn LOSS (ft) 
C & E LOSS (Et) 

1 2 9 2 . 5 9  Element I 
0 . 6 2  Wt.n-Val. 

1 2 9 1 . 9 7  Reach L e n .  (ft) 
1 2 9 0 . 4 0  Flow Area lsq ft) 

0 . 0 0 0 5 4 0  Area (sq ft) 
1 0 7 3 . 0 0  Flow (cfs) 

3 8 . 0 0  Top Width (ft) 
6 . 3 1  Avg. Vel. lft/s) 
4 . 7 7  Hydr. Depth lft) 

4 6 1 5 7 . 9  Conv. lcfsl 
1 . 0 0  Wetted Per. (ft) 

1 2 8 7 . 2 0  Shear llb/sq ftl 
1 . 0 0  Stream Power (lb/ft s )  

Cum Volume (acre-ft) 
Cum SA (acres) 

Channel 
0 . 0 1 3  

1 . 0 0  
1 7 0 . 0 5  
1 7 0 . 0 5  

Right OB 

1 . 0 0  

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valld, 

energy was used. 

BRIDGE 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 8 . 5  

INPUT 
Description: Entr to Seville Center 
Distance from Upstream XS = 1 
Deck/Roadway Width - - 5 2  
Weir Coefficient - - 2.6  
Upstream Deck/Roadway Coordinates 

num= 3 
Sta Hi Cord La Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

5 1 . 5  1 2 9 4 . 4 2  1 2 9 2 . 0 8  7 1 . 1 7  1 2 9 5 . 2 5  1 2 9 2 . 9 2  9 0 . 8 3  1 2 9 5 . 5  1 2 9 3 . 1 7  

Upstream Bridge Cross Section Data 
Station Elevation Data num- 1 7  

Sta Elev Sta Elev Sta Elev Sta Elev 

Manning's n Values num= 3 
Sta n val Sta n Val Sta n Val 

1 4  , 0 1 3  1 4  . 0 1 3  9 9 . 5  , 0 1 3  

Bank Sta: Left Right Coeff Contr. Expan. 
1 4  9 9 . 5  .1 . 3  

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 5 1 . 5  1 2 9 5 . 5 8  F 

Page 15 of 36 



Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

89.5 99.5 1297 F 

Downstream Deck/Roadway Coordinates 
num= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
51.5 1294.62 1292.28 71.17 1295.53 1293.2 90.83 1295.45 1293.12 

Downstream Bridge Cross Section Data 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 .013 14 .013 99.5 ,013 

Bank Sta: Left Right Coeff Contr. Expan. 
14 99.5 .1 .3 

Ineffective Flow n m =  2 
Sta L Sta R Elev Permanent 

14 51.5 1295.42 F 
89.5 99.5 1296.25 F 

Upstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Piers = 1 

Pier Data 
Pier Station Upstream= 71.17 Downstream= 71.17 
Upstream num= 2 

Width Elev Width Elev 
2 1286 2 1295 

Downstream n m =  2 
Wldth Elev Wldth Elev 

2 1286 2 1295 

Number of Bridge Coefficient Sets = 1 

Low Flow Methods and Data 
Energy 
Momentum Cd = 2 
Yarnell KVal= 1.05 

Selected Low Flow Methods = Highest Energy Answer 

High Flow Method 
Pressure and Weir flow 

Submerged Inlet Cd - - 
Submerged Inlet + Outlet Cd = .8 
Max Low Cord - - 

Additional Bridge Parameters 
Add Friction component to Momentum 
DO not add Weight component to Momentum 
Class B flow critical depth computations use critical depth 

inside the bridge at the upstream end 
Criteria to check for pressure flow = Upstream energy grade line 

BRIDGE OUTPUT Profile $100-Yr 

E.G. US. (ftl 
W.S. US. (ft) 

1292.59 Element 
1291.97 E.G. Elev (ft) 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Q Total lcfs) 
Q Bridge (cfs) 
Q Weir icfs) 
Weir Sta Lft lft) 
Weir Sta Rgt lftl 
Weir Submerg 
Weir Max Depth lft) 
Min El Weir Flow lft) 
Min El Prs (ft) 
Delta EG lft) 
Delta WS (ft) 
BR ODen Area ( s o  ftl 
BR open vel 1ft7s) 
Coef of Q 
Br Sel Method 

1073.00 W.S. Elev Iftl 1291.76 1291.41 
1073.00 Crlt W.S. lftl 1290.52 1290.27 

Max Chl Dpth (ft) 4.56 4.58 
Vel Total ift/sl 6.99 7.22 
Flow Area (sq ft) 153.55 148.63 
Froude # Chl 0.60 0.62 
S~ecif Force icu ftl 560.87 553.55 

1295.26 &dr Depth (ft) 4.27 4.18 
1293.15 W.P. Total ift) 52.76 51.63 

0.37 Conv. Total (cfs) 35774.3 34378.5 
0.43 Top Width (ft) 36.00 35.54 

189.15 ~rctn Loss (ft) 
7.22 C 6 E Loss lft) 

shear Total (lb/sq ft) 0.16 0.18 
Momentum Power Total llb/ft sl 1.14 1.26 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 8.05 

INPUT 
Description: 26t91.5, 1' DS of Brdg Face 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295 45.5 1295 45.51295.58 50.51295.58 50.51300.08 

51.5 1300.08 51.5 1295.42 52.4 1287.53 63 1286.83 69.6 1286.93 
72.6 1287.21 89.5 1287.49 89.5 1294.78 89.5 1295.78 90.5 1295.78 
90.5 1294.78 99.5 1294.78 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 ,013 14 ,013 99.5 ,013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
14 99.5 25.5 25.5 25.5 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 51.5 1295.42 F 
89.5 99.5 1296.25 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev ift) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ftl 
Q Total (cfs) 
Top Width (ft) 
vel Total lft/s) 
Max Chl Dpth lft) 
Conv. Total icfsl 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn LOSS lft) 
C 6 E Loss (ftl 

Element 
Wt. n-Val. 
Reach Len. lft) 
Flow Area (sq ft) 
Area lsq ft) 
Flow Ic~s) 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth ift) 
Conv. (cfs) 
Wetted Per. lft) 
Shear (lb/sq ft) 
stream Power llb/ft s )  
Cum Volume (acre-ft) 
Cum SA (acres) 

Left 08 Channel Right 08 
0.013 

25.50 25.50 25.50 
161.90 
161.90 
1073.00 
37.56 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

a 0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 8 

INPUT 
Description: 27t17 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295 45.5 1295 45.5 1295.58 50.5 1295.58 50.5 1300.08 

51.5 1300.08 51.5 1293.67 51.5 1286.75 75.6 1286.79 93 1291.79 
93 1294.06 93 1295.06 94 1295.06 94 1294.06 99.5 1294.06 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 ,027 14 ,027 99.5 .027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
14 99.5 233 233 233 .1 .3 

Ineffective Flow n m =  2 
Sta L Sta R Elev Permanent 

14 51.5 1295.58 F 
93 99.5 1296.42 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ftl . . 
Vel Head (ft) a W.S. Elev iftl 
Grit W.S. (ft) 
E.G. Slope ift/ftl 
Q Total (cfs) 
Top Width lft) 
Vel Total (ft/sl 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El ift) 
Alpha 
Frctn Loss ift) 
C 6 E LOSS (ft) 

1292.17 Element Left OB Channel Right 08 
0.84 Wt. n-Val. 0.027 

1291.32 Reach Len. lftl 233.00 233.00 233.00 
1290.39 Flow Area isq ft) 145.51 
0.003765 Area (sq ftl 145.51 
1073.00 Flow lcfs) 1073.00 
39.88 Top Width iftl 
7.37 Avg. Vel. ift/s) 
4.57 Hydr. Depth iftl 

17487.6 Conv. (cfsl 
233.00 Wetted Per. lft) 
1286.75 Shear ilb/sq ftl 

1.00 Stream Power ilb/ft s) 
0.83 Cum Volume (acre-ftl 
0.02 Cum SA (acres) 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 7.5 

INPUT 
Description: 29+50 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1292.6 45.5 1292.6 45.5 1293.18 50.5 1293.18 50.5 1297.68 

51.5 1297.68 51.5 1291.45 51.5 1285.71 74.5 1285.71 93 1291.18 
93 1295.38 93 1296.38 94 1296.38 94 1295.38 99.5 1295.38 

a Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 ,027 14 ,027 99.5 .027 
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Seville Channel 
Pruposcd Colrditions 

100-Year Discharge = 1073 to 1292 cfs 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
1 4  9 9 . 5  2 3 1  2 3 1  2 3 1  .1 . 3  

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

1 4  5 1 . 5  1 2 9 5 . 4 2  F 
9 3  9 9 . 5 1 2 9 6 . 2 5  F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev ift) 
vel Head lft) 
W.S. Elev lftl 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
V e l  Total (ft/s) 
Max Chl Dpth ift) 
Conv. Total icfs)  
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS ift) 

1 2 9 1 . 3 3  Element 
0 . 7 9  Wt.n-Val. 

1 2 9 0 . 5 3  Reach Len. (ft) 
1 2 8 9 . 4 2  Flow Area (sq ft) 

0 . 0 0 3 3 5 6  Area i sq  ft) 
1 0 7 3 . 0 0  Flow (cfs) 

3 9 . 3 1  Top Width (ft) 
7 4  Ava. Vel. (ft/sl . . .  
4 . 8 2  Hydr. Depth (ft) 

1 8 5 2 0 . 9  Conv. icfs) 
2 3 1 . 0 0  WettedPer. (ft) 

1 2 8 5 . 7 1  Shear (lb/sq ft) 
1 . 0 0  stream POW& ilb/ft s )  
0 . 4 5  Cum Volume (acre-ft) 
0 . 1 2  Cum SA (acres) 

Left 08 Channel Right OB 
0 . 0 2 7  

2 3 1 . 0 0  2 3 1 . 0 0  2 3 1 . 0 0  

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0 . 7  or greater than 1 . 4 .  This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

INPUT 
Description: 31+81,  3 0 '  US of Brdg Face 
Station Elevation Data num= 1 5  

Sta Elev Sta Elev Sta Elev Sta Elev Sta   lev 
1 3  1 2 9 1 . 4 5  3 8  1 2 9 1 . 4 5  3 8  1 2 9 2 . 0 3  4 2 . 6  1 2 9 2 . 0 3  4 2 . 6  1 2 9 6 . 5 3  

4 3 . 6  1 2 9 6 . 5 3  4 3 . 6  1 2 9 1 . 1 9  6 6 . 1  1 2 8 4 . 8 7  7 9 . 7  1 2 8 3 . 9 9  9 2 . 5  1 2 8 4 . 0 6  
9 2 . 5  1 2 9 1 . 2  9 2 . 5  1 2 9 2 . 2  9 4 . 5  1 2 9 2 . 2  9 4 . 5  1 2 9 1 . 2  9 8 . 5  1 2 9 1 . 2  

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

1 3  .027  1 3  , 0 2 7  9 8 . 5  , 0 2 7  

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
1 3  9 8 . 5  3 0  3 0  3 0  .1 . 3  

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

1 3  4 3 . 6  1 2 9 2 . 0 3  F 
9 2 . 5  9 8 . 5  1 2 9 3 . 3 3  F 

CROSS SECTION OUTPUT Profile X100-Yr 

E.G. Elev (£ti 1 2 9 0 . 7 6  Element Left OB Channel Right 08 
Vel Head (ft) 0 . 3 8  Wt.n-Val. 0 . 0 2 7  
W.S. Elev (ft) 1 2 9 0 . 3 7  Reach Len. (ft) 3 0 . 0 0  30 .00  3 0  . O O  
Crit W.S. (ft) 1 2 8 7 . 8 2   low Area (sq ft) 2 1 5 . 9 3  
E.G. Slope (ft/ft) 0 . 0 0 1 2 5 6  Area i sq  ft) 2 1 5 . 9 3  
Q Total icfs) 1 0 7 3 . 0 0  Flow (cfs) 1 0 7 3 . 0 0  
Top Width (ft) 45.99 Top Width (ft) 4 5 . 9 9  
Vel Total ift/s) 4 . 9 7  Avg. Vel. (ft/s) 4 . 9 7  
Max Chl Dpth (ft) 6.38  Hydr. Depth (ftl 4 . 7 0  
Conv. Total icfs) 3 0 2 8 1 . 1  Conv. ic fs i  3 0 2 8 1 . 1  
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Length Wtd. (ft) 30.00 Wetted Per. (ftl 
Min Ch El (ft) 1283.99 Shear llb/sq fti 
Alpha 1.00 stream Power (lb/ft s )  
F r c t n  Loss lftl 0.01 Cum Volume (acre-ft) 
C & E LO55 (ftl 0.02 Cum SA (acres) 

Warning: The conveyance ratio [upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 6.9 

INPUT 
Descriotion: 32tll. 1' US of Brda Face 
Station Elevation Data num= 16 - 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
12.7 1291.45 49 1291.45 49 1292.03 54 1292.03 54 1296.53 
55 1296.53 55 1292.03 55 1284.23 71.9 1283.86 74.9 1283.7 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
12.7 ,013 12.7 .013 98.2 ,013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
12.7 98.2 53 53 53 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 
12.7 55 1292.03 F 
92.2 98.2 1293.33 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev lft) 
Crit W.S. lftl 
E.G. S l o ~ e  ift/ft) . . .  . 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/sl 
Max Chl Dpth lft) 
Conv. Total ( c f s )  
Length wtd. lftl 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C & E LOSS lft) 

Element Left 08 
Wt. "-Val. 
Reach Len. (ft) 1.00 
Flow Area (sq ft) 
Area lsq ft) 
Flow (cfs] 
Top Width (ft) 
Avg. Vel. (ft/s) 
Hydr. Depth (ft) 
conv. (Cf.5) 
Wetted Per. (ft) 
Shear (lb/sq ftl 
stream Power (lb/ft s )  
Cum Volume (acre-ft) 
Cum SA (acres) 

Channel Right OB 
0.013 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

BRIDGE 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 6.5 

INPUT 
Description: Entr to Seville Center 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Distance from Upstream XS = 1 
Deck/Roadway Width - - 4 9 
Weir Coefficient - - 2.6 

Upstream Deck/Roadway Coordinates 
num= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
52.9 1291.26 1288.93 72.55 1292.1 1289.76 92.2 1292.26 1289.93 

Upstream Bridge Cross Section Data 
Station Elevation Data num= 16 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
12.7 1291.45 49 1291.45 49 1292.03 54 1292.03 54 1296.53 
55 1296.53 55 1292.03 55 1284.23 71.9 1283.86 74.9 1283.7 

92.2 1284.29 92.2 1291.49 92.2 1292.49 94.1 1292.49 94.1 1291.49 
98.2 1292 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
12.7 0 1  12.7 .013 98.2 ,013 

Bank Sta: Left Right Coeff Contr. Expan. 
12.7 98.2 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 
12.7 55 1292.03 F 
92.2 98.21293.33 F 

Downstream Deck/Roadway Coordinates 
num- 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Card Lo Cord 
52.9 1291.15 1288.82 72.55 1292.11 1289.78 92.2 1292.15 1289.88 

Downstream Bridge Cross Section Data 

a Station Elevation Data num= 17 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
12.7 1291 49 1291 49 1291.58 54 1291.58 54 1296.08 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
12.7 ,013 12.7 .013 98.2 ,013 

Bank Sta: Left Right Coeff Contr. Expan 
12.7 98.2 .1 .3 

Ineffective Flow n u =  2 
Sta L Sta R Elev Permanent 
12.7 55 1291.58 F 
92.2 98.2 1293.5 F 

Upstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Piers = 1 

Pier Data 
Pier Station Upstream= 72.55 Downstream= 72.55 
Upstream num= 2 

Width Elev Width Elev 
1.33 1282 1.33 1292 

Downstream num= 2 
Width Elev Width Elev 
1.33 1282 1.33 1292 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Number of Bridge Coefficient Sets = I 

LOW Flow Methods and Data 
Energy 
Momentum Cd = 2 
Yarnell KVal = 1.05 

Selected Low Flow Methods = Hlghest Energy Answer 

High Flow Method 
Pressure and Weir flow 

Submerged Inlet Cd - - 
Submerged Inlet + Outlet Cd = .8 
Max Low Cord - - 

Additional Bridge Parameters 
Add Friction component to Momentum 
DO not add Weight component to Momentum 
Class B flow critical depth computations use critical depth 

inside the bridge at the upstream end 
Criteria to check for pressure flow = Upstream energy grade line 

BRIDGE OUTPUT Profile #100-Yr 

E.G. US. (ftl 
W.S. US. lftl 
Q Total icfs) 
Q Bridge (cfs) 
Q Weir (cfs) 
Weir Sta Lft (ft) 
Weir Sta Rgt (ftl 
Weir Submerg 
Weir Max Depth (ft) 
Min El Weir Flow (ftl 
Min El Prs lftl 
Delta EG (ftl 
Delta WS (ftl 
BR Open Area (sq ft) 
BR Open Vel (ft/s) 
Coef of Q 
Br Sel Method 

1290.72 Element 
1290.41 E.G. Elev lftl 
1073.00 W.S. Elev lftl 
1073.00 Crit W.S. lftl 

Max Chl Dpth lft) 
Vel Total lft/sl 
Flow Area lsq ft) 
Froude # Chl 
Specif Force ( c u  ftl 

1292.04 Hydr Depth lftl 
1289.93 W.P. Total (ft) 

0.91 Conv. Total lcfsl 
0.98 Top Width lftl 

201.54 Frctn LOSS lft) 
5.32 C & E Loss lft) 

Shear Total (lb/sq ftl 
Pressonly Power Total llb/fts) 

Inside BR US 
1290.72 
1289.93 
1287.04 

6.23 

Inside BR DS 
1289.81 
1289.43 
1286.69 

6.08 

Note: The downstream water surface is below the minimum elevation for pressure flow. The sluice 
gate equations were used for pressure flow. 

Note: Multiple critical depths were found at thrs location. The critical depth with the lowest, 
valid, 

energy was used. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 
e. 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 6.1 

INPUT 
Description: 32+64, 1' US of Brdg Face 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

Mannin4's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
12.7 ,013 12.7 ,013 98.2 ,013 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
1 2 . 7  98 .2  54 54 54 .1 . 3  

Ineffective Flow num= 2  
Sta L Sta R Elev Permanent 

1 2 . 7  5 5  1 2 9 1 . 5 8  F 

CROSS SECTION OUTPUT 

E.G. Elev Lft) 
Vel Head (ftl 
W.S. Elev (ftl 
Crit W.S. ift! 

Max Chl Dpth (ftl 
Conv. Total (cfs) 
Lenath Wtd. (ftl 
~ i n ~ c h  El (ftl 
Alpha 
Frctn Loss (ftl 
C 6 E Loss (ftl 

Profile $100-Yr 

1 2 8 9 . 8 1  Element Left OB 
0 . 3 9  Wt. "-Val. 

1 2 8 9 . 4 3  Reach Len.  lft) 5 4 . 0 0  
1 2 8 6 . 6 1  Flow Area ( sa  ft! . . 

0 . 0 0 0 2 6 0  Area ( s o  ftl 
1 0 7 3 . 0 0  Flow (c~s) 

3 7 . 2 0  Top Width iftl 
4 . 9 9  Avg. Vel. (ft/sl 
6 . 0 8  Hydr. Depth(ft) 

6 6 5 6 7 . 1  conv. (cis) 
5 4 . 0 0  WettedPer. (ft) 

1 2 8 3 . 3 5  Shear (Ib/sq ft) 
1 . 0 0  Stream Power (lh/ft sl 
0 . 0 3  Cum Volume (acre-ftl 
0 . 0 1  Cum SA (acres) 

Channel Right OB 
0 . 0 1 3  
5 4 . 0 0  5 4 . 0 0  

2 1 4 . 9 8  
2 1 4 . 9 8  

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0 . 7  or greater than 1 . 4 .  This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 6  

INPUT 
Description: 33+18,  5 4 '  DS of Brdg Face 
Station Elevation Data num= 1 5  

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
1 2 . 7  1 2 9 1  3 8 . 7  1 2 9 1  38 .7  1 2 9 1 . 5 8  4 3  1 2 9 1 . 5 8  4 3  1 2 9 6 . 0 8  

44 1 2 9 6 . 0 8  44 1 2 8 9 . 5 5  6 0 . 5  1 2 8 5 . 0 3  65  1 2 8 4  9 2 . 2 1 2 8 3 . 7 2  
9 2 . 2  1 2 9 1 . 3 6  9 2 . 2  1 2 9 2 . 3 6  93 .2  1 2 9 2 . 3 6  9 3 . 2  1 2 9 1 . 3 6  9 8 . 2  1 2 9 1 . 3 6  

Manning's n Values num= 3  
Sta n Val Sta n Val Sta n Val 
12.7 , 0 2 7  1 2 . 7  , 0 2 7  9 8 . 2  , 0 2 7  

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
1 2 . 7  9 8 . 2  8 2  82  8 2  .1 . 3  

CROSS SECTION OUTPUT Profile # l o o - Y r  

E.G. E l e v  (ft) 1 2 8 9 . 7 8  Element Left OB Channel Right OB 
Vel Head (ft) 0 . 4 4  Wt. "-Val. 0 . 0 2 7  
W.S. Elev (ftl 1 2 8 9 . 3 4  Reach Len. (ftj 8 2 . 0 0  8 2 . 0 0  8 2 . 0 0  
Crit W.S. (ft) 1 2 8 7 . 2 3  Flow Area (sq ft) 2 0 0 . 8 4  
E.G. Slope Lft/ft) 0 . 0 0 1 4 1 0  Area (sq ftl 
Q Total lcfsl 1 0 7 3 . 0 0  Flow (cfsl 
Top Width Iftl 4 7 . 4 3  Top Width (ft) 
Vel Total (ft/sl 5 . 3 4  Avg. Vel. (ft/sl 
Max Chl Dpth (ft! 5 . 6 2  Hydr. Depth (ft) 
Conv. Total icfs) 28572.2  Conv. (cfsl 
Length Wtd. lftj 8 2 . 0 0  Wetted Per. (ftl 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 efs 

Min Ch El lft) 
Alpha 
Frctn Loss iftl 
C & E LOSS Ifti 

1283.72 Shear (lh/sq ft) 
1.00 stream Power (lh/ft sl 
0.19 Cum Volume (acre-ftl 
0.05 Cum SA (acres) 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 
for 

additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 5.5 

INPUT 
Description: 34t00 
Station Elevation Data nun= 13 

Sta Elev Sta Elev Sta Elev Sta Elev S t n  Elev 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 
12.7 ,027 1 . 7  ,027 98.2 .027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
12.7 98.2 100 100 100 .1 .3 

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 
12.7 50 1291.58 F 
92.2 '38.2 1293.83 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev lft) 
Vel Head (ftl 
W.S. Elev ift) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width lft) 
Vel Total lft/sl 
Max Chl Dpth lft) 
COnv. Total (cfsl 
Length Wtd. lft) 
Min Ch El lftl 
Alpha 
Frctn Loss lft) 
C h E LOSS (ft) 

1289.55 Element Left 08 Channel Right OB 
0.95 Wt. n-Val. 0.027 

1288.60 Reach Len. (ft) 100.00 100.00 100.00 
1287.54 Flow Area lsq ft) 165.26 
0.003726 Area lsq ft) 
1292.00 Flaw (cfs) 
40.88 Top Width (ft) 
7.82 Avg. Vel. lft/s) 
5.18 Hydr. Depth (ft) 

21166.0 Con". (cfsl 
100.00 Wetted Per. (ft) 
1283.42 Shear (lh/sq ft) 

1.00 stream Power (lb/ft s )  
0.29 Cum Volume (acre-ft) 
0.08 Cum SA (acres )  

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 5.0 

INPUT 
Description: 35+00 
Station Elevation Data num= 12 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
12.7 1290 38.7 1290 38.7 1290.5 43.5 1290.5 64.21283.16 
80 1282.78 92.2 1283.14 92.2 1291.26 92.2 1292.26 93.2 1292.26 

93.2 1291.26 98.2 1291.26 

Manning's n Values "urn= 3 
Sta n Val Sta n Val Sta n Val 
12.7 ,027 12.7 ,027 98.2 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
12.7 98.2 52 52 52 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 
12.7 40 1291.58 F 
92.2 98.21293.83 F 

CROSS SECTION OUTPUT Profile 4100-Yr 

E.G. Elev Iftl 
Vel Head (ft) 
W.S. Elev Iftl 
Crit W.S. Ift) 
E.G. Slope lft/ftl 
Q Total lcfsl 
Top Width (ftl 
Vel Total lft/sl 
Max Chl Dpth (ftl 
Conv. Total (cfs) 
Length Wtd. (ftl 
Min Ch El (ft) 
Alpha 
Frctn Loss Iftl 
C 6 E LOSS [ft) 

1289.17 Element 
0.68 Wt. n-Val.  

1288.49 ReachLen. (ftl 
1286.78 Flow Area lsq ft) 
0.002326 Area lsq ftl 
1292.00 Flow lcfsl 
43.04 Top Width Iftl 
6.63 Avg. Vel. (ft/s) 
5.71 Hydr. Depth Iftl 

26789.1 Conv. lcfs) 
52.00 Wetted Per. lft) 

1282.78 Shear (lb/sq ftl 
1.00 Stream Power llb/ft s )  
0.04 Cum Volume lacre-ft) 
0.04 Cum SA (acres) 

Left 0B Channel r 
0.027 

52.00 52.00 
194.80 
194.80 
1292.00 
43.04 
6.63 
4.53 

26789.1 
49.31 
0.57 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 4.9 

INPUT 
Description: 35+52, 1' US of Brdg Face 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291 47.5 1291 47.5 1291.58 52.2 1291.58 52.2 1296.08 

54.5 1296.08 54.5 1291.58 54.5 1283.08 72 1282.8 75 1282.58 
79.5 1282.51 92.5 1283.05 92.5 1291.79 92.5 1292.79 93.5 1292.79 
93.5 1291.79 98.5 1291.79 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
13 .013 13 ,013 98.5 .013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
13 98.5 55 55 55 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

13 54.5 1291.58 F 
92.5 98.5 1293.75 F 

CROSS SECTION OUTPUT Profile 4100-Yr 

E.G. Elev (ft) 1289.09 Element Left 08 Channel Right OB 
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a Vel Head lft) 
W.S. Elev lft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width lft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. lft) 
Min Ch El (ft.) . ~. 
Alpha 
Frctn Loss lft) 
C & E LOSS lft) 

SeviUe Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

1 2 8 6 . 1 3  n o w  Area lsq it) 
0 . 0 0 0 3 6 9  Area (sq ftl 

1 2 9 2 . 0 0  Flow lcfs) 
3 8 . 0 0  TopWidth (ft) 

5 . 9 4  Avg. Vel. lft/s) 
6 . 0 4  Hydr. Depth lftl 

6 7 2 4 3 . 5  Conv. lcfsl 
1 . 0 0  Wetted Per. (ftl 

1 2 8 2 . 5 1  Shear llb/sq ft) 
1 . 0 0  Stream Power llb/ft s )  

Cum volume lacre-f t )  
Cum SA (acres) 

~ o t e :  Multiple critical depths were Found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

BRIDGE 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 4 . 5  

INPUT 
Description: Entr to Seville Center 
Distance from Upstream XS = I 
Deck/Roadway Width = 5 0 . 5  
Weir Coefficient - - 2 . 6  

Upztream Deck/Roadway Coordinates 
num= 3  
Sta Hi Cord Lo Cord Sta Hi Cora LO Cord Sta Hi Cord Lo Cord 

5 3 . 2  1 2 9 2 . 0 5  1 2 8 9 . 8 8  7 2 . 8 5  1 2 9 2 . 6 1  1 2 9 0 . 4 7  9 2 . 5  1 2 9 2 . 6 4  1 2 9 0 . 4 7  

Upstream Bridge Cross Section Data 
Station Elevation Data num= 1 7  

Sta Elev Sta Elev Stit Elev Sta Elev Sta Elev 
1 3  1 2 9 1  4 7 . 5  1 2 9 1  4 7 . 5 1 2 9 1 . 5 8  5 2 . 2 1 2 9 1 . 5 8  5 2 . 2 1 2 9 6 . 0 8  

5 4 . 5  1 2 9 6 . 0 8  5 4 . 5  1 2 9 1 . 5 8  5 4 . 5  1 2 8 3 . 0 8  7 2  1 2 8 2 . 8  7 5  1 2 8 2 . 5 8  
7 9 . 5  1 2 8 2 . 5 1  9 2 . 5  1 2 8 3 . 0 5  9 2 . 5  1 2 9 1 . 7 9  9 2 . 5  1 2 9 2 . 7 9  9 3 . 5  1 2 9 2 . 7 9  
9 3 . 5  1 2 9 1 . 7 9  9 8 . 5  1 2 9 1 . 7 9  

Manning's n Values num= 3 
Sta n Val Sta n Val St4 n Val 

1 3  , 0 1 3  1 3  , 0 1 3  9 8 . 5  , 0 1 3  

Bank Sta: Left Rlght Coeff Contr. Expan 
1 3  9 8 . 5  .1 . 3  

Ineffective Flow "urn= 2  
Sta L Sta R Elev Permanent 

1 3  5 4 . 5  1 2 9 1 . 5 8  F 
92.5 98.5 1 2 9 3 . 7 5  F 

Downstream Deck/Roadway Coordinates 
num= 3  
Sta Hi Cord Lo Cord Sta Hi Cord LO cord Sta Hi Cord Lo Cord 

5 3 . 2  1 2 9 1 . 9 6  1 2 8 9 . 7 9  7 2 . 8 5  1 2 9 2 . 5 5  1 2 9 0 . 3 8  9 2 . 5  1 2 9 2 . 5 5  1 2 9 0 . 3 8  

Downstream Bridge Cross Section Data 
Station Elevation Data n m =  1 7  

Sta Elev Sta Elev Sta Elev Sta Elev sta Elev 

a Manning's n Values num= 3  
Sta n Val Sta n Val Sta n Val 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cis 

13 .013 13 .013 92.5 ,013 

Bank Sta: Left Right Coeff Contr. Expan. 
13 92.5 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

13 55 1291.58 F 
92.5 98.5 1293.75 F 

Upstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Piers = 1 

Pier Data 
Pier Station Upstream= 72.85 Downstream= 72.85 
Upstream num= 2 

Width Elev Width Elev 
1.33 1282 1.33 1292 

Downstream num= 2 
Width Elev Width Elev 
1.33 1282 1.33 1292 

Number of Bridge Coefficient Sets = 1 

Low Flow Methods and Data 
Energy 
Momentum Cd = 2 

a yarnell KVal = 1.05 
Selected Low Flow Methods = Highest Energy Answer 

Hioh Flow Method 
Pressure and Weir flow 

Submerged Inlet Cd - - 
Submerged Inlet t Outlet Cd = .8 
Max Low Cord - - 

Additional Bridge Parameters 
Add Friction component to Momentum 
DO not add Weight component to Momentum 
Cla.9~ B flow critical depth computations use critical depth 

inside the bridge at the upstream end 
Criteria to check for pressure flow = Upstream energy grade line 

BRIDGE OUTPUT Profile t100-Yr 

E.G. US. (ft) 
W.S. US. (ft) 
Q Total (cfs) 
Q Bridge (cfs) 
Q Weir (cfs) 
Weir Sta Lft (ft) 
Weir Sta Rgt (ft) 
Weir Submerg 
Weir Man Depth (ft) 
Min El Weir Flow (ft) 
Min El Prs (ftl 
Delta EG (ft) 
Delta WS (ft) 
BR Onen Area i s 0  ftl . . 
BR Open vel (ft/s) 
Coef of Q 

a Br Sel Method 

1289.09 Element 
1288.55 E.G. Elev (ft) 
1292.00 W.S. Elev (ft) 
1292.00 Crit W.S. (ft) 

Max Chl Dpth (ftl 
Vel Total (ft/s) 
Flow Area (sq ft) 
Froude # Chl 
specif Force (cu ftl 

1291.59 Hydr Depth (ft) 
1290.47 W.P. Total (ftl 

0.16 Can". Total (cfs) 
0.19 Top Width (ft) 

273.31 Frctn Loss (ft) 
6.36 C 6 E Loss (ft) 

Shear Total (lb/sq ft) 
Momentum Power Total (lb/ft sl 

Inside BR US 
1289.06 

Inside BR DS 
1288.94 
1288.31 
1286.11 

5.90 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 4.1 

INPUT 
Description: 36107, 1' DS of Brdg Face 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291 29.5 1291 29.51291.58 52.21291.58 52.21296.08 
55 1296.08 55 1291.58 55 1282.91 72 1282.72 75 1282.54 

80.6 1282.41 92.5 1282.85 92.5 1291.55 92.5 1292.55 93.5 1292.55 
93.5 1291.55 98.5 1291.55 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
13 .013 13 ,013 92.5 .013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
13 92.5 4 3 4 3 43 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

13 55 1291.58 F 
92.5 98.5 1293.75 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev lftl 1288.93 Element 
Vel Head lftl 0.57 Wt. "-Val 
W.S. Elev lft) 1288.36 Reach Len. lftl 
Crit W.S. lft) 1286.00  low Area lsq ft) 
E.G. Slope (ft/ft) 0.000394 Area lsq ft) 
Q Total Icfs) 1292.00 Flow (cfs) 
Top Width lft) 37 .50 Top Width lftl 
vel Total (ft/sl 6.08 Avg. Vel. lft/sl 
Max Chl Dpth lft) 5.95 Hydr. Depth lftl 
COD". Total lcfs) 65094.5 Conv. lcfsl 
Lenoth Wtd. iftl 43.00 Wetted Per. lftl 
MinAch El lftl 
Alpha 
Frctn Loss lftl 
C & E LOSS (ft) 

. . 
1282.41 Shear (lb/sq ft) 

1.00 stream Power llb/ft s )  
0.03 Cum Volume lacre-ft) 
0.01 Cum SA (acres) 

Left OB Channel Right OB 
0.013 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 4 

INPUT 
Descriotion: 36t50 
Statlon Elevation Data "urn= 9 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291 35.2 1291 46 1289 58 1285.29 64 1282.89 

80.6 1282.39 92.5 1282.39 92.5 1291.55 93.5 1291.55 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

• Manning's n values 
num= 3  

Sta n Val Sta n Val Sta n Val 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
1 3  92.5  90 90 90 .1 . 3  

Ineffective Flow num= 2  
Sta L Sta R Elev Permanent 

1 3  40 1291 F 
9 2 . 5  93.5  1294 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev lftl 
Vel Head lft) 
W.S. Elev lft) 
Crit W.S. lftl 
E.G. Slooe lEt/ftl 
Q Total lcfs) 
Top Wldth lft) 
Vel Total lft/s) 
Max Chl Dpth lft) 
conv. TO~HI ~cfs) 
Lenath Wtd. (fti 
Nin-~h El lftl 
Alpha 
Frctn Loss lftl 
C 6 E Loss lft) 

Element 
Wt. "-Val. 
Reach Len. (ftl 
Flow Area (sq ft) 
Area lsq ftl 
Flow (cfsl 
Top Width (ft) 
Avg. Vel. (ft/sl 
Hydr. Depth lftl 
Con". I~f.9) 
Wetted Per. lftl 
Shear llb/sq ft) 
stream Power llb/ft s )  
Cum Volume lacre-ft) 
Cum SA (acres) 

Left OB Channel Right OB 
0 .027  

90 .00  90 .00  90 .00  
202.47 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

a water surface was used 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 3  

INPUT 
Description: 37+40 
Station Elevation Data num= 8  

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
1 3  1291 38 .2  1291 43.2 1290 65.4  1282.72 8 3 . 8  1282.35 

92.5  1282.78 92.5 1291.55 93.5 1291.55 

Manning's n Values num= 3  
Sta n Val Sta n Val Sta n Val 

1 3  ,027  1 3  ,027 93.5  ,027 

Bank Sta: left Right Lengths: Left Channel Right Coeff Contr. Expan 
1 3  93.5  60 60 60 .1 . 3  

Ineffective Flow num= 2  
Sta L Sta R Elev Permanent 

1 3  42 1291 F 
92.5  93.5  1294 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev lft) 1288 .67  Element Left OB Channel Right OB 
Vel Head (ft) 0 .74  Wt. n-Val. 0.027 
W.S. Elev jft) 1287.93 Reach Len. jftl 60.00 60.00 60.00 
Crit W.S. lft) 1286.42 Flow Area lsq ft) 187 .43  
E.G. Slope lft/ft) 0.002622 Area jsq ft) 187.43 
Q Total (cfs) 1292 .00  Flow (cfs) 1292.00 

a Top Width lft) 42 .99  Top Width lft) 
Vel Total lft/s) 6.89 Avg. Vel. jft/s) 
Max Chl Dpth (ft) 5 .58  Hydr. Depth (ft) 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

a Conv. Total (cfs) 25230.7 Conv. (cfs) 
Length Wtd. (ft) 60.00 Wetted Per. (ft) 
Min Ch El (ft) 1282.35 Shear (lb/sq ft) 
Alpha 1.00 Stream Power (lb/ft s )  
Fzctn Loss (ft) 0.11 Cum Volume (acre-ft) 
C 6 E Loss (ft) 0.10 Cum SA (acres) 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 2.5 

INPUT 
Description: 38+00 
Station Elevation Data num= 9 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291 39.51290.84 55.5 1286 65.51283.06 76 1282.55 

92.3 1282.59 104.5 1282.59 104.5 1290.6 105.4 1290.6 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
13 ,027 13 .027 104.5 .027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
13 104.5 20 2 0 20 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

13 45 1291 F 
104.5 105.4 1294 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev Ift) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total Icfs) 
Top Width (ft) 
Vel Total ift/sl 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

1288.46 Element Left OB 
0.40 Wt.n-Val. 

1288.06 Reach Len. (ft) 20.00 
1285.80 FlowArea (sqft) 

0.001310 Area (sq ft) 
1292.00 Flow (cfs) 
55.80 Top Width (ft) 
5.09 Ava. Vel. ift/si . . .  
5.51 Hydr. Depth (ft) 

35697.1 Conv. (cfs) 
20.00 Wetted Per. (ft) 

1282.55 Shear (lb/sq ft) 
1.00 stream Power (lb/ft s )  
0.03 Cum Volume (acre-ft) 
0.00 Cum SA (acres) 

Channel Right 08 
0.027 
20.00 20.00 

253.63 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water Surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 2 

INPUT 
Description: 38+20, Outlet to IBW 

a Station Elevation Data nun= 7 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
0 1290 44.2 1290 61.5 1285 74 1283 83 1283 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

95 1283.3 113 1284 

Manning's n Values num= 3 
sta n val Sta n Val Sta n Val 

0 .03 0 .03 113 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
0 113 150 150 290 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

0 46.5 1292 F 
113 113 1292 F 

CROSS SECTION OUTPUT 

E.G. Elev iftl 
Vel Head iftl 
W.S. Elev iftl 
Crit W.S. iftl 
E.G. Slope ift/ftl 
Q Total icfsl 
Top Width (ftl 
Vel Total ift/sl 
Max Chl Dpth iftl 
Conv. Total (cfs) 
Lenoth Wtd. ifti 
Min2ch El iftl 
Alpha 
Frctn Loss ift) 
C 6 E LO95 (ftl 

Profile #100-Yr 

1288.43 Element 
0.42 Wt. n-Val. 

1288.00 Reach Len. (ft) 
1286.23 Flow Area ism ftl 

0.001933 Area (so ft) 
1292.00 Flow icfsl 
61.89 Top Width iftl 
5.23 Avg. Vel. ift/sl 
5.00 Hydr. Depth (ftl 

29386.4 Conv. icfsl 
150.00 Wetted Per. iftl 
1283.00 Shear Llb/sq ftl 

1.00 stream Power ilb/ft sl 
0.57 Cum Volume (acre-ftl 
0.07 Cum SA (acres) 

Left OB Channel Right OB 
0.030 

150.00 150.00 290.00 
247.21 
247.21 

Warninq: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 ml. This may indicate the need 
for 

additional cross sections. 
Warning: The conveyance ratio [upstream conveyance divided by downstream conveyance) is less than 

0.7 o r  greater than 1.4. This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Revised Seville 
REACH: Indian Bend Road RS: 1 

INPUT 
Description: 39+50 
Station Elevation Data num= 9 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
0 1290.5 38 1290 67 1284 73 1283 79 1283 
88 1284 114 1285 133 1288 148 1288.7 

Manning's n Values num= 3 
Sta n Val Sta n Val sta n val 
0 .03 0 .03 148 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 148 0 0 0 .1 .3 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev iftl 1287.79 Element Left OB Channel Right OB 
Vel Head (ftl 1.11 Wt. "-Val. 0.030 
W.S. Elev (ftl 1286.68 Reach Len. (ftl 
Crit W.S. ift) 1286.68  low Area isq ftj 153.00 
E.G. Slope ift/ftl 0.010481 Area isq ft) 153.00 
Q Total (cfsl 1292.00 Flow (cfsl 1292.00 
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Top Width ift) 
Vel Total (ft/s) 
Max Chl Dpth iftl 
Conv. Total icfs) 
Length Wtd. lftl 
Min Ch El (ftl 
Alpha 
Frctn Loss ift) 
C & E LOSS ift) 

Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

10.63 Top Width lftl 
8.44 Avg. Vel. ift/si 
3.68 Hydr. Depth lfti 

12619.9 Canv. (cfs) 
Wetted Per. lftl 

1283.00 Shear (lb/sq ft) 
1.00 stream Power (lb/ft s i  

Cum Volume (acre-ftl 
Cum SA (acres) 

SUMMARY OF MANNING'S N VALUES 

River:Revised Seville 

Reach River Sta. n l  n2 n3 

Indian Bend Road 10 .03 ,013 .03 
Indian Bend Road 9.9 Culvert 
Indian Bend Road 9.8 .03 .013 .03 
Indian Bend Road 9.15 .03 .03 .03 
Indian Bend Road 9.74 .03 .03 .03 
Indian Bend Road 9.73 Bridge 
Indian Bend Road 9.72 .03 .03 .03 
Indian Bend Road 9.7 .03 .03 .03 
Indian Bend Road 9.6 .03 .013 .03 
Indian Bend Road 9.5 Culvert 
Indian Bend Road 9.4 .027 ,013 ,027 
Indian Bend Road 9.3 .027 ,027 .027 
Indian Bend Road 9.2 .a21 ,027 ,027 
Indian Bend Road 9 ,027 .021 .027 
Indian Bend Road 8.9 ,013 .013 ,013 
Indian Bend Road 8.5 Bridge 
Indian Bend Road 8.05 ,013 .013 ,013 
Indian Bend Road 8 .027 ,027 ,027 
Indian Bend Road 7.5 
Indian Bend Road 7 
Indian Bend Road 6.9 
Indian Bend Road 6.5 
Indian Bend Road 6.1 
Indian Bend Road 6 
Indian Bend Road 5.5 
Indian Bend Road 5.0 
Indian Bend Road 4.9 
Indian Bend Road 4.5 
Indian Bend Road 4.1 
Indian Bend Road 4 
Indian Bend Road 3 
Indian Bend Road 2.5 
Indian Bend Road 2 
Indian Bend Road I 

SUMMARY OF REACH LENGTHS 

River: Revised Seville 

Reach River Sta. 

Indian Bend Road 10 
Indian Bend Road 9.9 
Indian Bend Road 9.8 
Indian Bend Road 9.75 
Indian Bend Road 9.74 
Indian Bend Road 9.13 
Indian Bend Road 9.72 

Bridge 
,013 
,027 
,027 
,027 
,013 

Bridge 
.013 

Left Channel Right 

145 145 145 
Culvert 

108 108 108 
40 40 40 
12 12 12 

Bridge 
100 100 100 
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Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 

Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

100 100 100 
135 135 135 

Culvert 

Bridge 
25.5 25.5 25.5 

Bridge 
54 54 54 
82 82 82 
100 100 100 
52 52 52 
55 55 55 

Bridge 
43 43 4 3 
90 90 90 
60 60 60 
20 20 20 
150 150 290 
0 0 0 

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: Revised Seville 

Reach River Sta. Contr. Expan 

Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 3 
Indian Bend Road 2.5 
Indian Bend Road 2 

. I  
Culvert 

.1 

.1 

.1 
Bridge 

.1 

.1 

.1 
Culvert 

.1 

.1 

.1 

.1 

. I  
Bridqe 

.1 

.1 

.1 
Bridqe 

.1 

.1 

.1 
Bridge 

.1 
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Indian Bend Road 1 

Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

ERRORS WARNINGS AND NOTES 
Errors Warnings and Notes for Plan : Prop Chl 

River: Revised Seville Reach: Indian Bend Road RS: 10 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Revised Seville Reach: Indian Bend Road RS: 9.8 Profile: 100-Yr 
Warning:Multiple water surfaces were found that could balance the energy equation. The program 

selected the water surface 
whose main channel velocity head was the closest to the previously computed cross 

section. 
Warning:The cross-section end points had to be extended vertically for the computed water 

surface. 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance1 is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 9.73 Profile: 100-Yf 

Note: The downstream water surface is above the minimum elevation required for orifice flow. 
The orifice flow equation was 

used for pressure flow. 
River: Revised Seville Reach: Indian Bend Road RS: 9.73 Profile: 100-Yi Upstream 

Note: For the cross section inside the bridge at the upstream end, the water surface and 
energy have been projected from 

the upstream cross section. The selected bridge modeling method does not compute 
answers inside the bridge. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 9.73 Profile: 100-Yr' Downstream 

Note: For the cross section inside the bridge at the downstream end, the water surface and 
energy are based on critical 

depth over the weir. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 9.7 Profile: 100-Yr 

Warning:The crass-section end points had to be extended vertically for the computed water 
surface. 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
River: Revised Seville Reach: Indian Bend Road RS: 9.6 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 9.4 Profile: 100-Yr 

Warning:The cross-section end points had to be extended vertically for the computed water 
Surface. 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 9.3 Profile: 100-Yr 

Warniny:The energy loss was greater than 1.0 ft (0.3 m). between the current and previous 
cross section. This may indicate 

the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Revised Seville Reach: Indlan Bend Road RS: 9.2 Profile: 100-Yr 
~~ - -  

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Revised Seville Reach: Indian Bend Road RS: 9 Profile: 100-Yr 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Warning:The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth 

for the water surface and continued on with the calculations. 
Warning:The velocity head has changed by more than 0.5 ft 10.15 ml. This may indicate the 

need for additional cross sections. 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Warning:During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a 
valid subcritical answer. The 

program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Revised Seville Reach: Indian Bend Road RS: 8.9 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 8.5 Profile: 100-Yr Upstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 8.5 Profile: 100-Yr Downstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 8.05 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 8 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Revised Seville Reach: Indian Bend Road 8s: 7.5 Profile: 100-Yr 

Warninq:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional crass sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Revised Seville Reach: Indian Bend Road RS: 7 Profile: 100-Yr 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Revised Seville Reach: Indian Bend Road RS: 6.9 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 6.5 Profile: 100-Yr 

Note: The downstream water surface is helow the minimum elevation for pressure flow. The 
sluice gate equations were used 

for pressure flow. 
River: Revised Seville Reach: Indian Bend Road RS: 6.5 Profile: 100-Yr Upstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 6.5 Profile: 100-Yr Downstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 6.1 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 6 Profile: 100-Yr 
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Seville Channel 
Proposed Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Warning:The velocity head has changed by more than 0.5 ft (0.15 ml. This may indicate the 
need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Revised Seville Reach: Indian Bend Road RS: 5.5 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Revised Seville Reach: Indian Bend Road RS: 5.0 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Revised Seville Reach: Indian Bend Road RS: 4.9 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 4.5 Profile: 100-Yr Upstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 4.5 Profile: 100-Yr Downstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 4.1 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This ma" indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Revised Seville Reach: Indian Bend Road RS: 4 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Revised Seville Reach: Indian Bend Road RS: 3 Profile: 100-Yr - 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Revised Seville Reach: Indian Bend Road RS: 2.5 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Revised Seville Reach: Indian Bend Road RS: 2 Profile: 100-Yr 

Warning:The cross-section end points had to he extended vertically for the computed water 
surface. 

Warning:The velocity head has changed by more than 0.5 ft (0.15 ml. This may indicate the 
need for additional cross sections. 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 
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Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seviile Channel Plan: Proposed Plan 413012006 

RS = 10 Swttsdale Rd. 3-1Ux6' Box Inlet RS = 9.9 Culv Swttsdale Rd, 3-10'x6' BOX 

Legend 1306'1 

........... ......... 
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I in Horiz. = 60 R 1 in Vert. = 3 ft 



Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 9.9 Culv Scottsdale Rd, 3-10'x6' Box RS = 9.8 Swttsdale Rd, 3-IVx6' Box Outlet 
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Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 9.75 40' US of RR Bridge RS = 9.74 US Face of RR Bridoe 

.03 +.Oi-d 

1 Legend 
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Existing Sevilie Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 
RS = 9.73 BR McCormick Park RR Bridge RS = 9.73 BR McConick Park RR Bridge 1306r'03i-03+ Legend 

. . ... .. ... ... ... . . . .. 
EG 100-Yr 
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Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 4130/2006 

RS = 9.72 DS Face of RR Bridge RS = 9.7 100'it US of 3-10'x4' Box 

1-.03+.03-a k .03 '1 
Legend , ..................... 

EG 100-Yr 

WS 100-Yr 1306 
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I in Horiz. = 60 it I in Vert. = 3 it 



Existing Seville Channel Plan: Proposed Plan 
RS = 9.6 22+75 Rt, 3-10'x4' Box Inlet 
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Existing Seville Channel Plan: Proposed Plan 413012006 
RS = 9.5 Culv Indian Bend Rd. 3-1Ux4 Box 
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Existing Seville Channel Plan: Proposed Plan 4/30/2006 Existing Seville Channel Plan: Proposed Plan 4/30/2006 
RS = 9.5 Culv Indian Bend Rd. 3-1Ux4 Box RS = 9.4 22+75 Lt. 3-1Vx4 Box Outlet 
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Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 4/3012006 

RS = 9.3 23+00 RS = 9.2 25+00 
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Existing Seville Channel Plan: Proposed Plan 4/30/2006 Existing Seviile Channel Plan: Proposed Plan 4/30/2006 

RS = 9 26+15 
I 

RS = 8.9 26+37.5, 1' US of Brdg Face 
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Existing Seville Channel Plan: Proposed Plan 

RS = 8.5 BR Entr to Seville Center 

, . 1 c"t I W Y r  1 - 
Ground 
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Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 8.5 BR Entr to Seville Center 
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Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 8.05 26+91.5. 1' DS of Brdg Face RS = 8 27+17 
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Existing Sevilie Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 7.5 29+50 RS = 7 31+81,30' US of Brdg Face I-- ,027-.I 1- ,027 -4 
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Existing Seville Channel Plan: Proposed Plan 4/30/2006 Existing Seville Channel Plan: Proposed Plan 4/3012006 

RS = 6.9 32+11. I 'US  of Brdg Face RS = 6.5 BR Entr to Seville Center 
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Existing Seviile Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 6.5 BR Entr to Seville Center RS = 6.1 32+64. 1' DS of Brdg Face 
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Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 6 33+18,54' DS of Brdg Face RS = 5.5 34+00 
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Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 5.0 35+00 RS = 4.9 35+52. 1' US of Brdg Face 
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Existing Seviile Channel Plan: Proposed Plan 4/3012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 4.5 BR Entr to Seviiie Center RS = 4.5 BR Entr to Seville Center 
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Existing Seville Channel Plan: Proposed Plan 4/30/2006 Existing Seville Channei Plan: Proposed Plan 4/30/2006 

RS = 4.1 36+07,1' DS of Brdg Face RS = 4 36+50 
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Existing Seville Channel Plan: Proposed Plan 413012006 Existing Seviile Channel Plan: Proposed Plan 413012006 
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Existing Sevilie Channel Plan: Proposed Plan 413012006 Existing Seville Channel Plan: Proposed Plan 413012006 

RS = 2 38+20. Outlet to IBW RS = 1 39+50 
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Existing Seville Channel Plan: Existing Channel 413012006 
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. 
100-Year Discharge = 1073 to 1292 cfs 

HEC-RAS Plan: Existing Cha River: Seville Channel Reach: Indian Bend Road Profile: 100-Yr 
Top Width Froude # 

Chl 
Vel Chnl Reach Flow Area W.S. Elev River Sta & Indian 

Bend Road Station 
Crit W.S. E.G. Elev Min Ch El Profile E.G. Slope Q Total 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

HEC-RAS Version 3.1.3 May 2005 
U.S. Army Corp of Engineers 
Hydrologic Engineering Center 

609 Second Street 
Davis, California 

X X XXXXXX XXXX XXXX XX XXXX 
X X X X X X X X X  X 
X X X X X X  X X X  
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX 
X X X X X X X X X 
X X X X X X X  X X X 
X X XXXXXX XXXX X X X X XXXXX 

PROJECT DATA 
Project Title: Existing Seville Channel 
Project File : ExistingChanne1,prj 
Run Date and Time: 4/30/2006 12:02:03 PM 

Project in English units 

PLAN DATA 

Plan Title: Existina Channel 
Plan File : p:\City-of-Scottsdale\23444553\Engr\Off-it Drainage - DS\Indian Bend Rd 
Ditch\Exi~tingChannel.p17 

Geometry Title: Existing Channel 
Geometry File : p:\City~of~Scottsdale\23444553\Engr\Off-Site Drainage - DS\Indian Bend 

Rd Ditch\ExistingChannel.g02 

Flow Title : COS SWMP Peak Flows 
Flow File : p:\City-of-Scottsdale\23444553\Engr\Off-Sit Drainage - DS\Indian Bend 

Rd Ditch\ExistingChanne11f02 

Plan Summary Information: 
Number of: Cross Sections = 28 Multiple Openings = 0 

culverts = 2 Inline Structures = 0 
Bridges = 4 Lateral Structures = 0 

Computational Information 
Water surface calculation tolerance = 0.01 
Critical depth calculation tolerance = 0.01 
Maximum number of iterations = 20 
Maximum difference tolerance = 0.3 
Flow tolerance factor = 0.001 

Computation Options 
Critical depth computed only where necessary 
Conveyance Calculation Method: At breaks in n values only 
Friction Slope Method: Average Conveyance 
Computational Flow Regime: Subcritical Flow 

FLOW DATA 

Flow Title: COS SWMP Peak Flows 
Flow File : p:\City_of-Scottsdale\23444553\Engr\Off-Sit Drainage - DS\Indian Bend Rd 
Ditch\ExistingChannel1f02 

Flow Data (cfs) 
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River 

Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Reach RS 
10-Yr 
East Ditch Indian Bend Rd 10 

546 
East Ditch Indian Bend Rd 5.5 

675 ~ ~ 

Seville Channel Indian Bend Road10 
546 
Sevllle Channel Indian Bend Road5.5 

675 

Boundary Conditions 

River Reach Profile Upstream 

Seville Channel Indian Bend Road100-Yr 
Seville Channel Indian Bend Road50-Yr 
Seville Channel Indian Bend Road25-Yr 
Seville Channel Indian Bend RoadlO-Yr 

GEOMETRY DATA 

Geometry Title: Existing Channel 
Geometry File : p:\City_of_Scottsdale\23444553\Engr\Off-St Drainage - DS\Indian Bend Rd 
Ditch\ExistingChannel.g02 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 10 

INPUT 
Description: Scattsdale Rd, 3-lO'n6' Box Inlet 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
29.999 1296.99 -26.667 1295.99 -23.333 1294.99 -19.999 1293.99 -16.667 1292.99 
-13.333 1291.99 -8.667 1291.79 0 1291.79 8.667 1291.79 13.333 1291.99 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

-29.999 .03 -29.999 ,013 29.999 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
-29.999 29.999 145 145 145 .1 .3 

Ineffective Flow num= 4 
Sta L Sta R Elev Permanent 

-29.999 -16.334 1297.79 F 
-6.334 -5 1297.79 F 

5 6.334 1297.79 F 
16.334 29.999 1297.79 F 

CROSS SECTION OUTPUT Profile 4100-Yr 

E.G. Elev iftl 1298.62 Element 
Vel Head (ftl 0.19 Wt. n-Val. 
W.S. Elev (fti 1298.44 Reach Len. (ft) 
Crit W.S. (ftl 1295.36 Flow Area (sq ftl 
E.G. S ~ O D ~  (ft/ftl 0.000116 Area (so ftl . 
O Total lcfsl 1073.00 Flow lcfsl .~ ~. -~ ~.~~ - - ~  

Top Width (It) 60.00 Top Width (ft) 
Vel Total ift/sl 3.49 Avg. Vel. (ft/sl 
Max Chl Dpth ifti 6.64 Hydr. Depth ifti 
Conv. Total icfs) 99839.3 Con". (cfs) 
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Downstream 

Critical 
Critical 
Critical 
Critical 

Left 08 Channel Right OB 
0.013 

145.00 145.00 145.00 



Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Length Wtd. (ft) 145.00 Wetted Per. ift) 
Min Ch El (ft] 1291.79 Shear ilb/sq ftl 
Alpha 1.00 Stream Power ilb/ft s )  
Frctn Loss (ft) Cum volume (acre-ft) 
C h E Loss ('it] Cum SA (acres1 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CULVERT 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.9 

INPUT 
Description: Scottsdale Rd, 3-lO'x6' Box 
Distance from Upstream XS = ,001 
Deck/Roadway Width = 139.998 
Weir Coefficient - - 2.6 
Upstream Deck/Roadway Coordinates 

nun= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

-29.999 1300.54 1297.79 -16.33 1300.54 29.999 1300.54 1297.79 

Upstream Bridge Cross Section Data 
Station Elevation Data nun= 15 

Sta Elev Sta Elev Sta Elev S t a  ~ 1 - v  st;, FI m y ,  

Manning's n Values n m =  3 
Sta n Val Sta n Val Sta n val 

Bank Sta: Left Right Coeff Contr. Expan. 
-29.999 29.999 .1 .3 

Ineffective Flow nun= 4 
Sta L Sta R Elev Permanent 

-29.999 -16.334 1297.79 F 
-6.334 -5 1297.79 F 

Downstream Deck/Roadway Coordinates 
num= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

-29.999 1299.13 1296.8 -16.33 1299.13 29.999 1299.13 1296.8 

Downstream Bridge Cross Section Data 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-29.999 1296 -26.667 1295 -23.333 1294 -19.999 1293 -16.667 1292 
-13.333 1291 -8.667 1290.8 0 1290.8 8.667 1290.8 13.333 1291 

Mannino's n Values num= 3 
Sta n val Sta n Val Sta n Val 

-29.999 .03 -29.999 .013 29.999 .03 

Bank Sta: Left Right Coeff Contr. Expan. 
-29.999 29.999 .1 .3 

Ineffective Flow num= 4 
Sta L sta R Elev Permanent 

-29.999 -16.3341297.467 F 
-6.334 -51297.467 F 

5 6.3341297.467 F 
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SeviUe Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Upstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Culverts = 1 

Culvert Name Shape Rise Span 
Culvert #1 BOX 6 10 
FHWA Chart # 9 - flared wingwalls and Inlet top edge bevel 
FHWA Scale f 1 - Wingwall flared 45 deg.; inlet top edge bevel=0.043D 
solution Criteria = Hiahest U.S. EG 
Culvert Upstrm Dist Length Top n Bottom n Depth Blocked Entrance Loss Coef Exit Loss coef 

,001 144.998 .013 .013 0 .5 1 
Number of Barrels = 3 
Upstream Elevation = 1291.79 
Centerline Stations 

Sta. Sta. Sta. 
-11.334 0 11.334 
Downstream Elevation = 1290.8 
Centerline Stations 

Sta. Sta. Sta. 
-11.334 0 11.334 

CULVERT OUTPUT Profile f100-Yr CUlv Group: Culvert #I 

Q Culv Group icfs) 1073.00 Culv Full Len (ft) 145.00 
f Barrels 3 Culv Vel US lft/s) 5.96 
Q Barrel ( c f s )  357.67 Culv Vel DS lft/s) 5.96 
E.G. US. (ft) 1298.62 Culv Inv El Up (ft) 1291.79 
W.S. US. (ft) 1298.44 Culv Inv El Dn (ft) 1290.80 
E.G. DS ift) 1297.80 Culv Frctn Ls (ft) 0.17 
W.S. DS (ft) 1297.63 Culv Exit Loss ift) 0.38 
Delta EG (ft) 0.82 Culv Entr Loss ift) 0.28 
Delta WS (ft) 0.81 Q Weir icfs) 
E.G. IC Jft) 1297.33 Welr Sta Lft (ft) 
E.G. OC (ft) 1298.62 Weir Sta Rgt (ft) 
Culvert Control Outlet Weir Submerg 
Culv WS Inlet (ft) 1297.79 Weir Max Depth (ft) 
Culv WS Outlet ift) 1296.80 Weir Avg Depth ift) 
C U ~ V  Nml Depth ift) Weir Flow Area (sq ft) 
Culv Crt Depth ift) 3.41 Min El Weir Flaw (ft) 1300.55 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.8 

INPUT 
Description: Scottsdale Rd, 3-10tx6' Box Outlet 
station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-29.999 1296 -26.667 1295 -23.333 1294 -19.999 1293 -16.667 1292 
-13.333 1291 -8.667 1290.8 0 1290.8 8.667 1290.8 13.333 1291 
16.667 1292 19.999 1293 23.333 1294 26.667 1295 29.999 1296 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta nVal 

-29.999 .03 -29.999 .013 29.999 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
-29.999 29.999 108 108 108 .1 .3  

Ineffective Flow num= 4 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 efs 

Sta L Sta R Elev Permanent 
-29.999 -16.3341297.467 F 
-6.334 -51297.467 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev lft) 
Vel Head lft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/fti 
Q Total (cfsl 
Top Width lftl 
Vel Total lft/s) 
Max Chl Dpth lftl 
con.,. Total lcfs) . . 
Length Wtd. Ift) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C 6 E LOSS lft) 

Element Left OB 
Wt. n-val. 
Reach Len. (ft) 108.00 
Flow Area ( s q  ftl 
Area (sq ft) 
Flow Icfs) 
Top Width lft) 
Avg. Vel. (ft/sl 
Hydr. Depth lft) 
Conv. lcfs) 
Wetted Per. lft) 
Shear llb/sq ft) 
Stream Power (lb/ft s )  
Cum Volume (acre-ft) 
Cum SA (acres) 

Channel Right OH 
0.013 
108.00 108.00 
318.58 
318.58 
1073.00 
60.00 
3.37 
5.31 

105367.1 

Warning: Multiple water surfaces were found that could balance the energy equation. The program 
selected the water surface whose main channel velocity head was the closest to the 

previously 
computed cross section. 

Warning: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Multiple critical de~ths were found at this location. The critical deuth with the lowest. 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.75 

INPUT 
Description: 40' US of RR Bridge 
Station Elevation Data num= 9 

Sta Elev Sta Elev Sta Elev Sta 
0 1299.3 83 1298 89 1295 92 

110 1291 127 1295 136 1297 168 

Mannina's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
0 .03 0 .03 168 .03 

Bank Sta: Left Right Lengths: Left Channel Right 
0 168 40 4 0 4 0 

CROSS SECTION OUTPUT Profile X100-Yr 

E.G. Elev (ft) 
Vel Head lft) 
W.S. Elev lft) 
Czit W.S. (ft) 
E.G. Slope lft/ftl 
Q Total lcfs) 
Top Width lft) 
Vel Total lft/s) 
Max Chl Dpth lft) 
Conv. Total icfs) 
Length Wtd. lft) 
Min Ch El lft) 

1297.75 Element 
0.38 Wt. n-Val. 

1297.37 Reach Len. (ft) 
Flow Area (sq ft) 

0.002036 Area (sq ft) 
1073.00 Flow (cfs) 
63.69 Top Width lft) 
4.94 Avg. Vel. (ft/s) 
6.37 Hydr. Depth lft) 

23777.9 Conv. lcfs) 
40.00 Wetted Per. (ftl 

1291.00 Shear (lb/sq ft) 

Elev Sta Elev 
1292 99 1291 
1298 

Coeff Contr. Expan. 
.1 .3 

Left OB Channel Right OB 
0.030 

40.00 40.00 40.00 
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Alpha 
F~ctn Loss (ft) 

Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

1 . 0 0  Stream Power llb/ft s) 2 . 0 6  
0 . 0 9  Cum Volume (acre-ft) 9 . 3 5  0 .00  
0 . 0 2  Cum SA (acres) 2 . 4 5  0 . 0 1  

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9 . 7 4  

INPUT 
Description: US Face of RR Bridge 
Station Elevation Data num= 1 3  

Sta Elev Sta Elev Sta Elev Sta Elev S t n  rlev 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

0 . 0 3  0  . 0 3  1 1 0  . 0 3  

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
0 1 1 0  1 2  1 2  1 2  .1 . 3  

CROSS SECTION OUTPUT Profile t100-Yr  

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ftl . . 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. ~ o t a l  (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C a E Loss (ftl 

Element Left OB Channel F 
Wt. "-Val. 0 . 0 3 0  
Reach Len. (ft) 0 . 0 1  0 . 0 1  
Flow Area ( s q  ft) 2 3 6 . 3 9  
Area (sq ft) 236.39  
Flow (cfsl 1 0 7 0 . 5 8  
Top Width (ftl 9 3 . 9 3  
Avg. Vel. (ft/s) 4 . 5 3  
Hydr. Depth (ft) 2 . 5 2  
conv. (cfs) 2 0 4 5 5 . 1  
Wetted Per. (ft) 1 0 2 . 3 7  
shear (lb/sq ft) 0 . 3 9  
Stream Power (lb/ft s )  1 . 7 9  
Cum Volume (acre-ft) 9 . 1 4  
Cum SA (acres) 2 . 3 8  

BRIDGE 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9 . 7 3  

INPUT 
Description: McCormick Park RR Bridge 
Distance from Upstream XS = . O 1  
Deck/Roadway Width = 1 1 . 9  
Weir Coefficient - - 2.6 
Upstream Deck/Roadway Coordinates 

num= 1 3  
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

0 1 2 9 9  1 2  1 2 9 8  1 8  1297 
2 3  1 2 9 6  3 0  1 2 9 5  3 2 . 5 8  1795 

Upstream Bridge Cross Section Data 
Station Elevation Data nun= 1 3  

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
0 1 2 9 9  1 2  1 2 9 8  1 8  1297 2 3  1 2 9 6  3 0  1 2 9 5  

3 2 . 5 8  1 2 9 5  3 2 . 5 8  1 2 9 1  5 7 . 3 3  1 2 9 1  5 7 . 3 3  1 2 9 5  65  1 2 9 5  
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Manning's n Values num= 3  
Sta n Val Sta n Val  sta n Val 
0 . 0 3  0  . 0 3  1 1 0  . 0 3  

Bank Sta: Left Right Coeff Contr. Expan 
0 110 .1 . 3  

Downstream Deck/Roadway Coordinates 
num= 1 2  
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

0  1 2 9 9  1 2  1298  1 8  1297  
2 3  1296  30  1295  30  12951293 .875  

5 7 . 3 3  12951293 .875  5 7 . 3 3  1 2 9 5  6 5  1295  
67 1 2 9 6  110 1297  1 7 1  1 2 9 8  

Downstream Bridge Cross Section Data 
station Elevation Data num= 12 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

Manning's n V a l u e s  num= 3  
Sta n V a l  Sta n Val sta n V a l  

0  . 0 3  0  . 0 3  1 1 0  . 0 3  

Bank Sta: Left Right Coeff Contr. Expan 
0  1 1 0  .1 . 3  

Upstream Embankment side slope - - 0  horiz. to 1 . 0  vertical 
Downstream Embankment side slope - - 0  horiz. to 1 . 0  vertical 
Maximum allowable submergence for weir flow = . 9 5  
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Bridge Coefficient Sets = 1 

Low Flow Methods and Data 
Energy 

Selected Low Flow Methods = Highest Energy Answer 

High Flow Method 
Pressure and weir flow 

Submerged Inlet Cd - 
Submerged Inlet + Outlet Cd - . 8  
Max Low Cord s 

Additional Bridge Parameters 
Add Friction component to Moment~un 
Do not add Weight componenf to Momentum 
Class B flow critical depth computations use critical depth 

inside the bridge at the upstream end 
Criteria to check for pressure flow = Upstream energy grade line 

BRIDGE OUTPUT Profile # loo -Yr  

E.G. US. (ft) 1297 .64  Element Inside BR US Inside BR DS 
W.S. US. lftl 1297 .32  E.G. E l e v  lft) 1297 .64  1 2 9 7 . 5 4  
Q T o t a l  lcfsl 1073 .00  W.S. Elev lft) 1297 .32  1 2 9 6 . 9 6  
Q Bridge (cfsl 431.44  Crit W.S. (ft) 1296 .39  1 2 9 5 . 9 5  
Q Weir (cfsl 6 3 5 . 5 6  Max Chl Dpth (ft) 6.32  5 . 9 6  
Weir Sta Lft (£ti 14 .16  Vel Total (ftls) 5.07  5 . 8 9  
Weir Sta Rgt lft) 1 4 9 . 0 0  Flow Area (sq ft) 211 .70  182 .26  
Weir Submerg 0 . 5 2  Froude # Chl 0 . 3 6  0 . 4 3  
Weir Max Depth lftl 2 . 6 4  specif Force (cu ft) 6 4 6 . 0 9  635.46  
Min El Weir Flow (ft) 1 2 9 5 . 0 1  Hydc Depth (ft) 1 . 8 6  2 . 0 3  
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

a Min El P r s  lit) 
Delta EG (ft) 

1293.88 W.P. Total lftl 
0.44 Conv. Total lcfsl 

Delta WS lft) 0.59 Top Width lft) 113.54 89.99 
BR Open Area (sq ft) 71.16 Frctn Loss lftl 
BR Open Vel (ft/s) 6.15 C & E Loss lftl 
Coef of Q Shear Total llb/sq ft) 
Br Sel Method Press/Weir Power Total (lh/ft s )  

Note: The downstream water surface is above the minimum elevation required for orifice flow. 
The 

orifice flow equation was used for pressure flow. 
Note: For the cross section inside the bridge at the upstream end, the water surface and energy 
have 

been projected from the upstream cross section. The selected bridge modeling method does 
not compute answers inside the bridge. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid. 

energy was used. 
Note: For the cross section inside the bridge at the downstream end, the water surface and 
energy 

are based on critical depth over the weir. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.72 

INPUT 

a Description: DS Face of RR Bridge 
Station Elevation Data num= 12 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

Manning's n Values num= 3 
Sta n val Sta n Val Sta n Val 
0 .03 0 .03 110 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 110 100 100 100 .1 . 3  

CROSS SECTION OUTPUT Proflle #loo-Yr 

E.G. Elev (ft) 
Vel Head lftl 
W.S. Elev (ftl 
Crit W.S. (ft) 
E.G. Slope (ft/ftl 
Q Total lcfsl 
Top Width lft) 
Vel Total lft/s) 
Max Chl Dpth (it] 
Conv. Total jcfs) 
Length Wtd. ift) 
Min Ch El lft) 
Alpha 
Frctn Loss lft) 
C & E LOSS (ft) 

Element 
wt. n-val. 
Reach Len. (ft) 
Flow Area isq ftl 
Area (sq ft) 
Flow Ic~s) 
Top Width (ft) 
Avg. Vel. lft/s) 
Hydr. Depth lft) 
Conv. lcfs) 
Wetted Per. (ft) 
shear (lb/sq ft) 
Stream Power (lb/ft sl 
Cum Volume (acre-ft) 
Cum SA (acres) 

Left OB Channel E 
0.030 

100.00 100.00 
193.52 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

0 REACH: Indian Bend Road RS: 9.7 

INPUT 
Description: 100' ft US of 3-lO'x4' Box 
Station Elevation Data "urn= 7 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
0 1296 7 1295 26 1291 47 1291 52 1292 
59 1296 120 1296.4 

Mannino's n Values n u =  3 
Sta n Val Sta n Val Sta n Val 
0 .03 0 .03 120 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 120 100 100 100 .I .3 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev (ft) 1296.80 Element Left OB Channel Right OB 
Vel Head (ft) 0.28 Wt. n-Val. 0.030 
W.S. Elev (ft) 1296.52 Reach Len. (ft) 100.00 100.00 100.00 
Crit W.S. (ft) Flow Area lsq ft) 252.06 
E.G. Slope (ft/ftl 0.002816 Area lsq ft) 252.06 
Q Total (cfsl 1073.00 Flow lcfs) 1073.00 
Top Width (ftl 120.00 Topwidth (ft) 120.00 
Vel Total lft/s) 4.26 Avg. Vel. lft/s) 4.26 
Max Chl Dpth (ft) 5.52 Hydr. Depth (ft) 2.10 
Conv. Total (cfs) 20219.9 Conv. icfsl 20219.9 
Length Wtd. (ft) 100.00 Wetted Per. lft) 122.29 
Min Ch El ift) 1291.00 Shear llh/sq ftl 0.36 
Alpha 1.00 Stream Power (lb/ft 5 )  1.54 
Frctn Loss (ftl 0.03 Cum Volume (acre-ft) 8.57 
C 6 E LOSS lft) 0.03 Cum SA (acres) 2.12 

Warning: The cross-section end points had to be extended vertically for the computed water surface 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance] is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.6 

INPUT 
Description: 22+75 Rt, 3-lO'x4' Box Inlet 
Station Elevation Data num= 13 

Manning's n Values num= 3 
Sta n val Sta n Val Sta n Val 
-35 .03 -35 ,013 35 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
-35 35 135 135 135 .I .3 

Ineffective Flow "Dm= 2 
Sta L Sta R Elev Permanent 
-35 -16.33 1296 F 

16.33 35 1296 F 

CROSS SECTION OUTPUT Profile UlOO-Yr 

E.G. Elev (ft) 1296.73 Element Left OB Channel Right 0B 
Vel Head (ft) 0.17 Wt. n-Val. 0.013 
W.S. Elev (ft) 1296.57 Reach Len. (ft) 135.00 135.00 135.00 
Crit W.S. (ft) 1293.13 Flow Area (sq ft) 327.39 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

E.G. Slope (ft/ftl 0.000115 
Q Total lcfsl 1073.00 
Top Width (ftl 70.00 
Vel Total (ft/s) 3.28 
Max Chl Dpth (ft) 6.67 
Conv. Total (cfsl 100087.4 
Length Wtd. (ft) 135.00 
Min Ch El (ftl 1289.90 
Alpha 1.00 
Frctn Loss lftl 
C & E LOSS (ftl 

Area isa ftl . .  . 
Flow ( ~ 1 ~ 1  
Top Width (ftl 
Avg. Vel. (ft/sl 
Hydr. Depth (ftl 
Conv. (cfsl 
Wetted Per. (ftl 
shear (Ib/sq ft) 
Stream Power (lb/ft s i  
Cum Volume (acre-ft) 
cum SA (acres) 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CULVERT 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.5 

INPUT 
Description: Indian Bend Rd, 3-lO'x4' Box 
Distance from Upstream XS = ,001 
Deck/Roadway Width = 134.998 
Weir Coefficient - - 2.6 
Upstream Deck/Roadway Coordinates 

n ~ > m =  1 5  -- 
Sta Hi Cord Lo Cord Sta Hi Cord lo Cord Sta Hi Cord La Cord 
-353 1298 -339 1297 -303 1296 
-153 1296 -139 1296 -113 1297 

Upstream Bridge Cross Section Data 
Station Elevation Data num= 13 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-35 1296 -29 1295 -26 1294 -23 1293 -19 1292 
-18 1289.9 0 1289.9 18 1289.9 19 1292 23 1293 
26 1294 29 1295 35 1296 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
-35 .03 -35 .013 35 .03 

Bank Sta: Left Right Coeff Contr. Expan 
-35 35 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 
-35 -16.33 1296 F 

16.33 35 1296 F 

Downstream Deck/Roadway Coordinates 
num= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
-40 1296 -16.33 1296 40 1296 

Downstream Bridge Cross Section Data 
Station Elevation Data num= 5 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-40 1289.53 -8.667 1289.53 0 1289.53 8.667 1289.53 40 1289.53 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
-40 ,027 -40 ,013 40 ,027 

Bank Sta: Left Right Coeff Contr. Expan. 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Sta L Sta R Elev Permanent 
-40 -16.33 1296 F 

t -40 40 .1 .3 
Ineffective Flow n m =  2 

Upstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Culverts = 1 

Culvert Name Shape Rise Span 
Culvert #1 BOX 4 10 
FHWA Chart # 8 - flared wingwalls 
FHWA Scale # 1 - Wingwall flared 30 to 75 deg. 
Solution Criteria = Hiahest U.S. EG 
Culvert Upstrm Dist Length Top n Bottom n Depth Blocked Entrance Loss Coef Exit Loss Coef 

.001 134.998 ,013 ,013 0 .5 1 
Number of Barrels = 3 
Upstream Elevation = 1289.9 
Centerline Stations 

Sta. Sta. Sta. 
-11.334 0 11.34 
Downstream Elevation = 1289.53 
Centerline Stations 

Sta. Sta. Sta. 
-11.34 0 11.34 

CULVERT OUTPUT Profile #loo-Yr Culv Group: Culvert # I  

Q Culv Group lcfsl 1021.71 Culv Full Len (ft) 
# Barrels 
0 Barrel icfsl - 
E.G. US. lftl 
W.S. US. lftl 
E.G. DS (ft) 
W.S. DS lft) 
Delta EG (ft) 
Delta WS ift) 
E.G. IC (ftl 
E.G. OC lft) 
Culvert Control 
Culv WS Inlet lftl 
Culv WS Outlet Iftl 
Culv Nml Depth lftl 
Culv Crt Depth (ftl 

Outlet 
1293.90 
1293.53 

Culv Vel Us (ft/5l 
Culv Vel DS lft/s) 
Culv IDV El Up Iftl 
Culv Inv El Dn Iftl 
Culv Fcctn Ls lftl 
Culv Exit LOSS iftl 
Culv Entr Lass lftl 
Q Weir lcfsl 
Weir Sta Lft lftl 
Weir Sta Rgt ift) 
Weir Submerg 
Weir Max Depth (ft) 
Weir Avg Depth (ftl 
Weir Flow Area (sq ft) 
Min El Weir Flow (ft) 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.4 

INPUT 
Description: 22+75 Lt, 3-1Orx4' Box Outlet 
station Elevation Data num= 5 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
-40 1289.53 -8.667 1289.53 0 1289.53 8.667 1289.53 40 1289.53 

Mannino's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
-40 ,027 -40 .013 40 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

4 0  40 25 25 25 
Ineffective Flow num= 2 

Sta L Sta R Elev Permanent 
-40 -16.33 1296 F 

16.33 40 1296 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev lft) 
vel nead (ftl 
W.S. Elev (ft) 
Crit W.S. lft) 
E.G. Slope lft/ft) 
Q Total lcfs) 
Top Width lft) 
Vel Total lft/s) 
Max Chl Dpth (ft) 
Conv. Total lcfsl . . 
Length Wtd. lft) 
Min Ch El lft) 
Alpha 
Frctn Loss lft) 

1295.24 Element Left OB Channel Right OB 
0.66 wt. n-val. 0.013 

1294.59 Reach Len. lft) 25.00 25.00 25.00 
1292.75 Flaw Area lsq ft) 165.13 
0.000372 Area lsq ft) 404.47 
1073.00 Flow lcfs) 1073.00 
80.00 Top Width (ftl 80.00 
6.50 ~ v g .  Vel. (ft/s) 6.50 
5.06 Hydr. Depth lft) 5.06 

55599.0 Conv. lcfs) 55599.0 
25.00 WettedPer. lft) 32.66 

1289.53 Shear lIb/sq ft) 0.12 
1.00 Stream Power llb/ft sl 0.76 
0.02 Cum volume (acre-ft) 6.78 
0.03 Cum SA (acres1 1.67 

Warning: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.3 

INPUT 
Description: 23+00 
Station Elevation Data num= 14 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Rlrv 

Manning's n Values num= 3 
Sta n Val Sta nVal Sta n Val 
14 ,027 14 .027 99.5 .027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
14 99.5 200 200 200 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ft) 1295.18 Element Left 08 Channel Right OB 
Vel Head (ft) 1.00 Wt. "-Val. 0.027 
W.S. Elev (ft) 1294.19 Reach Len. (ftl 200.00 200.00 200.00 
Crit W.S. (ft) 1293.54 Flow Area isq ft) 133.95 
E.G. Slope (ft/ft) 0.004786 Area lsq ft) 133.95 
Q Total lcfs) 1073.00 Flow (cfs) 1073.00 
Top Width (ft) 38.99 Top Width lftl 38.99 
Vel Total lft/sl 8.01 ~ v g .  Vel. lft/sl 8.01 
Max Chl Dpth (ft) 4.33 Hydr.Depth(ft) 3.44 
Conv. Total (cfs) 15509.4 Con". lcfs) 15509.4 
Length Wtd. (ft) 200.00 Wetted Per. ( f t )  43.89 
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Sevilfe Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Min Ch El lftl 
Alpha 

1289.86 Shear (lb/sq ftl 
1.00 Stream Power llb/ft s1 
1.12 Cum Volume (acre-ftl 
0.03 Cum SA (acres1 

Warning: The energy loss was greater than 1.0 ft (0.3 mi. between the current and previous cross 
section. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9.2 

INPUT 
Description: 25+00 
Station Elevation Data nun= 14 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295.3 41 1295.3 41 1295.88 50.5 1295.88 50.5 1300.38 

51.5 1300.38 51.5 1294.34 51.5 1288.81 74 1288.8 94.5 1294.27 
94.5 1295.7 95 1295.7 95 1294.7 99.5 1294.7 

Manning's n values nun= 3 
Sta n Val Sta n Val Sta n Val 
14 ,027 14 ,027 99.5 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
14 99.5 115 115 115 .1 . 3  

Ineffective Flow n m =  2 
Sta L Sta R Elev Permanent 

14 51.5 1295.88 F 
94.5 99.5 1296 F 

CROSS SECTION OUTPUT Profile U100-Yr 

E.G. Elev lftl 
Vel Head (ft) 
W.S. Elev lft) 
Crit W.S. (ft) 
E.G. Slope (ft/ftl 
Q Total (cfs) 
Top Width lft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total lcfs) 
Lenath Wtd. lft) 
~in-ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ftl 

Element Left OB Channel Right OB 
Wt. "-Val. 0.027 
Reach Len. (ft) 115.00 115.00 115.00 
Flow Area (sq ftl 119.53 
Area lsq ftl 119.53 
 low (cfsl 1073.00 
Top Width (ft) 37.46 
Avg. Vel. (ft/s) 8.98 
Hydr. Depth lftl 3.19 
Conv. (cfsl 13219.0 
Wetted Per. (ft) 41.96 
Shear (lb/sq ftl 1.17 
Stream Power (lb/ft s )  10.52 
Cum Volume (acre-ft) 6.04 
Cum SA (acres) 1.46 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 9 

INPUT 
Description: 26+15 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 .027 14 ,027 100.5 ,027 

Bank Sta: Left Right Lengths: Left Channel ~ight Coeff Contr. Expan 
14 100.5 22.5 22.5 22.5 .1 .3 

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 

14 51.5 1295.58 F 
94.5 100.5 1296 F 

CROSS SECTION OUTPUT Profile t100-Yr 

E.G. Elev (ft) 
Vel Head (ftl 
W.S. Elev (ft) 
Crit W.S. (ftl 
E.G. Slope '(ft/ft) 
Q Total lcfs) 
Top Width (ft) 
Vel Total lft/sl 
Max Chl Dpth (ft) 
Con". ~ o t a l  (cfsl 
Length Wtd. (ftl 
Min Ch El (It] 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

Element Left 08 Channel Right OB 
Wt. n-Val. 0.077 . . .- 
Reach Len. (ft) 22.50 22.50 22.50 
Flow Area (sq ftl 114.84 
Area (sq ftl 114.84 
Flow (cfs) 1073.00 
Top Wldth (ftl 42.94 
Avg. Vel. (ft/s) 9.34 
Hydr. Depth (ft) 2.67 
Conv. (cfsl 11586.2 
Wetted Per. (ft] 46.27 
Shear (lb/sq ftl 1.33 
stream Power (lb/ft s )  12.42 
Cum Volume (acre-ft) 5.73 
Cum SA (acres] 1.36 

a Warning: The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 

Warning: The velocity head has changed by more than 0.5 ft 10.15 ml. This may indicate the need 
for 

additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came back below critical depth. This indicates that 
there 

is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 8.9 

INPUT 
Description: 26t37.5, 1' US of Brdg Face 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295 45.5 1295 45.5 1295.58 50.5 1295.58 50.5 1300.08 

51.5 1300.08 51.5 1293.52 51.5 1287.73 62.5 1287.2 69.5 1287.3 
72.5 1287.49 89.5 1287.76 89.5 1294.72 89.5 1295.72 90.5 1295.72 
90.5 1294.72 99.5 1294.72 

Mannina's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

a 14 .013 14 .013 99.5 .013 

Bank Sta: Left Right Lengths: Left Channel ~ i g h t  Coeff Contr. Expan. 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

14 99.5 54 54 54 
Ineffective Flaw num= 2 

Sta L Sta R Elev Permanent 
14 51.5 1295.58 F 

89.5 99.5 1297 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev ift) 
Vel Head (ft) 
W.S. Elev lft) 
Crit W.S. lft) 
E.G. Slope (ft/ft) 
Q Total icfs) 
Top Width (fti 
Vel Total (ft/s) 
Max Chl Dpth lft) 
Conv. Total (cfsl 
Length Wtd. ift) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C 6 E LOSS iftl 

1292.59 Element 
0.62 Wt. n-Val. 

1291.97 Reach Len. (ft) 
1290.40 Flow Area isq ft) 
0.000540 Area isq ft) 
1073.00 Flow (cfs) 
38.00 Topwidth (ft) 
6.31 Avg. Vel. (ft/sl 
4.77 Hydr. Depthift) 

46157.9 Conv. lcfsl 
1.00 WettedPer. lftl 

1287.20 Shear (lb/sq ft) 
1.00 Stream Power llb/ft s )  

Cum volume (acre-ft) 
Cum SA (acres) 

Left OB Channel Right OB 
0.013 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

BRIDGE 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 8.5 

INPUT 
Description: Entr to Seville Center 
Distance from Upstream XS = 1 
Deck/Roadway Width - - 52 
Weir Coefficient - - 2.6 
Upstream Deck/Roadway Coordinates 

"om= 3 ~~ ~~~ ~ 

Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
51.5 1294.42 1292.08 71.17 1295.25 1292.92 90.83 1295.5 1293.17 

Upstream Bridge Cross Section Data 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 .013 14 .013 99.5 .013 

Bank Sta: Left Right Coeff Contr. Expan. 
14 99.5 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 51.5 1295.58 F 
89.5 99.5 1297 F 

Downstream Deck/Roadway Coordinates 
n u =  3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
51.5 1294.62 1292.28 71.17 1295.53 1293.2 90.83 1295.45 1293.12 

Downstream Bridge Cross Section Data 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Station Elevation Data num= 17 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295 45.5 1295 45.51295.58 50.51295.58 50.51300.08 

Manning's n Values nun= 3 
Sta n Val sta n Val Sta n Val 
14 ,013 14 .013 99.5 .013 

Bank Sta: Left Right Coeff Contr. Expan. 
14 99.5 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 51.5 1295.42 F 
89.5 99.5 1296.25 F 

Upstream Embankment side slope - - 0 horiz. to 1 . 0  vertical 
Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Piers = 1 

Pier Data 
Pier Station Upstream= 71.17 Downstream= 71.17 
Upstream num= 2 

Width Elev Width Elev 
2 1286 2 1295 

Downstream nun= 2 
Width Elev Width Elev 

2 1286 2 1295 

Number of Bridge Coefficient Sets = 1 

LOW Flow Methods and Data 
Energy 
Momentum Cd = 2 
Yarnell KVal = 1.05 

Selected Low Flow Methods = Highest Energy Answer 

High Flow Method 
Pressure and Weir flow 

Submerged Inlet Cd - - 
Submerged Inlet t Outlet Cd = .8 
Max Low Cord - - 

Additional Bridge Parameters 
Add Friction component to Momentum 
DO not add Weight component to Momentum 
Class B flow critical depth computations use critical depth 

inside the hridge at the upstream end 
Criteria to check for pressure flow = Upstream energy grade line 

BRIDGE OUTPUT Profile t100-Yr 

E.G. US. lft! 1292.59 Element Inside BR US Inside BR DS 
W.S. US. ift) 1291.97 E.G. Elev lft) 1292.52 1292.22 
8 Total lcfs) 1073.00 W.S. Elev (ft) 1291.76 1291.41 
8 Bridge (cfs) 1073.00 Crit W.S. lft) 1290.52 1290.27 
8 Weir (cfsl Max Chl Dpth (ft) 4.56 4.58 
Weir Sta Lft (Etl Vel Total Ift/s) 6.99 7.22 
Weir Sta Rgt (ft)  low Area ( sq  ft) 153.55 148.63 
Weir Suhmerg Froude It C h l  0.60 0.62 
Weir Max Depth lft) Specif Force (cu ft) 560.88 553.56 
Min El Weir Flow (ft) 1295.26 Hydr Depth (ft! 4.27 4.18 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Min El Prs (ft) 1293.15 W.P. Total (ft) 
Delta EG (ft) 0.37 Conv. Total (cfs) 
Delta WS (ft) 0.43 Top Width (ft) 
BR Open Area isq ft) 189.15 Frctn Loss (ft) 
BR Open Vel (ft/s) 7.22 C & E Loss (ft) 
Coef of Q Shear Total (lb/sq ft 
B r  Sel Method Momentum Power Total (lb/ft s )  

~ote: ~ " l t i p l ~  critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 8.05 

INPUT 
Description: 26191.5, 1' US of Brdg Face 
station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta  lev 
14 1295 45.5 1295 45.5 1295.58 50.5 1295.58 50.5 1300.08 

51.5 1300.08 51.5 1295.42 52.4 1287.53 63 1286.83 69.6 1286.93 
72.6 1287.21 89.5 1287.49 89.5 1294.78 89.5 1295.78 90.5 1295.78 
90.5 1294.78 99.5 1294.78 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 .013 14 .013 99.5 ,013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
14 99.5 25.5 25.5 25.5 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 51.5 1295.42 F 
89.5 99.5 1296.25 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev lft) . . 
Crit W.S. (ft) 
E.G. Slope (ft/ftl 
Q Total (cfs) 
Top Width (ft) 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

Element 
WC. n-Val. 
Reach Len. (ft) 
 law Area (sq ft) 
Area (sq ft) 
FlOW (CfS) 
TOP Width (ft) 
A V ~ .  Vel. (ft/sl 
Hydr. Depth (ft) 
con". icfsl 
Wetted Per. (ft) 
Shear (lb/sq ft) 
stream Power (lb/ft s )  
Cum Volume (acreeft) 
Cum SA (acres) 

Left 08 Channel Right 08 
0.013 

25.50 25.50 25.50 
161.91 
161.91 

1073.00 
37.56 
6.63 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 8 

INPUT 
Description: 27+17 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
14 1295 45.5 1295 45 .5  1295.58 50.5 1295.58 50.5 1300.08 

51.5 1300.08 51.5 1293.67 51.5 1286.75 75.6 1286.79 93 1291.79 
93 1294.06 93 1295.06 94 1295.06 94 1294.06 99.5 1294.06 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
14 ,027 14 ,027 99.5 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
14 99.5 233 233 233 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

14 51.5 1295.58 F 
93 99.5 1296.42 F 

CROSS SECTION OUTPUT Profile 4100-Yr 

E.G. Elev lft) 
Vel Head lft) 
W.S. Elev lft) 
Crit W.S. lft) 
E.G. Slope lft/ftl 
Q Total lcfsl 
Top Width lft) 
Vel Total lft/s) 
Max Chl Dpth (ft) 
Conv. Total lcfsl 
Length Wtd. lft) 
Min Ch El lft) 
Alpha 
Frctn LOSS lftl 
C & E LOSS lft) 

1292.17 Element 
0.84 Wt. "-Val. 

1291.32 Reach Len. (ft) 
1290.39 Flow Area ( s q  ftl 

0.003764 Area lsq ft) 
1073.00 Flow lcfs) 
39.88 Top Width lftl 
7.37 Avg. Vel. (ft/s) 
4.57 Hydr. Depth (ftl 

17489.3 Conv. lcfs) 
233.00 Wetted Per. (ftl 
1286.75 Shear llb/sq ftl 

1.00 Stream Power (lb/ft s )  
0.83 Cum Volume (acre-ft) 
0.02 Cum SA (acres) 

Left OB Channel Right OB 
0.027 

233.00 233.00 233.00 

Note: Multiple critical depths w e r e  found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 7.5 

INPUT 
Description: 29+50 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta  lev Str, ~ 1 - x r  

Manning's n Values n m =  3 
Sta n Val Sta n val Sta n Val 
14 ,027 14 ,027 99.5 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
14 99.5 231 231 231 .1 . 3  

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

a CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev (ftl 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. lfti 

1291.33 Element Left OB Channel Right OB 
0.79 Wt. "-Val. 0.027 

1290.53 Reach Len. (ftl 231.00 231.00 231.00 
1289.42 Flow Area ( s o  ftl 150.29 . . 

E.G. slope(ft/ft) 0.003355 Area (sq ftl 
Q Total (cfsl 1073.00 Flow (cfs) 
Top Width (ftl 39.31 Top Width (ftl 
Vel Total (ft/sl 7.14 Avq. Vel. (ft/s) 
Max Chl Dpth (ft) 4.82 Hydr.Depth (ft) 3.82 
Conv. Total (cfs) 18525.0 Conv. (cfs) 18525.0 
Length Wtd. (ftl 231.00 Wetted Per. (ft) 44.84 
Min Ch El (ft) 1285.71 Shear (lb/sq ft) 0.70 
Alpha 1.00 Stream Power (lb/ft sl 5.01 
Frctn Loss (ftl 0.45 Cum Volume (acre-ft) 4.59 
C 6 E Loas (ftl 0.12 Cum SA (acres) 1.06 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 7 

INPUT 
Description: 31+81, 30' US of Brdg Face 
Station Elevation Data num= 15 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291.45 38 1291.45 38 1292.03 42.6 1292.03 42.6 1296.53 

43.6 1296.53 43.6 1291.19 66.1 1284.87 79.7 1283.99 92.5 1284.06 
92.5 1291.2 92.5 1292.2 94.5 1292.2 94.5 1291.2 98.5 1291.2 

Manning's n Values num= 3 
Sta n Val Sta n val Sta n val 
13 .027 13 .021 98.5 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
13 98.5 30 30 30 .1 .3 

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 

13 43.6 1292.03 F 
92.5 98.5 1293.33 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ftl 
E.G. Slope (ft/ft) 
O Total icfsi . . . 
Top Width (ft) 
vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Length Wtd. Iftl 
Min Ch El (ftl 
Aloha 
Frctn Loss (ft) 
C & E LOSS (ftl 

Warning: The conveyance 

1290.76 Element 
0.38 Wt.n-Val. 

1290.37 Reach Len. (ftl 
1287.82 Flow Area (sq ftl 
0.001255 Area (sq ft) 
1073.00 Flow (cfsl 
45.99 Top Width (ftl 
4.97 Avg. Vel. (ft/sl 
6.38 Hydr.Depth (ft) 

30287.7 Conv. (cfs) 
30.00 Wetted Per. (ftl 

1283.99 Shear (1b/sq ft) 
1.00 stream Power (lb/ft s )  
0.01 Cum Volume (acre-ftl 
0.02 Cum SA (acres) 

ratio (upstream conveyance divided by 

Left OB Channel Right OB 
0.027 

30.00 30.00 30.00 

downstream conveyance) is less than 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 6.9 

INPUT 
Description: 32+11, 1' US of Brdg Face 
Station Elevation Data num= 16 

Sta Elev Sta Elev sta Elev Sta Elev Sta Elev 
12.7 1291.45 49 1291.45 49 1292.03 54 1292.03 54 1296.53 
55 1296.53 55 1292.03 55 1284.23 71.9 1283.86 74.9 1283.7 

92.2 1284.29 92.2 1291.49 92.5 1292.49 94.1 1292.49 94.1 1291.49 
98.2 1292 

Manning's n Values num= 3 
Sta n Val Sta n Val St* n Val 
12.7 ,013 12.7 .013 98.1 ,013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
12.7 98.2 53 53 53 .1 . 3  

Ineffective Flow *urn= 2 
Sta L Sta R Elev Permanent 
12.7 55 1292.03 F 
92.2 98.2 1293.33 F 

CROSS SECTION OUTPUT Profile #lOO-Yr 

E.G. Elev (ft) 
Vel Head lft) 
W.S. Elev (ft) 
Crit W.S. lfti 
E.G. Slope Iftifti 
Q Total (cfsi 
Top Width (ft) 
vel Total (ft/si 
Man Chl Dpth lft) 
Conv. Total lcfsi 
Length Wtd. lft) 
Nin Ch El lft) 
Alpha 
Frctn Loss (ft) 
C 6 E Loss lft) 

1290.72 El-ement Left OB Channel Right OB 
0.31 WC. n-Val. 0.013 

1290.41 Reach Len. lfti 1.00 1.00 1.00 
1286.95 Flhw Area (sq ft) 238.39 

0.000191 Area (sq ft) 238.39 
1073.00 Flow lcfsi 1073.00 
37.20 Top Width [ft) 
4.50 Avg. Vel. lft/s) 
6.71 Hydr. Depth lft) 

77690.7 Conv. lcfs) 
1.00 Wetted Per. lft) 

1283.70 Shear (lb/sq ft) 
1.00 Stream Power Ilbift s )  

Cum Volume (acre-ft) 
Cum SA (acres) 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

BRIDGE 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 6.5 

INPUT 
Description: Entr to Seville Center 
Distance from Upstream XS = 1 
DeckiRoadway Width - - 4 9 
Weir Coefficient - - 2.6 
Upstream DeckiRoadway Coordinates 

num= 3 
sta Hi Cord Lo Cord Sta Hi Cord LO cord 
52.9 1291.26 1288.93 72.55 1292.1 1289.76 

Sta Hi Cord Lo Cord 
92.2 1292.26 1289.93 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Upstream Bridge Cross Section Data 
Station Elevation Data num= 16 

Sta Elev Sta Elev Sta Elev Sta Elev Sta  lev 

Manning's n Values num= 3 
Sta n val sta n Val Sta n Val 
12.7 .013 12.7 ,013 98.2 ,013 

Bank Sta: Left Right Coeff Contr. Expan 
12.7 98.2 .1 .3 

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 

Downstream Deck/Roadway Coordinates 
,,"I"= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
52.9 1291.15 1288.82 72.55 1292.11 1289.78 92.2 1292.15 1289.88 

Downstream Bridge Cross Section Data 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
12.7 1291 49 1291 49 1291.58 54 1291.58 54 1296.08 
55 1296.08 55 1293.04 55 1283.97 72 1283.59 75 1283.43 

80.8 1283.35 92.2 1283.89 92.2 1291.55 92.2 1292.55 93.2 1292.55 
93.2 1291.55 98.2 1291.55 

Manning's n Values n u =  3 
Sta n Val Sta n Val Sta n Val 
12.7 .013 12.7 .013 98.2 ,013 

Bank Sta: Left Right Coeff Contr. Expan 
12.7 98.2 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

Upstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Downstream Embankment side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins - - 

Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Piers = 1 

Pier Data 
Pier Station Upstream= 72.55 Downstream= 72.55 
upstream num= 2 

Width Elev Width Elev 
1.33 1282 1.33 1292 

Downstream num= 2 
Width Elev Width Elev 
1.33 1282 1.33 1292 

Number of Bridge Coefficient Sets = 1 

Low Flow Methods and Data 
Enerqy .. 
Momentum Cd = 2 
Yarnell KVal = 1.05 

Selected Low Flow Methods = Highest Energy Answer 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

High Flaw Method 
Pressure and Weir flow 

Submerged Inlet Cd - - 
Submerged Inlet + Outlet Cd = .8 
Max Low Cord - - 

Additional Bridge Parameters 
Add Friction component to Momentum 
DO not add Weight component to Momentum 
Class B flow critical depth computations use critical depth 

inside the bridge at the upstream end 
Criteria to check for pressure flow = Upstream energy grade line 

BRIDGE OUTPUT Profile #loo-Yr 

E.G. US. lftl . . 
W.S. US. lft) 
Q Total lcfs) 
Q Bridge lcfsl 
Q Weir (cfs) 
Weir Sta Lft (ft) 
Weir Sta  Rgt (ft) 
Weir Submerg 
Weir Max Depth lftl 
Min El Weir Flow (ftl 
Min El Prs (ft) 
Delta EG lft) 
Delta WS lft) 
BR Open Area lsq ft) 
BR Oaen Vel lft/sl 
coef'of Q 
Br Sel Method 

1290.72 Element I 
1290.41 E.G. Elev lftl - - ~  ~ ~ . . 
1073.00 W.S. Elev (ft) 
1073.00 Crit W.S. lft) 

Max Chl Dpth lft) 
Vel Total lft/s) 
Flow Area lsq ft) 
Froude # Chl 
Soecif Force lcu ftl 

1292.04 ~;dr Depth (ft) 
1289.93 W.P. Total (ft) 

0.85 Conv. Total lcfsl 
0.91 Top Width (ft) 

201.54 ~rctn Loss lft) 
5.32 C 6 E Loss lft) 

Shear Total (lb/sq ft) 
Press Only Power Total (lb/ft s )  

:"side BR US Inside BR DS 
1290.72 1289.87 
1289.93 1289.50 
1287.04 1286.69 

6.23 6.15 
5.32 5.12 

201.54 209.63 
0.39 0.37 

804.04 783.75 
5.R4 

Note: Yarnell answer is not valid if the water surface is above the low chord or if there is 
weir flow. 

The Yarnell answer has been disregarded. 
Note: The downstream water surface is below the minimum elevation for pressure flow. The sluice 

gate equations were used for pressure flow. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 6.1 

INPUT 
Description: 32t64, 1' DS of Brdg Face 
Station Elevation Data "urn= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
12.7 1291 49 1291 49 1291.58 54 1291.58 54 1296.08 

55 1296.08 55 1293.04 55 1283.97 72 1283.59 75 1283.43 
80.8 1283.35 92.2 1283.89 92.2 1291.55 92.2 1292.55 93.2 1292.55 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
12.7 .013 12.7 .013 98.2 ,013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
12.7 98.2 54 54 54 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 
12.7 55 1291.58 F 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

- 
CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev lftl 
Vel Head lftl 
W.S. Elev lftl 
Crit W.S. lft) 
E.G. Slope lft/ftl 
Q Total (cfs) 
Top Width (ftl 
Vel Total (ft/sl 
Max Chl Dpth (ftl 
Conv. Total (cfsl 
Length Wtd. (ftl 
Min Ch El lftl 
Alpha 
Frctn Loss (ft) 
C & E LOSS lftl 

Element 
Wt. n-Val. 
Reach Len. lftl 
  low Area (sq ftl 
Area lsq ftl 
Flow Icfsl 
Top Width lftl 
Avg. Vel. lft/si 
Hydr. Depth (fti 
Conv. lcfsl 
Wetted Per. (ft) 
Shear (lb/sq ftl 
Stream Power (lb/ft s )  
Cum Volume lacre-ftl 
Cum SA (acres) 

Left OB Channel Right OB 
0.013 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 6 

INPUT 
Description: 33+18, 54' DS of Brdg Face 
station Elevation Data num= 16 

Sta Elev Sta Elev Sta Elev Sta Elev sta  lev 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
12.7 ,027 12.7 ,027 98.2 .027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
12.7 98.2 82 82 82 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total lcfsl 
Top Width (ft) 
Vel Total (ft/s) 
Max chl ~ p t h  (ftl 
Conv. Total lcfsl . . 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C 6 E Loss (ft) 

1289.83 Element 
0.54 Wt.n-Val. 

1289.29 Reach Len. lftl 
1287.78 Flow Area (sq ftl 

0.002241 Area lsq ft) 
1073.00 Flow lcfs) 
47.24 Top Width (ftl 
5.90 ~ v g .  Vel. lft/sl 
5.57 Hydr. Depth (ftl 

22666.6 Conv. lctsl 
82.00 Wetted Per. lftl 

1283.72 Shear llh/sq ft) 
1.00 stream Power (lb/ft s )  
0.24 Cum Volume (acreeft) 
0.04 Cum SA (acres) 

Left OB Channel Right OB 
0.027 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

~ o t e :  ~ultiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 5.5 

INPUT 
Description: 34t00 
Station Elevation Data num= 13 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
12.7 ,027 12.7 .027 98.2 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
12.7 98.2 100 100 100 .1 .3 

Ineffective Flow n m =  2 
Sta L Sta R Elev Permanent 
12.7 45.8 1291.58 E 
92.2 98.2 1293.83 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev (ft) 
Vel Head (ft) 
W.S. Elev lft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
TOD Width lftl 
vei Total (ftis) 
Max Chl Dpth lft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS lft) 

Element Left OB Channel Right OB 
wt. n-val. 0.027 
Reach Len. lft) 100.00 100.00 100.00 
  low Area (sq ft) 
Area lsq ft) 
Flow (Cfs) 
TOP Width lft) 
~ v g .  Vel. (ft/s) 
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
Shear (lb/sq ft) 
stream Power (lb/ft s )  
Cum Volume (acre-ft) 
cum SA (acres) 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 5.0 

INPUT 
Descriotion: 35+00 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
1 2 . 7  9 8 . 2  52 5 2  5 2  .1 . 3  

Ineffective Flow "urn= 2 
Sta L Sta R Elev Permanent 

1 2 . 7  4 3 . 7  1 2 9 1 . 5 8  F 
9 2 . 2  9 8 . 2  1 2 9 3 . 8 3  F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ft) 
Vel Head lftl 
W.S. Elev (ftl 
Crit W.S. ift) 
E.G. Slope (ft/ftl 
Q Total lcfs) 
Top Width ift) 
vel Total ift/s) 
Max Chl Dpth iftl 
Con". Total icfsl 
Length Wtd. (ft) 
Min Ch El ift) 
Alpha 
Frctn Loss (ft) 
C h E LOSS ift) 

Element 
Wt. n-Val. 
Reach Len. ift) 
Flow Area (sq ftl 
Area (sq ft) 
Flow (cfs) 
Top Width (ft) 
Avg. Vel. lft/sl 
Hydr. Depth iftl 
Conv. icfsl 
Wetted P e r .  (ft) 
shear (lb/sq ft) 
stream Power llb/ft s 
Cum Volume iacre-ftl 
Cum SA (acres) 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0 . 7  or greater than 1 . 4 .  This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 4 . 9  

INPUT 
Descriotion: 3 5 t 5 2 .  1 '  US of Brda Face 
Statlo" Elevation Data num= 1 7  

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
1 3  1 2 9 1  4 7 . 5  1 2 9 1  4 7 . 5  1 2 9 1 . 5 8  5 2 . 2  1 2 9 1 . 5 8  5 2 . 2  1 2 9 6 . 0 8  

5 4 . 5  1 2 9 6 . 0 8  5 4 . 5  1 2 9 1 . 5 8  5 4 . 5  1 2 8 3 . 0 8  7 2  1 2 8 2 . 8  7 5  1 2 8 2 . 5 8  
7 9 . 5  1 2 8 2 . 5 1  9 2 . 5  1 2 8 3 . 0 5  9 2 . 5  1 2 9 1 . 7 9  9 2 . 5  1 2 9 2 . 7 9  9 3 . 5  1 2 9 2 . 7 9  

Mannino's n Values "urn= 3  
Sta n Val Sta n Val Sta n Val 

1 3  , 0 1 3  1 3  . 0 1 3  9 8 . 5  . 0 1 3  

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
1 3  9 8 . 5  5 5  5 5  5 5  .1 . 3  

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev ( E L )  1 2 8 9 . 0 9  Element Left 0B Channel Rlght OB 
Vel Head (ft) 0 . 5 5  Wt. n-Val. 0 . 0 1 3  
W.S. Elev (ft) 1 2 8 8 . 5 5  Reach Len. (ft) 1 . 0 0  1 . 0 0  1 . 0 0  
Crlt W.S. (ft) 1 2 8 6 . 1 3  F l a w  Area (sq ft) 2 1 7 . 6 6  
E.G. Slope lft/ft) 0 . 0 0 0 3 6 9  Area (sq ft) 2 1 7 . 6 6  
Q Total (cfsl 1 2 9 2 . 0 0  Flow icfs) 1 2 9 2 . 0 0  
Top Width lft) 3 8 . 0 0  Top Width iftl 3 8 . 0 0  
Vel Total (ft/s) 5 . 9 4  Avg. V e l .  (ft/s) 5 . 9 4  
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs - 

Max Chl Dpth (ft) 6.04 Hydr. Depth (ftl 5.73 
Conv. Total (cfs) 67243.5 Conv. (cfsl 67243.5 
Length Wtd. (ft) 1.00 Wetted Per. (ftl 48.99 
Min Ch El (ftl 1282.51 Shear llb/sq ftl 0.10 
Alpha 1.00 stream Power llb/ft s )  0.61 
Frctn Loss (ft) Cum Volume (acre-ft) 1.97 
c & E Loss (ft) Cum SA (acres1 0.50 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

BRIDGE 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 4.5 

INPUT 
Description: Entr to Seville Center 
Distance from Upstream XS = 1 
Deck/Roadway Width = 50.5 
Weir Coefficient - - 2.6 
Upstream Deck/Roadway Coordinates 

num= 3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
53.2 1292.05 1289.88 72.85 1292.64 1290.47 92.5 1292.64 1290.47 

Upstream Bridge Cross Section Data 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291 47.5 1291 47.5 1291.58 52.2 1291.58 52.2 1296.08 

54.5 1296.08 54.5 1291.58 54.5 1283.08 72 1282.8 75 1282.58 
79.5 1282.51 92.5 1283.05 92.5 1291.79 92.5 1292.79 93.5 1292.79 
93.5 1291.79 98.5 1291.79 

Upstream Bridge Cross Section Data 
Station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291 47.5 1291 47.5 1291.58 52.2 1291.58 52.2 1296.08 

54.5 1296.08 54.5 1291.58 54.5 1283.08 72 1282.8 75 1282.58 

Manning's n Values nu*= 3 
Sta n Val Sta "Val Sta n Val 
13 .013 13 ,013 98.5 .013 

Bank Sta: Left Right Coeff Contr. Expan 
13 98.5 .1 .3 

Ineffective Flow nu*= 2 
Sta L Sta R Elev Permanent 

13 54.5 1291.58 F 
92.5 98.5 1293.75 F 

Downstream Deck/Roadway Coordinates 
n m =  3 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
53.2 1291.96 1289.79 72.85 1292.55 1290.38 92.5 1292.55 1290.38 

Downstream Bridge Cross Section Data 
station Elevation Data num= 17 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291 29.5 1291 29.5 1291.58 52.2 1291.58 52.2 1296.08 
55 1296.08 55 1291.58 55 1282.91 72 1282.72 75 1282.54 

80.6 1282.41 92.5 1282.85 92.5 1291.55 92.5 1292.55 93.5 1292.55 
93.5 1291.55 98.5 1291.55 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
13 ,013 13 ,013 92.5 ,013 

Bank Sta: Left Right Coeff Contr. Enpan 
13 92.5 .1 .3 

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 

13 55 1291.58 F 
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Seville Channel 
Existing Conditions 

100-Year Discharee = 1073 to 1292 cfs 

Upstream Embankment side slope - - 0  horiz. to 1 . 0  vertical 
Downstream Embankment side slope - - 0  horiz. to 1 . 0  vertical 
Maximum allowable submergence for weir flow = . 9 5  
Elevation at which weir flow begins - - 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Number of Piers = 1 

Pier Data 
Pier Station U~stream= 7 2 . 8 5  Downstream= 7 2 . 0 5  
Upstream "urn= 2  

Width Elev Width Elev 
1 . 3 3  1 2 8 2  1 . 3 3  1 2 9 2  

Down~tream n m =  2  
Width Elev Width Elev 
1 . 3 3  1 2 8 2  1 . 3 3  1 2 9 2  

Number of Bridge Coefficient Sets = 1 

LOW Flow Methods and Data 
Energy 
Momentum Cd = 2 
Yarnell KVal = 1 . 0 5  

Selected Low Flow Methods = Highest Energy Answer 

High Flow Method 
Pressure and Weir flow 

Submerged Inlet Cd - - 
Submerged Inlet + Outlet Cd = . 8  
Max Low Cord - - 

Additional Bridge Parameters 
Add Friction component to Momentum 
Do not add Weight component to Momentum 
Class B flow critical depth computations use critical depth 

inside the bridge at the upstream end 
Criteria to check for pressure flow = Upstream energy grade line 

BRIDGE OUTPUT Profile #100-Yr 

E.G. US. lftl . . 
W.S. US. (ft) 
Q Total (cfsl 
Q Bridge (cfs) 
Q Weir (cfs) 
Weir Sta Lft (ft) 

1 2 8 9 . 0 9  Element Inside BR US Inside BR DS 
1 2 8 8 . 5 5  E.G. Elev (ft) 1 2 8 9 . 0 6  1 2 8 8 . 9 4  
1 2 9 2 . 0 0  W.S. Elev (ft) 1 2 8 8 . 4 5  1 2 8 8 . 3 1  
1 2 9 2 . 0 0  Crit W.S. (ft) 1 2 8 6 . 2 0  1 2 8 6 . 1 1  

Max Chl Dpth (ft) 5 . 9 4  5 . 9 0  
vel Total (ft/s) 6 . 2 6  6 . 3 6  

Weir Sta Rgt (ft) Flow Area (sq ftl 2 0 6 . 3 2  2 0 3 . 1 5  
Weir Submerg Froude # Chl 0 . 4 7  0 . 4 7  
Weir Max Depth (ft) Specif Force (cu ft) 0 3 2 . 2 1  8 2 6 . 1 1  
Min El Weir Flow (ft) 1 2 9 1 . 5 9  Hydr Depth (ft) 5 . 6 3  5 . 6 2  
Min El Prs (ft) 1 2 9 0 . 4 7  W.P. Total (ft) 5 8 . 8 8  5 8 . 3 2  
Delta EG (ftl 0 . 1 6  Con". Total (cfs) 5 4 4 0 6 . 6  5 3 3 6 0 . 1  
Delta WS (ft) 0 . 1 9  Top Width (ft) 3 6 . 6 7  3 6 . 1 7  
BR Open Area (sq ft) 2 7 3 . 3 1  Frctn Loss (ft) 
BR Open Vel (ft/s) 6 . 3 6  C 6 E Loss (ft) 
Coef of Q shear Total (lb/sq ftl 0 . 1 2  0 . 1 3  
Br Sel Method Momentum Power Total (lb/ft s )  0 . 7 7  0 . 8 1  

~ o t e :  Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 
Note: Multiple critical depths were found at this location. The critlcal depth with the lowest, 
valid, 

energy was used. 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road 8s: 4.1 

INPUT 
Description: 36+07, 1' DS of Brdg Face 
Station Elevation Data mlm= 17 ~~ ~~~~~ 

Sta Elev Sta Elev Sta Elev sta Elev Sta Elev 
13 1291 29.5 1291 29.5 1291.58 52.2 1291.58 52.2 1296.08 
55 1296.08 55 1291.58 55 1282.91 72 1282.72 75 1282.54 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 
13 ,013 13 ,013 92.5 ,013 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
13 92.5 43 4 3 43 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

13 55 1291.58 F 
92.5 98.5 1293.75 F 

CROSS SECTION OUTPUT Profile #loo-Yr 

E.G. Elev (ftl 
Vel Head (ft) 
W.S. Elev lftl . . 
Crit W.S. lft) 
E.G. Slope (ft/ft) 
Q Total (cfs) 
Top Width iftl 
Vel Total (ft/s) 
Max Chl Dpth (ft) 
Conv. Total (cfs) 
Lenath Wtd. lftl 

Alpha 
Frctn Loss (ftl 
C d E LOSS (ftl 

1288.93 Element 
0.57 Wt. "-Val. 

1288.36 Reach Len. (ft) 
1286.00 Flow Area (sq ftl 

0.000394 Area (sq ft) 
1292.00 Flow (cfs) 
37.50 TopWidth (ft) 
6.08 Avg. Vel. (ft/sl 
5.95 Hydr. Depth (ftl 

65094.5 Conv. (cfs) 
43.00 Wetted Per. (ft) 

1282.41 Shear (lb/sq ftl 
1.00 stream Power (lb/ft sl 
0.03 Cum Volume (acre-ft) 
0.01 Cum SA (acres) 

Left OB Channel Right OB 
n m 7  

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 4 

INPUT 
Description: 36f50 
Station Elevation Data num= 9 

~ ~~ 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
13 1291 35.2 1291 46 1289 58 1285.29 64 1282.89 

80.6 1282.39 92.5 1282.39 92.5 1291.55 93.5 1291.55 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 
13 ,027 13 ,027 92.5 ,027 

Hank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
13 92.5 90 90 90 .1 .3 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

I n e f f e c t i v e  Flow num= 2 
S t a  L S t a  R  E l e v  Permanent  

CROSS SECTION OUTPUT P r o f i l e  # loo-Yr  

E.G. E l e v  ( f t )  
Vel Head ( f t )  
W.S. E l e v  ( f t )  
C r i t  W.S. l f t l  
E.G. S l o p e  ( f t / f t )  
Q T o t a l  i c f s )  
Top Width ( f t )  
Ve l  T o t a l  ( f t / s l  
Max C h l  Dpth ( f t )  
Conv. T o t a l  ( c f s )  
Leng th  Wtd. ( f t )  
Min Ch E l  ( f t )  
Alpha 
F r c t n  Loss  ( f t )  
C  6 E LO55 ( f t )  

1288.89 Element  L e f t  OB Channel  R i g h t  OB 
0 . 6 3  W t .  n -Val .  0 .027 

1288 .26  Reach Len. i f t )  90 .00 9 0 . 0 0  90.00 
1286.40 Flow Area  (sq f t l  202.47 

0 .002133  Area  (sq f t )  202 .47  
1292.00 Flow ( c f s )  1292 .00  

44.11 Top Width ( f t )  4 4 . 1 1  
6 .38 Avg. Ve l .  ( f t / s )  6 .38  
5 .87 H y d r . D e p t h  ( f t )  4 .59  

27975 .1  Conv. i c f s )  27975 .1  
90.00 Wet ted  P e r .  ( f t )  5 0 . 9 0  

1282.39 S h e a r  ( l b / s q  f t )  0 . 5 3  
1 . 0 0  s t r e a m  Power ( l b / f t  s1 3 . 3 8  
0 . 2 1  Cum Volume ( a c r e - f t l  1 . 5 1  
0 . 0 1  Cum SA (acres) 0 . 4 1  

Note :  M u l t i p l e  c r i t i c a l  d e p t h s  were  found a t  t h i s  l o c a t i o n .  The c r i t i c a l  d e p t h  w i t h  t h e  l o w e s t ,  
v a l i d ,  

w a t e r  s u r f a c e  was u s e d .  

CROSS SECTION 

RIVER: S e v i l l e  Channel  
REACH: I n d i a n  Bend Road RS: 3 

INPUT 
D e s c r i p t i o n :  37+40 
S t a t i o n  E l e v a t i o n  Da ta  num= 8  

S t a  E l e v  S t a  E l e v  S t a  E l e v  s t a  E l e v  S t a  E lev  
1 3  1291  38.2  1291 43.2 1290 6 5 . 4 1 2 8 2 . 7 2  8 3 . 8 1 2 8 2 . 3 5  

9 2 . 5  1282.78 92.5  1291 .55  93.5  1291.55 

Mann ing ' s  n V a l u e s  num= 3  
S t a  n Val S t a  n Val  S t a  n  Val 

1 3  , 027  1 3  .027 93.5  ,027 

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channel  R i g h t  Coeff C o n t r .  Expan 
13 93.5  60 GO 60 .1 . 3  

I n e f f e c t i v e  Flow num= 2  
S t a  L  S t a  R  E l e v  Permanent  

1 3  38 .2  1291 F  
92 .5  93.5  1294 F  

CROSS SECTION OUTPUT 

E.G. E l e v  ( f t )  
Vel Head ( f t )  
W.S. E l e v  ( f t )  
C r i t  W.S. ( f t )  
E.G. S l o p e  i f t / f t l  
Q T o t a l  ( c f s )  
Top Width ( f t )  
Vel T o t a l  ( f t / s l  
Max C h l  Dpth ( f t )  
Conv. T o t a l  ( c f s )  
L e n g t h  Wtd. ( f t )  
Min Ch E l  ( f t l  
A lpha  
F r c t n  L o s s  ( f t )  
C  & E LOSS ( f t )  

P r o f i l e  #100-Yr 

1288.67 Element  L e f t  0 8  Channel  R i g h t  OB 
0.74 W t .  n-Val. 0 . 0 2 7  

1287 .93  Reach Len. ( f t )  60.00 60.00 60 .00  
1286.42 Flow Area  (sq f t )  187 .43  

0 .002622 Area (sq f t )  187 .43  
1292 .00  Flow ( c i s )  

42.99 T o p w i d t h  l f t )  
6 .89  Avg. Vel .  ( f t / s )  
5 .58  Hydr. Depth i f t )  

25230.7  Conv. ( c f s )  
6 0 . 0 0  Wet t ed  Per .  ( f t )  

1282 .35  S h e a r  ( l b / s q  f t )  
1 .00  S t r e a m  Power l l b / f t  s )  
0 . 1 1  Cum Volume ( a c r e - f t )  
0 .10  Cum SA ( a c r e s )  
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 2 . 5  

INPUT 
Description: 38+00 
Station Elevation Data num= 9 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
13 ,027 13 .027 104.5 ,027 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
13 104.5 20 20 20 .1 .3 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

13 39.5 1291 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ft) 
" - 1  d l f + l  . - - . . - - - , - - , 
W.S. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope ift/ftl 
Q Total jcfs) 
Top Width (ft) 
Vel Total ift/s) 
Max Chl Dpth (ftl 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ftl 
C 6 E LOSS (ft) 

1288.46 Element 
0.40 Wt. "-Val. 

1288.06 Reach Len. iftl 
1285.80 Flow Area isq ft) 

0.001310 Area (sq ft) 
1292.00 Flow ( c f s )  
55.80 Top Width (ft) 
5.09 Avg. Vel. (ft/sl 
5.51 Hydr. Depth (ft) 

35697.1 Conv. (cfs) 
20.00 Wetted Per. (ft) 

1282.55 Shear (lb/sq ftl 
1.00 Stream Power (lb/ft s )  
0.03 Cum Volume (acre-ft) 
0.00 Cum SA (acres) 

Left OB Channel Right OB 
0.027 

20.00 20.00 20.00 
253.63 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 2 

INPUT 
Description: 38+20, Outlet to IBW 
Station Elevation Data num= 7 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
0 1290 44.2 1290 61.5 1285 74 1283 83 1283 
95 1283.3 113 1284 

Mannina's n Values num= 3 
Sta n Val Sta n Val Sta n Val 
0 .03 0 .03 113 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs  

Ineffective Flow num= 1 
Sta L Sta R Elev Permanent 

113 113 1292 F 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ft) 
Vel Head lftl 
W.S. Elev (ft) 
Crit W.S. lft) 
E.G. Slope lft/ft) 
Q Total (cfsl 
Top Width (Et) 
Vel Total (ft/s) 
Max Chl Upth (ft) 
Conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
FIctn Loss lft) 
C 6 E LOSS (ftl 

1288.43 ~lement Left OB 
0.42 wt. "-Val. 

1288.00  each Len. lftl 150.00 
1286.23 Flow Area !sq ftl 

0.001933 Area (sq ftl 
1292.00  low (cfs) 
61.89 TOP Width (ft) 
5.23 ~ v g .  Vel. (ft/s) 
5.00 Hydr. Depth ift) 

29386.4 Con". (Cfsl 
150.00 Wetted Per. (ftl 

1283.00 Shear (lb/sq ft) 
1.00 Stream Power !lb/ft s) 
0.57 Cum Volume (acre-ftl 
0.07 Cum SA (acres1 

Channel Right OB 
0.030 
150.00 290.00 

Warning: The cross-section end paints had to be extended vertically for the computed water surface. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 ml. This may indicate the need 
for 

additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used 

CROSS SECTION 

RIVER: Seville Channel 
REACH: Indian Bend Road RS: 1 

INPUT 
Description: 39+50 
Station Elevation Data num= 9 

Sta Elev Sta Elev Stb Elev Sta Elev Sta 
0 1290.5 38 1290 67 1284 73 1283 7 9 

88 1284 114 1285 133 1288 148 1288.7 

Manning's n Values n m =  3 
Sta n Val Sta n Val sta n Val 

0 .03 0 .03 148 .03 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. 
0 148 0 0 0 .1 

CROSS SECTION OUTPUT Profile #100-Yr 

E.G. Elev (ftl 1287.79 Element Left OB 
Vel Head (ftl 1.11 Wt. "-Val. 
W.S. Elev (ftl 1286.68 Reach Len. (ftl 
Crit W.S. lftl 1286.68 Flow Area (sq  ft) 
E.G. Slope ift/ftl 0.010481 Area (sq ft) 
Q Total (cfs) 1292.00 Flow (cfs) 
Top Width (ftl 70.63 Top Width ift) 
Vel Total (ft/sl 8.44 Avg. Vel. lft/s) 
Max Chl Dwth iftl 3.68 Hvdr. oewth iftl 
Conv. Total (cfs) 12619.9 Conv. (cfs) 
Length Wtd. (ft) Wetted Per. lft) 
Min Ch El (ft) 1283.00 Shear (lb/sq ft) 
Alpha . . 1.00 stream Power (lb/ft s )  
Frctn Loss (ft) Cum Volume (acre-ft) 

Elev 
1283 

Channel Right OB 
0.030 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

C & E LOSS ( f t )  Cum SA (acres) 

SUMMARY OF MANNING'S N VALUES 

R i v e r : S e v i l l e  Channel 

Reach River  S t a .  

I n d i a n  Bend Road 
I n d i a n  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
I n d i a n  Bend Road 
Ind ian  Bend Road 
I n d i a n  Bend Road 
I n d i a n  Bend Road 
I n d i a n  Bend Road 
I n d i a n  Bend Road 
I n d i a n  Bend Road 
I n d i a n  Bend Road 
I n d i a n  Bend Road 
I n d i a n  Bend Road 
I n d i a n  Bend Road 
Ind ian  Bend Road 
I n d i a n  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
I n d i a n  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
Ind ian  Bend Road 
I n d i a n  Bend Road 
Ind ian  Bend Road 
I n d i a n  Bend Road 
Ind ian  Bend Road 

.03 
Culvert 

. 03  

.03 

.03 
Bridge 

.03 

.03 

.03 
Culvert 

.027 
,027 
,027 
,027 
,013 

Bridge 
,013 

.013 
Bridge 

,013 
,027 
,027 
.027 
,013 

Bridge 
.013 

SUMMARY O F  REACH LENGTHS 

River:  S e v i l l e  Channel 

Reach River  S t a .  L e f t  Channel Right  

I n d i a n  Bend Road 10 
I n d i a n  Bend Road 9.9 
Ind ian  Bend Road 9.8 
Ind ian  Bend Road 9.75 
Ind ian  Bend Road 9.74 
Ind ian  Bend Road 9.73 
Ind ian  Bend Road 9.72 
Ind ian  Bend Road 9.7 
Ind ian  Bend Road 9.6 
Ind ian  Bend Road 9 . 5  
Ind ian  Bend Road 9.4 

145 
C u l v e r t  

108 
40 

Bridge 
100 
100 
135 

C u l v e r t  
25 

200 I n d i a n  Bend Road 9 . 3  
I n d i a n  Bend Road 9.2 
I n d i a n  Bend Road 9  
I n d i a n  Bend Road 8 . 9  
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

Indian Bend Road 
Indian Bend Road 

Bridge 
25.5 25.5 25.5 

233 233 233 Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 

Bridge 

52 52 52 
55 55 55  

Bridge 
4 3 43 4 3 

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: Seville Channel 

Reach River Sta. Contr. 

Indian Bend Road 
Indian Bend Road 

10 .1 
9 . 9  Culvert 

Indian Bend Road 
Indlan Bend Road 
Indian Bend Road 
Indlan Bend Road 
Indlan Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 
Indian Bend Road 

9 . 6  .1 
9.5 Culvert 
9 . 4  .1 
9 . 3  .1 
9 . 2  .1 
9 .1 
8 . 9  .1 
8 . 5  Bridge 
8.05 .1 

7 .1 
6.9 .1 
6 . 5  Bridge 
6.1 .1 

4.9 .1 
4 . 5  Bridge 
4 . 1  .1 

ERRORS WARNINGS AND NOTES 
Errors Warnings and Notes for Plan : Existing Cha 
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Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

River: Seville Channel Reach: Indian Bend Road RS: 10 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Seville Channel Reach: Indian Bend Road RS: 9.8 Profile: 100-Yr 
Warning:Multiple water surfaces were found that could balance the energy equation. The program 

selected the water surface 
whose main channel velocity head was the closest to the previously computed cross 

section. 
Warning:The cross-section end points had to be extended vertically for the computed water 

surface. 
Warninq:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 9.73 Profile: 100-Yr 

Note: The downstream water surface is above the minimum elevation required for orifice flow. 
The orifice flow equation was 

used for pressure flow. 
River: Seville Channel Reach: Indian Bend Road RS: 9.73 Profile: 100-Yr Upstream 

Note: For the cross section inside the bridge at the upstream end, the water surface and 
energy have been projected from 

the upstream cross section. The selected bridge modeling method does not compute 
answers inside the bridge. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 9.73 Profile: 100-Yr Downstream 

Note: For the cross section inside the bridge at the downstream end, the water surface and 
energy are based on critical 

depth over the weir. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest. valid. enerav was used. z. 

River: Seville Channel Reach: Indian Bend Road RS: 9.7 Profile: 100-Yr 
Warning:The cross-section end polnts had to be extended vertically for the computed water 

c n r f a c e  - - - - - - - . 
Warning:The conveyance ratio (upstream conveyance divided by downstream.conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

River: Seville Channel Reach: Indian Bend Road RS: 9.6 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 9.4 Profile: 100-Yr 

Warning:The cross-section end points had to be extended vertically for the computed water 
surface. 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 9.3 Profile: 100-Yr 

Warning:The energy loss was greater than 1.0 ft (0.3 ml. between the current and previous 
cross section. This may indicate 

the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Seville Channel Reach: Indian Bend Road RS: 9.2 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Seville Channel Reach: Indian Bend Road RS: 9 Profile: 100-Yr 
Warninq:The energy equation could not be balanced within the specified number of iterations. 

The program used critical depth 
for the water surface and continued on with the calculations. 

Warning:The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the 
need for additional cross sections. 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 a r  greater than 1.4. 

This may indicate the need for additional cross sections. 



Seville Channel 
Existing Conditions 

100-Year Discharge = 1073 to 1292 cfs 

a Warning:During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a 
valid subcritical answer. The 

program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Seville Channel Reach: Indian Bend Road RS: 8.9 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 8.5 Profile: 100-Yr Upstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 8.5 Profile: 100-Yr Downstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 8.05 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 8 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Seville Channel Reach: Indian Bend Road RS: 7.5 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 

Q used. 
River: Seville Channel Reach: Indian Bend Road RS: 7 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Seville Channel Reach: Indian Bend Road RS: 6.9 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 6.5 Profile: 100-Yr 

Note: Yarnell answer is not valid if the water surface is above the low chord or if there is 
weir flow. The Yarnell answer 

has been disregarded. 
Note: The downstream water surface is below the minimum elevation for pressure flow. The 

sluice gate equations were used 
for pressure flow. 

River: Seville Channel Reach: Indian Bend Road RS: 6.5 Profile: 100-Yr Uostream ~. ~ ~- 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 6.5 Profile: 100-Yr Downstream 

Note: Multiple critical depths were found at this location. The critical deuth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 6.1 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 6 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. a River: Seville Channel Reach: Indian Bend Road RS: 5.5 Profile: 100-Yr 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
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Seville Channel 
Existing Conditions - 

100-Year Discharge = 1073 to 1292 cfs 

River: Seville used. Channel Reach: Indian Bend Road RS: 5.0 Profile: 100-~r 
Warning:The conveyance ratlo (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or sreater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Seville Channel Reach: Indian Bend Road RS: 4.9 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 4.5 Profile: 100-Yr i lnsrream ~ - -  ~ L ~ -  

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 4.5 Profile: 100-Yr Downstream 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 4.1 Profile: 100-Yr 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance] is less 
than 0.7 or areater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Seville Channel Reach: Indian Bend Road RS: 4 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Seville Channel Reach: Indian Bend Road RS: 3 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Seville Channel Reach: Indian Bend Road RS: 2.5 Profile: 100-Yr 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Seville Channel Reach: Indian Bend Road RS: 2 Profile: 100-Yr 

Warning:The cross-section end points had to be extended vertically for the computed water 
surface. 

Warning:The velocity head has changed by more than 0.5 ft (0.15 ml. This may indicate the 
need for additional cross sections. 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 
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Existing Seviile Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 4!30!2006 

RS = 10 Scottsdale Rd, 3-1Vx6' Box Inlet RS = 9.9 Culv Swttsdaie Rd. 3-1Vx6' Box 

b . 0 1 3 4  k . 0 1 3 -  

I Legend 1 l=l I 
1 EG loo-Yr 1 i306i 

..................... 
Crit 100-Yi LA 13041 !':"I I 

j Bank sta 1 13021 
t i  

Legend 
..................... 

, ...................... , 
Crit 100-Yr ! i-1 

I Bank Sta 

. . . . . . . . . . . . . . . . . . . . .  . 
0 50 

1 2 9 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
100 150 0 50 100 150 

Station (ft) Station (ft) 
I In Horiz. = 60 ft I in Vert. = 3 ft 



Existing Seviile Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 9.9 Culv Swttsdaie Rd, 3-1Ux6' Box RS = 9.8 Swttsdaie Rd. 3-IO'x6' Box Outlet 
I 

k . 0 1 3 ~  

Legend 
..................... 13064 

WS 100-Yr 
......... 

Crit 100-Yr 

ineff 

Legend 
..................... 
EG 100-Yr 

WS 100-Yr 1 
......... .... 
Crit 100-Yr - 

Ground I 
*i 

1290-1 . . . . . . . . . . . . . . . . . . . . . .  . . . . . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 50 100 150 0 50 100 150 

Station (ft) Station (ft) 

I in Horiz. = 60 ft I in Vert. = 3 ft 



Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 9.75 40' US of RR Bridge RS = 9.74 US Face of RR Bridge 

1- .03 .03 -4 
1306 Legend 

. . . . . . . . . . . . . . . . . . . . . 
I 

EG 100-Yr EG 100-Yr 

1304- 

1302- 

WS 100-Yr WS 100-Yr 
... ... .. .. 

Ground Crit 100-Yr 

Bank Sta Ground 

1302- 

i 

1300 13001 

- - 
5 s 
C 
0 

C .- - 0 .- - 
1298 1298 

rn - m 
W 5 

1296 1296 

1294- 1294 

1292- 1292 

1290 . .  . . . . . . . . . . . . . . . . . . . .  1290 
0 50 100 150 0 50 100 150 

Station (ft) Station (ft) 
, : . . u * - : - - " A u  .:..\,-.'-n= 



Existing Seville Channel Plan: Existing Channel 4/3012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 9.73 BR McConick Park RR Bridge RS = 9.73 BR McCormick Park RR Bridge 

.03 .03 - 
1306 Legend 

EG 100-Yr 
I 

WS 100-Yr 
...... i ! ws 100-Yr 

j i 
Crit 100-Yr Crit 100-Yr / 

Ground 
1 . i  
I BankSta ! i 

12907 . . . . . I .  . .  . . . . . . . . . . . . . . . . . . . . . . .  
0 50 100 150 0 50 100 150 

Station ( f l )  Station ( f l )  

1 in Horiz. = 60 ft  1 in Vert = ? fl 



Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 9.72 DS Face of RR Bridge RS = 9.7 100'R US of 3-10x4' Box 

1306/p .03 .03 -4 /=I I Legend i .03 ::::r + Legend 

! EG 100-Yr EG 100-Yr 

1304- 

1302- 

1300- 

- 

WS 100-Yr 

Bank Sta 

1302 

E 1300 
C 
0 .- C - 0 .- 

1298- .. m 
m > 
E a, 

E 
1298 

lZg61 
I 

1296 

1294- 

1294 

1292- 

1292 

1290, . 8 , .  , , . , , , , . . . , , . , , , . , . . , . , , .  , 
0 50 100 150 0 50 100 150 

Station (ft) Station (ft) 
I in Hori7 = f i n  ff I in \/art = 2 ff 



Existing Seville Channel Plan: Existing Channel 413012006 

RS = 9.6 22175 Rt. 3- lux4 Box lniet 

1-.013-4 
i Legendl , , . . . . . . . . . . , . . . . . . . . . . I 1 EG 100-Yr I 

Ws 100-Yr i 
.. . . ... . . . 
Crit 100-Yr , 
-1 

Ground 
L i  1 n e t  

1 Ban:~ta 1 

Existing Seville Channel Plan: Existing Channel 413012006 

RS = 9.5 Culv Indian Bend Rd. 3-10x4 Box I 
/ Legend 1 
; .. . . . . . . .. . . . . .. . . . . . 

! 

I / EG 100-Yr , 
WS ........ 100-Yr . ~~ 

I Crit 100-Yr / 

Bank Sta 

4 . , . . . . , , , , , , , , , . , , , , , , , , , , , , , , , , , , , , , 
0 50 100 0 50 100 

Station (ft) Station (ft) 
l in Horlz. = 60 ft I in Vert. = 3 ft 



Existing Seville Channel Plan: Existing Channel 4130/2006 Existing Seville Channel Plan: Existing Channel 4/3012006 

RS = 9.5 Cuiv Indian Bend Rd, 3-1Vx4 Box RS = 9.4 22+75 Lt, 3-1Vx4 Box Outlet 
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Existing Seville Channel Plan: Existing Channel 4/3012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 9 26+15 RS = 8.9 26+37.5, 1' US of Brdg Face 
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Existing Seviiie Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 8.5 BR Entr to Seville Center RS = 8.5 BR Entr to Seville Center 
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Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 8.05 26+91.5, 1' DS of Brdg Face RS = 8 27+17 
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I Existing Seville Chanl Channel 4130/2006 I 
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Existing Seville Channel Plan: Existing Channel 413012006 Existing Seviiie Channel Plan: Existing Channel 413012006 

RS = 6.9 32+11,1' US of Brdg Face RS = 6.5 BR Entr to Seville Center 
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Existing Seviiie Channel Plan: Existing Channel 413012006 Existing Seviile Channel Plan: Existing Channel 413012006 

RS = 6.5 BR Entr to Seville Center RS = 6.1 32+64. 1' DS of Brdg Face 
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Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS : 6 33+18,54' DS of Brdg Face RS = 5.5 34+00 
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Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 4130120013 

RS = 5.0 35+00 RS- 4.9 35+52. 1' US of Brdg Face 
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Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 4.5 BR Entr to Sevilie Center RS = 4.5 BR Entr to Seville Center 
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Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 4.1 36+07,1' DS of Brdg Face RS = 4 36+50 
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Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 3 37+40 RS = 2.5 38+00 
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Existing Seville Channel Plan: Existing Channel 413012006 Existing Seville Channel Plan: Existing Channel 413012006 

RS = 2 38+20, Outlet to IBW RS = 1 39+50 
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Ci ty  of Scottsdale 
Storm Uater Master Plan and Management Program 

PROPOSED CONVEYANCE IMPROVEMENTS COST 
20 - INDIAN BEND RD/SCOTTSDALE RD BASIN 

ID Length Cost Pipe Box Channel Contingency R W Io ta (  
( f t )  Factor (S) ($1 (I)  @ 20% ( 0 )  (S) ($1 

Boyle Engineering Corporation (convrep3) 



Ci t y  o f  Scottsdale 
Storm Water Master Plan and Management Program 

20 - INDIAN BEND RO/SCOTTSOALE RO BASIN 

CONVEYANCE FACILITIES 
Page 1 12/09/94 

I D :  200010-200020 Street N m :  E LINCOLN OR 
Type: PIPE Drawing Nots): 20848-20850 

Length: 1,180 Right of Uay: 105 
Upstream Inv Elev: 1288.87 Downstream Inv  Elev: - 1284.00 

Upstream Grnd Elev: 1302.00 Downstream Grnd Elev: 1293.20 

Manning's Base Side Section Wetted 
NO - N Si2e Ea O e ~ t h  Width Slope Area Perim 

P i p :  1 0.0020 0.013 72 189 
Box: 

Imp Channel: 
Hat Channel: 

Roadway: 0.0075 Equivalent Roadway (X): 100 ROU Capacity: 84 

Pipe: 
Box: 3 0.0050 0.015 6.0 6.0 991 

Channel : Lined: N 
I n p r o v m t  Year: 

Section Capacity: 1.181 
ROU+Section Capacity: 1,265 

COST FACTMlS 
Property Surface T ra f f i c  

U t i l i t i e s  Structura l  Restoration Restoration Control Contirwency 
1.1 1.1 1.1 1.1 1.1 20% 

sect ion Cast: S926.368 
Total Improvements Cost: 11,111,642 - 

Return Period (Yrs): 2 5 25 50 10 &Q.Q - 100 
OesignRunoff(cfs): 45g 844 1 1 . 6  1 , l E  1.00 2,449 

ID: 200020-200030 Street Name: E LINCOLN DR 
Type: PIPE Drawing No(s): 20850-20851 

Length: 1,171 Right o f  Yay: 75 
Upstream Inv  Elev: 1283.90 Downstream I n v  Elev: 1278.50 

Upstream Grnd Elev: 1293.20 Dounstream Grnd Elev: 1287.00 

Manning's Base Side Section Uetted 
NO - N Sile EQ Death Width Slope Area Perim CaDacifv 

EX~ST~WG P i p :  1 0.0061 0.013 n 33 I 
Box: 

I Inp Channel: e -. 
Nat Channel: 

Roadway: 0.0053 Equivalent Roaduay (XI: 100 ROU Capacity: 44 I 
P i p :  
Box: 3 0.0050 0.015 6.0 6.0 991 

Channel: Lined: N 
lmprovenent Year: - 

Section Capacity: 1,322 
ROU+Section Capacity: 1,366 

COST FACTORS 
Procertv Surface T r a f f i c  

U t i l i t i e s  Structura l  Restorat ion Restorat ion Control Contingency: 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: $919.303 
Total Improvements Cost: 11,103,163 

Return Period (Yrs): 2 5 25 % 10 pJ& 100 
Oesign Runoff (cfs):  462 85z 1 , 6 z  2,018 1,155 0.99 2 3 %  

Boyle Engineering Corporation (convrept 



C i t y  of Scottsdale 
Storm Water Master Plan and Nanagenent Program 

20 - INDIAN BEND RO/SCOTTSDALE RO BASIN 

CONVEYANCE FACILITIES 
Page 2 12/09/94 

ID: 200030-200040 
Type: PIPE 

Lenath: 622 - 
Upstream Inv  Elev: 1278.40 

Upstream Grnd Elev: 1278.00 

Street Name: E LINCOLN OR 
Drawing Noes): 20851-20853 

Right of  Way: 75 
Oomstream Inv  Elev: 1273.20 

Downstream Grnd Elev: 1280.00 

Manning's Base Side Section Wetted 
& a N Si2e Ea Oeeth Uidth S l o w  Area Perim 

EXISTING Pipe: 1 0.0058 0.013 n 
BOX: 

Inp  Channel: 
Hat Channel: 

Roadway: Equivalent Roaduay (X): 100 

323 

ROV Capacity: 

PROPOSED Pipe: 
Box: 3 0.0050 0.015 6.0 6.0 99 1 

Charnel : Lined: N 
Improvement Year: - 

Section Capacity: 1,314 
ROUISection Capacity: 1,314 

COST FACTORS 
Property Surface T ra f f i c  

U t i l i t i e s  Structural  Restoration Restoration Conrrol Continqemy 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: 9488,306 
Total Inwrovanents cost: $585.967 

L I 
Return Period (Yrs): 2 5 25 50 10 100 
Design Runoff (cfs): 4 7 i  87; I , ~  2.08  1 , l i i i  0.97 2.553 

ID:  200040-200050 Street Name: ARIZONA CANAL 
Type: IMPROVED CHANNEL Drawing No(5): 00015594-00015595 

Length: 600 Right of Way: 20 
Upstream Inv Elev: 1273.38 Oomstream Inv  Elev: 1272.49 

Upstream Grnd Elev: Domstream G r n d  Elev: 
Slope: 0.0015 EZl 

Manning's Base Side Section Wetted 
NO - N SiZe Ea Dwth  width S l o w  Area Perim Capacity 

EXlSTlHO Pipe: 
sox: 

Inp  Charnel: 0.0015 0.018 2.5 8.0e41'10 94 
Nat Charnel: 

Roaduay: Equivalent Roaduay (X): 100 ROV Capacity: 

PROPOSED Pipe: 
Box: 3 0.0050 0.015 

Channel : Lined: Y 
I n p r o v m n t  Year: - 

Section Capacity: 1,197 
ROUISeCtion Capacity: 1,197 

COST FACTORS 
Property Surface T ra f f i c  

U t i l i t i e s  Structural  Restoration Restoration Contingency 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: 5490.269 
Total Inprovements Cost: 1588,322 

Return Period (Yrs): 2 5 25 50 10 100 
Design Runoff (cfs): 4 7 i  87; 1.66T 2.0K I ,  0.96 2,552 

Boyle Engineering Corporation (convrepl 



Ci t y  of  Scottsdale 
Storm Water Master Plan and Management Program 

20 - INDIAN BEN0 RO/SCOTTSOALE RO BASIN 

CONVEYANCE FAClLI T I E S  
Page 3 12/09/94 

I D :  200050-200060 Street Name: ARIZONA CANAL 
~ y p e :  IMPROVED CHANNEL orauing ~o (s ) :  00015594-OOOI~S% 

Length: 956 Right of  Way: 20 
Upstream lnv  Elev: 1272.49 Oomstream Inv  Elev: 1270.00 

Upstream Crnd Elev: Oounstream Frnd Elev: 
Slope: 0.0026 CrI 

I Mawing's Base Side Section Wetted 
NO goJ= - N Sire Eu Depth Width S l -  Area Perim Camci ty 

I pipe: 
Box: 

Imp Channel: 0.0028 0.018 4.0 15.0 1.0 I Nat Channel: 
Roadway: Equivalent Roaduay ( X I :  100 ROW Capacity: I I pipe: 

Box: 3 0.0050 0.015 
Channel: I lmorovmnt  Year: 

Lined: N ZI - 
Section Capacity: 1,608 

R W S e c t i m  Capacity: 1,608 
COST FACTORS 

Property Surface T ra f f i c  
U t i l i t i e s  Structural  Restoration Restoration Continqency 

1.1 1.1 1.1 1.1 1.1 20% 
Section Cost: 5781,161 

Total Improvements Cost: $937,393 

Return Period (Yrs): 2 5 25 50 10 @&Q 100 
Design Runoff (cfs): 499 927 1 7  2,2i5 l . 2 P  0.96 2.709 

ID: 200060-200070 Street Name: ARIZONA CANAL 
Type: IMPROVED CHANNEL Drawing No(s1: NONE 

Length: 329 Right of Way: 20 
Upstream Inv  Elev: Dounstream 1nv Elev: 

Upstream G r n d  Elev: Oownstream Crnd Elev: 

naming's Base Side Section Wetted 
NO * - N Sile Eq O e ~ t h  width Slope Area Perim Camci ty 

EXISTING Pipe: 
Box: 

Imp Channel: 0.0028 0.018 2.5 15.0 &TI0 260 
Hat C h a ~ e l :  

Roaduay: Equivalent Roadway ( X I :  100 RW Capacity: 

PROPOSED Pipe: 
Box: 3 0.0050 0.015 6.0 6.5 

Chanel: 
lnprovement Year: 

COST FACTORS 
Property Surface T r a f f i c  

U t i l i t i e s  S t ruc tura l  Restoration Restoration Confrot Contimency 
1.1 1.1 1.1 1.1 1.1 20% 

I Total 

1,103 
Lined: N I - 
Section Capacity: 1.362 

ROU+Section Capacity: 1,362 

Section Cost: $268,831 
Inprovernents cost: $322.597 I 

Return Period (Yrs): 2 5 25 % 10 100 
OesignRunoff (c fs) :  515 94? 1,8E 2,270 1.2E 0.96 2 , m  

Boyle Engineering Corporation (convrepl) 



C i t y  of  Scottsdale 
Storm Water Master Plan and Management Program 

20 - INDIAN BEND RD/SCOTTSDALE RD BASIN 

CONVEYANCE FACILITIES 
Page 4 12/09/94 

I D :  200110-200120 Street  Name: EASEMENT 
Type: IMPROVED CHANNEL Drawing No(s): 

Length: 1,308 Right of Way: 16 
Upstream Inv  Elev: Dounstrem Inv  Elev: 

Upstream Grnd Elev: Oownstream Grnd Elev: 

I w pipe: 
Box: 

Manning's Base Side Section Wetted 
NO m - 

I Inp Channel: 0.0079 0.017 1.0 5.0 1.0 
Nat Channel: 

Roadway: Equivalent Roadway ( X ) :  100 ROW Capacity: 
39 I 

PROPOSED Pipe: 
Box: 

Chamet: 0.0050 0.020 2.0 5.0 1.0 Lined: Y 68 
lnprovement Year: 

Section Capacity: 107 
ROU+Section Capacity: 107 

COST FACTORS 
Property Surface Tra f f i c  

U t i l i t i e s  Structural  Restoration Restoration Control Continqency 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: $30.405 
Total  Inprovements Cost: $36.485 

Return Period (Yrs): 2 5 a 50 
47 

- 
Oesign Runoff (cfs): 29 M 77 

ID: 200120-200050 Street  Name: ARIZONA CANAL 
Type: IMPROVED CHANNEL Drawing )to(s): 

Length: 1,182 Right of Way: 20 
Upstream Inv  Elev: Dounstrean Inv Elev: 

Upstream Grnd Elev: Downstream Grnd Elev: 

Manning's Base Side Section Wetted 
NO s&J-e - N sire Es O a t h  

EXlSTlNG Pipe: 
Box: 

Inp  C h a ~ e l :  0.0079 0.017 1 .O 5.0 76:' C.0 39 
Nat Charnel: 

Roadnay: Equivalent Roadway ( X ) :  100 ROU Capacity: 

1 pipe: 
Box: 

Charnel: 0.0050 0.020 2.5 5.0 1.0 Lined: Y 91 
lnprovwnent Year: - 

Section Capacity: 130 
RWSect ion Capacity: 130 

COST FACTORS 
Property surface T r a f f i c  

U t i l i t i e s  Structural  Restoration Restoration Cantrol Continqency 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: $32.142 
Total  Imrovements Cost: $38.570 

Return Period (Yrs): - 2 5 25 - 50 
Design Runoff (cfs): 58 9ii 143 169 

Boyle Engineering Corporation (convrepl) 



C i  tv o f  Scottsdale 
Storm Water Master Plan a rd  Uanagenent Program 

20 - INDIAN BEND RO/SCOTTSDALE RD BASIN 

CONVEYANCE FACILlTlES 
Page 5 12/09/96 

ID :  200310-200320 Street Name: BOX CULVERT 
Type: BOX Drawing Noes): NONE 

Length: 327 Right o f  Way: 120 
Upstream Inv  Elev: Oounstream 1nv ELev: 

Upstream G r r d  Elev: Downstream Grnd Elev: 

Manning's Base Side Section Wetted 
No * - N E 0 t h  Area Perim & 1 

EXlSilWC Pipe: 
Box: 2 0.0071 0.013 6.0 8.0 1,325 

Imp Channel: 
Nat Charnel: 

Roadway: Equivalent Roadway (%): 100 ROU Capacity: 

PROPOSED Pipe: 
Box: 

Channel: Lined: N 
Improvewent Year: - 

Section Capacity: 1,325 
RWSect ion  Capacity: 1,325 

COST FACTORS 
Property Surface T r a f f i c  

U t i l i t i e s  S t r m t u r a l  Restoration Restorat ion Conrrol Continsency 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: 
Total lnprovernents cost: I 

Return Period ( ~ r s ) :  2 5 - 25 - 50 
Design Runoff tc fs) :  15: 24: 407 483 

ID: 200320-200330 Street Naw: GRASS CHANNEL 
Type: IMPROVED CHANNEL Drawing Noes): - 

Length: 767 Right o f  Way: 65 
Upstream I n v  Elev: Downstream Inv  Elev: 

Upstream G r r d  Elev: Oownstream G r r d  Elev: 

Warning's Base Side Section Wetted 
No N a t h  Area P e r m  Camci ty  1 

EXISTING Pipe: 
Box: 

Inp Channel: 0.0079 0.027 5.0 20.0 ,z?':o 1,087 
Nat Channel: 

Roadway: Equivalent Roadway (%I: 100 ROY Capacity: 

PROPOSED Pipe: 
Box: 

C h a w l :  Lined: N 
Inprovernefit Year: - 

Section Capacity: 1.087 
RWSect ion  Capacity: 1,087 

COST FACTORS 
Property Surface T r a f f i c  

U t i l i t i e s  S t ruc tu ra l  Restoration Restorat ion Control Continsency 
1.1 1.1 1.1 1.1 1.1 20% 

section Cost: 
Total Inproverents Cost: 

Return Period (Yrs): 2 5 25 50 
o e r i g n ~ u n o f f ( c f s ) :  1 5 I  2 4 I  3% 4 z  

Boyle Engineering Corporation (convrepl 1 



Ci t y  o f  Scottsdale 
Storm Uater Master Plan and Management Program 

20 - INDIAN BEN0 RO/SCOTTSOALE RO BASIN 

CONVEYANCE FACILITIES 
Page 6 12/09/94 

10: 200330-200430 
Type: BOX 

Length: 190 
Upstream I n v  Elev: 1284.31 

Upstream G r n d  Elev: 

Street  Name: BOX CULVERT 
Drawing No(s): 16131 

Right o f  Uay: 55 
Downstream I n v  Elev: 1284.08 

Dounstream Grnd Elev: 

- 
naming's Base Side Section Vetted 

NO m - N Size EQ Deoth Uidth S t o w  Area Perim Capacity 

EKlSTlWG Pipe: 
Box: 2 0.0023 0.013 4.0 8.0 425 

Inp Channel: 
Nat Channel: 

Roadway: Equivalent Roadway ( X ) :  100 ROU Capacity: 

PROPOSED Pipe: 
BOX: 

Chamel : Lined: N 
Improvement Year: - 

Section Capacity: 425 
ROVISection Capacity: 425 

COST FACTORS 
Property Surface T r a f f i c  

U t i l i t i e s  S t ruc tu ra l  Restorat ion Restorat ion Control Contingency 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: 
Total Inprovements Cost: 

Return Per iod (Yrs): 2 5 25 50 
Design Runoff (cfs): 1 5  2% 4 5 % i  

ID: 200410-200420 
Type: PIPE 

Length: 338 
Upstream I n v  Elev: 

Upstrean G r n d  Elev: 

Street  Name: E INDIAN BEND RD 
Drawing No(s): 16113 

Right o f  Yay: 120 
Downstream I n v  Elev: 

Downstream Grnd Elev: 

I Warning's Base Side Section Vetted 
NO m - N SiZe Ea Oeoth Width Slope Area Perim 

EXlSTlNG Pipe: 1 0.0071 0.013 48 ' 121 
Box: 

Imp Channel: .?b>" 

Mat Channel: 
Roadway: Equivalent Roadway ( X ) :  100 ROU Capacity: 

Pipe: 1 0.0071 0.013 66 283 
BOX: 

Channel: Lined: N 
lnprovement Year: - 

Section Capacity: 404 
RWSect ion  Capacity: 404 

COST FACTORS 
Property Surface T r a f f i c  

U t i l i t i e s  Structura l  Restorat ion Restorat ion Confrcl Continqency 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: 571,855 
Total Inprovements Cost: U16,225 

Return Period (Yrs): 2 5 25 50 
Design Runoff (cfs): 11; 215 4E 5E 

Boyle Engineering Corporation (convrepl 



Ci t y  of Scottsdale 
Storm Water Master Plan and Management Program 

20 - INDIAN BEND RD/SCQTTSDALE RD BASIN 

CONVEYANCE FACILITIES 
Page 7 12/09/94 

ID: 200420-200430 Street Name: GRASS CHANNEL 
Type: IMPROVED CHANNEL Orauing No(s): 

Length: 759 R i g h t  o f  Way: 65 
Upstream Inv  Elev: Oounstream Inv  Elev: 

Upstream Grnd Elev: Dounstream Grnd Elev: 

Manning's Base Side Section Uetted 
NO - N & ~q o a t h  width s l o e  / 

Pipe: 
BOX: , -. 

Inp Channel: 0.0079 0.027 5.0 20.0 1.0 1,087 
Nat Channel: 

Roaduay: Equivalent Roaduay (X I :  100 RGU Capacity: 

PROPOSED Pipe: 
BOX: 

Channel : Lined: N 
Improvement Year: 

Section Capacity: 1,087 
ROU+Section Capacity: 1,087 

COST FACTORS 
Property Surface T ra f f i c  

U t i l i t i e s  Structural  Restoration Restoration CMlfrol Continqency: 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: 
Total lnprovwnents Cost: 

Return Period (Yrs): 2 5 a - 50 
Design Runoff (cfs): 115 21 i  397 500 

10: 200.430-200440 Street Name: GRASS CHANNEL 
Type: IMPROVED CHANNEL Drawing No(s): 

Length: 1,532 Right of  way: 65 
Upstream Inv  Elev: Dounstream Inv  ELev: 

Upstream Grnd Elev: Oounstream Grnd Elev: 

Maming's Base Side Section Uetted 
& N Size Ed Oeoth width S l o w  Area Perirn 

I Pipe: 
BOX: -. .* 

Inp  Channel: 0.0079 0.027 5.0 20.0 ~ 1 . 0  1,087 
Nat Channel: 

Roaduay: Equivalent Roaduay ( X ) :  100 RGU Capacity: 

Pipe: 
BOX: 

Channel: Lined: N 
Inprovement Year: - 

Section Capacity: 1,087 
RMHSection Capacity: 1,087 

COST FACTORS 
Property Surface Tra f f i c  

U t i l i t i e s  Structural  Restoration Restoration Control contingency 
1.1 1.1 1.1 1.1 1.1 20% 

Section Cost: 
Total I n p r o v m n t s  Cost: 

I 
Return Period (Yrs): 2 5 25 SO 10 100 
Design ~ u n o f f  (cfs): 237 407 z!? 9 s  5G 1.64 1.073 

Boyle Engineering Corporation 
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C i t y  of Scottsdale 
Storm Water Master Plan and Management Program 

20 - INDIAN BEND RO/SCOTTSOALE RO BASIN 

CONVEYANCE FACILITIES 

LO: 200440-200450 Street Name: GRASS CHANNEL 
Type: IMPROVED CHANNEL Drawing No(s): 

Length: 397 Right of Way: 65 
Upstream l nv  ELev: Oonnttrem I n v  Elev: 

upstrean Grnd Elev: Dounstream Grnd Etev: 

Manning's Base Side Section Wetted 
NO * - N Eo O e ~ t h  Vidth Area Perim Capacity 

EXlSTlYt Pipe: 
Box: 

lnp Channel: 0.0079 0.027 5.0 20.0 1.0 1.087 
Nat Channel: 

Roadway: Equivalent Roadway ( X ) :  100 ROW Capacity: 

PROPOSED Pipe: 
Box: 

Channel : Lined: N 
lnprovement Year: - 

Section Capacity: 1,087 
RCU+Section Capacity: 1,087 

COST FACTORS 
Property Surface l r a f  f i c  

U t i l i t i e s  Structura l  Restorat ion Restoration Control Contingency 
1.1 1.1 1.1 1.1 1.1 20% 

Section COST: 
Total lnprovements Cost: 

Return Period (Yrs): a 5 25 50 - 10 100 
Oesign R w f f  (cfs): 2W 51z 9 i t  1,18 675 1.76 1.292 

I 
8oyle Engineering Corporation (convrepl ) 



C i t y  o f  Scottsdale 
Storm Uater Master Pkan and Management Program 

LAND USE BASIN SUMMARY 
Page 1 20 - INOIAU BEND ROJSCOTTSOALE RD BASIN 12/09/96 

GrWP Land Use Code Area Percent lrrpervious 
Impervious Area 

(acres) (%) (acres) 

1 DU PER 2-3 ACRES 11 364.36 15 54.65 
1 DU PER 1-2 ACRES 12 188.28 15 28.24 
2-4 DU PER ACRE 14 77.56 35 27.15 
4-8 DU PER ACRE 15 37.90 54 20.47 
TOURIST ACCOIlMDOATlONS 18 51.30 85 43.61 

TOTAL RESIDENTIAL 719.40 24 174.12 

MINOR OFFICE 31 252.36 85 214.50 

TOTAL COMMERCIAL/OFFICE 252.36 85 214.50 

LIMITED USE AREA 42 
DEVELOPED OPEN SPACE 43 
UTILITIES 45 

TOTAL OPEN SPACE 

TOTAL 20 - INDIAN BEND RD/SCOTTSOALE RD BASIN 

Boyle Engineering Corporat ion ( landrepl ) 



C i t v  of  Scottsdale 
Storm Water ~ a r t e k  PLan and Management Program 

20 - INDIAN BEND RD/SCOTTSOALE RD BASIN 
HECl  INPUT DATA 10 Year Storm Page 1 

. . 
KK2OOOlO BASIN 
BA 1.793 
PH 0.000 0.000 0.490 
LS o n o 
UK 280 0.0100 0.21 
UK 93 0.0100 0.10 
RK 6629 0.0091 0.03 
RK 12538 0.0091 0.03 
KK200020 FROM 200010 
RK 1180 0.0020 0.013 
KK200020 BASIN 
BA 0.024 

TRAP 
TRAP 

C l R C  

TRAP 
TRAP 

~ ~ 2 0 0 0 3 0  FROM 200020 
RK 1171 0.0061 0.013 
KK200030 BASlN 

C l R C  

UK 242 0.0100 0.24 
UK 81 0.0100 0.10 
RK 541 0.0006 0.02 
RK 2236 0.0079 0.02 
KK200030 CCHBINE 
HP 7 

TRAP 
TRAP 

- 
KK200040 FRW 200030 
RK 622 0.0058 0.013 
KK200040 BASIN 

C I R C  

BA 0.012 
LS 0 77 0 
UK 279 0.0100 0.22 
UK 103 0.0100 0.10 
RK 533 0.0006 0.02 
RK 622 0.0079 0.02 
KK200040 CCHBINE 

TRAP 
TRAP 

HC 2 
KKZ00050 FRCH 200040 
RK 600 0.0015 0.018 TRAP 
KK200110 BASIN 
BA 0.030 
LS 0 69 0 
UK 161 0.0100 0.29 
UK 54 0.0100 0.10 
RK 516 0.0006 0.02 
RK &6 0.0079 0.02 
KK200120 FRCH 200110 
RK 1308 0.0079 0.017 
KK200120 BASIN 
BA 0.057 
LS 0 69 0 
UK 298 0.0100 0.20 
UK 99 0.0100 0.10 
RK 1336 0.0006 0.02 
RK 1308 0.0079 0.02 
KK2OOl20 CCHBINE 
HC 2 

TRAP 
TRAP 

TRAP 

TRAP 
TRAP 

KK200050 FRCH 200120 
RK 1182 0.0079 0.017 
KK200050 BAS l N 

TRAP 

Boyle Engineering Corporati 



C i t y  o f  Scottsdale 
Storm Uater Master Plan and Mamqement Proaran 

UK 56 0.0100 0.10 85 
RK 1159 0.0079 0.02 TRAP 30 1.0 
RK 1332 0.0021 0.03 TRAP 30 1.0 
KK200050 CWBINE 
HC 3 
KK200060 FROM 200050 
RK 956 0.0028 0.018 
KK200060 BASIN 
BA 0.053 
LS 0 69 0 
UK 152 0.0100 0.30 
UK 53 0.0100 0.10 
RK 797 0.0006 0.02 
RK 1244 0.0079 0.02 
KK200060 CWBINE 
HI: ? 

TRAP 

TRAP 
TRAP 

- 
KK200070 FRW 200060 
RK 329 0.0028 0.018 
KK200310 BASIN 

TRAP 

- ~ 

UK 300 0.0100 0.20 
UK 100 0.0100 0.10 
RK 656 0.0006 0.02 
RK 2726 0.0091 0.03 
KK200320 FRW 200310 

~. 
20 
80 

TRAP 
TRAP 

RK 327 0.0071 0.013 
KK200330 FRW 200320 

OEEP 

TRAP 
KK200330 BASIN 
BA 0.021 

69 0 
UK 296 0.0100 0.20 
UK 99 0.0100 0.10 
RK 665 0.0006 0.02 
RK 890 0.0079 0.03 
KK200330 CWBINE 
HC 2 

0 98 0 
21 
m 

TRAP 49 1.0 
TRAP 49 1.0 

KK200430 FRM 200330 
RK 190 0.0023 0.013 
KK200410 BASIN 

OEEP 8.0 

0 98 0 
59 
41 

TRAP 49 1.0 
TRAP 49 1.0 

CLRC 4.0 

UK 77 0.0100 0.10 
RK 2044 0.0091 0.03 
RK 6898 0.0091 0.03 
KK200420 FRDH 200410 
RK 338 0.0071 0.013 
KK200430 FROU 200420 
RK 759 0.0079 0.027 
KK200430 CWBINE 
HC 2 
KK200440 FRW 200430 
RK 1532 0.0079 0.027 
KK200440 BASIN 
BA 0.078 
LS 0 69 0 

TRAP 20.0 1.0 

TRAP 20.0 1.0 

0 98 0 
16 
84 

TRAP 49 1.0 
TRAP 49 1.0 

- 
KKZO0450 FRDH 200440 0 RK 397 0.0079 0.027 
ZZ 

TRAP 20.0 1.0 

Boyle Engineering C o r p o r a t i w  (hec l rep l )  



Ci ty  of Scottsdale 
Storm Uater Master Plan and Management Program 

20 - INDIAN BEND RO/SCOTTSOALE RD BASlN 
page 1 DRAINAGE AREA FACTORS 12/09/94 

BASIN 10: 200010 Area: 1.793 Pervious CN: 77 Inpervious CN: 98 
OVERLAND FLW: Lengfh Slope Roush's Perc't  ROOTING: Length Rough's Shape Uidth S I S  

pervious: 280 0.0100 0.213 64 Collector: 6,629 0.0091 0.030 TRAP 41.3 1.0 
Impervious: 93 0.0100 0.100 36 Main: *.*** 0.0091 0.030 TRAP 41.3 1.0 

BASIN ID: 200020 Area: 0.024 Pervious CN: 77 Impervious CN: 98 
OVERLAND FLW: Length Roush's S l o ~ e  Perc't  ROOTING: Length Slope Shape Rouqh's Uidth S ( S  

Pervious: 160 0.0100 0.294 19 Collector: 704 0.0006 0.017 TRAP 30.0 1.0 
Inpervious: 53 0.0100 0.100 81 Main: 1,114 0.0079 0.017 TRAP 60.0 1.0 

BASIN 10: 200030 Area: 0.080 Pervious CN: ?5 Impervious CN: 98 
OVERLAND FLOU: w Rouqhrs S l o w  Perc't  RCUTING: Length Slope Roush's Shape Uidth S I S  

Pervious: 242 0.0100 0.239 69 Collector: 5L1 0.0006 0.017 TRAP 37.5 1.0 
Inperviws: . 81 0.0100 0.100 31 Main: 2,236 0.0079 0.017 TRAP 60.0 1.0 

BASIN ID: 200040 Area: 0.012 Pervious CN: 77 lmpervious CN: 98 
OVERLAND FLOW: rn Rwsh'S Perc't  ROUTING: Lengfh Slope Roush's Shaw Uidth s& 

Pervious: 279 0.0100 0.216 75 Collector: 533 0.0006 0.017 TRAP 60.0 1.0 
Inpervious: 103 0.0100 0.100 25 Main: 622 0.0079 0.017 TRAP 26.3 1.0 

BASIN ID:  200050 Area: 0.050 Pervious CN: 74 Impervious CN: 98 
OVERLAND FLOW: Rowh's Perc't  ROUTING: Length Slope Rwah's Shape Width s& 

Pervious: 152 0.0100 0.300 15 Collector: 1,159 0.0079 0.017 TRAP 30.0 1.0 
Inpervious: 56 0.0100 0.100 85 Main: 1,332 0.0021 0.030 TRAP 30.0 1.0 

BASIN ID: 200060 Area: 0.053 Pervious CN: 69 Impervious CN: 98 
OVERLAND F L W  Length Rough's Perc't  ROUTING: Length Slope Rwah's Shape Uidth s& 

Pervious: 152 0.0100 0.299 16 Collector: 797 0.0006 0.017 TRAP 30.0 1.0 
Irrpsrvious: 53 0.0100 0.100 84 Main: 1,244 0.0079 0.017 TRAP 30.0 1.0 

BASIN ID: 200110 Area: 0.030 Pervious CN: 69 impervious CN: 98 
OVERLAND FLOU: Rough's Perc't  ROUTING: Length SLope Roush's Uidth % 

Pervious: 161 0.0100 0.293 44 Collector: 516 0.0006 0.017 TRAP 21.0 1.0 
Impervious: 54 0.0100 0.100 56 Main: 666 0.0079 0.017 TRAP 15.0 1.0 - 

BASIN ID: 200120 Area: 0.057 Pervious CN: 69 lnpervious CN: 98 
OVERLAND FLOU: Rouqh's Perc't  ROUTING: Length Slope Roush's Shaw Uidth S ( S  

Pervious: 298 0.0100 0.201 56 Collector: 1,336 0.0006 0.017 TRAP 12.0. 1.0 
Inpervious: 99 0.0100 0.100 44 Main: 1,308 0.0079 0.017 TRAP 12.0 1.0 

BASIN 10: 200310 Area: 0.149 Pervious CN: 77 Impervious CN: 98 
OVERLAND FLOW: !&Q&IJ Rough's Stope Perc't  ROUTING: Length StoDe Shape Rough's Width % 

Pervious: 300 0.0100 0.200 20 Collector: 656 0.0006 0.017 TRAP 48.8 1.0 
Inpervious: 100 0.0100 0.100 80 Main: 2,726 0.0091 0.030 TRAP 48.8 1.0 

RASIN ID: 200330 Area: 0.021 Pervious CN: 69 lmwrvious CN: 98 ... 
OVERLAND FL&: a & ~ e r c ' t '  ROUTING: Lenqth Rouqh's Shape Width 

Pervious: 296 0.0100 0.202 21 Collector: 665 ,0,0006 0.017 TRAP 48.8 1.0 
Inpervious: 99 0.0100 0.100 79 Main: 890:"0.0079 0.027 TRAP 48.8 1.0 

BASIN ID: 200410 Area: 0.355 Pervious CN: 81 lmpervious CN: 98 
OVERLAND FLOW: S l o w  R0uahhs Perc't  ROUTING: Length SLape Roush's Shape Width 

Pervious: 232 0.0100 0.246 59 Collector: 2,044 0.0091 0.030 TRAP 48.8 1.0 
Inpervious: 77 0.0100 0.100 41 Main: 6,898 0.0091 0.030 TRAP 48.8 1.0 

BASIN 10: 200440 Area: 0.078 Pervious CN: 69 Inpervious CN: 98 
OVERLAND FLOU: &&!! Rough's PerC't ROUTING: Length Slope Rough's Shape Uidth % 

Pervious: 155 0.0100 0.296 16 Collector: 776 0.0006 0.017 TRAP 48.8 1.0 
Inpervious: 52 0.0100 0.100 84 Main: 2,291 0.0079 0.027 TRAP 48.8 1.0 

8oyle Engineering Corporation (hgyrepll  



Ci ty  o f  Scottsdale 
Storm Water naster Plan and Management Program 

RAINFALL DATA 
20 - INDIAN BEND RD/SCOTTSDALE RD 8ASIN 12/09/94 

Return RAINFALL DURATION 
Period 5 10 15 30 1 2 3 6 12 24 

(years) m i  n min min min hr  hrs hrs hrs hrs hrs 

2 0.32 0.48 0.59 0.78 0.95 1.02 1.06 1.15 1.22 1.30 
5 0.42 0.64 0.79 1.06 1.31 1.43 1.51 1.67 1.83 1.99 

10 0.49 0.74 0.93 1.26 1.56 1.71 1.82 1 2.23 2.44 
25 0.58 0.89 1.13 1.53 1.94 2.10 2.23 2.48 2.T7 3.06 
50 0.65 1.00 1.28 1.73 2.16 2.40 2.55 2.84 3.19 3.53 

100 0.73 1.12 1.43 1.94 2.43 2.69 2.87 3.20 3.60 4.00 

Boyle Engineering Corporation trainrepl) 
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Cily of Smttsdale 
Slomrvvater Faciliiies Management System 

Proposed Conveyance Improvements Cost Details 

Page 1 31 1196 

ID Length Cost Conveyance Section Contingency ROW Total 
(fl) Fador Type Cost (5) @ 20% (f (8 

Major Basin 22 Pima Roadllndian Bend Road 
220010-220020 132 1.61 Pipe 10.204 2.041 12.245 
220020-220030 3,168 1.61 Pipe 306.126 61.225 367,351 Gi .;? i 

220030-220040 85 1.61 Pipe 8.214 1.643 9.856 
220040-220050 3,465 1.61 Pipe 401.790 80.358 482,148 
220050-220060 171 1.61 BOX 66,707 13.341 80.048 
220060-220070 707 1.61 Box 275.800 55.160 330.960 
220070-220080 1,632 1.61 Box 779.722 . 155.944 935.667 !'.I 

220080-220090 1,016 1.61 BOX 891.765 178,353 1,070.118 ': Z :  1" 
220090-220100 84 1.61 Box 73.729 14.746 88.474 
220100-220110 105 1.61 Box 92.161 16.432 110.593 
220110-220120 393?6 1.61 BOX 269,460 53.892 323,353 j$(. \.i?.. 
220120-220130 304 1.61 Box 266.827 53.365 320.193 17,< h,+$, 
220130-220140 98 1.61 BOX 86.017 17.203 103.220 
220210-220220 104 1.61 Pipe 12.059 2.412 14.471 
220230-220240 165 1.61 Box 43.1 78 8.636 51.814 
220240-220250 2.283 1.61 Improved Channel 38.130 7.626 45.756 
220250-220260 94 1.61 BOX 24.598 4.920 29,518 
220260-220080 296 1.61 Improved Channel 4.944 989 5.932 
Total Basin 22 14.216 3,651.431 730.286 4,381,737 

Grand Total 14.216 3,651,431 730.286 4.381.717 

9 

IM-.k . . ... 



City of Sconsdale 
Stormwater Facilities Management System 

Conveyance Facilities 

Page 1 31 1196 

I ID: 220020-220030 L e w  (Ill: 3.168 
Street 

ID: 220010-220020 LengVl (R): 132 Upsbeam inv Elev: Downstream Inv Elev: 
Street: NONE Upstream Gmd Elev: Downsbeam Gmd Elev: 

Upstream Inv Elev: OwnrVeam Inv Elev: 
Upstream Gmd Elev: 1.310.0 Davnsbearn Gmd Elev 1.3W.0 I 

LYE NewlRe~lace Manninq's N ~ ~ e ( i n ~  oepth In] Bare (R) Side slope wet ~er im (n; 
WSTING Pipe 1 ,0036 0.013 18 
PROPOSED Pipe Replace 1 . 0 0 3 6  0.013 24 4.0 1.0 
ROW .OOM 30 

Im Newmeplace Mannirm's N Sue (in) DePm ?Y Base (R) Side S b e  Area(rf) Wet Perim (R Capadtv Ids) 
ISTING Imwoved Channel .OW2 0.035 2.0 2.0 1.0 227 

Capaciw (ml 
6.3 

13.6 
32.3 

Total 45.9 

WlSnNG P 
PROPOSED P 

DESIGN RUNOFF 
Retum Period (Yrs): ZYr T;F5Lcloyr z r  
Oesign Rumff (ds): 4.0 10.0 14.0 18.0 23.0 

PROPOSED Pipe New 1 .OM2 0.030 30 
ROW .0036 30 

11.5 
32.3. 

Total 66.5 

COST FACTORS 
Slwclural Util~ies Sutam Tram 

1.1 1.1 1.1 1.1 1.1 

ID: 220040-220050 L e w  (R): 3.465 U-m lnv Elev: Dormstream Inv E k r  
Sweet Upsbeam Gmd Elev: 1.299.0 Downsbeam Gmd U e r  1286.0 

COSTS Secbbn $10.204 - ROW 
WW $2.041 

Total $12.245 

DESIGN RUNOFF 
Relum P e w  (YE): 5Yr 10 25 Yr 
DesignRunofI(ds1: 4.0 7.0 10.0 14.0 18.0 23.0 

IX?s Newmeplace & Jo MaMannina'J N Sue (in) DePM flJ Base (fll S i  Slope Area (sr) Wet Perirn (n; 
EXISTING Impmved C h a d  .WlS 0.035 1.0 2.0 2.0 
PROPOSED Pipe Replace .W15 0.013 36 
ROW .0015 30 

' Capadty (&I 
4.8 

25.8 
20.8 

TOW 46.7 

COST FACTORS 
UYrli&s Strunural P m p e ~  sum- Tramc 

1.1 1.1 1.1 1.1 1.1 

Secbon $306.126 
ROW 

Conlhgexy $61.225 
Total $367,351 

DESIGN RUNOFF 
Perod(Yn): 3 10 Yr 25 Yr 
Rum(&): 9.0 14.0 18.0 24.0 29.0 35.0 

COST FACTORS 
50l!OOYr~tili(ies Sbudural P m w  

1.1 1.1 1.1 1.1 1.1 

COSTS Seclion $401.790 - 
. ~ . ROW 
' C?m@-, $80.358 

T M -  ' $482.148 



City of Scotisdale 
Stormwater Facilities Management System 

Conveyance Facilities 

Page 2 31 3/96 

ID: 220060-220070 LenW (R); 707 Upstream Inv Elee Davnstream k v  Ekv: 
Street: Upsbeam Gmd Eler 1,2850 Davnslream Gmd E k r  1.284.0 

ID: 220050-220060 Length (R): 171 Upstream Inv Elev: Davnstrearn Inv Elev: 
Street NONE Upstream Gmd Elev: Downstream Gmd Elev: 

22 CamdtV (drl 
EXISTING (mproved Channel .W15 OD35 t.0 2.0 2.0 4.6 
PROPOSED Box None 2 ,0015 0.015 4.0 5.0 184.6 
ROW .0015 20 14.6 

Tola1 184.0 

?a? NewlReplaae h(o e Manninq's N Sire (in) Depth (R) Base In) Side Slope Area (sf) Wel Perim (ft: 
EXISTING Pipe 1 ,0014 0.013 18 
PROPOSED Box Replace 2 ,0014 0.015 4.0 5.0 
ROW ,0014 25 

Cam& ids) 
3.9 

159.1 
14.1 

Total 173.1 

I 

DESIGN RUNOFF 
~ e t u m  Period (Yrs): 5 ~r 10 Yr E r  50 
Design Runoff (ds): 75.0 li@C~fz 193.0 235.0 280.0 

DESIGN RUNOFF 
Rehlm Period (Yn): 5Yr 1OYr 25Yr 50Yr l W  Yr 
w i n  ~ u n a n  (ds): 75.0 li% 147.0 1920 2330 

ID. 220070-220080 Length In, 7 632 Upsbeam Inv Uev: Dowrbeam Inv Etev: 
Svee: UpslreamGmd Ekv: 1.285.0 Downsbeam Gmd Eler 1.283.0 

Ix?s NewlRe~laoe % % Mannina's N W e  fin) Depth {fl) Base (R) Side Slape Area (sf) Wet Pwlm (R 
EXISTING Improved Channel a t 5  0.035 2.0 3.0 2 0  
PROPOSED 80x Replaw 2 3215 0.015 5.0 6.0 
ROW W t 5  40 

ID: 220080-220090 Length (R): 1.016 Upstream Inv Elev: . .- Davmbeam Inv Elev 
Street UpheamGmd €lev. 1.284.0 DavmbeamGmd Ekv: 1.283.0 

COST FACTORS 
Uti!iCiils Sbudural property 

1.1 1.1 1.1 1.1 1.1 

COST FACTORS 
Utilities Srmnural surrace ~ ramc 
1.1 - 1.1 1.1 1.1 1.1 

C a W  I@ 
25.6' 

283.1 
,. . 26.5 

' . TO& , 309.8 

Ix?s NewiReplace (lo Manninq's N Sue (in1 Depth 1111 Base (fl) Side Slope Area (so Wet Petim (nj 
EXISTING Improved Channel ,0015 0.035 2.0 2 0  2.0 
PROPOSED mx Replace 3 ,0015 0.015 6.0 7.5 
ROW .0015 75 

COSTS $66.707 - . .ROW 
cOnti&enci $13.341 

Tala1 $80,048 

COSTS Seman $275.800 - 
ROW 

Cmtingenq $55.160 
T"*l s930960 

Capadtv (&I 
21.0 

728.2 
23.3 

Total 751.5 

DESIGN RUNOFF 
Return Period (Yn): 5Yr 10 Yr 25 
DerignRunoff(ds): 136.0 2 G  a 3480 420.0 495.0 

DESIGN RUNOFF 
~ ( u n ) :  ~YJ 5Yr  l o r  m r  1M) 
Runoff(&): 379.0 5 8 x  731.0 949.0 1.115.0 1.315.0 

* 

COSTFACTORS 
Wlilkr Strudural P r o m  Sumface Traffic 

1.1 1.1 1.1 1.1 1.1 

&STS , : seaion . $779.7~' - 
ROW . . 

. . c c & w  11i5.044 
Total . $935.687 

COST FACTORS 
Utilibes Sbuchral Prwmty ~wface 

1.1 1.1 1.1 1.1 1.1 

- COSTS Section 1891.765 
. RQW 

C o n t i w  1178.353 
Total 11.070.118 



City of Sconsdale 
Stormwater Facilities Management System 

Conveyance Facilities 

Page 3 31 1196 

ID: 220100-220110 Length (n): 105 Upstream Inv Elev: 1.279.9 Downsbeam lnv Elev 1.279.6 
Steel: 15922 Upstream Gmd Elev: Downsbeam Gmd Elev 

ID: 220090-220100 LengIh(f0: 84 Upslream lnv Elev: 1.281 0 Dawnsheam In" Elev: 1,279.9 
Sveec 18339 Upstream Gmd Elev: Downstream Gmd Eiev: 

Dks 
EXISTING Pipe 1 .W28 0.013 36 35.9 
PROPOSED Box Replace 3 .W28 0.015 6.0 7.5 1.012.6 
ROW .W28 40 36.8 

I w  Newmeplace No S: Manning's N Sue (in) Depth (ft) Base (fi) Side Slope Area (sf) Wet Perim (fl; 
EXISTING P i  1 ,0131 0.013 36 
PROPOSED Box Replace 3 .W15 0.015 6.0 7.5 
ROW ,0131 40 

I 

DESIGN RUNOFF COST FACTORS COSTS Sedion '692,161 
KwmPerW(Yrs): 5Yr 25 Yr Wliiies Shudural Sudace TraRc 

- 
ROW . . 

DesignRunon(ds): 441.0 6 G  858.0 1.115.0 1.315.0 1.546.0 1.1 1.1 1.1 1.1 1.1 C O n W W  G8.432 
Total $ 110.593 

. Capa& (&I 
76.3 

728.2 
78.2 

Tdal 806.4 

DESIGN RUNOFF 
Retum Period (Yn): z r  wz 25 Yr 
DesignRunoR(ds): 381.0 5 9 M  740.0 958.0 1.129.0 1.326.0 

f 

ID: 220110-220120 Length (R): 307 Upsweam InvEke 1.279.1 Downsbeam Inv Elev: 1.2T1.2 
SLreet 15922 Upstream Gmd Elev: 1.284.0 Downsheam ~ m d  Elev: 1284.0 

&!2 NewReplace Manninds N Size fh) Deplh Ill) Base (n) Side Slope Area Is0 Wet Perim ftl' 
u;anffi PW 1 . w 9  0.033 42 
PROPOSED Box Replace 3 .AM9 0.015 6.0 7.5 
ROW . W 9  40 

ID: 220120-ZX1130 Len@ (R): 304 Upsbeam lnv E k v  1.277.2 Downsbeam lnv Eiev: 1.276.2 
Sbeet: 15022 Upslream Gmd Elev: 1284.0 Downrtrearn Gmd E k x  1.284.1 

COST FACTORS 
Uliltilifies Slnrcturai Propew Surface TraRc 

1.1 1.1 1.1 1.1 1.1 

. Camdty (&) . 70.4 
1.3162 

' 47.8 
. T&l  1984.0 . . .  

* NewfReNace & M a n W s  N Size fin) Dem (I?) Ease (A) Side Slope Area (sf) We1 Perim (R: 
EXISTING Pi 1 . w 9  0.013 42 
PROPOSED Box Replace 3 a049 0.015 6.0 7.5 
ROW . W 9  40 

COSTS M O n  ' $73.729 - ROW 
Confingency f 14.746 

Tctal $88.474 

Capadb (&I 
70.4 

1.3162 
47.8 

Total 1.364.0 

DESIGN RUNOFF 
Return PeticdC(rs): x r  5Yr 1oYr 25Yr 50Yr m r  
W i n  Runon(&): 438.0 6 5  1 . G  1.311.6 1.539.0 

1 DESIGN RUNOFF 
. . Rehm P&d(Yfs): 5 Yr 10Yr 25 Yr SOYr 1M) Yr 

oesienRunocf(ds): 437.0 6 G  8 i i  1.108.0 l.G 1- 

COST FACTORS 
Uliliks Struaural PmperQ Surface Traffic 

1.1 1.1 1.1 1.1 1.1 

COSTS ..SeU& . '15269.460 - . ROW : :  
553.882 

Total $323.353 

- 
COST FACTORS 

U W i i  Sbuehlral Surface Traffic 
1.1 - 1.1 1.1 1.1 1.1 

- COSTS ' Sewn $266.827 
ROW . . 

conli.gancv. .s53.& 
Total $320.193 



City of Scottsdale 
Stomwater Facilities Management System 

Conveyance Facilities 

Page 4 31 1196 

ID: 220130-220140 ~ensm (a): 98 Upstream Inv Eiev: 1.276.2 DownsIream lnv Ekv: 1.275.0 
Street 15920 UpsVwm Gmd Eku: Downswam Gmd Ekv: 

m.? NewIRedace & Manning's N Sire (in) Oepm (Rl Bare (n) Side Slope Area (rQ wel Perim (R 
EXISTING PIpe 1 .W49 0.013 42 
PROPOSED Box Replace 3 . m 9  0.015 6.0 7.5 
ROW .OW9 40 

~~ ~- ~p 

ID: 220210-220220 L e W  (R): 104 Upmeam lnv EM: Downsbeam b v  f3ev: 
Sbeet NONE Upsneam Gmd Elev: Downsfream Gmd Ekv: 

Ca~adiv ldQ 
70.4 

1.316.2 
47.8 

T O ~ I  1.364.0 

m.? NewIRedace & Manninq's N Sue (in) Base (it) S i e  Slope Area (sf) Wet Perim(g 
EXISTING Pipe 1 .W36 0.013 18 
PROPOSED Pipe Re* 1 .0036  0.013 36 
ROW .I036 25 

. 
ID: 220220-220230 Le* (n): 2764 Upatream Inv Ekv: Davnsueam Inv Elev 

S m t  Upsbeam Gmd Eku: 1.303.0 Dwsbeam Grnd Elev: 1.288.6 

. C a p a a  (-1 
6.3 

40.0 
22.6 

~ 0 l a l .  62.6 

xw! Newmedace & Manninq's N Sue fin) Depth Bate ffll Side Slope Area (sf) Wel Perim m, 
EXISTING Imprwed Channel .W42 0.035 3.0 3.0 1.0 
PROPOSED None None .W2  0.030 
ROW .W42 25 

ID: 220230-220240 ~ec=ath (n): 165 Upsbeam Inv ~ w .  Downsbeam Inv Wv: 
Street NONE Upmeam Gmd EM. Downsbeam Grnd Ekv. 

DESIGN RUNOFF 
RetumPeriod (Ym): 5 Yr ls 25Yr 50Yr 
W i n  Ru&(cts): 443.0 6c&870.0 1.124.0 1.337.0 1.554.0 

' : C a m  ( c q  
. . 66.8 

. . . . 
0.2, 

: b l  ;: . 67.1: 

xw! Newmeplace Manniw's N Size(in) Base (it) Side Slope Area ($0 Wel Perim (c 
EXISTING Pipe 1 .Om6 0.013 18 
PROPOSED Box Replace 1 .0036 0.015 6.0 6.0 
ROW ,0036 25 

DESIGN RUNOFF 
ReturnPeriod(Yrs): 5Yr 25 Yr 50 
Design Runoff (ds): 19.0 35.0 45.0 53.0 620 

C a m W  fds) 
6.3 

280.4 
22.6 

Total 303.0 

COST FACTORS 
Vtilities Sbunural P a  Surface Tram 

1.1 1.1 1.1 1.1 1.1 

DESIGN RUNOFF 
Return Pemd(Ym): E r  10 Z r  
Deriin Runall (ds): 18.0 28.0 35.0 44.0 52.0 60.0 

COSTS Seuian $86.017 
ROW. 

Con- $17.203 
Total 1103,220 

- 

COST FACTORS 
StmSrmctural YrW Sutface Traffc 

1.1 1.1 1.1 1.1 1.1 

DESIGN RUNOFF 

. . RetinnPeriuj(Yrr): p~ 5Yr 1OYr 25Yr WYr 1WYr 
Desf+nRumrr(ds): 131.0 m i  249.0 322.0 375.0 TZZ 

COSrr S c t h  $12.059 
. . ROW 

Contingency $2.412 
Total . $14.471 

COST FACTORS 
V W i  Srmchnal P m a  Sumce Tram 

1.1 1.1 1.1 1.1 1.1 

. . 
~ . .  ... .. .. 

: . - ROW 

. . .  
T a w  ' ' 

COST FACTORS 
Mities Sbudural Surface Traffic 
1.1 - 1.1 1.1 1.1 1.1 

COSTS Sechn $43.178 - 
ROW. : : 

.. ~ontingerr/ $8.030 
TOM ' 151.814 



Cily of Sconsdale 
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Conveyance Facilities 
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ID: 220240-220250 Length (fl): 2.283 Upstream Inv Elev: Downstream lnv Elev: 
street: Upsaeam Gmd Elev: Downstream Gmd Elev: 

& NewIRePlace No m ManninQ'J N Size fin) Depth (R) Bare fR) Sae Slope Area 1st Wet Petim ffl: 
EXISTING Improved Channel 0042 0.035 3.0 4.0 2.0 
PROPOSED Improved Channel Replace -0042 0.030 4.0 6.0 2.0 
ROW .OW2 25 

- 

ID: 220250-220260 ~ength (n): 94 Upstream Inv Efev: Downstream InvUev: 
Street: NONE Upstream Gmd Elev Davnstream Gmd Ekv: 

ID: 220310-220320 Lenglh (R): 1.378 Upsbeam InvEkv: 1.281.7 Dmmstrearn hvElev: 1,278.4 
Sbeet: 18343.18340 UpsIream Grnd Elev: 1.288.1 Dowmtream Gmd E M  1.284.7 

Capadty (ds) 
118.6 
317.3 

0.2 
Total 317.8 

%.S NewlReplace No & Manniw's N Sue (in1 Depth (fll Bare (17) Side Slope Area (st  Wet Perim ( q  
EXISTING Pipe 1 .0036 0.013 18 
PROWSED Box Replace 1 .m36 0.015 6.0 6.0 
ROW .0036 25 

ID: 220260-220080 Length lnl m Upstream Inv Ekv: -stream Inv Elevr 
S lRn  Upweam Dmd Elev: Downstream Gmd Wv:  

Caoadtv (ds) 
6.3. 

280.4 
22.6 

Total 303.0 

w!? NewlRePlace if?er k4a"MQ'J N Sue (In) Dwlh (fl) Base El Side Slope ARa fs t  Wel Petim (tt 
EXISVNG ImprovedChanm 0012 0.035 4.0 3.0 1.0 
PROPOSED Improved Channel Replace W I  0.030 4.0 6.0 2.0 
ROW 0012 25 

DESIGN RUNOFF 
Rerum Petiod (YE): 2Yr .= 25 Yr 50 
Design RunoH(ds): 1290 19eo""  244.0 317.0 369.0 428.0 

. . W . . av Cccrl 

. . .  . 120.5 
317.3 

0.2. 
T M '  . 317.8 

IYF Newmeplace IJo Manninq's N Size an) Base fit) S i e  Slope Area (sf) Wet Perim (F mm (I71 
EXISTING P i p  1 ,0020 0.013 48 
PROPOSED None None .OOX1 0.013 
ROW -0025 100 

DESIGN RUNOFF 
Return P e m  (Yn): 5 Yr = 25 Yr 50 
Design Runoff(cts): 140.0 2 5  266.0 345.0 404.0 468.0 

Capadtv fds l  
642 

48.4 
Total 112.6 

COST FACTORS 
StruduraI Yrlities Pmperty Surface Traffic 

1.1 1.1 1.1 1.1 1.1 

DESIGN RUNOFF 
R e m  Pemd (Yn): 5Yr 9 75 50 
Design Runon(&): 140.0 2 G  265.0 3400 402.0 463.0 

COSTS . S m  538.130 
- ROW 

m t i W W  $7.626 
Tdal -5.756 

COST FACTORS 
Srmdural Yrlitier Property Surface Tram 

1.1 1.1 1.1 1.1 1.1 

I 

COSTS W n  124.598 - 
ROW 

Contingency s4.920 
Tdal 129.518 

COST FACTORS 
WYr Sm~bvctural P w  Svrfaca Tram 

1.1 1.1 1.1 1.1 1.1 

DESIGN RUNOFF 
~ehm~efi'od(Yn)r 10 gJ 
tms!gnRurM(ck): 46.0 69.0 88.0 110.0 129.0 148.0 

COSTS : sedion . .s4;944 - 
' ROW 

~ q w l t y .  1989 
. i ' . Total . $5.932 

COST FACTORS 
Shrdunl U t i b  Surface p& 

1.1 1.1 1.1 1.1 1.1 

COSTS Sec(ion - 
. . . ROW 
:.. - 'ca&ge%, 



City of Sconsdale 
Stormwater Facilities Management System 

Conveyance Facilities 
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ID: 220320-220330 Length (il): 274 Upstream Inv Ekv  1,2774 Downstream lnv Elee 1.2785 
Sweet: 1634oA Upsueam Gmd Elev: 1.284.7 Downsheam Gmd Elev 1.284.4 

. m o  

Relum Period (Yn): 
Design Runoff (ds): 87.0 1 

m NewiReplace Manning's N Sire (in) Depth (fi) Bare in) Side Slope Area (so Wet Perim (n' 
EXISTING Pipe I .0028 0.013 €4 
PROPOSED None None ,0028 0 013 
ROW ,0031 100 

, 

CapaaV Ids) 
140.3 

53.8 
Total 194.1 

ID: 220330-220340 Length (R): 276 Upslream Inv Elev 1.276.0 Downmeam lnv Ekv: 1.275.4 
Street 18340A-16340 Upsweam Gmd E k v  1,2844 Dawnstream Gmd Elevl 1.284.7 

ID: 220350-220100 Lsnsul (fi): 250 Upstream Inv Ekv: 1,273.8 Dormmeam Im Uw: 1,272.6 
Sbeet: 18340 Upstream Gmd Elev 1.284.2 Dormstream Omd Elw: 1282.9 

DESIGN RUNOFF 
ReNmPetiod (Yn): 2 Yr s , , . ! E r  9 Yr 50 
DesignRumfl(ds): 6Tii lW.O.+ 125.0 157.0 187.0 215.0 

IWS NwrlRe~lace Manninq'l N Size (in) Depth (ft) Base ln) Slde Slape Area (si) Wet Peiim (n' 
EXISTING Pipe 1 .0023 0.013 68 
PROPOSED None None ,0023 0.013 
ROW .0020 100 

I W  N e w m w h  &! &E Manninq's N Sue fm) Depth (fl) Base (8) Side Slope Area (sf) Wel Petim (fl 
EXISTING Pipe 1 ,0046 0.013 66 
PROPOSED None None .W46 0.013 
ROW .W47 40 

' : . Capacny (dsl 
(61.1 

432: 
., , : T&I 204.3 

. CapacjtV (a) 
227.8 

48.8 
. . Total 274.6 

COST FACTORS 
Y r l i i s  Strudlral 

1.1 1.1 1.1 1.1 1.1 

COSTs .& - 
ROW 

:w!iY 
Tdal 

DESIGN RUNOFF 
Relum Period Wn): 2 Yr 5 Yr lDYr 25Yr SO Yr 
DesignRunoff(&): 7 z  1 E  138.0 173.0 206.0 237.0 

DESIGN RUNOFF 
R e t u r n P ~ ( Y n 1 :  2Yr 5Yr  1OYr Z r  1WYr 
hs ian  R ~ I I  (as): EZ 1 Z Z  167.0 208.0 247.0 285.0 

COST FACTORS 
Utilities ShrUural P w  Surfaface Traffic 

1.1 1.1 1.1 1.1 1.1 

COST FACTORS 
Sbudural Uhlities P r w  S ' d c e  ~ a m c  

1.1 1.1 1.1 1.1 1.1 

COSTS . SeUh -. . 
' . : R , W .  

h f i n a e n c ~  
. T*l 

COSTS :s&Gon - 
.. . ROW 
. . .- 

:.Tow 



City of Swnsdale 
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ID: 220410-220420 Lergth (H): 1.186 Upstream Inv Elev: Dawnstearn Inv Eiev: 
Sheet Upstream Gmd Elev: 1.319.9 Dawnstrwm Gmd Elev: 1.310.0 

3E Newmeplace & Manninq's N S l r e ( i n )  Depth (H) Base (A )  Stde Slope Area (sf) W e  Perim (n; 
EXISTING Improved Channel ,0042 0.035 4.0 4.0 2.0 
PROPOSED None None ,0042 0.030 
ROW 0042 30 

ID: 220420-220430 1- (R): 244 Upstream Inv Elev: Downsbeam Inv E l w  
Street: UpsLream Gmd Uev: 1.3100 DaMlrlream Gmd Uev: 1,309.0 

CaPadN Wsl 
223.0. 

348 
Toed 257.9 

3.e NewlReNace No Manninq's N Sire (in) &plh lfl) Base (R) Side Slope Area (sf) Wet Perh (ti 
EXISTING Impmved Channel -0015 0.035 5.0 20.0 1 0  
PROPOSED None None ,0015 0.030 
ROW ,0015 30 

ID: 220510-220520 ~ength (II): 240 Upstream lnv Ekv. Oownrtream Inv Eke 
Sheet: 18350 Upstream Grnd Ekv: Downsbeam Gmd E ~ K  

" Capa* (el 
488.5. 

20.8, 
.TOM' . 509.3 

Newmeplan, w MaMiw's N Size (in) -HI ffl) Base (fl) Side Slope &w (so Wet Perim In 
EXISTING Box 4 .W14 0.015 4.0 8.0 
PROPOSED None None .W14 0.013 
ROW .W14 50 

ID: 220610-220620 Lenglh (R): 203 Upstream Inv Ekv: Downsbeam Inv Uev 
%eel: Upstream Gnd Ekv: 1.296.5 Oavnstraarn Gmd Elev: 1.290.0 

DESIGN RUNOFF 
Reolm Period (Yrs): x r  =,g(O Yr 25 Yr 
DesignRunoff(ds): 38.0 540." 67.0 85.0 98.0 112.0 

' . ' C a *  (&I 
. .  . . . ~ .  . . . . 

. .. . 
, . 5144 

. . 
:33.4, 

14. , m.2 .  

IXE? NewlReplm Manninq's N w i n )  Depth In) Base (17) Side Slope Area (sf) Wet Perim (fl 
DOSnNG Impoved Channel .W15 0.018 2.0 4.0 2.0 
PROPOSED None None .0015 0.018 
ROW .W15 30 

DESIGN RUNOFF 
Return PericdiYrs): 5 Yr  (O z r  m r  1W 
DesignRunofl(ds): 111.0 6 6  212.0 268.0 320.0 373.0 

Cam I* 
58.9 

20.8 
Total 79.8 

COST FACTORS 
S t w r a l  UYrliYrief Proper& Surface Traffic 

1.1 1 .I 1.1 1.1 1.1 

DESIGN RUNOFF 
Return PW (~ra):  S Y ~  toYr 25Yr IM)Yr 
De*nRumn(ds): 148.0 ZE 259.d 323.0 367.0 421.0 

. 

COSTS s&Wl - ROW 
WmJmCY 

Total 

COST FACTORS 
Suuuural Utilities P m W  Surface Tram 

1.1 1.1 1.1 1.1 1.1 

DESiGN RUNOFF 
P W  (Yrs): 5Yr $J-. a SOYr 

Oasipn Runoll(ds): 43.0 €8.0 82.0 105.0 1220 140.0 

COSTS Won - ROW ..  
codinsew 

Total 

- 
COST FACTORS 

Utiliies Struaural Property Surface ~ r a f k  
1.1 1.1 1.1 1.1 1.1 

COSTS Sec&m ,.  . . . : 
'- ROW '. 

:+my 
, ~. . 

Tatel . . 

COST FACTORS 
Srmdwal W l i i  Prow W c e  Tafic 

1.1 1.1 1.1 1.1 1.1 

~ S e c ( i o n  
ROW 

CalmeW 
Total 

.. . 



City of Smttsdale 
Stormwater Facilities Managemenl System 

Land Use Summary 
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Group Land Use Code Area Percent Impervious 
lrnpe~ious Area 

(acres) (%I (acres) 

Major Basln 22 

Total Basin 22 

2 4  DU PERACRE 
4-8 DU PER ACRE 

1. RESIDENTIAL 

GENERAL COMMERCIAL 
MINOR OFFICE 
MAJOR OFFICE 

2. COMMERClAUOFFlCE 
as. 

.a,. 

DEVELOPEDOPENSPACE 

3. OPEN SPACE 



City of Scottsdale 
Stormwater Facilities Management System 
22 - Pima Roadllndian Bend Road 

HECI Input Data 10 Year Storm 
Page 1 31 1/96 

BASIN 

0.000 0.490 
69 0 

0.0100 0.30 
0.0100 0.10 
0.0042 0.03 
FROM 220010 
0.0036 0.013 
FROM 220020 
O.QO42 .+? 0.035 
BASlN ''? '' 

TRAP 

ClRC 

TRAP 

69 0 
0.0100 0.30 
0.01 00 0.10 
0.0042 0.03 

COMBINE 
TRAP 

FROM 220030 
0.0036 0.013 
FROM 220040 
0.0015 0.035 
BASlN 

ClRC 

TRAP 

0.0100 0.10 
0.0042 0.02 
0.0015 0.03 

COMBINE 

TRAP 
TRAP 

FROM 220050 
0.0014 0.013 ClRC 

TRAP 
FROM 220060 
0.0015 0.035 

TRAP 
TRAP 0.0015 0.03 

COMBINE 

FROM 220070 
0.0015 0.035 
BASlN 

TRAP 

69 0 
0.0100 0.40 
0.0100 0.10 
0.0042 0.02 
0.0015 0.03 

COMBINE 

TRAP 
TRAP 

BASlN 

TRAP 



City of Scoltsdale 
Slonnwater Facilities Management System 
22 - Pima Roadllndian Bend Road 

HECI input Data 10 Year Storm 
Page 2 

FROM 220210 
0.0036 0.013 ClRC 1.5 
FROM 220220 
0.0042 0.035 TRAP 3.0 1.0 
BASlN 

69 0 0 98 0 
0.0100 0.20 20 
0.0100 0.10 80 
0.0015 0.03 TRAP 23 1 .O 

TRAP 26 1.0 

FROM, ,& 220230 
0.0036 0.013 ClRC 1.5 
FROM 220240 
0.0042 0.035 TRAP 4.0 2.0 
BASIN 

~ ~ ~~ ~. 
RK 338 0.0015 ' 0.03 
RK 2283 0.0042 0.03 
KK 220250 COMBINE 

TRAP 19 1 .O 
TRAP 23 1 .O 

HC 2 
FROM 220250 

500 0: z:: 0 0036 0.013 
ClRC 1 5  

FROM 220260 
500 00042 0 035 TRAP 3 0 1 0  

KK 220080 COMBINE 
HC 2 

FROM 220080 
0.0015 0.035 TRAP 2.0 2.0 
BASIN 

69 0 0 98 0 
0.0100 0.30 65 
0.01w 0.10 35 
0.W2 0.02 TRAP 26 1.0 
0.0015 0.03 TRAP 23 1.0 

COMBINE 

FROM 220090 
RK 500 0.0131 0.013 
KK 220310 BASIN 

ClRC 3.0 

UK 50 0.01 W 0.10 54 
RK 1028 0.0015 0.02 TRAP 23 1.0 
RK 3421 0,0042 0.02 TRAP 26 1 .O 
KK 220320 FROM 220310 
RK 1378 0.0020 0.013 ClRC 4.0 
KK 220320 BASIN 
BA 0.034 
LS 0 69 0 0 98 0 
UK 150 0.0100 0.30 46 

50 0.0100 0.10 54 
745 

1378 
0.0015 0.02 TRAP 26 1 .O 
0.0042 0.02 TRAP 30 1 .O 

KK 220320 COMBINE 
HC 2 
KK 220330 FROM 220320 
RK 500 0.0029 0.013 ClRC 5.0 

lM.cc"ulal~hc 



City of Scousdale 
Stormwater Facilities Management System 
22 - Pima Roadllndian Bend Road 

HECl Input Data 10 Year Storm 

BASIN 

69 
0.0100 
0.0100 
0.0042 

COMBINE 

54 
TRAP 

FROM 
0.0023 
BASIN 

ClRC 

0 98 
46 
54 

TRAP 
TRAP 0.0042 

COMBINE 

FROM 
0.0046 
BASIN 

ClRC 

69 
0.0100 
0.0100 
0.0015 
0.0042 

COMBINE 

TRAP 
TRAP 

FROM 
0.0046 

COMBINE 
ClRC 

FROM 
0.0029 
BASIN 

ClRC 

0 98 
65 
35 

TRAP 
0.0100 
0.0042 

COMBINE 

FROM 
0.0049 
BASIN 

ClRC 

0.0100 
0.0015 

COMBINE 

35 
TRAP 

FROM 
0.0049 
BASIN 

ClRC 

0.0100 
0.0042 

COMBINE 

FROM 



City of Swnsdale 
Stormwater Facilities Management System 
22 - Pima Roadllndian Bend Road 
HECI Input Data 10 Year Storm 

0.0049 0.013 
BASIN 

69 0 0 98 0 
00100 0.30 65 
0.0100 0.10 35 
0.0015 0.02 TRAP 15 1 .O 
0.0042 0.02 TRAP 19 1 0  
FROM 220410 
0.0042 0.035 

. . 

TRAP 4.0 2.0 
BASlN 

O.OlO€l ,.& 0.30 65 
00100 0.10 35 
0.0042 0.02 TRAP 23 1 .O 

COMBINE 

TRAP 20.0 1.0 
FROM 220420 
0.0015 0.035 
BASlN 

0.0015 0.02 
0.0042 0.02 
FROM 22051 0 

TRAP 
TRAP 

0.0014 0.015 
BASlN 

DEEP 

69 0 
0.0100 0.30 
0.0100 0.10 
0.0315 0.02 
FROM 220610 
0.0015 0.018 

0 98 
46 
54 

TRAP 

TRAP 



City of Sconsdale 
Stormwater Facilities Management System 

Drainage Area Factors 

Basin ID: 220010 Area: 0.028 Pervious CN. 69 Impervious CN: 96 

OVERLANDFLOW: ROUqh'S f'cJ ROUTING: Lenqfh Rouqh's Shape Width S/S 
Pervious: 150 0.0100 0.300 65 Collector 

Impervious: 50 0.0100 0.100 35 Main: 5,701 00042 0.030 TRA 18.7 1.0 
- -. 

Basin ID: 220030 Area: 0.020 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW Rouqh's f'cJ ROUTING: Lenqth Shape Width % 
Pervious: 150 0.0100 0.300 46 Collector: 

Impervious: 50 0.0100 0.100 54 Main: 3.168 0.0042 0.030 TRA 18.7 1.0 
-. 

Basin ID: 220050 Area: 0.230 Pervious CN: 69 impervious CN: 98 

OVER LAND FLOW.:^& ~ouqh's ROUTING: ~ength   lope ~ough's ~hape a SIS 
Pervious: 150 0.0100 0.300 65 Collector: 6.469 0.0042 0.017 TRA 26.2 1.0 

Impervious: 50 0.0100 0.100 35 Main: 1.493 0.0015 0.030 TRA 22.5 1.0 

Basin ID: 220070 Area: 0.134 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW Lenqth Rouqh's f'cJ ROUTING: Length Slope Rough's Shape a, S/S 
Pervious: 150 0.0100 0.300 46 Collector: 4.514 0.0042 0.017 TRA 26.2 1.0 

Impervious: 50 0.0100 0.100 54 Main: 707 0.0015 0.030 lRA 22.5 1.0 

Basin ID: 220080 Area: 0.126 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: Rouqh's & ROUTING: Length Slope Rough's Shape a 
Pervious: 20 0.0100 0.400 15 Collector: 3.990 0.0042 0.017 TRA 26.2 1.0 

Impervious: 200 0.0100 0.100 85 Main: 1.632 0.0015 0.030 TRA 26.2 1.0 

Basin ID: 220090 Area: 0.019 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: Lenqth Rouqh's Pd ROUTING: Length Rouqh's m a sls 
Pervious: 150 0.0100 0.300 65 Collector: 527 0.0042 0.017 TRA 26.2 1.0 

Impervious: 50 0.0100 0.100 35 Main: 1.016 0.0015 0.030 TRA 22.5 1.0 

Basin 10: 220110 Area: 0.001 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: m ROUTING: m Width S/S 
Pervious: 150 0.0100 0.300 65 Collector: 

Impervious: 50 0.0100 0.100 35 Main: 229 0.0042 0.017 TRA 30.0 1.0 

Basin ID: 220120 Area: 0.002 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW Lenqth Rough's Pd ROUTING: m Rough's Width 
Pervious: 150 0.0100 0.300 65 Colkdor. 

Impervious: 50 0.0100 0.100 35 Main: 277 0.0015 0.017 TRA 30.0 1.0 

Basin ID: 220130 Area: 0.044 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: Rouqh's % ROUTING: Shape Width SIS 
Pervious: 150 0.0100 0.300 65 Collector: 

Impervious: 50 0.0100 0.100 35 Main: 1.876 0.0042 0.017 TRA 30.0 1.0 

Basin ID: 220210 Area: 0.017 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: Rough's ROUTING: Rough's S/S 
Pervious: 20 0.0100 0.400 15 Colkdor: 

Impervious: 200 0.0100 0.100 85 Main: 1.048 O.W2 0.030 TRA 18.7 1.0 
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City of Scottsdale 
Stomwater Facilities Management System 

Drainage Area Factors 

Basin ID: 220230 Area: 0.131 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: Rough's & ROUTING: Length RoUph's Shape &WJj a 
Pervious: 300 0.0100 0.200 20 Collector: 1.650 0.001 5 0.030 TRA 22.5 1.0 

Impervious: 100 0.0100 0.100 80 Main: 2.764 0.0042 0.030 TRA 26.2 1.0 
. . - .- -. . -. - . - - 

Basin ID: 220250 Area: 0.038 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: w Rounh's &J ROUTING: Roygh's Shape 
Pervious. 150 0.0100 0.300 65 Collector: 338 0.0015 0.030 TRA 18.7 1.0 

Impervious: 50 0.0100 0.100 35 Main: 2,283 0.0042 0.030 TRA 22.5 1.0 
-. .. . - -. 

Basin ID: 220310 Area: 0.070 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW-:<& ~ ~ ~ p h . s  ROUTING. ~enqlh   lope ~ough's ~hape 
Pervious: 150 0.0100 0.300 46 Collector: 1.028 0.0015 0.017 TRA 22.5 1.0 

Impervious: 50 0.0100 0.100 54 Main: 3.421 0.0042 0.017 TRA 26.2 1.0 

Basin ID: 220320 Area: 0.034 Pervious CN: 69 impervious CN: 98 

OVERLANOFLOW. Lenqth Rouqh's pcJ ROUTING: Lenqth Slope Rouqh's Shape a 
Pervious: 150 0.0100 0.300 46 Colledor: 745 0.0015 0.017 TRA 26.2 1.0 

Impervious: 50 0.0100 0.100 54 Main: 1,378 0.0042 0.017 TRA 30.0 1.0 

Basin ID: 220330 Area: 0.012 Pervious CN' 69 Impervious CN: 98 

OVERLANDFLOW Lenqth Rpwh's & ROUTING: Lenqth Slope Rouqh's Shape W a  
Pervious: 150 0.0100 0.300 . 46 Colledor: 

Impervious: 50 0.0100 0.100 54 Main: 1.682 0.0042 0.017 TRA 26.2 1.0 

Area: 0.022 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: Lenqth Slope Rough's & ROUTING: Lenqth Slope Rouqh's WJKIJIJ 
Pervious: 150 0.0100 0.300 46 Cdledor: 343 0.0015 0.017 TRA 22.5 1.0 

Impervious: 50 0.0100 0.100 54 Main: 1,525 0.0042 0.027 TRA 30.0 1.0 

Basin ID: 220350 Area: 0.004 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW. Length Rpwh's & ROUTING: Lenqth Slope Shape 
Pervious: 150 0.0100 0.300 65 Colkctor: 343 0.0015 0.017 TRA 22.5 1.0 

Impervious: 50 O.OIOO 0 . 1 ~  35 Main: 302 0.0042 0.017 TP.A 30.0 1.0 

Basin ID: 220410 Area: 0.069 Pervious CN: 69 Impervious CN: 98 

OVERLAND FLOW Rpwh's & ROUTING: Lenqth Slope Shape &id& Srj 
Pervious: 150 0.0100 0.300 65 Cobdor: 585 0.0015 0.017 TRA 15.0 1.0 

Impervious: 50 0.0100 0.100 35 Main: 1.930 0.0042 0.017 TPA 18.7 1.0 

Basin ID: 220420 Area: 0.199 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: Length Rough's & ROWING: Lenqth Slope Shape Srj 
Pervious: 150 0.0100 0.300 65 Collector: 

Impervious: 50 0.0100 0.100 35 Main: 5,757 0.0042 0.017 TRA 22.5 1.0 

Basin ID: 220510 Area: 0.109 Pervious CN: 69 Impervious CN: 98 

OVERLANDFLOW: Lenqth Rou(lh's & ROUTING: Slope Rouqh's Shape S/S 
Pervious: 150 0.0100 0.300 15 Colkdor: 2.114 0.0015 0.017 TRA 18.7 1.0 

Impervious: 50 0.0100 0.100 85 Main: 1.304 0.0042 0.017 TRA 22.5 1.0 
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Stormwater ~aciliiies Management System 

Drainage Area Factors 
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Basin ID: 220610 Area: 0.066 Pervious CN: 69 Impervious CN: 98 

OMRLANDFLOW: Rouqh's & ROUTING: Lenpth Rouqh's Shape S/S 
P~N~OUS: 150 0.0100 0.300 46 Collector: 

Impervious: 50 0.0100 0.100 54 Main: 2.713 0.0015 0.017 TRA 22.5 1.0 
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Stormwater Facilities Management System 

Rainfall Data 
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RAINFALL DURATION 

Return Period 5 10 15 30 1 2 
(yean) mins mins mins mins hr h n  

Major Basin 22 
2 0.33 0.50 0.61 0.81 0.98 1.09 
5 0.43 0.65 0.81 1.09 1.34 1.49 

10 0.49 0.75 0.95 1.28 1.58 1.76 
25 0.59 0.90 1.14 1.54 1.92 2.14 
50 0.66 1.01 1.29 1.75 2.18 2.43 

100 0.73 1.12 1.44 1.95 2.44 2.72 

3 6 12 24 
hrs hrs h n  hrs 



APPENDIX K 
INDIAN BEND WASH DROP STRUCTURE HEC-RAS ANALYSIS 
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1.0 
Indian Bend Wash 

Comparison of Water Surface Elevations 
Existing Conditions Versus Proposed 10-36'xY-6" Concrete Arch 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

4/29/2007 5:07 PM Page 1 of 1 



Indian Bend Wash 
Proposed 10-36'xg'-6" Concrete Arch 

Design Discharge = 30,000 cfs 

4/29/2007 3:48 PM Page 1 of 2 



Table 2 
Indian Bend Wash 

Proposed 10-36'xg'-6" Concrete Arch 
Design Discharge = 30,000 cfs 

FEMA 100-Year Discharge = 17,000 cfs 

4/29/2007 3:43 PM Page 2 of 2 



Plan View of X-Sections 

Indian Bend Wash at Indian Bend Road 

Proposed 10-36*~9'-6~ Concrete Arches 

and Horses at the Drop 

lndlan Bend Road 

15 



lndian Bend Wash @ lndian Bend Road Plan: Plan 07 4/29/2007 
Geom: Proposed lOx36kB'-s" Conc Arches&Horse Flow: Deslgn Flow and 100-Year Flow 

Indian Bend Wash lndlan Bend Road 
Lenend 

I I EG COE Design Flow 

WS COE Deslgn Flow 1 I 
EG F E W  100-Yr Flow 

WS FEMA 100-Yr Flow 

Crit COE Deslan Flow 

Main Channel Distance (fl) 

I I n H o ~ = 2 5 0 f f  1 i n V a R = 5 f l  



lndlan Bend Wash @ lndlan Band Road Plan: Plan 07  4/28/2007 Indian Band Wash @ lndlan Bend Road Plan: Plan 07 4/28/2007 
O m :  Pmwaad lOx3SW8 Conc&dIes(LHorsa F l m  Dealgn Flow and 1W-Ysar Flow @om: Pmposed lOx38W.8'ConcArch&Horse Flow: Deslgn Flwsnd 100-Year flow 

RS = 17 Moat U.S. X-n. D.S. at East Chmnel RS = 18.75 Flwr Spllt by GoHCourse Mounds 

WS COE Deslgn Flow WS COE Deslgn Flow 

EG FEMA 100-Yr Flow Crlt COE Deslgn Flow 

WS FEMA 100-Yr Flow EG FEMA 100-Yr Flow 

Crit COE Deslgn Flow WS FEMA 100-Yr Flow 

CrH FEMA 100-Yr Flow CrH FEMA 100-Yr Flow 

0 5W 1000 1500 2000 2500 

I st&n (17) stanon (R) 

1 In Hork. = 1000 R 1 In Vart. = 5 fi 



Indian Bend Wash @ Indian Bend Road Plan: Plan 07 412812007 Indian Bend Wash @ Indian Bend Road Plan: Plan 07 412912007 
G m :  P m d  1WB*84' Conc&chss(LHm Flow: M g n  Flow and 100-Year Flow Mom: P m d  lOx3W4'Conc&ches&Hme Flow: Dsalgn Flow and 100-Year Flow 

RS = 18.6 ConlmUlng Seetlm U.S. dExlatlng hop Sbuchlm RS= 16 Uprheam FsceofConArch 

L . 0 2 2  L 02- 

EG FEMA 100-Yr Flow 

Cdt COE Deslgn Flow 

WS COE Deslgn Flow 

WS F E W  100-Yr Flow 

Crlt FEMA 100-Yr Flow - 
Gmund - 

lneff 

BankSta 

1285 
WS COE Design flow 

EG FEW 100-Yr Flow 

WS FEW 100-Yr Flwv 

CR COE Deslgn Flow 

Cdt FEW 100-Yr Flow 

__C_ 

lneff 

I StaUon (R) Statfon (R) 
1 In Horiz. = 1000 R 1 in Vert = 5 R 



-- - -  - 

lndlan Bend Wash @ lndlan Bend Road Plan: Plan 07 4/29/2007 
Geom: Pmposed 1 W W e  Ccm-we Flow: D d g n  Flow and 1WYwFlow 

FS= 14.26 Culv 

EG COE Deslgn Flow 1- 
I I = M  cOE Design Flow I 
I I cm FEMn ;O&Y~ now I 

11-1 Bank Sta 

lndlan Bend Wash @ lndlan Bend Road Plan: Plan 07 4/29/2007 
Gwm: Pm-d 101B8~'4mConcArch&Hme Flow: Dedgn Flw and 100-Year Flow 

RS= 1426 Culv 

.02 

I I Legend I 
EG COE Deslgn FIGW' 

WS COE Deslgn Flow 

EG F E W  100-Yr Flow 

WS FEW 1W-Yr FIGW 

cm COE Design FIGW 

Crit FEW 100-Yr now 

Gmund 

Bank Sts 



lndlan Bend Wash @ lndlan Bend Road Plan: Plan 07 4/29/2007 lndlan Bend Wash @ lndlan Bend Road Plan: Plan 07 4/29/2007 
Geom: Pmmsed '10x3W.B. Conc ArthesaHona Flow: Ddgn Flow end lWYsar Flow Gsam: P m p d  iOx3eW'4'ConcArrheeBHm flow: Deslgn Flow and 100-Year Flow 

1285 WS COE Deslon Flow , , .. 1 1 EG FEMA ;OiYr Flow 1 
WS FEMA 100-Yr Flow 

cm COE Deslgn Flow 

Crlt FEMA 100-Yr Flow - - 
Gmund 11-1 Bank Sta 

RS = '13 N a m  Polnt Wash Inlet Channel 

5 

1295- WS COE Daslgn Flow 

EG FEMA 100-Yr Flow 

WS FEMA 100-Yr Flow 

Ground 

1285 

1280 

Stawn (R) StaUon (R) 

I in Horiz. = 1000 R 1 in Vert. = 5 R 



lndlan Bend Wash @L lndlan Band Road Plan: Plan 07 4/29/2007 Indian Band Waah @ Indian Bend Road Plan: Plan 0 7  4/29/2007 
G-: proposed 1 0 x 3 8 ~ ~  cone~rthes(L~orse Mmr: Deelgn Flow and 1ODYearnow &om: Propad 10~36W.B' ConoArhes&Hme Flow: Dealgn Flow and 100-Ymr Flow 

1285- 

1290- 

- 1285- s 
C 

8 
% 

1280- 

1275:1, 1270 

RS = 12 Expendlng lndlan Bend Wash lnlel Chsnnsl RS = 11 Expanding lndlsn Bend Wash Inlet Channel 

. ,025 . "- " 
3 3 

- 5  ' 5 

WS COE Deslgn Flow WS COE Design Flow 

EG FEMA 100-Yr Flow EG FEMA 100-Yr Flow 

WS FEMA 100-Yr Flow WS FEMA 100-Yr Flow 

Ground Ground 

- 

0 500 , , . 1000 , , , , , , 15W , , , , , 20W , , , , 2500 , a 
0 500 1WO 1504 2WO 2500 



lndlan Bend Wash @ lndlan Bend Road Plan: Plan 07 412012007 
G m :  Pmpoaad 10x38W-B. C m  ArchWorsa Flow: Deslgn Flow and 100-Year flaw 

US = l o  Most D.S. X-SBCtlon. U.S. of East lnlsnaptor Channel 

WS COE Deslgn Flow 

EG FEMA 100-Yr Flow 

WS FEMA 100-Yr Flow 

Crit COE Design Flow 

Crlt FEMA 100-Yr Flow - - 
Ground 

a 
Bank% 



Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

HEC-RAS Version 3.1.3 May 2005 
U.S. Army Corp of Engineers 
Hydrologic Engineering Center 

609 Second Street 
Davis, California 

X X XXXXXX XXXX XXXX XX XXXX 
X X X X X X X X X  X 
X X X X X X  X X X  
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX 
X X X X X X X X X 
X X X X X X X  X X X 
X X XXXXXX XXXX X X X X xxxxx 

PROJECT DATA 
Project Title: Indian Bend Wash @ Indian Bend Road 
Project File : 1BWexst.prj 
Run Date and Time: 4/29/2007 4:38:32 PM 

Project in English units 

Project Description: 
Analysis of Indian Bend Wash @ Indian Bend Road 

PLAN DATA 

Plan Title: Plan 07 
Plan File : C:\IBW\IBWexst.p07 (Plan is for proposed culverts) 

Geametry Title: Proposed 1 0 ~ 3 6 ~ x 9 ' - 6 "  Conc Arches 6. Horses 
Geometry File : C: \IBW\IBWexst .gOl (Proposed Geometry File) 

Flow Title : Design Flow and 100-Year Flow 
Flow File : c:\1ew\1~wexst.f04 (Flow is the same for Existing 

And Proposed Conditions) 

Plan Summary Information: 
Number of: Cross Sections = 9 Multiple Openings = 0 

Culverts = 1 Inline Structures = 0 
Bridges = 0 Lateral Structures = 0 

Computational Infomation 
Water surface calculation tolerance = 0.01 
Critical depth calculation tolerance = 0.01 
Maximum number of iterations = 20 
Maximum difference tolerance = 0.3 
Flow tolerance factor = 0.001 

Computation Options 
Critical depth computed only where necessary 
Conveyance Calculation Method: At breaks in n values only 
Friction Slope Method: Average Conveyance 
Computational Flow Regime: Subcritical Flow 

Page 1 of 20 



Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

Flow Title: Design Flow and 100-Year Flow 
Flow File : C:\IBW\IBWexst.£O4 

Flow Data lcfs) 
**.*.* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* River Reach RS * COE Design FlowFEMA 100-Yr Flow * 
* Indian Bend WashIndian Bend Road17 30000 17000 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Boundary Conditions 
* I *  f l * * f * * l l * f ~ f . . * ~ * ~ * ~ - * * . * . * ~ * * * ~ ~ ~ * ~ * * ~ ~ ~ * ~ * . ~ . * ~ * . * * ~ . * , ~ ~ . . . * * ~ . . ~ . ~ ~ ~ ~ ~ . ~ ~ ~ * ~ ~ ~ * * . * * ~ ~ ~ ~ ~ ~ * * *  

* * * *  
* River Reach Profile + Upstream Downstream 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% * * ,  

* Indian Bend WashIndian Bend RoadCOE Design Flow * Known WS = 1288.61 Known WS = 
1277.98 * 
* Indian Bend WashIndian Bend RoadFEMA 100-Yr Flow ' Known WS = 1287.25 Known WS = 
1275.99 * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * f * * * * * * * * t ~ * ~ * ~ + ~ * ~ + * ~ * * * * * + * * * * * * + * * * * * * * * . * * * . ~ . * . * * * ~ % ~ ~ ~ * * * * , * ~ ~ ~ *  

* + * *  

GEOMETRY DATA 

Geometry Title: Proposed 1Ox36'x9'-6" Conc Arches&Horse 
Geometry File : C:\IBW\IBWexst.gOl 

a CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indlan Bend Road RS: 17 

INPUT 
Description: Most U.S. X-Section, D.S. of East Channel 
Station Elevation Data n m =  3 7 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
* ~ * * * * ~ * * * * ~ ~ * ~ ~ ~ ~ ~ * ~ ~ % % * * * * ~ * + * ~ ~ * ~ ~ * ~ * * ~ ~ * ~ * * ~ ~ ~ * ~ + + ~ * * * * * * + * * * * * * * * * * * * * * * * . ,  

Manning's n Values n m =  8 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

~ % * % ~ ~ ~ ~ ~ * . ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ * * ~ * * * * * * * * * ~ * ~ ~ + ~ * * ~ * * * * + * * * * * ~ * , * * * * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ % ~ * ~  
0 ,035 37 .02 395 .025 550 .04 700 .025 

730 0 891 .02 1099 .04 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 1700 470 430 315 .2 .4 

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 

CROSS SECTION OUTPUT Profile XCOE Design Flow 

a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev (ft) * 1288.96 * Element * Left OB ' Channel * Right OB 
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* Vel Head Ift) 

* W.S. Elev lft) 
* Crit W.S. Ift) 
* E.G. Slope (Etlft) 
* Q Total (cfs) 
* Top Width (ft) 
* vel Total (ftls) 
* Max Chl Dpth I ftl 
* Conv. Total (cfs) 
* Length Wtd. (ft) 
* Min Ch El (ft) 
Alpha 

* Frctn Loss (ft) 
* C & E LOSS (ft) 
* * * * * * + * + * + * * * * * * * * * ,  

Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

* 0.35 + Wt. n-Val. * * 0.027 
1288.61 ' Reach Len. lft) * 470.00 

* 1285.94 Flow Area (so ftl * 
*0.000792 * Area lsq ft) 
'30000.00 ' Flow lcfs) 
* 1497.66 * Top Wldth (ft) * 
* 4.76 Avg. Vel. (ftls) 

6.61 * Hydr. Depth lftl * 
'1066069.0 ' Conv. (cfs) * 
* 430.00 Wetted Per. (ft) 
1282.00 ' shear (lblsq ft) 

* 1.00 * stream Power (lhlft sl * 
+ 0.66 * Cum Volume lacre-ft) * 
* 0.20 ' Cum SA (acres) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Warning: Divided flow computed for this cross-section. 
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for 

additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Manning's n values were composited to a single value in the main channel. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid. 

water surface was used. 

CROSS SECTION OUTPUT Profile #FEHA 100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev (ft) 1287.46 * Element * Left OB ' Channel * Right OB * 
* Vel Head (ft) * 0.20 * Wt. n-Val. * 0.026 * 
W.S. Elev Iftl * 1287.25 ' Reach Len. lftl * 470.00 * 430.00 • 315.00 * . . . . ~ ~ ~~ 

* Crit W.S. lft) * 1285.02 Flow Area lsq ft) * 4700.33 * 
E.G. Slope (ftlft) *0.000644 * Area (sq ft) * * 5106.76 * 

* Q Total lcfs) *17000.00 * Flow (cfs) + '17000.00 * 
* Top Width (ft) * 1447.11 * Top Width (ft) * * 1447.11 * 
* Vel Total (ftls) * 3.62 * Avg. Vel. (ftlsl * 3.62 * 
* Max Chl Dpth lft) 
* Conv. Total lcfsl 
* Length Wtd. lft) 
* Min Ch El (ft) 
Alpha 

* Frctn Loss (ft) 
* C & E LOSS (ft) 

5.25 * Hydr. Depth (ft) 
*670110.0 * Conv. (cfs) 
* 430.00 * wetted Per. (ft) * 
* 1282.00 Shear llblsq ft) * 
* 1.00 * Stream Power (lblft s )  * 

0.58 * Cum Volume (acre-ft) * 
0.17 * Cum SA (acres) 

* * * * * * % * * * * * * * * % % * * * * % * % % * * * * * * * * * * * * * * * * * * * * *  

Warning: Divided flow computed for this cross-section. 
Warning: The velocity head has changed by more than 0.5 ft 10.15 m). This may indicate the need for 

additional cross sections. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Note: Manning's n values were composited to a single value in the main channel. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 16.75 

INPUT 
Descri~tion: Flow Solit bv Golf Course Mounds 
Station Elevation Data num= 52 

Sta Elev Sta Elev Sta Elev sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 1290 29 1285 54 1282 63 1282 324 1282 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

331 1282 344 1284 360 1285 392 1290 410 1291 

Manning's n Values n m =  6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .035 54 .02 331 .025 360 .04 530 .025 

1395 .04 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 2082 627 3 0 120 .2 .4 

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 

0 0 1290 F 
1585 2082 1296 F 

CROSS SECTION OUTPUT Profile #COE Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev Ift) * 1288.10 * Element * Left OB * Channel * Right OB * 
* Vel Head (ftl * 1.36 * Wt. n-Val. * * 0.022 * 
* W.S. Elev (ft) * 1286.74 ' Reach Len. lft) 627.00 * 30.00 ' 120.00 * 
* Crit W.S. lft) 1286.74 * Flow Area (sq ft) * 3208.77 * 
E.G. Slope Iftlftl *0.004214 Area lsq ft) 3322.96 * 

* Q Total Icfs) *30000.00 * Flow Icfs) *30000.00 * 
* Top Width lft) * 1269.67 * Top Width ift) + 1269.67 * 
* Vel Total iftlsl * 9.35 * Avg. Vel. ift/sl 9.35 * 
* Max Chl Dpth Ift) * 4.74 * Hydr. Depth lftl * 2.73 * 
* Conv. Total (cfs) *462141.4 * Conv. lcfs) *462141.4 * 
* Length Wtd. (ft) * 30.00 * Wetted Per. lft) * 1176.02 * 
* Min Ch El (ft) * 1282.00 * Shear Ilblsq ft) * 0.72 * % 

* Alpha 1.00 * Stream Power IIblft s )  * * 6.71 * e 

* Frctn Loss lft) * 0.13 * Cum Volume (acre-ft) 102.70 * e 

C & E LOSS (ftl * 0.03 * Cum SA iacresl * 14.99 * 
* * * * * * * , t t * * * * t * * * * * ~ ~ * ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ . ~ ~ * * * * * * * ~ ~ * * * ~ * * . * * * . * * * . * * - . . ~ , ~ ~ * ~ ~ ~ ~ ~ ~ ~ * * * * * * ~  

Warning: 

Warning : 
Warning : 

The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 
Divided flaw computed for this cross-section. 
The energy loss was greater than 1.0 ft (0.3 m). hetween the current and previous cross 
section. This may indicate the need for additional cross sections. 

Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came back helow critical depth. This indicates that 
there 

is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION ODTPDT Profile #FEMA 100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev lftl * 1286.71 * Element Left OB * Channel * Right OB * 
* Vel Head lft) * 1.07 * Wt. n-Val. 0.022 ' * 
* W.S. Elev (ftl 1285.64 * Reach Len. ift) * 627.00 * 30.00 * 120.00 * 
* Crit W.S. lft) 1285.64 ' Flow Area (sq ft) * 2048.71 * . 
E.O. Slope (ftlft) *0.004354 * Area (sq ftl * 2082.52 * 

* Q Total (cfsl *17000.00 * Flow lcfs) *17000.00 • * 
* Top Width (Et) * 1004.67 * Top Width (ft) 1004.67 * e 

* Vel Total Iftls) * 8.30 * Avg. Vel. (ftls) * 8.30 * 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Desim Discharge = 30,000 cfs 
FEMA 16-year ~ i schar~e '=  17,000 cfs 

* Max Chl Dpth (ft) 3.64 ' Hydr. Depth (ftl * 2.13 * 
Conv. Total (cfs) -257631.3 Conv. (cfsl '257631.3 * 

* Length Wtd. lftl 30.00 * Wetted Per. lftl 963.30 
*MinChEl Ift) * 1282.00 * Shear llblsq ft) * 0.58 * * 
Alpha * 1.00 stream Power Ilblft sl * * 4.80 * 

* Frctn Loss lftl * 0.14 * Cum Volume lacre-ftl * 73.20 * 
* C & E LOSS lftl * 0.02 * Cum SA (acres) * 14.51 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Warning: 

Warning: 
Warning : 

Warning: 
critical 

there 

Note: 
valid, 

The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 
Divided flow computed for this cross-section. 
  he energy loss was greater than 1.0 ft (0.3 ml. between the current and previous cross 
section. This may indicate the need for additional cross sections. 
~uring the standard step iterations, when the assumed water surface was set equal to 

depth, the calculated water surface came back below critical depth. This indicates that 

is not a valid subcritical answer. The program defaulted to critical depth. 
Multiple critical depths were found at this location. The critical depth with the lowest, 

water surface was used 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 16.5 

INPUT 
Description: Controlling Section U.S. of Existing Drop Structure 
Station Elevation Data num= 18 

Sta  lev Sta Elev Sta Elev Sta Elev 
*****+***%****%*******%****** . * ** - *** , * ***%*.*****%***%***%******** ,  

Sta Elev 
, *+* * * * *+* *+*  

Manning's n Values n m =  3 
Sta n Val Sta n Val Sta n Val 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-88 .02 -88 .02 1430 .02 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
-88 1430 105 105 105 .2 .4 

Ineffective Flow n m =  3 
Sta L Sta R Elev Permanent 
-88 146 1290 F 
563 684 1290 F 
1300 1430 1290 F 

Blocked Obstructions n m =  6 
Sta L Sta R Elev Sta L Sta R Elev Sta L Sta R Elev 

* * * * * * * * *+** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * , * * * * * * * *%*** * * * * * *%*  

CROSS SECTION OUTPUT Profile W O E  Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev (ftl * 1287.06 * Element Left OB * Channel * Right OB * 
* Vel Head (ftl 1.49 * Wt. n-Val. * 0.020 * 
* W.S. Elev (ftl * 1285.57  each Len. lft) * 105.00 ' 105.00 ' 105.00 * 
Crit W.S. (ftl * 1285.57 *  low Area lsq ft) e * 3061.29 * + 
E.G. Slo~e (ftlftl *0.004138 * Area (sa ft) * 4211.77 * 

* Q Total icfs) *~OOOO.OO *  low leis) *30000.00 * 
* Top Width (ftl * 1425.41 * Top Width lft) * 1425.41 " 
* Vel Total lftls) * 9.80 * Avg. Vel. Ift/s) * 9.80 * + 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA I&-year ~ i s c h a r ~ e ' =  17,000 cfs 

* Max Chl Dpth lft) 3.97 * Hydr. Depth Ift) * 3.02 ' 
* conv. Total lcfs) *466376.1 * Conv. lcfs) * '466376.1 * 
+ Length Wtd. lft) * 105.00 * Wetted Per. lft) * * 1042.56 ' 
Min Ch El lft) * 1281.60 Shear Ilblsq ftl * * 0.76 * 

* Alpha * 1 .OO * stream Power llblft s )  ' 7.43 * 
* Frctn Loss lft) * 0.13 ~CumVolumelacre-ft) * * 100.11 * 
C & E Loss (ft) * 0.17 *CumSAlacresl * 14.06 * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Warning: The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft 10.3 m). between the current and previous cross 

section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came back below critical depth. This indicates that 
there 

is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION OUTPUT 
**+************** . ***  
* E.G. Elev lft) 
Vel Head Ift] 

* W.S. Elev lft) 
* Crit W.S. Iftl 
E.G. Slope lft/ft) 

* Q Total lcfsl 
* Top Width lft) 
* Vel Total lft/s) 
* Max Chl Dpth lft) 
* Conv. Total lcfs) 
* Length Wtd. lft) 
* Min Ch El (ft) 
Aloha 

Profile fFEMA 100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* 1285.64 Element * Left OB * Channel * Right OB * 
1.03 Wt. *-Val. * 0.020 * 

* 1284.61 Reach Len. lft) * 105.00 ' 105.00 * 105.00 * 
* 1284.61 * Flow Area lsq ft) 2087.11 * 
*0.004705 * Area lsq ft) ' 2850.25 * 
*17000.00 * Flow lcfs) * *17000.00 ' 
* 1406.17 * Top Width lft) * 1406.17 * 
* 8.15 * Avg. vel. (ftls) * 8.15 ' 

3 . 0  * Hydr. Depth (ftl 2.06 * 
*247831.4 * Conv. lcfs) *247831.4 A 

* 105.00 * Wetted Per. lft) 1032.95 * 
* 1281.60 * Shear llb/sq ft) * 0.59 * 

1.00 'StreamPowerllb/ftsl * * 4 . 8 3  * 

warning: The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 

Warning: Divided flow computed for this cross-section. 
Warning: The cross-section end points had to be extended vertically for the computed water surface. 
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 

0.7 or greater than 1.4. This may indicate the need for additional cross sections. 
Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 

section. This may indicate the need for additional cross sections. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came back below critical depth. This indicates that 
there 

is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road 85: 15 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches - 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

INPUT 
Description: Upstream Face of 

ConArch 
1286 
50 
1285 
130 
1284 
2RO 

Station Elevation Data n m =  27 
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 

* * * * * f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * M * * * * * * * * * * * * * + * * * * * * * * * * % * * * * * * * * * * * * * % *  

Manning's n Values n m =  3 
Sta n  Val Sta n  Val Sta n Val 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 

a FEMA 16-year Discharge.= 17,000 cfs 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
-85 1610 90 90 90 .3 .5 

Ineffective Flow num= 3 
Sta L Sta R Elev Permanent 

CROSS SECTION OUTPUT Profile #COE Design Flow 
........................................................................................... 

* E.G. Elev Ift) * 1281.81 * Element * Left OB * Channel * Right OB * 
* Vel Head If t) 1.08 * Wt. n-Val. * 0.020 * * 
* W.S. Elev lft) * 1280.74 * Reach Len. (ft) * 90.00 * 90.00 * 90.00 * 
* Crit W.S. lft) 1276.82 * Flaw Area lsq ft) 3605.07 * * 
* E.G. Slope lftlft) *0.000598 * Area lsq ft) * 8315.48 ' 
* Q Total lcfs) *30000.00 * Flow lcfs) *30000.00 * 
* Top Width lft) * 920.83 * Top Width lft) * 920.83 * 
Vel Total Iftls) * 8.32 * Avg. Vel. Iftls) * 8.32 * * 

* Max Chl Dpth lft) * 9.80 *Hydr.Depth(ft) + 9.80 * 
* COIIY. Total lcfs) *1226280.0 * Conv. lcfs) *1226280.0 * 
* Length Wtd. lft) * 90.00 * Wetted Per. lft) * * 368.00 * 
M i n C h E l  lft) * 1270.94 * Shear Ilblsq ft) * 0.37 * 
* Alpha * 1.00 * Stream Power Ilhlft s )  * * 3.05 * + 
* Frctn Loss lftl * Cum Volume (acre-ft) * * 85.01 * 
* C & E LOSS lft) * Cum SA (acres) * * 11.23 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ote: ~ultiple critical depths were found at this location. The critical de~th with the lowest. 
valid. 

energy was used - 
CROSS SECTION OUTPUT Profile #PEMA 100-Yr Flow 
* * * * * * * * * * * * * * * * * * * * * * * * ~ * ~ * ~ * * * * ~ ~ . ~ ~ ~ ~ % ~ ~ ~ * * * ~ * * ~ ~ ~ ~ ~ ~ ~ * ~ * * * * + * ~ * ~ % ~ ~ ~ * * * ~ * * * * * , , * ~ ~ ~ ~ ~ ~ + * * * ~ ~  
* E.G. Elev lft) * 1278.31 * Element Left OB * Channel * Right OB * 
* Vol Head lft) * 0.76 * Wt. n-Val. * 0.020 * * 
* W.S. Elev lft) * 1277.55 * Reach Len. (ft) * 90.00 * 90.00 * 90.00 
* Crit W.S. lft) * 1274.98 * Flow Area (sq ft) * 2430.99 * 
* E.G. Slope Iftlft) *0.000715 * Area lsq ft) * * 5443.39 * 
Q Total lcfs) *17000.00 * Flow lcfs) *17000.00 * * 

* Top Width lft) * 887.82 * Top Width lft) * 881.82 * 
* Vel Total lftls) * 6.99 ' Avg. Vel. (ftls) * * 6.99 * * 
* Max Chl Dpth lft) 6.61 * Hydr. Depth (ft) p * 6.61 * e 

* Conv. Total lcfs) '635876.2 * Conv. (cfs) *635876.2 * 
* Length Wtd. lft) 90.00 * Wetted Per. lft) * 368.00 * 
* Min Ch El lft) * 1270.94 * Shear llblsq ft) % * 0.29 * + 
Alpha * 1.00 * stream Power (lblft s )  * + 2.06 * 

* Frctn LOSS lft) Cum Volume (acre-ft) * 61.51 * 
C & ELOSS (ft) Cum SA (acres) + * 10.91 * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CULVERT 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 14.25 

INPUT 
Description: 

a Distance from upstream xs = 1 
DecklRoadway Width . . 78 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA l & - ~ e a r  ~ i schar~e '=  17,000 cfs 

Weir Coefficient - - 2.6 
Upstream DeckIRoadway Coordinates 

nun= 2 
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-85 1283.83 1610 1283.83 

Upstream Bridge Cross Section Data 
station Elevation Data num= 27 

Sta Elev Sta Elev sea Elev Sta Elev Sta Elev 
* * * ~ ~ ~ ~ * ~ ~ * ~ * ~ ~ ~ ~ ~ * * ~ * ~ % ~ ~ ~ ~ % ~ ~ ~ * ~ % ~ . % . ~ ~ . ~ ~ ~ % * % ~ ~ * ~ ~ * ~ * ~ * ~ * * * * * * * * * + + * , * + * ~ * ~ ~ ~  

Manning's n Values num= 3 
sta n Val sta n Val Sta n Val 

+** * * * * * * * * * *+* *+* * * * *+* * * * * * * *%* . * * *%* . * * * * *%**  

~ a n k  Sta: Left Right Coeff Contr. Expan 
-85 1610 -3 .5 

Downstream DeckIRoadway Coordinates 
2 

Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord 
* * * * * * * * * * *%** * * *%** * * * * *%** * * *%* . *%* . * . * * * * * * * *  

Downstream Bridge Cross Section Data 
Station Elevation Data num= 4 

Sta Elev sta Elev Sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

340 1291 400 1270.44 962.48 1270.44 1022.48 1291 

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

~ ~ ~ ~ ~ ~ * ~ * ~ * ~ * . ~ . ~ ~ . ~ * ~ ~ ~ . , . * * * * . * . . ~ ~ . ~ * ~ * ~ ~ * * ~ ~  
340 .02 340 .02 1022.48 .02 

Bank Sta: Left Right Coeff Contr. Expan. 
340 1022.48 .3 .5 

Ineffective Flow num= 3 
Sta L Sta R Elev Permanent 
340 400 1290 F 
584 778.48 1290 F 

962.48 1022.48 1290 F 

Upstream Fmhankment side slope - - 0 horiz. to 1.0 vertical 
Downstream Embanbent side slope - - 0 horiz. to 1.0 vertical 
Maximum allowable submergence for weir flow = .95 
Elevation at which weir flow begins = 1283.83 
Energy head used in spillway design - - 
Spillway height used in design - - 
Weir crest shape = Broad Crested 

Nwnber of Culverts = 3 

Culvert Name Shape Rise Span 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA ll%-year ~ i s c h a r ~ e ' =  17,000 cfs 

culvert #1 Conspan Arch 9.5 3 6 
FHWA Chart # 61- SpanlRise ratio approximate 4:l 
FHWA Scale f 3 - 90 degree wing wall angle 
Solution Criteria = Highest U.S. EG 
Culvert Upstm Dist Length Top n Bottom n Depth Blocked Entrance Loss Coef Exit LOSS Coef 

1 80 .012 .013 0 .5 1 
Number of Barrels = 5 
Upstream Elevation = 1270.94 
Centerline Stations 

Sta. Sta. sta. Sta. Sta. 
389 426 463 500 537 

Downstream Elevation = 1270.44 
Centerline Stations 

Sea. Sta. Sta. sta. Sta. 
418 455 492 529 566 

Culvert Name Shape Rise Span 
Culvert #2 Conspan Arch 9.5 3 6 
FHWA Chart # 61- SpanlRise ratio approximate 4:l 
FHWA Scale # 3 - 90 degree wing wall angle 
Solution Criteria = Highest U.S. EG 
Culvert Upstrm Dist Length Top n Bottom n Depth Blocked Entrance Loss Coef Exit Loss coef 

1 86.5 .012 .013 0 .5 1 
Number of Barrels = 4 
Upstream Elevation = 1270.94 
Centerline Stations 

Sta. Sta. Sta. Sta. 
836.48 873.48 910.48 947.48 

Downstream Elevation = 1270.44 
Centerline Stations 

Sta. Sta. Sta. Sta. 
796.48 833.48 870.48 907.48 

Culvert Name Shape Rise Span 
Culvert #3 Conspan Arch 9 36 
FHWA Chart # 6 1  Span/Rise ratio approximate 4:l 
FHWA Scale # 3 - 90 degree wing wall angle 
Solution Criteria = Highest U.S. EG 
Culvert Upstm Dist Length Top n Bottom n Depth Blocked Entrance Loss Coef Exit LOSS coef 

1 86.5 ,012 .013 0 .5 1 
Upstream Elevation = 1271.44 

Centerline Station = 984.48 
Downstream Elevation = 1270.94 

Centerline Station = 944.48 

CULVERT OUTPUT Profile fCOE Design Flow Culv Group: Culvert fl 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Q Culv Grour, lcfs) *15114.52 * Culv Full Len lft) . . 
* # Barrels - 5 ' Culv Vel 17s lft~/sl * 1 1  R 7  * - - -  -. .. . .- 
* Q Barrel lcfs) * 3022.90 * Culv Vel DS (£~IS) * 11.23 * 
* E.G. US. (ft) 1281.81 * Culv Inv El Up lft) 1270.94 * 
* W.S. US. lft) * 1280.74 * Culv Inv El Dn (ft) * 1270.44 * 
E.G. DS lft) 1280.19 + Culv Frctn Ls (ft) * 0.11 * 

* W.S. DS lft) * 1278.66 * Culv Exit Loss lft) 0.43 * 
* Delta EG (ft) + 1.62 * Culv Entr LOSS (ft) * 1.09 * 
* Delta WS (ft) * 2.07 * Q Weir lcfs) 
E.G. IC lft) 1281.05 * Weir Sta Lft (ft) * 

* E.G. OC lft) * 1281.81 * Weir Sta Rgt lft) 
* Culvert Control + Outlet ' Weir Sutrmerg 
* Culv WS Inlet (ft) * 1278.56 * Weir Max Depth lft) 
* Culv WS Outlet (ft) * 1278.66 * Weir Avg Depth (ft) + + 
* culv Nml Depth (ft) 4.15 * Weir Flow Area ( s q  ft) 
Culv Crt Depth lft) 5.91 * Min El Weir Flow lft) * 1283.84 * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CULVERT OUTPUT Profile #FEMA 100-Yr Flow Culv Group: Culvert #1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 16b-year Discharge'= 17,000 cfs 

* Q C u l v  G r o u p  l c f  s )  8 5 8 6 . 3 3  C u l v  F u l l  Len l f t l  * 
* # B a r r e l s  5  * C u l v  V e l  US l f t l s l  * 8 . 6 7  * 
* Q B a r r e l  l c f s )  * 1 7 1 7 . 2 7  * C u l v  V e l  DS l f t l s l  * 7 . 8 7  * 
* E.G. US. l f t l  * 1 2 7 8 . 3 1  * C u l v  I n v  E l  Up l f t l  * 1 2 7 0 . 9 4  * 
* W.S. US. l f t l  1 2 7 7 . 5 5  ' C u l v  I n v  E l  Dn l f t l  ' 1 2 7 0 . 4 4  * 
* E.G. DS l f t )  * 1 2 7 7 . 5 5  * C u l v  F r c t n  L s  l f t )  0 . 0 6  

W.S. DS l f t )  * 1 2 7 6 . 7 0  * C u l v  E x i t  L o s s  I f t )  * 0 . 1 2  * 
* D e l t a  EG I f t )  0 . 7 6  * C u l v E n t r L o s s l f t l  * 0 . 5 8  ' 
* D e l t a  WS l f t )  * 0 . 8 4  * Q W e i r  l c f s )  
* E.G. I C  l f t )  * 1 2 7 7 . 8 7  * Weir S t a  L f t  l f t )  
* E.G. OC I f t l  * 1 2 7 8 . 3 1  * Weir S t a  R g t  l f t )  * 
* C u l v e r t  C o n t r o l  * O u t l e t  * Weir S u h e r g  
* C u l v  WS I n l e t  l f t )  * 1 2 7 6 . 5 6  * Welr Max D e p t h  ( f t )  * 
* C u l v  WS O u t l e t  l f t )  * 1 2 7 6 . 7 0  . Weir Avg D e p t h  l f t l  * + 
* C u l v  Nml D e p t h  l f t l  * 2 . 8 8  ' Weir F l o w  A r e a  l s q  f t )  ' 
" C u l v  C r t  D e p t h  l f t l  4 . 1 1  ' Min E l  Weir F l o w  l f t l  * 1 2 8 3 . 8 4  * 
* ~ * ~ ~ % ~ ~ ~ ~ ~ ~ * ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ * ~ * ~ ~ ~ ~ * ~ ~ . , * * + . % ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ * ~ + * + ~ ~ * ~ * ~ * * * + * * . *  

CULVERT OUTPUT P r o f i l e  XCOE D e s i g n  F l o w  C u l v  G r o u p :  C u l v e r t  # 2  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Q C u l v  G r o u p  l c f s )  
* X B a r r e l s  
* Q B a r r e l  l c f s l  
* E.G. US. I f t l  . . 
* W.S. US. l f t )  

E.G. DS l f t l  
* W.S. DS l f t l  

D e l t a  EG l f t l  
* D e l t a  WS l f t l  
* E.G. I C  l f t )  
* E.G. OC I f t )  

*12079.64  * C u l v  F u l l  L e n  l f t )  
* 4 * C u l v V e l  US l f t l s )  1 1 . 8 0  * 
* 3 0 1 9 . 9 1  * C u l v  V e l  DS l f t l s )  1 1 . 2 2  * 
* 1 2 8 1 . 8 1  ' C u l v  I n v  E l  UD l f t l  * 1 2 7 0 . 9 4  

1 2 8 0 . 7 4  ' C u l v  I n v  E l  Dn l f t l  * 1 2 7 0 . 4 4  * 
1 2 8 0 . 1 9  * C u l v  F r c t n  L s  I f t )  * 0 . 1 1  * 

* 1 2 7 8 . 6 6  * C u l v  E x i t  L o s s  ( f t l  * 0 . 4 3  * 

* 2 . 0 7  * Q Weir l c f s )  
1 2 8 1 . 0 4  * W e i r  S t a  L f t  l f t )  * 

* 1 2 8 1 . 8 1  * Weir S t a  R a t  I f t l  . . 
* C u l v e r t  C o n t r o l  * O u t l e t  * W e i r  S u h e r a  

C u l v  WS I n l e t  l f t l  1 2 7 8 . 5 7  * Weir Max D e p t h  l f t l  * 
* C u l v W S O u t l e t  l f t )  * 1 2 7 8 . 6 6  * W e i r A v g D e ~ t h I f t l  * 
+ C u l v  Nml D e p t h  l f t )  * 4 . 2 6  * W e i r  F l o w  A r e a  l s q  f t )  ' 
* C u l v  C r t  D e p t h  l f t )  * 5 . 9 1  * Min E l  W e i r  F l o w  l f t l  * 1 2 8 3 . 8 4  * 
* * * * * * * * * * * * *+* * * * * * * * * * * * * * * * * * * * * * * * * * * * *+* * *+* * * * * * * . . * * * *%** * *%** * *%*  

CULVERT OUTPUT P r o f i l e  XFEMA 1 0 0 - Y r  F l o w  C u l v  G r o u p :  C u l v e r t  #2  
* * * * * * * * * * * * * * * *+ * * * * * * * * * * * * *%* * *%* *%* * * * * * * * * * *+ * * * * * * * * * * * * *+ * * * *%* *%*  

Q C u l v  G r o u p  l c f s )  * 6 8 6 2 . 5 5  * C u l v  F u l l  Len ( f t )  * + 
* # B a r r e l s  4  * C u l v  V e l  US l f t l s l  * 8 . 6 5  * 
* Q B a r r e l  I c f s )  * 1 7 1 5 . 6 4  * C u l v  V e l  DS I f t l s )  * 7.86  * 
* E.G. US. I f t )  * 1 2 7 8 . 3 1  * C u l v I n v E l U p I f t l  ' 1 2 7 0 . 9 4  * 
* w.s. us.  l f t )  
* E.G. DS l f t )  

W.S. DS l f t )  
* D e l t a  EG l f t l  

D e l t a  WS l f t l  
* E.G. I C  l f t )  
* E.G. OC l f t l  
* C u l v e r t  C o n t r o l  
* C u l v  W s  I n l e t  l f t )  
* C u l v  WS O u t l e t  I f t )  
* C u l v  Nml D e p t h  l f t )  
+ C u l v  C r t  D e p t h  l f t l  
..................... 

* 1 2 7 7 . 5 5  * C u l v I n v E l & I f t )  * 
* 1 2 7 7 . 5 5  * C u l v  F r c t n  L s  l f t l  

1 2 7 6 . 7 0  - C u l v  E x i t  L o s s  l f t )  
* 0 . 7 6  * C u l v  E n t r  L o s s  l f t )  
* 0 . 8 4  * Q W e i r  l c f s l  
* 1 2 7 7 . 8 7  * Weir S t a  L f t  l f t )  * 
* 1 2 7 8 . 3 1  ' Weir S t a  R g t  l f t )  
* O u t l e t  * Weir Submerg  
* 1 2 7 6 . 5 6  * W e i r M a x D e p t h l f t l  * 
* 1 2 7 6 . 7 0  * W e i r A v g D e p t h l f t l  * 
* 2 . 9 5  * Weir F l o w  Area l s q  f t )  * 

4 . 1 1  * Min E l  Weir F l o w  l f t )  
* * * * * * * * * * * * f * * * * * * * * * *%** * * * *+ * * * . . * * ,  

CULVERT OUTPUT P r o f i l e  #COE D e s i g n  F l o w  C u l v  G r o u p :  C u l v e r t  # 3  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* Q C u l v  G r o u p  l c f s )  * 2 8 0 5 . 8 5  * C u l v  F u l l  Len ( f t )  
# B a r r e l s  1 ' C u l v  V e l  US l f t l s )  * 1 1 . 8 0  * 

* Q B a r r e l  ( c f s l  * 2 8 0 5 . 8 5  * C u l v  V e l  DS I f t l s )  * 1 1 . 1 7  * 
* E.G. US. I f t )  * 1 2 8 1 . 8 1  * C u l v  I n v  E l  UD l f t l  * 1 2 7 1 . 4 4  * 
* W.S. US. l f t l  + 1 2 8 0 . 7 4  C u l v  I n v  E l  Dn ( f t )  * 1 2 7 0 . 9 4  * 
* E.G. DS l f t )  * 1 2 8 0 . 1 9  * C u l v  F r c t n  L s  l f t )  0 . 1 2  * 
* W.S. DS l f t )  * 1 2 7 8 . 6 6  * C u l v  E x l t  L o s s  l f t )  * 0 . 4 1  * 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

* 1 . 6 2  * C u l v  E n t r  Loss  ( f t l  * 1 . 0 8  * 
* D e l t a  W s  l f t )  * 2.07 ' Q W e i r  ( c f s )  
* E.G. IC l f t )  * 1281.13 * W e i r  S t a  L f t  ( f t )  
* E.G. OC ( f t )  1281 .81  * W e i r  S t a  R g t  ( f t )  * 

C u l v e r t  C o n t r o l  * O u t l e t  * W e i r  Suhmerg * 
* C u l v  WS I n l e t  ( f t )  * 1 2 7 8 . 5 6  * W e i r M a x D e p t h l f t )  * 
* C u l v  WS O u t l e t  ( f t )  * 1278 .66  * W e i r  Avg Dep th  ( f t )  + 

+ C u l v  Nml Dep th  l f t l  * 4 . 0 8  * W e i r  F low A r e a  (sq f t )  * 
* C u l v  C r t  Dep th  I f t )  * 5 . 6 2  * Min E l  Weir Flow ( f t l  * 1283.84 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CULVERT OUTPUT P r o f i l e  #FEMA 100-YI  Flow C u l v  Group:  C u l v e r t  #3  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* Q C u l v  Group l c f s )  * 1 5 5 1 . 1 2  * C u l v  F u l l  Len ( f t )  * 
* # B a r r e l s  1 * C u l v  V e l  US I f t l s )  8 .63  * 
+ Q B a r r e l  l c f s )  * 1 5 5 1 . 1 2  * C u l v  vel DS ( f t / s )  * 7 . 7 5  

E.G. US. l f t l  * 1278 .31  * C u l v  I n v  E l  Uo I f t l  * 1271.44 * 
* W.S. US. ( f t )  
* E.G. DS ( f t l  

W.S. DS l f t )  
* D e l t a  EG l f t )  
* D e l t a  WS l f t )  
* E.G. I C  ( f t )  

E.G. OC ( f t )  
* C u l v e r t  C o n t r o l  
* C u l v  w s  I n l e t  ( f t )  
* C u l v  WS O u t l e t  l f t )  
* C u l v  ml Dep th  l f t )  
* C u l v  C r t  Depth  ( f t )  
. . . . . . . . . . . . . . . . . . . . . . . .  

. .  . 
1277 .55  * C u l v  In" E l  Dn l f t )  * 1270.94 
1277 .55  * C u l v F r c t n  Ls  l f t )  * 0 .07  

* 1276 .70  * C u l v  E x i t  L o s s  l f t )  0 .09  

* 0 . 8 4  * Q W e i r  l c f s )  
* 1277 .96  * Weir sta L f t  l f t )  
* 1278.28 * Weir S t a  R g t  l f t )  
* O u t l e t  * W e i r  Submerg * 
* 1276 .55  * Weir Max Dep th  l f t )  * 
* 1276.70 * W e i r  Avg Dep th  l f t )  * 
+ 2 .77  * W e i r  P low A r e a  l s q  f t )  * 
* 3 . 8 4  * Min E l  W e i r  F low ( f t )  * 1283.84 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CROSS SECTION 

RIVER: I n d i a n  Bend Wash 
REACH: I n d i a n  Bend Road RS: 1 3 . 5  

INPUT 
D e s c r i a t i o n :  Downstream F a c e  o f  ConArch 
S t a t i o n  E l e v a t i o n  D a t a  nu",= 4 

S t a  E l e v  S t a  E l e v  S t a  E l e v  S t a  E l e v  
* * * * * * * * * * * * * * * * * * * + * + * * * . * . ~ ~ ~ . ~ ~ ~ ~ ~ ~ % ~ % ~ * ~ ~ + + * * * * * * ~ ~ ~ ~ ~ * ~ ~ % ~ * *  

Manning ' s  n V a l u e s  nu",= 3 
S t a  n V a l  S t a  n Va l  S t a  n Va l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
340 .02 340  . 02  1022 .48  . 02  

Bank S t a :  L e f t  R i g h t  L e n g t h s :  L e f t  Channel  R i g h t  Coeff  C o n t r .  Expan 
340 1022 .48  70  1 4 0  235  . 3  .5 

I n e f f e c t i v e F l o w  nu",= 3 
S t a  L S t a  R E l e v  Permanent  

CROSS SECTION OUTPUT P r o f i l e  #COE Des ign  Flow 
* . * * * * * * * * * * * * * * * * * * * * * * * ~ ~ ~ ~ ~ * ~ ~ ~ * * * * * * f * * * * * ~ * ~ % * + * * * * * * * * * * * . ~ * ~ % ~ ~ ~ ~ ~ ~ * * * * + * * * * * * * . ~ ~ ~ ~ + ~ ~ * *  
* E.G. E l e v  l f t )  • 1280 .19  * Element  * L e f t  OB * Channel  * R i g h t  0B * 

Vel  Head l f t )  * 1 . 5 3  W t .  n -Val .  * 0 .020  * * 
* W.S. E l e v  ( f t l  * 1278 .66  * Reach Len. l f t )  * 70.00 * 140 .00  235.00 • 

* C r i t  W.S. l f t )  * 1276.36 Flow A r e a  l s q  f t )  * + 3026.16 * 
* E.G. S l o p e  ( f t l f t )  '0 .001073 * Area  ( s q  f t )  * 4822.76 * * 
* Q T o t a l  ( c f s )  *30000.00 ' Flow ( c f s )  "30000.00 * 
* Top Width  l f t )  * 6 1 0 . 4 8  * Top Width  l f t )  * 610.48 
* Vel  T o t a l  I f t l s )  * 9 . 9 1  * Avg. V e l .  l f t / s )  * 9 . 9 1  * 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-year ~ i s c h a r ~ e  = 17,000 cfs 

Max Chl Dpth (ft) * 8.22 *Hydr.Depth(ft) * 8.22 * 
* Canv. Total (cfs) *915982.0 * Conv. Icfs) *915982.0 * * 
Length wed. (ft) * 140.00 * Wetted Per. (ft) * 368.00 * * 
Min Ch El (ft) 1270.44 Shear llb/sq ft) * 0.55 
Alpha 1.00 'Streampower (lblfts)' 5.46 

* Frctn Loss (ft) * 0.16 * Cum Volume (acre-ft) * * 71.43 * 
* C & E LOSS (ft) * 0.30 ' Cum SA (acres) e * 9.65 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for 
additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION OUTPUT Profile #FEMA 100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev (ft) * 1277.55 ' Element * Left OB * Channel * Right OB * 
* Vel Head (ft) * 0.84 * Wt. n-Val. * 0.020 
W.S. Elev lft) 1276.70 + Reach Len. lft) 70.00 * 140.00 235.00 ' 
Crlt W.S. (ft) * 1274.51 Flow Area lsq ft) . * 2304.72 ' 

* E.G. Slope (ftlft) *0.000854 * Area (sq ft) • 3637.17 * 
* Q Total (cfs) *17000.00 * Flow lcfs) * '17000.00 * 
Top Width (ft) * 599.03 *Top Width (ft) * * 599.03 * 

* Vel Total (ft/s) 7.38 * Avg. Vel. lft/s) * 7.38 * 
* Max Chl Dpth (ft) * 6.26 * Hydr. Depth (ft) * * 6.26 * 
* Conv. Total (cfs) *581785.1 * Conv. (cfs) *581785.1 * + 
* Length wed. (ft) * 140.00 * Wetted Per. (ft) * 368.00 * 
* Min Ch El (ft) * 1270.44 * shear (lb/sq ft) * * 0.33 * 
* Alpha * 1.00 ' Stream Power (lblft s )  * * 2.46 * 
* Frctn LOSS (ft) * 0.13 * Cum volume (acre-ft) * 52.13 * * 
* C & E LOSS lft) 0.15 * Cum SA (acres) 9.38 * * 
* * * * * * f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ ~ . * ~ ~ ~ ~ ~ ~ ~ % ~ * ~ ~ * * * * * * ~ + * * * - ~ ~ ~ ~ . ~ ~ ~ * ~ + ~ * ~ * * * * * ~ ~ ~ ~ ~ * , * *  

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

energy was used. 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 13 

INPUT 
Description: Narrow Point Wash Inlet Channel 
Station Elevation Data num= 15 

Sta Elev sea Elev Sta Elev Sta Elev Sta Elev 
* * + * * * * t t * * * * * * + * * t * t * * * * ~ ~ * ~ ~ ~ ~ ~ ~ ~ * ~ * ~ ~ ~ ~ * ~ ~ * ~ * * * * * * ~ ~ ~ ~ ~ ~ ~ ~ ~ * * + * * * * * . , * ~ ~ ~ ~ ~ ~ ~ ~  

1 5 7  1294 -92 1293 -3 1291 36 1290 51 1285 
63 1280 85 1270.3 280 1270.3 425 1270.3 485 1270.3 
530 1270.3 545 1275 565 1280 583 1285 602 1290 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-157 .033 85 .025 530 .035 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
36 602 130 130 130 .3 .5 

Blocked Obstructions num= 8 
Sta L Sta R Elev Sta L Sta R Elev Sta L Sta R Elev 

* t f l * * l * * * . . * * * * * * * ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ ~ ~ * * * * * * * * * * * ~ ~ ~ ~ ~ ~ ~ * ~ * ~ * * * * * * * ~ * ~ ~ ~ ~ ~ + % ~ *  
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA l & - ~ e a r  ~ i s c h a r ~ e  = 17,000 cfs 

CROSS SECTION OUTPUT Profile #COE Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E.G. Elev lft) * 1279.72 * Element * Left OB Channel * Right OB ' 
* Vel Head lft) 0.92 *Wt.n-Val. * 0.026 ' 
* W.S. Elev lft) * 1278.80 Reach Len. (ft) 130.00 130.00 130.00 * 
* Crit W.S. lft) * Flow Area lsq ftl * 3900.13 ' 
E.G. Slope (ftlft) '0.001296 " Area (sq ft) * " 3900.13 * 

* Q Total lcfsl +30000.00 * Flow lcfs) *30000.00 * 
* Top Width Ift) * 494.49 ' Top Width lft) * 494.49 
Vel Total lft/s) * 7.69 Avg. Vel. (ftls) * 7.69 * * 

* Max Chl Dpth lft) * 8.50 *Hydr.Depth lft) * 7.89 * 
* Conv. Total (cfs) *833373.4 * Conv. lcfs) '833373.4 * 
* Length Wtd. lft) * 130.00 * Wetted Per. 1%) 540.67 
* Min Ch El lft) 1270.30 * Shear (lb/sq ft) * * 0.58 * 
* Alpha 1.00 * Stream Power llb/ft s )  * * 4.49 * 
* Frctn Loss (ft) 0.16 *CmVolume(acre-ft) 57.42 * 
* C h E LOSS lft) 0.03 * Cum SA (acres) 7.87 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Manning's n values were composited to a single value in the main channel 

CROSS SECTION OUTPUT Profile #FEW 100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev lft) * 1277.26 * Element * Left OB ' Channel * Right OB * 
* Vel Head If t) 0.54 * Wt. n-Val. 0.026 * 
* W.S. Elev Ift) 1276.72 * Reach Len. lft) * 130.00 * 130.00 * 130.00 + 

* Crit W.S. lft) * Flow Area lsq ft) * * 2885.00 * 
* E.G. Slope (ftlft) *0.001079 * Area (sq ft) * * 2885.00 * 
Q Total lcfs) *17000.00 ' Flow (cfs) *17000.00 " * 

* Top Width (ft) * 481.45 ' Top Width (ft) * 481.45 ' 
* Vel Total lft/s) * 5.89 * Avg. Vel. (ft/sl * 5.89 * 
* Mar Chl Dpth lft) * 6.42 * Hydr. Depth lft) * 5.99 * 
COnV. Total Icfs) '517586.7 ' Conv. Icfs) ,517586.7 * % 

* Length Wtd. (ft) * 130.00 * wetted Per. lft) * 526.93 * 
* Min Ch El lft) * 1270.30 * Shear (lb/sq ft) * 0.37 * 
Alpha 1.00 *streampower (lblfts) * 2.17 * 

* Frctn Loss (ftl * 0.13 * Cum Volume (acre-ft) + * 41.65 * * 
* C & E Loss lft) * 0.02 *CumSAlacresl * 7.64 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Manning's n values were composited to a single value in the main channel 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 12 

INPUT 
Description: Expanding Indian Bend Wash Inlet Channel 
station Elevation Data n m =  10 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-81 1289.5 -8 1271 218 1270 252 1270 412 1270 
440 1270 462 1275 485 1280 508 1285 531 1289 

Manning's n Values n m =  3 
Sta n Val Sta n Val Sta n Val 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 1  .035 -8 .025 412 .035 

Bank Sta: Left Right Lengths: Left C h m e l  Right Coeff Contr. Expan. 
8 1  531 175 175 175 .2 .4 

CROSS SECTION OUTPUT Profile tCOE Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E.G. Elev lft) * 1279.53 * Element * Left OB * Channel Right OB * 

Page 14 of 20 



Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

* Vel Head (ftl * 0.85 * Wt. n-Val. 0.027 * + 
* W.S. Elev (ft) * 1278.68 Reach Len. (ft) * 175.00 ' 175.00 * 175.00 * 
* Crit W.S. Ift) * Flow Area isq ft) * 4057.63 * * 
E.G. Slope (ftlft) *0.001168 * Area isq ft) 4057.63 * 
Q Total (cfs) *30000.00 Flow lcfs) '30000.00 * 

* Top Width ift) * 517.21 * Top Width (ft) + * 517.21 ' 
* Vel Total ift/s) * 7.39 * Avg. Vel. (ftls) * 7.39 * * 
* Max Chl imth lftl 8.68 " Hydr. Depth (ftl 7.85 ' 
* conv. Total (cfs) *877948.9 Conv. (cfs) *877948.9 * * 
* Length Wtd. lft) * 175.00 * Wetted Per. (ft) * * 519.12 ' 
* MinChEl (ftl * 1270.00 Shear (lblsq ftl * * 0.57 
* Alpha 1.00 * Stream Power lIb/ft $1 * 4.21 * * 
* Frctn LOSS Ift) * 0.21 * Cum Volume (acre-ftl - 45.54 * 
* C h E LOSS (ft) * 0.03 Cum SA (acres) * 6.36 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Manning's n values were composited to a single value in the main channel. 

CROSS SECTION OUTPOT Profile liFEMA 100-Yr Flow 
* * * * * * * * * * * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev lft) 1277.11 * Element * Left OB * Channel * Right 0B * 
* Vel Head lftl * 0.50 * Wt. n-Val. * 0.027 * 
* W.S. Elev (ft) 1276.61 * Reach Len. (ftl * 175.00 * 175.00 * 175.00 * 
Crlt W.S. Ift) Flow Area (sq ft) e 3007.72 * * 

* E.G. Slope Iftlft) *0.000948 Area lsq ft) 3007.72 * • 
* Q Total icfSl *17000.00 * Flow lcfs) *17000.00 ' 
* Too Width ift) 499.56 *Top Width (ft) * 499.56 ' 
* vei Total ift/s) * 5.65 * ~ v g .  vel. ift/s) A 5.65 * 
* Max Chl Dpth lftl * 6.61 * Hydr. Depth lft) * 6.02 * 
Conv. Total (cfs) *552107.9 * Conv. icfs) '552107.9 * 

* Length Wtd. iftl 175.00 ' Wetted Per. (ft) * 501.00 * 
* Min Ch El lft) * 1270.00 Shear Ilblsq ft) * 0.36 * 
* Alpha * 1.00 * stream Power (lblft s )  * * 2.01 ' e 

* Frctn Loss ift) * 0.18 ' Cum Volume (acre-ft) * * 32.85 
* C & E LOSS (ft) 0.03 'CumSAlacres) * 6.18 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Manning's n values were composited to a single value in the main channel. 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 11 

INPUT 
Description: Expanding Indian Bend Wash Inlet Channel 
station Elevation Data nun= 18 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 1285 18 1280 40 1275 57 1274 75 1273 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

~ * % ~ * ~ % ~ ~ * , * + * * * * * * * * * " * * . , * - , ~ , ~ ~ . % ~ * * ~ * * * * * ~ ~ ~  
0 .035 140 .02 409 ,035 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 612 335 335 335 .2 .4 

CROSS SECTION OUTPUT Profile #COE Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev Ift) * 1279.28 * Element Left OB Channel * Right OB 
Vel Head If t) * 1.02 * Wt. n-Val. 0.023 * * 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

* W.S. Elev lft) * 1278.26 Reach Len. ift) * 335.00 ' 335.00 * 335.00 * 
* Crit W.S. ift) * Flow Area isq ft) + * 3701.61 ' 
* E.G. Slope iftlft) '0.001203 + Area isq ft) * 3701.61 * * 
* Q Total lcfs) '30000.00 + Flow icfs) '30000.00 * 
* Top Width Ift) * 549.15 Top Width (ft) 549.15 * + 
* Vel Total iftlsl 8.10 ' Avg. Vel. iftls) * 8.10 * 
* Max Chl Dpth lftl * 8.26 +Hydr.Depth Ift) + * 6.74 * 
* Conv. Total icfs) *864879.4 * Conv. icfsl + '864879.4 * 
* Length Wed. lft) * 335.00 ' Wetted Per. iff) * 550.56 * * 
* Min Ch El iftl * 1270.00 * Shear ilblsq ft) * 0.51 ' 
Alpha 1.00 *Streampower ilb/fts) ' * 4.09 

* Frctn Loss (ft) + 0.39 *CumVolme (acre-ft) * 29.96 ' * 
C h E Loss lft) 0.07 * Cwn SA (acres) 4.22 * 

* * f s * * * * * f * * * * * * * * * * * * * * * * * * * * * * * * * ~ * . * . . ~ ~ * * ~ * * ~ ~ ~ ~ ~ . ~ ~ ~ * * * * * . ~ ~ * ~ ~ ~ ~ ~ ~ * * * * ~ * * * ~ ~ ~ ~ * ~ * * * , ~ ~ * * *  

CROSS SECTION OUTPUT Profile #FEMA 100-Yr Flow 
* * * * * * * * * * * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev ift) * 1276.90 + Element * Left OB ' Channel Right OB * 
* Vel Head lft) * 0.66 * Wt. n-Val. 0.023 
W.S. Elev lftl * 1276.23 Reach Len. ift) * 335.00 * 335.00 * 335.00 

* Crit W.S. lft) * Flow Area lsq ft) * ' 2601.27 ' + 
* E.G. Slope iftlft) tO.OO1lO1 ' Area iss ft) * 2601.27 * 
Q Total jcfsl 

* Tap Width ift) 
Vel Total iftls) 

* Max Chl Dpth (ft) 
* Conv. Total lcfs) 
Length Wtd. ift) 

* Min Ch El ift) 
Alpha 

* Frctn Loss iftl 

*17000.00 * Flow icfs) '17000.00 
* 534.12 * Top Width (ftl * 534.12 * 
* 6.54 * Avg. Vel. iftls) * * 6.54 * 

6.23 *Hydr.Depthift) * 4.87 * 
*512283.8 ' Conv. lcfsl *512283.8 * 
* 335.00 * wetted Per. lft) * * 534.97 * 
* 1270.00 * Shear iIb/sq ft) * 0.33 * + 
* 1.00 * Stream Power ilb/ft s )  * * 2.18 - 
* 0.34 *Cumvolume lacre-ftl * * 21.59 * 
* 0.07 *CumSAlacres) * ' 4.10 * * 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- 

CROSS SECTIDN 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 10 

INPUT 
Description: Most D.S. X-Section. U.S. of East Interceptor Channel 
Station Elevation Data num= 18 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 ,035 67 .025 557 .035 

Bank Sta: Left Right Lengths: Lett Channel Right Coeff Contr. Expan 
0 625 0 0 0 .2 .4 

CROSS SECTION OUTPUT Profile #COE Design  low 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev lft) * 1278.82 * Element * Left OB * Channel * Right 0% 
* Vel Head (ftl * 0.84 Wt. n-Val. * 0.026 * * 
* W.S. Elev lft) * 1277.98 * Reach Len. ift) + * * * 
* Crit W.S. ift) * 1274.91 * Flow Area (sq ft) * 4088.81 * 
* E.G. Slope iftlftl *0.001154 * Area isq ft) * 4088.81 * 
* Q Total icfs) *30000.00 ' Flow Icfs) * *30000.00 * 
* Top Width ift) * 549.03 * Top Width ift) 549.03 * 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 16-year  ~ i s c h a r ~ e . =  17,000 cfs 

* vel Total Iftls) * 7.34 * Avg. Vel. lftls) * * 7.34 
* Max Chl Dpth lit1 * 9.98 *Hydr.Depth (ftl * 7.45 * 
+ Conv. Total (cfs) *883096.0 * Conv. (cfs) '883096.0 * 
* Length Wtd. (ft) . * Wetted Per. (ft) * * 550.56 * 
* Min Ch El (ftl * 1268.00 Shear llblsq ftl * * 0.54 * 
* Alpha * 1.00 * Stream Power (lblft s )  * * 3.93 * 
* Frctn Loss (ftl - * Cumvolume (acre-ft) * * 
* C & E Loss lft) e * Cum SA (acres) + + 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *%* * * *%* * * * * * * * * *+ * * * * * * * *+ * * * * *%+* * *  

Note: Manning's n values were composited to a single value in the main channel 

CROSS SECTION O~JTP~JT Profile #FEMA 100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev (ft) ' 1276.48 ' Element * Left OB + Channel * Right 08 * 
* Vel Head lft) * 0.49 * Wt. n-Val. * 0.026 ' 
W.S. Elev (ft) * 1275.99 ' Reach Len. (ft) 

* Crit W.S. lft) * 1273.38 ' Flow Area lsg ft) * 3012.87 
* E.G. Slope lftlft) *0.000960 Area (sq ft) % 3012.87 * 
* Q Total lcfs) *17000.00 * Flow lcfs) ~17000.00 * 
Top Width lft) * 532.32 * Top Width lft) 532.32 * 
Vel Total (ftls) * 5.64 * Avg. Vel. (ftls) 5.64 * 

* Max Chl Dpth lft) 7.99 * Hydr. Depth (ft) 5.66 * 
* Conv. Total (cfs) *548647.9 " Conv. lcfs) *548647.9 * 
Length Wtd. Ift) * * Wetted Per. (ftl * * 533.38 * 

* Min Ch El (ft) * 1268.00 ' Shear (lblsq ft) * 0.34 * 
* Alpha 1.00 * stream Power llhlft s )  * 1.91 * 
* Frctn Loss lftl Cumvolume (acre-ft) * 
* C & E LOSS lft) * Cum SA (acres) 
............................................................................................... 

Note: Manning's n values were composited to a single value in the main channel 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ * * * * . . . * . . * . ~ , . ~ * ~ ~ ~ ~ ~ * ~ * * + * * .  

S-Y OF MANNING'S N VALUES 

River:Indian Bend Wash 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
**%*%.****%*****  

Reach * Riversta. * nl * n2 * n3 n4 * n5 * n6 * n7 
* nR * ~~ - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * *+ * * * * *  
*Indian Bend Road* 17 + .035* .02* .025* .04' .025* 0 * 
.02* .04* 
*Indian Bend Roadi 16.75 .035* .02* .025* .04* .025* .04* 

* 
*Indian Bend Road* 16.5 .02* .02* . OZ* * 

*Indian Bend Road* 15 * .02* .02* .02' e 

*Indian Bend Road* 14.25 'Culvert * + + 

'Indian Bend Road* 13.5 e .02' -02% .02* * + 
* 

*Indian Bend Road* 13 * .033* .025* .035* 

*Indian Bend Road' 12 * .035* .025* .035' * 
* 

*Indian Bend Road* 11 e .035* .02* .035* 

*Indian Bend Road* 10 .035* .025* ,035' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 10-year ~ i s c h a r ~ e  = 17,000 cfs 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUMMARY OF REACH LENGTHS 

River: Indian Bend Wash 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
% Reach River Sta. * Left * Channel * Right * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*Indian Bend Road* 17 + 470* 430* 315' 
*Indian Bend Road* 16.75 * 627* 30* 120* 
*Indian Bend Road* 16.5 105* 105' 105* 
*Indian Bend Road" 15 90' 90* 90* 
*Indian Bend Road' 14.25 *Culvert ' * * 
*Indian Bend Road* 13.5 + 70* 140* 235* 
*Indian Bend Road+ 13 * 130' 1301 130* 
*Indian Bend Road* 12 * 175' 175* 175* 
*Indian Bend Road* 11 335' 335* 335* 
*Indian Bend Road+ 10 + 0* 0' O* 
* + * ~ * * * ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ * * * * * * * * + * * * * * * * * * * * * * + * * * * * * * * * * * ~ * * ~ ~ * ~ ~ ~ ~ ~ ~ ~  

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: Indian Bend Wash 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Reach * River Sta. * Contr. * Expan. * 

~ % ~ , ~ , , ~ ~ ~ * , ~ * * * * * * * * * ~ * * * * ~ ~ ~ ~ ~ * ~ ~ ~ * ~ ~ ~ ~ ~ % * ~ % * ~ ~ ~ * * * * *  

*Indian Bend Road* 17 + .2* .4* 
*Indian Bend Road* 16.75 * .2* .4* 
*Indian Bend Road* 16.5 * .2* .4* 
*Indian Bend Road* 15 .3* .5* 
*Indian Bend Road* 14.25 *Culvert * 
*Indian Bend Road* 13.5 * .3* .5* 
*Indian Bend Road* 13 e .3* .5* 
*Indian Bend Road* 12 .2* .4* 
*Indian Bend Road* 11 .2* .4* 
*Indian Bend Road* 10 .2* .4* 
* * * ~ ~ ~ ~ ~ ~ ~ % ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * * * * * * * * * * * ~ . * ~ * * * * * * + * * * . * * ~ * + ~ ~  

ERRORS WARNINGS AND NOTES 
Errors Warnings and Notes for Plan : Plan 07 

River: Indian Bend Wash Reach: Indian Bend Road RS: 17 Profile: COE Design Flow 
Waming:Divided flow computed for this cross-section. 
Warning:The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 

for additional cross sections. 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Manning's n values were cornposited to a single value in the main channel. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 17 Profile: FEMA 100-Yr Flow 
Warning:Divided flow computed for this cross-section. 
Warning:The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 

for additional cross sections. 
Waming:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Manning's n values were cornposited to a single value in the main channel. 
Note: Multiple critical depths were found at this location. The critical depth with the 

a lowest, valid, water surface was used. 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

River: Indian Bend Wash Reach: Indian Bend Road RS: 16.75 Profile: COE Design Flow 
Warning:The energy equation could not be balanced within the specified number of iterations. 

The program used critical depth 
for the water surface and continued on with the calculations. 

Warning:Divided flow computed for this cross-section. 
Warning:The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 

section. This may indicate 
the need for additional cross sections. 

Warning:During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid 
subcritical answer. The 

program defaulted to critical depth. 
Note: Multiple critical depths were found at chis location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 16.75 Profile: FEMA 100-Yr Flow 
Warning:The energy equation could not be balanced within the specified number of iterations. 

The program used critical depth 
for the water surface and continued on with the calculations. 

Warning:Divided flow computed for this cross-section. 
Warning:The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 

section. This may indicate 
the need for additional cross sections. 

Warning:During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid 
subcritical answer. The 

program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 16.5 Profile: COE Design Flow 
Warning:The energy equation could not he balanced within the specified number of iterations. 

The program used critical depth 
for the water surface and continued on with the calculations. 

Warning:Divided flow computed for this cross-section. 
Warning:The cross-section end points had to be extended vertically for the computed water 

surf ace. 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Warning:The energy loss was greater than 1.0 ft (0.3 m). hetween the current and previous cross 
section. This may indicate 

the need for additional cross sections. 
Warning:During the standard step iterations, when the assumed water surface was set equal to 

critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid 

subcritical answer. The 
program defaulted to critical depth. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 16.5 Profile: FEMA 100-Yr Flow 

Warning:The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth 

for the water surface and continued on with the calculations. 
Warning:Divided flow computed for this cross-section. 
Warning:The cross-section end points had to be extended vertically for the computed water 

surface. 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional crass sections. 

Warning:The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 
section. This may indicate 

the need for additional cross sections 
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Indian Bend Wash 
Proposed 10-36'x9'-6" concrete Arches 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

Warning:During the standard step iterations, when the assumed water surface was set equal to 
critical depth, the calculated 

water surface came back below critical depth. This indicates that there is not a valid 
subcritical answer. The 

program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 15 Profile: COE Design Flow 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, energy was used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 15 Profile: FEMA 100-Yr Flow 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 13.5 Profile: COE Design Flow 

Warning:The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 
for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 13.5 Profile: FEMA 100-Yr Flow 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, energy was used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 13 Profile: COE Design Flow 

Note: Manning's n values were composited to a single value in the main channel. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 13 Profile: FEMA 100-Yr Flow 

Note: Manning's n values were composited to a single value in the main channel. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 12 Profile: COE Design Flow 

Note: Manning's n values were composited to a single value in the main channel. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 12 Profile: FEMA 100-Yr Flow 

Note: Manning's n values were camposited to a single value in the main channel. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 10 Profile: COE Design Flow 

Note: Manning's n values were composited to a single value in the main channel. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 10 Profile: FEMA 100-Yr Flow 

Note: Manning's n values were composited to a single value in the main channel. 
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Table 1 
Indian Bend Wash 

Existing Conditions 
Design Discharge = 30,000 cfs 

FEMA 100-Year Discharge = 17,000 cfs 
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Table 2 
Indian Bend Wash 

Existing Conditions 
Design Discharge = 30,000 cfs 

FEMA 100-Year Discharge = 17,000 cfs 

4/29/2007 3:47 PM Page 2 of 2 
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Indian Bend Wash @ Indian Bend Road Plan: Plan 08 4/29/2007 
Geom: Final Exisling April 29 2007 Flow: Deslgn Flow and 100-Year Flow 
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lndlan Band Wash @ lndlan Band Road Plan: Plan 08 4/29/2007 Indian Bend Wash @ lndlan Bend Road Plan: Plan 08 4/29/2007 
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lndlan Band Wash @ lndlan Bend Road Plan: Plan 08 4/29/2007 lndlan Band Wash @ lndlan Bend Road Plan: Plan 08 4/29/2007 
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Indian Bend Wesh @) Indian Bend Road Plan: Plan 08 4/29/2007 
Geom: Final Exlstlng AprU 29 2007 Flow: Deslgn flow and 100-Year Flow 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

HEC-PAS Version 3.1.3 May 2005 
U.S. Army Corp of Engineers 
Hydrologic Engineering Center 

609 Second Street 
Davis, California 

X X XXXXXX XXXX XXXX XX XXXX 
X X X X X X X X X  X 
X X X X X X  X X X  
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX 
X X X X X X X X X 
X X X X X X X  X X X 
X X XXXXXX XXXX X X X X XXXXX 

PROJECT DATA 
Project Title: Indian Bend Wash @ Indian Bend Road 
Project File : 1BWexst.prj 
Run Date and Time: 4/29/2007 5:12:46 PM 

Project in English units 

Project Description: 
Analysis of Indian Bend Wash @ Indian Bend Road 

PLAN DATA 

Plan Title: Plan 08 
Plan File : C:\IBW\IBWexst.p08 (Plan is for existing conditions) 

G e m t r y  Title: Final Existing April 29 2007 
Geometry File : C: \IBW\IBWexst . g22 (Existing Geometry File) 
Flow Title : Design Flow and 100-Year Flow 
Flow File : C:\IBW\IBWexst.f04 (Flow is the same for Existing 

And Proposed Conditions) 

Plan Surrmary Info~lnation: 
Number of: Cross Sections = 9 Multiple Openings = 0 

Culverts = 0 Inline Structures = 0 
Bridges = 0 Lateral Structures = 0 

Computational lnfomation 
Water surface calculation tolerance = 0.01 
Critical depth calculation tolerance = 0.01 
M a x i m  number of iterations = 20 
Maximum difference tolerance = 0.3 
Flow tolerance factor = 0.001 

Computation Options 
Critical depth computed only where necessary 
Conveyance Calculation Method: At breaks in n values only 
Friction Slope Method: Average Conveyance 
Computational Flow Regime: Subcritical Flow 

* * * t t * * * * * t * * * * * * t * * * * * * * * * * * * * * * * * ~ ~ ~ ~ * * * ~ * * * * * * * * * * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * * * * ~ * * * *  

FLOW DATA 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

Flow Title: Design Flow and 100-Year Flow 
Flow File : C:\IBW\IBWexst.f04 

Flow Data lcfsl 
* * * + *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* River Reach RS * COE Design FlowFEMA 100-Yr Flow * 
* Indian Bend WashIndiam Bend Road17 30000 17000 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Boundary Conditions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * * *  
* River Reach Profile Upstream Downstream 

* Indian Bend WashIndian Bend RoadCOE Design Flow * Known WS = 1288.61 Known WS = 
1277.98 + 

* Indian Bend WashIndian Bend RoadFEMA 100-Yr Flow ' Known WS = 1287.25 Known WS = 
1275.99 * 
* * * * * * * * * * * * * * * * * * * * * * * ~ * ~ * + ~ % * ~ % * * ~ ~ + ~ ~ ~ ~ % * * ~ ~ ~ * * ~ * % * ~ ~ * + * * * ~ * * * * * * ~ ~ % ~ ~ ~ % ~ ~ ~ * * * * * * * * * ~ ~ ~ ~ + * * ~ * * * * ~  
* * * *  

GEOMETRY DATA 

Geometry Title: Final Existing April 29 2007 
Geometry File : C:\IBW\IBWexst.g22 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 17 

INPUT 
Description: 17, Most U.S. X-Section, D.S. of East Channel 
Station Elevation Data n m =  37 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
~ , ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ * . ~ ~ . ~ ~ ~ ~ ~ ~ . * . ~ ~ ~ ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ * ~ * * * * + * * , * ~ ~ ~ ~ ~ ~ ~ * * * *  

0 1290 25 1285 37 1282 40 1282 388 1282 

Manning's n Values n m =  7 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 1700 470 430 315 .2 .4 

Ineffective Flow n u =  1 
Sta L Sta R Elev Permanent 
1245 1700 1292 F 

CROSS SECTION OUTPUT Profile PCOE Design Flow 
t * * * * r * * * * * * * * * * * * * % ~ ~ * ~ ~ ~ * * * * ~ * + * ~ * ~ ~ ~ * ~ * * * * * * * * * . ~ . ~ ~ ~ ~ ~ * ~ * ~ * * * * * * . * * , ~ ~ ~ ~ ~ * * * * * * * * * * ~ ~ ~ * + * * *  

* E.G. Elev lft) 1288.97 * Element * Left OB * Channel * Right 08 * 
* Vel Head lft) 0.35 ' Wt. n-Val. * 0.027 * 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30.000 cfs 
FEMA l&I-~ear Discharge'= 17,000 cfs 

Manning's n Values nun= 6 
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val 

*******I**********************************%*************** .*****%%**********+ .+* ,  

0 ,035 54 .02 331 .025 360 .04 530 ,025 
1395 .04 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
0 2082 550 30 120 .2 .4 

IneffectiveFlow num= 1 
Sta L Sta R Elev Permanent 
1585 2082 1296 F 

CROSS SECTION OUTPUT Profile #COE Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev (ftl * 1288.10 * Element Left OB * Channel Right OB * 
* Vel Head (ftl + 1.38 Wt. n-Val. 0.022 * 
* W.S. Elev iftl * 1286.72 * Reach Len. (ft) * 550.00 ' 30.00 * 120.00 * 
* Crit W.S. (ftl 1286.72 ' Flow Area isq ft) * * 3185.12 * * 
E.G. Slope (ft/ftl *0.004302 * Area isq ft) % 3297.41 * 

* Q Total (cfs) *30000.00 * Flow (cfs) '30000.00 * 
* TOD Width (ftl 1267.64 TOD Width (ft) * 1267.64 
vei Total (ft/sl * 9.42 * Avg. Vel. (ft/sl + * 9.42 * 

* Max Chl Dpth (ftl * 4.72 * Hydr. Depth (ft) * 2.71 * 
* Conv. Total icfs) -457386.7 Conv. (cfsl *457386.7 
* Length Wtd. iff) 30.00 ' Wetted Per. (ft) * 1174.48 * 
* Min Ch El (ft) * 1282.00 Shear llb/sq ft) * 0.73 * 
* Alpha * 1.00 * stream Power ilb/ft sl * * 6.86 * e 

* Frctn Loss (ft) * 0.12 * Cum Volume (acre-ft) * * 90.38 * 
* C & E Loss (ftl * 0.04 * Cum SA (acres) e 14.16 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

warning: The energy equation could not be balanced within the specified number of iterations. h he 
program used critical depth for the water surface and continued on with the calculations. 

Warning: Divided flow computed for this cross-section. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came hack below critical depth. This indicates that 
there 

is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION OUTPUT 
. . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev (ft) 
* Vel Head iftl 
* W.S. Elev ift) 
Crit W.S. (ftl 

* E.G. Slope (ft/ft) 
* Q Total (cfsl 
* Top Width (ft) 
* Vel Total ift/sl 
* Max Chl Dnth (ftl 
* Conv. Total icfs) 
* Length Wtd. (ftl 
Min Ch El (ftl 

Profile XFEMA 100-Yr Flow 
. *+** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *+** * * * * * *%**  

* 1286.71 * Element Left OB * Channel 
* 1.06 * Wt. n-Val. * * 0.022 
+ 1285.64 * Reach Len. (ft) * 550.00 * 30.00 
* 1285.64 Flow Area (sq ft) 2053.88 
*0.004324 * Area isq ft) * 2087.92 
*17000.00 ' Flow (cfs) * *17000.00 
* 1005.12 * Top Width (ft) * * 1005.12 
* 8.28 * Avg. Vel. ift/sl * * 8.28 
* 3.64 * Hydr. Depth (ft) * 2.13 
*258520.2 * Conv. icfs) *258520.2 
* 30.00 * Wetted Per. (ft) * * 963.61 
1282.00 * Shear Ilblsq ft) * 0.58 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

* Alpha * 1.00 * stream Power (lhlft s )  * * 4.76 + 

Frctn Loss (ft) * 0.13 " Cum Volume (acre-ft) * * 63.45 * 
* C & E LOSS (ft) 0.01 * Cum SA (acres) 13.63 * * 
* * * * * f * * f * * * * * * * * * * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * . * ~ ~ . ~ * * * * * ~ ~ , ~ ~ * ~ ~ ~ ~ ~ % + * ~ ~ * * * * * * ~ . ~ ~ ~ ~ ~ ~ ~ % ~ ~ ~ ~ ~ * * * * * * * ~ * ~ ~ ~ * * * *  

Warning: The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 

Warning: Divided flow computed for this cross-section. 
Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came back below critical depth. This indicates that 
there 

is not a valid suhcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 16.5 

INPUT 
Description: 16.5, Controlling Section U.S. of Existing Drop Structure 
station Elevation Data n u =  28 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-433 1290 -342 1289 -277 1288 -198 1287 -152 1286 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

***%****************%************.**.* .****.**** 
-433 .02 -433 .02 1573 .02 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
-433 1573 105 105 105 .2 .4 

Ineffective Flow num= 3 
Sta L Sta R Elev Permanent 
4 3 3  42 1290 F 
321 443 1290 F 
1074 1573 1290 F 

CROSS SECTION OUTPUT Profile #COE Design Flow 
* I * * * * * f * * * * * f * * * * * ~ ~ ~ % * ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ * * * * * * * * * * ~ ~ ~ * ~ + * ~ ~ * * , * * * * * * * * * * * * ~ ~ % ~ * * * * * * * ~ * ~ ~ *  

E.G. Elev lft) 1287.36 * Element * Left OB * Channel * Right OB * 
* Vel Head (ft) * 1.60 ' Wt. n-Val. * 0.020 * * 
* W.S. Elev (ft) 1285.76 + Reach Len. lft) * 105.00 * 105.00 + 105.00 * 
+ Crit W.S. (ft) 1285.76 * Flow Area (sq ft) * 2954.60 * 
* E.G. Slope (ftlft) *0.003885 * Area (sq ft) 4181.35 * 
* Q Total (cfs) *30000.00 Flow lcfs) *30000.00 * 
* Top Width (ft) * 1435.52 * Top Width (ft) * * 1435.52 * * 
* Vel Total (ft/s) * 10.15 * Avg. Vel. (ft/s) * 10.15 * * 
* Max Chl qpth (ft) * 4.16 *Hydr.Depth(ft) * * 3.25 * * 
* Conv. Total lcfs) *481317.7 * Conv. (cfs) *481317.7 * 
Length Wtd. (ft) * 105.00 * Wetted Per. (ft) 910.01 * * 

* Min Ch El ift) * 1281.60 ' Shear (Ih/sq ft) * * 0.79 * + 
* Aloha 1.00 * Stream Power llblft s l  * + 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

Warning: The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for 
additional cross sections. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 
section. This may indicate the need for additional cross sections. 

Warning: During the standard step iterations, when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came back below critical depth. This indicates that 
there 

is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION OUTPUT Profile # F a  100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev (ft) * 1285.83 * Element * Left OB * Channel ' Right OB * 
* Vel Head lftl * 1.10 * Wt. n-Val. * 0.020 - 

* W.S. Elev Iff) 1284.73 * Reach Len. (ft) * 105.00 105.00 105.00 + 

* Crrt W.S (ft) * 1284.73 * Flow Area (sq ft) 2019.72 * 
E.G. Slope (ftlft) *0.004433 * Area (sq ft) * 2740.82 * e 

+ Q Total (cfs) *17000.00 * Flow (cfs) *17000.00 * * 
* Top Width (ft) 1366.27 * Top Width (ft) 
* Vel Total (ftts) 8.42 * Avg. Vel. (ft/s) 
* Max Chl Dpth (ft) * 3.13 * Hydr. Depth (ft) 
Conv. Total (cfs) *255320.0 Conv. (cfs) 

* Length Wtd. (ft) * 105.00 Wetted Per. (ft) 
Min Ch El (ft) * 1281.60 * Shear (lb/sq ft) 
Alpha 1.00 ' stream Power (lb/ft s )  * 
Frctn Loss Ift) * 0.17 * Cum Volume (acre-ft) * 

* C & E LOSS (ft) * 0.18 * Cum SA (acres) 
*******+**************%%*%************* . * ** . * . * ***%**********%*******  

Warning: The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 
section. This may indicate the need for additional crass sections. 

Warning: During the standard step iterations. when the assumed water surface was set equal to 
critical 

depth, the calculated water surface came back below critical depth. This indicates that 
there 

is not a valid subcritical answer. The program defaulted to critical depth. 
Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 15 

INPUT 
Description: 15, Indian Bend Road Toe of 

Slope 
1290 
-10 
1286 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FlEM.4 100-Year Discharge = 17,000 cfs 

1287 
1610 
1290 
Station Elevation Data nm= 17  

sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
* t * * * f t l * * * * * * * * * * * * * * * * * * * * * f * * * * * * ~ ~ * * * * * * * ~ ~ * * * * ~ ~ ~ * * * * * * * ~ ~ ~ ~ ~ ~ + * * * * . * ~ %  

Manning's n Values nun= 3 
Sta n Val Sta n Val Sta n Val 

* , . ~ ~ ~ ~ % ~ ~ ~ + * * * * ~ * * * , * * * ~ * ~ ~ ~ ~ * ~ % * * * * * * * * * ~ ~ * ~ * *  
0 .02 0 .021479.605 .02 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan. 
01479.605 50 50 50 .3 .5 

Ineffective Flow num= 2 
Sta L Sta R Elev Permanent 

0 430.826 1290 F 
935.6321479.605 1290 F 

a Skew Angle = 29.5 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

CROSS SECTION OUTPUT Profile W O E  Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev lft) ' 1281.40 * Element * Left OB * Channel * Right OB + 

* Vel Head lft) * 0.82 ' Wt. n-Val. * 0.020 
W.S. Elev (ftl * 1280.58 ' Reach Len. (ft) * 50.00 * 50.00 " 50.00 * 
Crit W.S. (ftl * 1277.18 Flow Area lsq ft) * 4134.14 * e 

E.G. Slope Iftlft) *0.000578 " Area lsq ft) * * 6067.05 * * 
* Q Total (cfs) *30000.00 Flow lcfs) *30000.00 * 
Top Width If t) * 790.05 Top Width lft) * 790.05 * 
Vel Total lft/s) * 7.26 ' Avg. Vel. Iftls) * 7.26 * 
Max Chl Dpth lftl * 8.58 * Hydr. Depth lft) + * 8.19 * 

* Conv. Total lcfs) '1247898.0 * Conv. lcfsl *1247898.0 * 
* Length Wtd. Ift) " 50.00 * Wetted Per. lftl * 504.83 * 
* Min Ch El lftl * 1272.00 * Shear llb/sq ft) * 0.30 
* Alpha 1.00 * Stream Power Ilhlft s )  * * 2.14 
* Frctn Loss lft) 0.04 * Cum Volume (acre-ft) * * 75.46 ' 
* C & E LOSS lft) * 0.29 * Cum SA (acres) . * 10.54 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Warning: The velocity head has changed hy more than 0.5 ft (0.15 m). This may indicate the need for 
additional cross sections. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION OUTPUT Profile XFEMA 100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev lftl * 1278.27 * Element * Left OB * Channel * Right OB * 
* Vel Head (ft) 0.64 ' Wt. n-Val. + 0.020 * 
W.S. Elev lftl * 1277.63 * Reach Len. lftl * 50.00 * 50.00 * 50.00 * 

* Crit W.S. lftl * 1275.68 Flow Area lsq ft) * 2641.23 * * 
* E.G. Slope Iftlft) *0.000826 * Area (sq ft) * 3758.14 * * 
* Q Total lcfs) *17000.00 ' Flow lcfs) *17000.00 * 
* Top Width lft) * 771.39 ' Top Width lft) * 771.39 * 
" Vel Total (ft/sl 6.44 * Avg. Vel. lft/s) 6.44 * 
Maw Chl Dpth (ft) 5.63 *Hydr.Depth lftl * 5.23 

* Conv. Total (cfs) *591398.8 * Conv. lcfs) *591398.8 * 
* Length Wtd. lft) * 50.00 ' wetted Per. Iff) 504.83 * 
* Min Ch El lft) * 1272.00 * Shear llb/sq ft) * 0.27 * . 
* Alpha * 1.00 ' Stream Power llb/ft s) * * 1.74 * 
* Frctn Loss lft) * 0.05 *CumVolwnelacre-ftl * * 53.96 
* C h E  LOSS (ftl * 0.14 * Cum SA (acres) * 10.23 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid. 

water surface was used. 

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 14 

INPUT 
Description: 14, Levee Toe of Slope at Entrance to Indian Wash Inlet 
Station Elevation Data num= 19 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 1294 27.851 1294 99.221 1286 174.071 1284.6 261.107 1283.6 
304.625 1282.2 325.513 1275 409.067 1272 466.511 1272 487.399 1271.2 
696.285 1271 879.059 1271 957.391 1272.81044.427 12741070.538 1274 
1105.352 1282.41143.647 1283.21178.462 12841282.904 1294 

Manning's n Values nun= 3 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

Sta n Val Sta n Val Sta n Val 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ * ~ ~ ~ ~ ~ * . * * * * * * * * * + ~ ~ * * * + * . * . * ~ ~  

0 .02 0 ,021282.904 .02 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Cantr. Expan 
01282.904 115 188 263 . 3  .5 

Ineffective Flow nun= 2 
Sta L Sta R Elev Permanent 

0 530.917 1290 F 
870.3561282.904 1290 F 
Skew Angle = 29.5 

CROSS SECTION OUTPUT Profile W O E  Design Flaw 
* f * * t * . f + * * * * * l f * * * t * I * * * * * * ~ ~ * ~ * ~ ~ ~ ~ * + * * ~ ~ * ~ ~ * * * ~ * * * * * * * * * ~ * . + ~ * ~ . * ~ . . ~ . ~ ~ ~ . * ~ ~ * ~ * ~ * * * * * * , ~ ~ ~ ~ * * *  

E.G. Elev lft) * 1281.07 * Element Left 0B ' Channel Right OB 
* Vel Head lft) 1.78 Wt. n-Val. * 0.020 * 
* W.S. Elev lft) * 1279.29 Reach Len. lft) * 115.00 * 188.00 * 263.00 * 
Crit W.S. lft) * 1277.28 Flow Area isq ft) * 2800.58 * 
E.G. Slope Iftlft) *0.001247 * Area lsq ftl ' 5602.84 * 

* Q Total lcfs) *30000.00 * Flow lcfs) *30000.00 * * 
* Top Width lft) * 779.39 * Top Width lft) * 779.39 * * 
Vel Total Iftls) * 10.71 * Avg. Vel. lftls) * 10.71 * * 

* Max Chl Dpth lftl * 8.29 *Hydr.Depth lft) 8.25 * 
* Canv. Total lcfs) *849580.2 * Conv. Ices) *849580.2 * * 
Length Wtd. lft) 188.00 * WettedPer. lft) * 339.44 + 

* Min Ch El lft) * 1271.00 * Shear IIbIsq ft) * 0.64 * % 

* Alpha * 1.00 * stream Power llblft s )  ' * 6.88 * 
* Frctn Loss lft) * 0.37 *Cumvolumelacre-ft) * * 68.76 * * 
* C & E LOSS Iff) * 0.18 ' Cum SA (acres) 9.64 * + 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Warning: The velocity head has changed by more than 0.5 ft 10.15 m). This may indicate the need for 
additional cross sections. 

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 

CROSS SECTION OUTPUT Profile XFEMA 100-Yr Flow 
* * * * * * . * * * * * * * * * I * * ~ ~ ~ ~ ~ ~ ~ * * ~ * ~ * * * + * * * ~ - * * * * ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ * + ~ * ~ * * * * * * ~ * * * * * * + * - . * . ~ ~ ~ ~ ~ ~ * * * * * ~ ~ ~ ~ ~  

E.G. Elev lft) 1278.08 * Element * Left OB Channel * Right OB * 
* Vel Head lft) * 1.10 ' Wt. n-Val. 0.020 + . . ~ ~-~ 

* W.S. Elev lft) * 1276.98 * Reach Len. lft) * 115.00 ' 188.00 * 263.00 * 
* Crit W.S. lft) * 1275.32 * Flow Area lsq ftl * 2015.30 * * 
* E.G. Slope lftlft) *0.001199 * Area lsq ft) * * 3818.59 * * 
* Q Total lcfs) *17000.00 * Flow lcfs) + *17000.00 
* Top Width lft) * 763.09 ' Top Width lft) * 763.09 * * 
* vei Total ~ftls) * 8.44 * ~ v g .  vel. (ft~s) 
* Max Chl Dpth lft) * 5.98 *Hydr.Depthlft) 
+ Conv. Total lcfs) e490933.3 Conv. lcfs) + 
* Length Wtd. lft) * 188.00 * Wetted Per. lft) 
* Min Ch El (ft) * 1271.00 * Shear Ilblsq ft) 
Alpha 1.00 * Stream Power Ilblft s )  * 

* Frctn Loss lft) * 0.32 *Cumvolumelacre-ft) * 
* C & E LOSS lft) * 0.06 ' Cum SA (acres) + 
* * * *+* * * * * * *%*%*** * * * * * * * * *+* * * * *+%*** * *%+** * * * * * * * * * * * * . *%**%*** * * * * *+  

Warning: The conveyance ratio (upstream conveyance divided hy downstream conveyance) is less than 
0.7 or greater than 1.4. This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the lowest, 
valid, 

water surface was used. 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 13 

INPUT 
Description: 13, Narrow Point of Indian Bend Wash Inlet Channel 
Station Elevation Data num= 16 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Manning's n Values num= 3 
Sta n Val sta n Val sta n Val 

***I********************%********************%** 

0 ,035 242 .025 530 ,035 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 602 130 130 130 .3 .5 

CROSS SECTION OUTPUT Profile PCOE Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev ift) ' 1280.53 * Element Left 0B * Channel ' Right OB ' 
* Vel Head lftl * 2.37 ' Wt. n-Val. * 0.027 • 

* W.S. Elev lft) * 1278.16 * Reach Len. lft) * 130.00 ' 130.00 * 130.00 * 
* Crit W.S. ift) * Flow Area lsq ftl 2427.20 * 
* E.G. Slope iftlft) '0.003483 Area lsq ft) + * 2427.20 * 
* Q Total Icfs) *30000.00 * Flow lcfs) *30000.00 * 
* Top Width lft) * 332.82 * Top Width lft) e * 332.82 ' 
* Vel Total lft/s) * 12.36 Avg. Vel. lft/s) * 12.36 * * 
* Max Chl Dpth lftl 7.85 Hydr. Depth lft) * 7.29 * + 
* Conv. Total (cfsl '508333.7 * Conv. (cfs) * *508333.7 * 
* Length Wtd. lft) 130.00 ' Wetted Per. (ft) * * 335.67 * 
* Min Ch El ift) * 1270.30 * Shear llblsq ft) * 1.57 ' 
* Alpha * 1.00 ' StreamPower llblft s )  ' * 19.43 * 
* Frctn LOSS lft) * 0.35 *Cumvolume lacre-ft) * 51.43 * 
* C & E LOSS lft) * 0.40 * Cum SA (acres) * 7.24 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for 
additional cross sections. 

Note: Manning's n values were composited to a single value in the main channel. 

CROSS SECTION OUTPUT Profile #FEMA 100-Yr Flow 
*******I*******************+********************.******.***%+***+******.****************+****** 

* E.G. Elev (ft) * 1277.70 * Element * Left OB * Channel * Right OB * 
Vel Head lft) 1.31 * Wt. n-Val. + * 0.026 * 

* W.S. Elev lft) * 1276.39 * Reach Len. lft) * 130.00 ' 130.00 * 130.00 * 
* Crit W.S. lft) * Flow Area lsq ft) * 1849.38 * 
E.G. Slope lftlft) '0.002567 * Area lsq ft) * 1849.38 

* Q Total Icfs) *17000.00 * Flow lcfs) * *17000.00 ' * 
* Top Width lft) * 321.16 * Top Width lft) + * 321.16 
* Vel Total lft/s) 9.19 * Avg. Vel. lftls) 9.19 * 
* Max Chl Dpth lft) * 6.09 *Hydr.Depthlft) * 5.76 * 
* Conv. Total lcfs) '335553.0 Conv. icfs) *335553.0 * 
* Length Wtd. lft) 130.00 * Wetted Per. (ft) * 323.46 * * 
* Min Ch El (ft) * 1270.30 * Shear (lblsq ft) * 0.92 
* Alpha * 1.00 *StreamPower llblft s )  * * 8.42 
* Frctn Loss lft) * 0.27 *Cumvolumelacre-ft) * * 37.38 * 
* C & E LOSS lft) * 0.20 * Cum SA (acres) * 7.01 ' * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Manning's n values were composited to a single value in the main channel 

Page 10 of 16 



Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 12 

INPUT 
Description: 12. Expanding Indian Bend Wash Inlet Channel 
station Elevation Data num= 15 

sta Elev Sta Elev Sta Elev Sta Elev Sta  lev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 1289.5 25 1289 43 1285 64 1280 85 1275 
95 1272 106 1271 218 1270 252 1270 412 1270 
440 1270 462 1275 485 1280 502 1285 531 1289 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hank Sta: Left Right Lengths: Left Chamel Right Coeff Contr. Expan. 
0 531 175 175 175 .2 .4 

CROSS SECTION OUTPUT Profile W O E  Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* E.G. Elev (ft) * 1279.78 * Element Left OB * Channel * Right OB 
* Vel Head (ft) * 1.58 * Wt. n-Val. * * 0.026 * 
* W.S. Elev (ft) 1278.20 * Reach Len. (ft) * 175.00 * 175.00 * 175.00 ' 
* Crit W.S. (ft) * Flow Area (sq ft) * 2975.22 * 
E.G. Slope (ftlft) *0.002121 ' Area (sq ft) * 2975.22 

* Q Total (cfs) *30000.00 * Flow (cfs) *30000.00 ' 
* Top Width (ft) * 405.19 *Top Width (ft) 405.19 * 
* Vel Total (ftls) * 10.08 * Avg. Vel. iftls) * 10.08 * 
* Max Chl Dpth lft) * 8.20 *Hydr.Depth (ft) . * 7.34 * 
* conv. Total (cfs) '651470.9 Conv. (cfs) *651470.9 * 
* Length Wtd. (ft) 175.00 * Wetted Per. (ft) * 406.96 ' 
* Min Ch El (ft) * 1270.00 * Shear (lblsq ft) * 0.97 * 
* Alpha * 1.00 * stream Power (lhlft s )  * 9.76 
* Frctn Loss (ft) * 0.27 * Cum Volume (acre-ft) * * 43.37 * 
* C h E Loss (ft) * 0.22 * Cum SA (acres) 6.14 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  % * ~ * ~ * * * * * * * * * * * * * * * * * * * * * * * . . * * . . . ~ , ~ ~ ~ ~ ~ * * * * *  

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for 
additional cross sections. 

CROSS SECTION OUTPUT Profile #FEMA 100-Yr Flow 
. , * * * * * * * * * * * * * * * * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ % + ~ ~ ~ ~ ~ ~ ~ ~ * * * ~ ~ * * ~ ~ ~ ~ ~ * ~ + * * * * * * * * * * * * * * * * * * ~ ~ ~ . ~ ~ ~ . ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ + * *  
E.G. Elev (ft) * 1277.23 Element * Left OB * Channel * Right OB ' 

* Vel Head Ift) * 0.90 *Wt.n-Val. * 0.026 * 
* W.S. Elev (ft) * 1276.33 Reach Len. (ft) * 175.00 * 175.00 175.00 * 
Crit W.S. (ft) e * Flow Area lsq ft) * 2229.68 + 

* E.G. Slope lftlft) *0.001688 * Area (sq ft) * 2229.68 * 
* Q Total (cfs) '17000.00 ' Flow lcfs) *17000.00 * 
* Top Width ift) * 388.66 * Top Width (ft) 388.66 * 
Vel Total (ftls) * 7.62 * Avg. Vel. (ftls) * 7.62 * 

* Max Chl Dpth lft) 6.32 Hydr. Depth (ft) * 5.74 
* Conv. Total (cfs) *413810.8 * Conv. lcfs) '413810.8 ' 
* Length Wtd. (ft) * 175.00 * Wetted Per. (ft) * 390.01 * 
* Min Ch El (ft) * 1270.00 * Shear llblsq ft) * 0.60 ' 
* Alpha 1.00 * Stream Power (lblft s) * * 4.59 ' 
* Frctn Loss (ft) 0.24 * Cum Volwne (acre-ft) * * 31.29 * * 
* C & E LOSS (ft) * 0.10 * Cum SA (acres) * 5.95 
* * f * * . * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * % * * * * * * + * * * * * * * * * * * * * * * * * * % * * * * % * * % * % * * % * * * + * * * * * * * * *  

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 11 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

INPUT 
Description: 11, Expanding Indian Bend Wash Inlet Channel 
Station Elevation Data num= 18 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .035 140 .02 409 ,035 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 612 335 335 335 . 2  .4 

CROSS SECTION OUTPUT Profile fCOE Design Flow 
* * * * * * * * * * * * * * * * * * * f * * * * * * * * * * * * * * * * * * I * ~ + * * * + * * * * * . * * * * * * ~ ~ ~ ~ ~ ~ * * ~ * + ~ ~ * * * * * * * . . * * ~ ~ ~ ~ ~ ~ * * * * , * *  

* E.G. Elev lftl 1279.28 * Element * Left OB ' Channel * Right OB * 
Vel Head (ftl 1.02 * Wt. n-Val. * 0.023 * 

* W.S. Elev lftl * 1278.26 * Reach Len. (ft) * 335.00 * 335.00 * 335.00 ' 
* Crit W.S. lft) * Flow Area lsq ftl * 3701.61 * 
* E.G. Slope (ftlft) '0.001203 * Area isq ft) 3701.61 * 
* Q Total Icfs) *30000.00 * Flow (cfs) * ~30000.00 * 
Top Width (ft) 549.15 * Top Width (ftl * * 549.15 * 

* Vel Total (ftls) * 8.10 * Avg. Vel. (ftlsl * 8.10 * 
Max Chl Dpth (ftl 8.26 ' Hydr. Depth lftl + * 6.74 * + 
Conv. Total (cfsl ,864879.4 ' Conv. lcfs) *864879.4 * * 

* Length Wtd. lft) 335.00 * Wetted Per. (ft) * 550.56 * 
* Min Ch El lft) 1270.00 * Shear (lblsq ft) * * 0.51 * 
* Alpha * 1.00 * Stream Power (lblft s )  * * 4.09 * 
* Frctn Loss lftl * 0.39 Cum Volume (acre-ft) * 29.96 * * 
* C & E Loss (ftl * 0.07 *CumSA(acres) * 4.22 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CROSS SECTION OUTPUT Profile #FEMA 100-Yr Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Elev (ftl * 1276.90 * Element Left OB * Channel * Right OB 
* Vel Head (ft) 0.66 * Wt. n-Val. * 0.023 
* W.S. Elev Iftl * 1276.23 * Reach Len. (ft) * 335.00 335.00 * 335.00 * 
* Crit W.S. (ft) Flow Area (sq ft) * 2601.27 * 
* E.G. Slope Iftlft) *0.001101 * Area lsq ft) * 2601.27 * 
Q Total lcfsl *17000.00 Flow lcfs) '17000.00 * 

* Top Width (ft) * 534.12 ' Top Width (ft) * * 534.12 * 
* Vel Total (ftls) * 6.54 * Avg. Vel. (ftls) + 6.54 * + 
* Max Chl Dpth lftl 6.23 * Hydr. Depth (ft) * * 4.87 * 
* Conv. Total (cfs) '512283.8 * Canv. (cfs) '512283.8 " 
* Length Wtd. (ftl * 335.00 * Wetted Per. (ft) * * 534.97 * 
* Min Ch El (ft) * 1270.00 * Shear Ilblsq ft) + * 0.33 * 
* Alpha * 1.00 ' Stream Power (lblft s) * 2.18 * 
* Frctn Loss (ft) * 0.34 *CwnVolwnelacre-ft) * * 21.59 * * 
* C & E Loss (ft) 0.07 * Cwn SA (acres) * 4.10 * e 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CROSS SECTION 

RIVER: Indian Bend Wash 
REACH: Indian Bend Road RS: 10 

INPUT 
Description: 10, Most D.S. X-Section, U.S. of East Interceptor Channel 
Station Elevation Data num= 18 

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

Manning's n Values num= 3 
Sta n Val Sta n Val Sta n Val 

* * * t * * , * * f * t * * * * * * * * ~ ~ . , . ~ . ~ ~ ~ ~ ~ * * ~ * * + . * * * * ~ ~ . * ~  

0 ,035 67 .025 557 .035 

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan 
0 625 0 0 0 .2 .4 

CROSS SECTION OUTPUT Profile XCOE Design Flow 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E.G. Elev lft) * 1278.82 ' Element Left OB * Channel * Right OB * 
* Vel Head lft) * 0.84 Wt. n-Val. * 0.026 * 
* W.S. Elev lft) 1277.98 * Reach Len. (ft) * 
* Crit W.S. lft) * 1274.91 * Flow Area lsq ft) * 4088.81 * 
* E.G. Slope lft/ft) *0.001154 ' Area lsq ft) 4088.81 * 
Q Total (cfs) *30000.00 * Flow (cfs) + *30000.00 * * 

* Top Width (ft) 549.03 * Top Width (ft) * 549.03 * + 
* Vel Total (ftls) * 7.34 * Avg. Vel. Iftts) * 7.34 * 
* Max Chl Dpth lft) + 9.98 * Hydr. Depth lft) * 7.45 * 
* Conv. Total lcfs) '883096.0 * Conv. lcfs) + *883096.0 * 
* Length Wtd. (ft) Wetted Per. (ft) * 550.56 * * 
* Min Ch El (ft) 1268.00 * Shear (lh/sq ft) * 0.54 * * 
* Alpha 1.00 * Stream Power (lb/ft s) ' * 3.93 * 
Frctn Loss (ft) * * Cum Volume (acre-ft) * * 

* C L E LOSS (ft) * Cum SA (acres) * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note: Manning's n values were composited to a single value in the main channel. 

CROSS SECTION OUTPUT Profile #FEm 100-YI  low 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* E.G. Blev lft) ' 1276.48 Element * Left OB * Channel ' Right OB * 
* Vel Head lft) * 0.49 * Wt. n-Val. * * 0.026 * * 
* W.S. Elev (ft) * 1275.99 * Reach Len. (ft) + * 
* Crit W.S. lft) * 1273.37 * Flow Area lsq ft) * 3012.87 * + 
* E.G. Slope (ftlft) *0.000960 * Area lsq ft) * 3012.87 * * 
* Q Total (cfs) '17000.00 * Flow (cfs) p '17000.00 * 
* Top Width (ft) * 532.32 * Top Width (ft) 532.32 • 

* Vel Total (ft/s) * 5.64 Avg. Vel. lft/s) * 5.64 * 
* Max Chl Dpth lft) * 7.99 *Hydr.Depth lft) * 5.66 * e 

* Conv. Total lcfs) *548647.9 * Conv. lcfs) + *548647.9 * + 
Length Wtd. lft) + * Wetted Per. (ft) + * 533.38 * 

* Min Ch El (ft) * 1268.00 * Shear llb/sq ft) * 0.34 * * 
Alpha * 1.00 * Stream Power llb/ft s) * * 1.91 * 

* Frctn LOSS (ft) * Cum Volume lacre-ft) * * * 
* C & E LOSS lft) * * Cum SA (acres) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * ~ ~ ~ ~ * ~ ~ * % ~ ~ * * * + * * * * ~ ~ ~ ~ ~ + * * + * * * * + ~ ~ ~ ~ ~ * * * * * ~ ~ ~ * ~ * ~ * + * * ~ ~ % * * * * * ~ ~  

Note: Manning's n values were composited to a single value in the main channel. 

* * * . * * * * * t * * * * * t f t * * - ~ * ~ . ~ ~ ~ ~ % * ~ + * * * * * t * * * * * . ~ ~ ~ * ~ * * * * * * * . ~ ~ ~ ~ ~ ~ * + * ~ * * * . ~ ~ ~ * ~ * * * *  

S-Y OF MANNING'S N VALUES 

River:Indian Bend Wash 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

**.** 
Reach * RiverSta. * nl * n2 * n3 * n4 * n5 * n6 * n7 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

*Indian Bend Road' 17 % .035* .02* .025* .04* .025* . 02* 
.04' 
"Indian Bend Road+ 16.75 + .035* .02' .025* .04* .025* .04' 

*Indian Bend Road* 16.5 * .02* .02* .02* * + 

'Indian Bend Road* 15 .02* .02* .02' * * 

*Indian Bend Road* 14 * .02* .02* .02' * 
* 
*Indian Bend Road* 13 .035* .025* .035' * 

'Indian Bend Road* 12 .035* .025* .035* * 

'Indian Bend Road' 11 * .035* .02* .035* * * * 

*Indian Bend Road* 10 * .035* .025* .035* * 

f * f * * * . * * + * + * * * * * * * * * * * * * * * * * * * * * * * * * + * * + . . * ~ . ~ * ~ * * * * ~ ~ * * * * * * * * * * * * * * * ~ * . ~ * ~ ~ ~ ~ ~ ~ ~ ~ * * * * * * ~ ~ ~ ~ * * * * ~ * * ~  

+ " * * *  

SUMMAKY OF REACH LENGTHS 

River: Indian Bend Wash 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Reach River Sta. * Left ' Channel ' Right * 
* * * * * * t . , * * l f * * * * * * ~ . ~ ~ ~ . ~ ~ ~ ~ ~ ~ * ~ * * * * * * * * * ~ ~ , ~ * ~ ~ ~ ~ * * * . * ~ ~ ~ ~ * ~ ~ * *  

'Indian Bend Road* 17 
'Indian Bend Road* 16.75 
*Indian Bend Road* 16.5 
'Indian Bend Road* 15 
'Indian Bend Road' 14 
*Indian Bend Road* 13 
*Indian Bend Road* 12 
'Indian Bend Road* 11 
*Indian Bend Road* 10 
* ~ * * * * * * * , ~ * * * * * * ~ ~ . ~ ~ ~ ~ ~ ~ ~ * ,  

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: Indian Bend Wash 

* * * * * * * * * * * * f * f * * * * * * * * * * + * * * * * * * * f * % * * * * * * * * * * * % * *  

* Reach River Sta. * Contr. Expan. * 
.................................................... 

*Indian Bend Road* 17 .2* .4* 
*Indian Bend Road* 16.75 .2' .4* 
*Indian Bend Road* 16.5 * .2+ .4 * 
*Indian Bend Road* 15 .3* .5* 
*Indian Bend Road* 14 .3* .5* 
*Indian Bend Road* 13 .3* .5* 
'Indian Bend Road* 12 .2* .4  * - ~. 
*Indian Bend Road' 11 * . 2 *  .4* 
*Indian Bend Road* 10 * .2* .4* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ERRORS WARNINGS AND NOTES 
Errors Warnings and Notes for Plan : Plan 07 

River: Indian Bend Wash Reach: Indian Bend Road 8s: 17 Profile: COE Design Flow a Warning:Divided flow computed for this cross-section. 
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Indian Bend Wash 
Existing Conditions 

Design ~ i s c h a r ~ e  = 30,000 cfs 
FEMA 100-Year Discharge = 17,000 cfs 

Warning:The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 
for additional cross sections. 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Manning's n values were cornposited to a single value in the main channel. 
Note; Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 17 Profile: FEMA 100-Yr Flow 
warning:~ivided flow computed far chis cross-section. 
Warning:The velocity head has changed by more than 0.5 ft 10.15 m). This may indicate the need 

for additional cross sections. 
Warning:The conveyance ratio (upstlearn conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Manning's n values were conrposited to a single value in the main channel. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Rend Road RS: 16.75 Profile: COE Desigm Flow 
Warning:The energy equation could not be balanced within the specified number of iterations. 

The program used critical depth 
for the water surface and continued on with the calculations. 

Warning:Divided flow computed far this cross-section. 
Warning:During the standard step iterations, when the assumed water surface was set equal to 

critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid 

subcritical answer. The 
program defaulted to critical depth. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Indian Bend Wash Reach: Indian eend Road RS: 16.75 Profile: FEMA 100-Yr Flow 

Warning:The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth 

for the water surface and continued on with the calculations. 
Warning:Divided flow computed for this cross-section. 
Warning:During the standard step iterations, when the assumed water surface was set equal to 

critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid 

subcritical answer. The 
program defaulted to critical depth. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 16.5 Profile: COE Design Flow 

Warning:The energy equation could not be balanced within the specified number of iterations. 
The program used critical depth 

for the water surface and continued on with the calculations. 
Warning:The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 

for additional cross sections. 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Warning:The energy loss was greater than 1.0 ft 10.3 m). between the current and previous cross 
section. This may indicate 

the need for additional cross sections. 
Warning:During the standard step iterations, when the assumed water surface was set equal to 

critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid 

subcritical answer. The 
program defaulted to critical depth. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 16.5 Profile: FEMA 100-Yr Flow 
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Indian Bend Wash 
Existing Conditions 

Design Discharge = 30,000 cfs 
FEMA 100-Year ~ i s c h a r ~ e  = 17,000 cfs 

Warning:The energy equation could not be balanced within the specified number of iterations 
The program used critical depth 

for the water surface and continued on with the calculations. 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Warning:The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 
section. This may indicate 

the need for additional cross sections. 
Warning:During the standard step iterations, when the assumed water surface was set equal to 

critical depth, the calculated 
water surface came back below critical depth. This indicates that there is not a valid 

subcritical answer. The 
program defaulted to critical depth. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 15 Profile: COE Design Flow 

Warning:The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 
for additional cross sections. 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 15 Profile: FEMA 100-Yr Flow 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 14 Profile: COE Design Flow 
Warning:The velocity head has changed by more than 0.5 ft (0.15 ml. This may indicate the need 

far additional cross sections. 
Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 

than 0.7 or greater than 1.4. 
This may indicate the need for additional cross sections. 

Note: Multiple critical depths were found at this location. The critical depth with the 
lowest, valid, water surface was 

used. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 14 Profile: FEMA 100-Yr Flow 

Warning:The conveyance ratio (upstream conveyance divided by downstream conveyance) is less 
than 0.7 or greater than 1.4. 

This may indicate the need for additional cross sections. 
Note: Multiple critical depths were found at this location. The critical depth with the 

lowest, valid, water surface was 
used. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 13 Profile: COE Design Flow 
Warning:The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need 

for additional cross sections. 
Note: Manning's n values were cornposited to a single value in the main channel. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 13 Profile: FEMA 100-Yr Flow 
Note: Manning's n values were cornposited to a single value in the main channel. 

River: Indian Bend Wash Reach: Indian Bend Road RS: 12 Profile: COE Design Flow 
Warning:The velocity head has changed by more than 0.5 ft (0.15 ml. This may indicate the need 

for additional cross sections. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 10 Profile: COE Design Flow 

Note: Manning's n values were composited to a single value in the main channel. 
River: Indian Bend Wash Reach: Indian Bend Road RS: 10 Profile: FEMA 100-Yr Flow 

Note: Manning's n values were cornposited to a single value in the main channel. 
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APPENDIX L 
INDIAN BEND WASH FEMA HEC-2 MODEL AND MAPS 





FLOOD INSURANCE RATE MAP 
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FEMA HEC-2 MODEL (OBTAINED FALL 2005) 
AND 

. 
SIMONS, LI & ASSOCIATES FLOOD DELINEATION STUDY MAPS 



IBWH2. t x t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* HEC-2 WATER SURFACE PROFILES * * * 
* V e r s i o n  4.6.2; May 1 9 9 1  * * * 
* RUN DATE 06SEP00 TIME 16:28 :08  * 
* * * * ~ Y * 1 + * * t * l * * * t * * * * Y * f * * * * * * ~ * * * * * * ~ * * * * *  

........................................ 

HEC-2 WATER SURFACE PROFILES 

***************+.*****(i*****ItItIt******** 

* U.S. ARMY CORPS OF ENGINEERS ,x 

* HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET, SUITE D * 
* DAVIS, CALIFORNIA 95616-4687 % * (916) 756-1104 * 
* * * * * ~ * * ~ ~ * * * * * * * t i * * t * t t t * t t * * , ~ ~ ~ ~ ~ * * * *  

X X XXXXXXX XXXXX XXXXX 
X X X  X X X X 
X X X X X 
XXXXXXX XXXX X XXXXX XXXXX 
X X X X X 
X X X  X X X 
X X XXXXXXX xxxxx XXXXXXX 

PAGE 1 

THIS RUN EXECUTED 06SEP00 16 :28 :08  

V e r s i o n  4.6.2;  May 1 9 9 1  
* -Alt****** . *******+r******* ,>*-** i ) i ) ** ,<>k* 

THIS  I S  AN ARCHIVAL RUN ALL DATA AND RESULTS ARE SAVED ON UNIT  9 6  

AC 
T I  IBW #S 
T 2  
T 3  

11 ICHECK INQ NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

- 1 0  2 20000 1167.30  

12 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

1 -1 -1 -6  

1 3  VARIABLE CODES FOR SUMMARY PRINTOUT 
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--- 
TOE OF GRADE CONmOL STRUCTURE 
6 SETS OF 5.5' PIERS, AREA ADIUSTED FOR SKEW 
b e g i n  f i l e  0 l i bw .dwg  
TOE OF GRADE CONTROL STRUCTURE 
6 SETS OF 5 . 5 '  PIERS, AREA ADIUSTED FOR SKEW 
TOP OF GRADE CONTROL 
2 PIERS IN LEFT BANK AREA 
CURRY R M n  

DOWNSTREAM EDGE -- -- 
T h e  c i d u b g  i f i e r  w i d t h  p r o v i d e  accuracy o f  t h e  m o d e l i n g  
MCKELLIPS ROAD 
UPSTREAM EDGE 
b e g i n  f i l e  03ibw.dwg 
NON-EFFECTIVE FLOW AREA REMOVEO 
NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVE 
NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVED 
NEAR ROOSEVELT STREET 
b e g i n  f i l e  04ibw.dwg 
MCDOWELL ROAD 
DOWNSTREAM EDGE 

1 
06SEP00 16 :28 :08  PACE 2 

MCDOWELL ROAD 
UPSTREAM EDGE 
DOWNSTREAM TOE OF S I L L  
DOWNSTREAM TOP OF SILL 

~ ~~ .-. 
UPSTREAM TOP OF S I L L  
UPSTREAM TOF nF Z T I I  - . . . . . -. . . . - - -. - - - - 
NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVEO 
NON-EFFECTIVE FLOW AREA REMOVEO 
NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVED 
b e g i n  f i l e  0Sibw.dwg 
MURRAY I ANF . . .. . . . -. . . . - 
NON-EFFECTIVE FLOW AREA REMOVEO 
NON-EFFECTIVE FLOW AREA REMOVEO 
NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVED - . -. 
NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVED 
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NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREAS REMOVED 
NON-EFFECTIVE FLOW AREA REMOVED 
THOMAS ROAD 
DOWNSTREAM EDGE 
THOMAS ROAD 
UPSTREAM EDGE 
begin f i l e  06i bw.dwg 
OSBORN ROAD 
begin f i l e  07i bw.dwg 
INDIAN SCHOOL ROAD 
DOWNSTREAM EDGE 
INDIAN SHCOOL ROAD 
UPSTREAM EDGE 
GR DATA ADJUST TO REMOVE NON EFFECTI\ 
AREA BETWEEN STA. 9685 AND STA. 9909 
NON-EFFECTIVE FLOW AREA REMOVED 
CAMELBACK ROAD 
DOWNSTREAM EDGE 
begin f i l e  08ibw.dwg 
CAMELBACK ROAD 
UPSTREAM EDGE 
CHAPARRAL ROAD 
DOWNSTREAM EDGE 
CHAPARREL ROAD 
begin f i l e  09ibw.dwg 
IACKRABBIT ROAD 
DOWNSTREAM EDGE 
begin f i l e  10ibw.dwg 
NON-EFFECTIVE FLOW AREA REMOVED 
MCDONALD DRIVE 
DOWNSTREAM EDGE 
NON-EFFECTIVE FLOW AREA REMOVED 
begin f i l e  1libw.dwg 

MCWNALD DRIVE 
UPSTREAM EDGE 
GR DATA ADJUSTED FOR FLDODWALL 
begin f i l e  12ibw.dwg 
NON-EFFECTIVE FLOW AREA REMOVED 
INDIAN BEND ROAD 
BASE OF DROP STRUCTURE 

!gin f i l e  13ibw.dwg 
INDIAN BEND ROAD 
UPSTREAM EDGE OF DROP STRUCTURE 
NON-EFFECTIVE FLOW AREA REMOVED 
begin f i l e  Mibw.dwg 

THE GR POINTS HAVE BEEN REDUCED 

IE FLOW 
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TO MEET THE REQUIREMENTS POINT NO. 

SCOTTSDALE ROAD 
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DOWNSTREAM EDGE 
SCOTTSDALE ROAD 
UPSTREAM EDGE 
b e g i n  f i l e  16 ibw.dwg 
b e g i n  f i l e  1 7 i  bw.dwg 
INVERGORDON ROAD 
DOWNSTREAM EDGE 
INVERGORDON ROAD 
UPSTREAM EDGE 
b e g i n  f i l e  18 ibw.dwg 
DOUBLETREE ROAD 
DOWNSTREAM E K F  
DOUBLETREE ROAD 
UPSTREAM EDGE 
b e g i n  fi 1 e 1 9 i  bw. dwg 
b e g i n  f i l e  2Oibw.dwg 
SHEA BOULEVARD 
DOWNSTREAM FDGF 
SHEA~BOULEVARD~ 
UPSTREAM EDGE 
b e g i n  f i l e  2 l i b w . d w g  
TATUM BOULEVARD ( 4 8 M  
DOWNSTREAM EDGF 
TATUM BOULEVARD 
UPSTREAM EDGE 
b e g i n  f i l e  22 ibw.dwg 
CACTUS ROAD 
DOWNSTREAM EDGE 
CACTUS ROAD 

STRI IET) 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL 
Q 

OLOSS L-BANK ELEV 
QLOB QCH QROB ALOB ACH AROB VOL 

TIME VLOB 
TWA 

VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
R-BANK ELEV 

SLOPE XLOBL XLCH XLOBR I T R I A L  IDC  ICONT CORAR TOPWID ENDST 

'PROF 1 

CRITICAL DEPTH TO BE CALCULATED AT ALL CROSS SECTIONS 
0 

CCHV= ,200 CEHV= .400 
1 4 9 0  NH CARD USED 
*SECNO ,437 

3265 DIVIDED FLOW 

TOE OF GRADE CONTROL STRUCTURE 
SETS OF 5.5' PIERS, AREA ADJUSTED FOR SKEW 
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"SECNO 7.102 

3470 ENCROACHMENT STATIONS= 9813.4 10190.8 TYPE= 1 
GR DATA ADJUSTED FOR FLOODWALL 

7.102 7.72 1270.72 1267.52 1270.58 1271.37 
17000.0 .O 17000.0 .O .O 2631.8 

1.69 .OO 6.46 .OO ,000 ,025 
.000905 505. 500. 478. 2 14  

CCHV= .200 CEHV= ,400 
1490 NH CARD USED 
'SECNO 7.197 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.40 

3470 ENCROACHMENT STATIONS= 9725.0 10241.0 TYPE= 1 TARGET= 516.000 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 100000.00 ELREA= 100000.00 

SECNO DEPTH CWSEL CRIWS WSELK EG HV OLOSS L-BANK ELEV 
Q 

HL 
QLOB QCH QROB ALOB ACH AROB VOL TWA 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN 
R-BANK ELEV 

SLOPE XLOBL XLCH 
SSTA 

XLOBR ITRIAL IDC ICON7 CORAR TOPWID ENDST 

CCHV= ,200 CEHV= ,400 
1490 NH CARD USED 
*SECNO 7.290 

3302 WARNING: CONVEYANCE CHANCE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .68 

3470 ENCROACHMENT STATIONS- 9652.0 10290.5 TYPE= 1 TARGET= 638.500 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 100000.00 ELREA= 100000.00 
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IBWH2. t x t  

CCHV= ,200 CEHV= ,400 
1490 NH CARD USED 
*SECNO 7.390 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .67 

3470 ENCROACHMENT STATIONS= 9693.8 10277.1 TYPE= 1 TARGET= 583.271 
7.390 8.18 1272.18 1271.10 1272.08 1272.97 .78 . 7 1  .13 100000 .OO 

17000.0 .O 17000.0 .O .O 2395.9 .O 2661.8 456.1 100000.00 
1.76 .OO 7.10 .OO .OOO ,025 ,000 .OOO 1264.00 9693.80 

,002202 500. 500. 500. 2 14  0 .OO 583.27 10277.07 

CCHV= .ZOO CEHV= ,400 
1490 NH CARD USED 
*SECNO 7.481 

3470 ENCROACHMENT STATIONS= 9674.0 10232.4 TYPE= 1 TARGET= 558.360 
b e a i n  f i l e  12ibw.dwa 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL lW A R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

CCHV= ,200 CEHV= ,400 
1490 NH CARD USED 
"SECNO 7.576 

3470 ENCROACHMENT STATIONS= 9729.2 10255.7 TYPE= 1 TARGET= 526.500 
7.576 6.95 1273.95 1272.27 1273.86 1274.64 .69 .75 .04 100000.00 

17000.0 .O 17000.0 . O  . O  2549.4 .o 2721.6 468.9 inoono.nn 

CCHV= ,200 CEHV= .400 
1490 NH CARD USED 
'SECNO 7.670 

3470 ENCROACHMENT STATIONS= 9726.7 10197.0 TYPE= 1 TARGET= 470.240 
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IBWH2. t x t  
NON-EFFECTIVE FLOW AREA REMOVED 

7.670 6.75 1274.75 1273.30 1274.75 1275.61 .86 
17000.0 

. 9 1  
.O 17000.0 

.07 100000.00 
.O .O 2284.1 .O 2749.4 474.6 100000.00 

1.82 .OO 7.44 .OO .OOO .025 ,000 ,000 1268.00 9726.74 
.001950 500. 500. 500. 2 19 0 .OO 470.24 10196.98 

CCHV= ,200 CEHV= ,400 
1490 NH CARD USED 
'SECNO 7.765 

3470 ENCROACHMENT STATIONS= 9722.3 10208.0 TYPE= 1 TARGET= 
7.765 

485.680 
5.80 1275.80 1273.80 1275.50 1276.46 .67 . 8 1  .04 100000.00 

17000.0 .O 17000.0 .O .O 2596.2 . O  2777.4 480.1 100000.00 
1.85 .OO 6.55 .OO ,000 ,025 .OOO 

.001372 
.OOO 1270.00 9722.28 

500. 500. 500. 2 11 0 .OO 485.68 10207.96 

CCHV= ,200 CEHV= ,400 
1490 NH CARD USED 
*SECNO 7.837 

3470 ENCROACHMENT STATIONS= 9756.1 10249.7 TYPE= 1 TARGET= 
7.837 

493.620 
5.35 1276.35 1274.39 1276.14 1277.01 

17000.0 
.66 .55 . 00 100000.00 

.O 17000.0 .O .O 2612.0 .O 2800.1 484.3 100000.00 
1.86 .OO 6 .51  .OO .OOO ,027 ,000 ,000 1271.00 9756.11 

.001505 380. 380. 380. 2 11 0 .OO 493.62 10249.73 

SECNO DEPTH CWSEL CRIWS WSELK EC 
Q 

HV 
QLOB 

HL OLOSS L-BANK ELEV 
QCH QROB ALOE ACH AROB VOL 

TIME VLOB 
TWA 

VCH VROB XNL XNCH XNR 
R-BANK ELEV 

SLOPE XLOBL XLCH 
WTN 

XLOBR ITRIAL IDC 
ELMIN SSTA 

ICONT CORAR TOPWID ENDST 

PAGE 139 

CCHV= ,200 CEHV- ,400 
1490 NH CARD USED 
*SECNO 7.883 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1 . 9 4  

3470 ENCROACHMENT STATIONS= 9837.5 10240.4 TYPE= 1 TARGET= 
7.883 

402.971 
10.88 1276.88 1270.87 1276.70 1277.24 .36 .17 .06 100000.00 

17000.0 .O 17000.0 .O .O 3548.4 .O 2817.1 486.8 100000.00 
1.88 .OO 4.79 .OO ,000 ,026 ,000 ,000 1266.00 9837.47 

.000399 240. 240. 240. 2 11 0 .OO 402.97 10240.44 
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CCHV= ,300 CEHV= ,500 
1490 NH CARD USED 
'SECNO 7.955 

3301 HV CHANGED MORE THAN HVINS 

IBWH2. t x t  

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 

3470 ENCROACHMENT STATIONS= 9891.7 10177.6 TYPE= 1 TARGET= 
7.955 5.52 1276.52 1275.77 1276.45 1278.32 

17000.0 
1.80 

.O 17000.0 .O .O 1577.2 
1.89 

.o 
.OO 10.78 .OO ,000 

,003548 
,025 

227. 
,000 

400. 500. 3 14  0 

CCHV= ,300 CEHV= .SO0 
1490 NH CARD USED 
"SECNO 7.979 

3301  HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 

3470 ENCROACHMENT STATIONS= 9726.3 10222.9 TYPE= 1 TARGET= 
INDIAN BEND ROAD 

BASE OF DROP STRUCTURE 
7.979 7 .51  1278.51 1274.39 1277.88 1278.84 

17000.0 
.33 

.O 17000.0 .O .O 3687.7 
1.89 .OO 4 .61  .OO ,000 

.o 
.000276 

,020 ,000 
120. 120. 120. 3 14 0 

CCHV= ,300 CEHV= .SO0 
1490 NH CARD USED 
"SECNO 7.988 

3301  HV CHANGED MORE THAN HVINS 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 9518.8 10322.6 NPE= 1 TARGET= 
7.988 2.58 1284.58 1284.58 1284.07 1285.79 1 . 2 1  

17000.0 .O 17000.0 .O .O 1923.8 
1.89 

.O 
.OO 8.84 .OO ,000 .020 .ooo 
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IBWH2. t x t  
0 22 0 .OO 803.80 10322.56 

CCHV= .300 CEHV= ,500 
1490 NH CARD USED 
'SECND 7.992 

3302WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.43 

3470 ENCROACHMENT STATIONS= 9408.0 
b e g i n  f i l e  13ibw.dwg 
INDIAN BEND ROAD 
UPSTREAM EDGE OF DROP STRUCTURE 

CCHV= ,200 CEHV= .400 
1490 NH CARD USED 
*SECNO 8.144 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.62 

3470 ENCROACHMENT STATIONS= 9055.3 10086.0 WPE= 1 TARGET= 1030.670 
8.144 4.49 1286.49 1285.01 1286.12 1286.81 .32 .70 .08 100000.00 

16000.0 . O  16000.0 .O .O 3521.2 .O 2892.8 
1.93 

505.3 100000.00 
.OO 4.54 .OO ,000 .020 .OOO ,000 1282.00 9055.29 

.000735 787. 582. 252. 2 11 0 .OO 1030.67 10085.96 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL 
TIME 

W A  R-BANK ELEV 
VLOB VCH VROB XNL XNCH XNR iJTN ELMIN 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC 
SSTA 

ICONT CORAR TOPWID ENDST 

CCHV= .200 CEHV= ,400 
1490 NH CARD USED 
'SECNO 8.239 
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3265 DIVIDED FLOW 

3 3 0 1  HV CHANGED MORE THAN HVINS 
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7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS= 9399.3 10100.3 TYPE= 1 TARGET= 700.960 
NON-EFFECTIVE FLOW AREA REMOVED 

8.239 5.22 1287.22 1287.22 1287.16 1288.63 
16000.0 

1 . 4 1  .96 .43 100000.00 
.O 16000.0 . O  .O 1681.0 . O  2922.6 514.8100000.00 

1.95 .OO 9.52 .OO ,000 
,013386 

,035 ,000 ,000 1282.00 9399.35 
533. 500. 465. 0 11 0 .OO 624.40 10100.31 

CCHV= .200 CEHV= .400 
1490 NH CARD USED 
'SECNO 8.333 

3301 HV CHANGED MORE M A N  HVINS 

3302 WARNING: CONVEYANCE CHANCE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.62 

3470 ENCROACHMENT STATIONS= 9362.6 10101.8 TYPE= 1 TARGET= 
8.333 

739.170 
7.55 1290.55 1287.90 1290.11 1290.88 

16000.0 
.34 2.04 . 2 1  100000.00 

.O 16000.0 .O .O 3440.1 .O 2952.0 522.6 100000.00 
1.98 .OO 4.65 .OO .OOO ,039 

.001943 
,000 ,000 1283 .OO 9362.60 

500. 500. 485. 4 8 0 .OO 739.17 10101.77 

CCHV= ,200 CEHV= ,400 
1490 NH CAR0 USED 
"SECNO 8.428 

3265 DIVIDED FLOW 

PAGE 142 

SECNO DEPTH CWSEL CRIWS WSELK EG 
Q QLOB 

HV HL OLOSS L-BANK ELEV 
QCH QROB ALOE VOL TWA R-BANK ELEV 

TIME 
ACH 

VLOB 
AROB 

VCH VROB XN L XNCH XNR WTN ELMIN 
SLOPE XLOBL XLCH 

SSTA 
XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

3470 ENCROACHMENT STATIONS= 9269.5 10287.1 TYPE= 1 TARGET= 1017.640 
8.428 7.66 1291.66 1289.67 1290.81 1291.99 

16000.0 
.34 1.11 .oo 100000.00 

.O 16000.0 .O .O 3441.8 .O 2991.5 532.3 100000.00 
2 .01  .OO 4.65 .OO ,000 .038 ,000 ,000 1284.00 9269.50 

,002562 620. 500. 438. 4 15 0 .OO 952.71 10287.14 

CCHV= .ZOO CEHV= ,400 
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1490 NH CARD USED 
*SECNO 8.523 

3265 DIVIDED FLOW 

IBWH2. t x f  

3470 ENCROACHMENT STATIONS= 9506.6 10457.6 NPE= 1 TARGET= 951.040 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA- 100000.00 ELREA= 100000.00 

CCHV= .200 CEHV= ,400 
1490 NH CARD USED 
*SECNO 8.656 

3 3 0 1  HV CHANGED MORE THAN HVINS 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE. KRATIO = .53 

3470 ENCROACHMENT STATIONS= 9286.8 10301.6 TYPE= 1 TARGET= 1014.840 

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 1297.00 ELREA= 100000.00 

begin f i l e  Mibw.dwg 
8.656 5.29 1295.29 1294.96 1294.67 1296.51 1.22 2.75 .33  1297.00 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

CCHV= .200 CEHV= ,400 
1490 NH CARD USED 
*SECNO 8.752 

3301  HV CHANGED MORE THAN HVINS 
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* HEC-2 WATER SURFACE PROFILES * 
ENGIN1*"*******Y"It*~~***** I t I t***7***>?**%?~***%%*~l>* 
****************Y**/i**~*****bb*****i)*** 

HEC-2 WATER SURFACE PROFILES 

IBWH2. t x t  

SECNO Q CWSEL DIFWSP DIFWSX DIFKWS TOPWIO XLCH 

6.723 17000.00 1264.86 .OO .98 .OO 927.81 500.00 
6.723 17000.00 1265.00 .14 .96 .14 895.17 500.00 

6.820 17000.00 1265.97 .OO 1.11 .OO 848.13 500.00 * 6.820 17000.00 1265.93 -.04 .93 -.04 718.27 500.00 

* 6.856 17000.00 1267.19 .OO 1.22 .OO 792.27 200.00 * 6.856 17000.00 1267.54 .35 1 . 6 1  .35 713.52 200.00 

6.879 17000.00 1267.33 .OO .14 .OO 762.47 120.00 
6.879 17000.00 1267.71 .38 '17 .38 687.75 120.00 

* 6.880 17000.00 1267.67 .OO .34 .OO 1075.23 32.00 * 6.880 17000.00 1267.75 .08 .04 .08 684.06 32.00 

* 6.893 17000.00 1270.01 .OO 2.34 .OO 1413.00 78.00 * 6.893 17000.00 1270.01 .OO 2.26 .OO 784.91 78.00 

6.910 17000.00 1269.99 .OO -.02 .OO 928.43 45.00 
6.910 17000.00 1270.05 .06 .05 .06 792.41 45.00 

6.960 17000.00 1270.04 .OO .05 .OO 772.04 250.00 
6.960 17000.00 1270.14 .10 .08 .10 736.62 250.00 

* 7.008 17000.00 1269.87 .OO - . I 7  .OO 592.77 250.00 * 7.008 17000.00 1269.89 .02 -.25 .02 450.09 250.00 

7.102 17000.00 1270.58 .OO . 7 1  .oo 494.10 500.00 
7.102 17000.00 1270.72 .14 .83 .14 377.34 500.00 

7.197 17000.00 1271.19 .OO . 6 1  .OO 550.48 500.00 * 7.197 17000.00 1271.43 .24 . 7 1  .24 516.00 500.00 

* 7.290 17000.00 1271.44 .OO .25 .OO 657.88 500.00 
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IBWH2 . t x t  * 7.290 17000.00 1271.67 .23 .24 .23 638.50 

PAGE 2 1 1  

SECNO Q CWSEL DIFWSP DIFWSX DIFKWS TOPWID XLCH 

* I * * * * I * * * * * , ~ * * * * * C * t * , i * * * * , ~ * * * ~ , ~ , V * , ~ * ~ ~  

* U.S. ARMY CORPS OF * HEC-2 WATER SURFACE PROFILES * 
EN'INl*t t*+******t*t t ( i * i* t i i * I t* t* t***O*************<8 

*********tt****t************** 

* HEC-2 WATER SURFACE PROFILES * 
ENCIN1+* t f l * *Y* f * f * * * i i * * * * * * * * * *Sc t t t t t i r t * * * * * * * * * * ,#  

~ s * * t * * n * * > ~ * t h * t * * * * ~ ~ * ~ * ~ ~ ~ * * * * t t t t * * * * *  

'' U. S. ARMY CORPS OF 

* HEC-2 WATER SURFACE PROFILES * 
ENGINl**"*"*"*"*******,>******(i(i*(i**(i**irh******>,*** 
* * * * * * l * * *Y* * * * * * * * * *~ , * * *~ , , * * * * * * , : * * * *> ,  

" U.S. ARMY CORPS OF 

HEC-2 WATER SURFACE PROFILES 
540.24 240.00 
+ 7.883 17000.00 1276.88 .18 .53 .18 402.97 

* U.S. ARMY CORPS OF ENGIN .OO 
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NOTICE TO 
FLOOD INSURANCE STUDY USERS 

Communities participating in the National Flood Insurance Program have established repositories of flood 
hazard data for floodplain management and flood insurance purposes. This Flood Insurance Study (FIS) 
report may not contain all data available within the Community Map Repository. Please contact the 
Community Map Repository for any additional data. 

The Federal Emergency Management Agency (FEMA) may revise and republish part or all of this FIS 
report at any time. In addition, FEMA may revise part of this FIS report by Letter of Map Revision 
process, which does not involve republication or redistribution of the FIS report. Therefore, users should 
consult community officials and check the Community Map Repository to obtain the most current FIS 
report components. 

Users should refer to Section 10.0, Revisions Description, for further information. Section 10.0 is 
intended to present the most up-to-date information for specific portions of this FIS report. Therefore, 
users of this renort should be aware that the information oresented in Section 10.0 sunersedes information 
in Sections l.dthrough 9.0 of the FIS report 

- 
Initial Countywide FIS Effective Date: April 15, 1988 

Revised Countywide Dates: September 29, 1989 
September 4,1991 
December 3, 1993 
September 30, 1995 
July 19,2001 
September 30, 2005 
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Additional hydrologic and hydraulic analyses for portions of the Agua Fria and New 
Rivers, and Skunk Creek were performed by the COE under contract to the Flood Control 
District of Maricopa County (FCDMC) Hydrologic and hydraulic analyses for portions of 
the Salt and Gila Rivers were performed by Hams-Toups Associates in October 1977. 
The 100-year flood for portions of the above streams, as well as the 500-year flood for 
the Agua Fria River, was computed by Dames & Moore using data provided by the COE, 
Los Angeles District. Approximate floodplain boundaries and boundaries for areas 
subject to sheet flow were delineated by Dames &Moore. 

Hydraulic analyses for portions of the following streams were taken from the effective 
Flood Insurance Studies for the incorporated communities (References 1-20): Agua Fria 
River, Gila River, Hassayampa River, New River, Salt River, Skunk Creek, Scatter 
Wash, Aguila Farm Channel, Andora Hills Wash, Atchison, Topeka & Santa Fe Railway 
Channel, Casandro Wash, South Branch, Casandro Wash, Cave Creek, East Fork Cave 
Creek, Dreamy Draw Wash East, Echo Canyon Wash, Flynn Lane Wash, Flying E 
Wash, Galloway Wash, Granite Reef Wash, Grapevine Wash, Grass Wash, Hospital 

+Wash, Indian Bend Wash, Indian Bend Wash-Low Flow Channel, Little San Domingo f- 
Wash, Lower El Mirage Wash, Martinez Wash, Mockingbird Wash, Moon Valley Wash, 
Myrtle Avenue Wash, Ocotillo Wash, Powder House Wash, Rowe Wash, Tenth Street 
Wash, Wash B, Willow Springs Wash, Wittmann Drainage, and Weekes Wash. 

The hydrologic and hydraulic analyses for portions of the Agua Fria, New, Gila, and Salt 
Rivers, Skunk Creek, and Scatter Wash included in the restudy were performed by the 
COE, Los Angeles District, for FEMA, under Interagency Agreement No. EMW-E-0941, 
Project Order No. 10. This work was completed in March 1986. 

Revised hydrologic and hydraulic analyses for Sols Wash, which passes through the 
Town of Wickenburg and extends to the county boundary between Maricopa and 
Yavapai Counties, were performed by Cella Barr Associates (CBA), for FEMA, under 
Contract No. EMW-85-C-1909. This restudy was completed in December 1986. 

Revised hydraulic analyses for a portion of Consolidated Canal were performed by 
Greiner Engineering Sciences, Inc. for the City of Mesa in 1984 (Refercnce 21). 

Revised hydraulic analyses for a portion of the Agua Fria River in El Mirage were 
performed by Engineering and Surveying of Arizona, Inc., in November 1984 (Reference 
22). 

Revised hydraulic analyses for flooding along a portion of the Atchison, Topeka & Santa 
Fe Railway in the City of Chandler were performed in July 1980 (Reference 23). 

Revised hydraulic analyses for a portion of East Fork Cave Creek in the City of Phoenix 
were performed by Erie and Associates, Inc., for the Coral Gables Estates Unit Six 
Subdivision in November 1985 (Reference 24). 

1.3 Coordination 

The FCDMC assisted in the selection of the areas that were studied by detailed methods 
and the selection of preliminary floodway limits. 

The Arizona Department of Transportation provided highway maps used for the 



Table 1. Detailed Studv Sources (Continued) 

Flooding Source Limits of Study 

Powder House Wash From confluence with Hassayampa River to 1.3 miles 
upstream 

Atchison Topeka & Santa Fe Railway From confluence with Agua Fria River to 1.5 miles upstream 
Channel 

Atchison, Topeka & Santa Fe For ponding along the railroad at Peoria 
Railway Ponding 

Echo Canyon Wash From Arizona Canal to McDonald Drive 

Southern Pacific Railroad Shallow For shallow flooding at Buckeye, Goodyear, Gilbert, Tempe, 
Flooding and Tolleson 

Apache Creek Flooding on alluvial fan near Apache Junction 

Flym Lane Wash From confluence with Arizona Canal upstream to 23rd Place 

Granite Reef Wash From Fillmore Street upstream to Pima Road 

4 Indian Bend Wash From entire length within Scottsdale corporate limits - 
Indian Bend Wash Low Flow From entire length within Scottsdale corporate limits 
Channel 

Moon Valley Wash From confluence with Cave Creek to Thunderbird Road 

Myrtle Avenue Wash From confluence with Arizona Canal to Myrtle Avenue 

Tenth Street Wash 

Wash B 

Sweat Canyon Wash 

Buchanan Wash 

Martinez Wash 

Mockingbird Wash 

From confluence with Arizona Canal to Cheryl Drive 

From Granite Reef Aqueduct to Mountain View Road 

From confluence with New River to approximately 4.1 miles 
upstream 

From confluence with Skunk Creek to Central Arizona Project 
Canal 

From confluence with Hassayampa River to Maricopa- 
Yavapai County boundary 

From U.S. Highways 60,70, and 89 to 0.9 mile upstream 

Little San Domingo Wash From the U.S. Highways 60, 70, and 89 crossing at 
Morristown to approximately 0.7 mile upstream 

Lower El Mirage Wash Tributary For shallow flooding, from confluence with Lower El Mirage 
Wash to 0.7 mile upstream 

Sand Tank and Bender Washes For combined flows at Gila Bend 

Rodeo Wash For ponding along Southern Pacific Railroad, U.S. Highway 
80, and Gillespie Canal at Gila Bend 



(191 1); Mormon Flat Dam (1925); Horse Mesa Dam (1927); Stewart Mountain Dam 
(1930) on the Salt River; Bartlett Dam (1939); and Horseshoe Dam (1945) on the Verde 
River, 

Carl Pleasant Dam was constructed at the Frog Tanks gage on the Agua Fria River in 
1927. It controls runoff from an area of 1,457 square miles (Reference 32). 

Cave Creek Dam, built in 1920, provides protection from a 25-year flood to parts of 
Phoenix. 

The Paradise Valley detention dikes, which are a feature of the Central Arizona Project 
(CAF'), provide flood protection for the northeastern part of Phoenix and Scottsdale in 
excess of the 100-year flood. The Paradise Valley detention dikes have 14 feet of 
freeboard to provide protection from the 100-year flood (Reference 14). Also part of the 
CAP is the Granite Reef Aqueduct, which consists of a concrete-lined channel and a 
series of levees. 3 
Dreamy Draw detention basin (1973) and Cave Buttes Dam (1980) provide additional 
flood protection for the City of Phoenix. 

Trilby Wash detention basin (McMicken Dam) was completed in 1956. The detention 
basin has a capacity of 19,300 acre-feet (Reference 31). A levied outlet channel conveys 
flood releases from the detention basin to the Agua Fria River. The project provides 
some flood protection to Luke Air Force Base, Phoenix Litchfield Municipal Airport, and 
the Towns of Goodyear, Litchfield, Avondale, Surprise, and El Mirage. 

Spook Hill Dam, Signal Butte Dam, Pass Mountain Dam, Powerline Dam, a diversion- 
structure to Powerline Dam, and Rittenhouse Dam control flooding in the southeastern 
part of the county (References 5 and 8). 

Drainage structures in the Interstate Highway 8 embankment south of Gila Bend were 
designed, according to State criteria, for a 50-year storm. This provides a shielding effect 
to Gila Bend because floodwaters from lower frequency storms will be detained by the 
highway, and flows exceeding the capacity of the highway structures vill be diverted to 
the west (Reference 7). 

A storm water detention dike was built approximately 4 miles north of Buckeye under the 
auspices of FCDMC. This facility was designed and constructed to contain up to the 
100-year frequency storm runoff from the drainage areas north of the Roosevelt Canal. 
This facility provides some flood protection to Buckeye (Reference 13). 

The channelization of portions of the Agua Fria, Gila, New, and Salt Rivers, Skunk 
Creek, and Scatter Wash has significantly reduced their respective floodplain areas 
Adobe Dam was constructed in April 1982 on Skunk Creek across Deer Valley Drive, 
approximately 1 mile west of Black Canyon Highway. The embankment is a compacted- 
earth fill strncture. The ungated outlet works are designed to release a discharge of 1,890 
cfs when the water surface is at the spillway crest (1,377 feet). The dam is designed to 
reduce the Standard Project Flood peak inflow of 66,000 cfs to an outflow of 1,890 cfs. 
The 100-year base flood inflow of 39,000 cfs will be reduced to a 1,730-cfs outflow. 

In addition, the construction of the New River Dam has reduced the peak flow 



including Sand Tank and Bender Washes, Rodeo Wash and its tributary, Lower El 
Mirage Wash Tributary, and Airport and Scott Avenue Washes. 

For flooding sources studied by approximate methods, 100-year flood elevations were 
computed using Manning's equation, COE Floodplain Information reports (References 
27, 29, 58, and 61), USGS Flood-Prone Area Maps (Reference 62), USGS slope maps 
(Reference 63), high-resolution Skylab photographs (References 64 and 65), and USGS 
topographic maps (Reference 66). 

The study was limited to the uses of fixed-bed modeling for the hydraulic analyses. 
However, with the occurrence of a large flood, substantial changes in the riverbed are 
expected to occur, particularly where the bottom slope is very non-uniform andor where 
other structures, such as bridges, cause local increases in the velocity. Resultant changes 
in the water-surface elevations can be expected. 

The hydraulic analyses for this study were based on unobstructed flow. The flood 
elevations shown on the profiles are thus considered valid only if hydraulic structures 
remain unobstructed, operate properly, and do not fail. 

elevations are referenced to the National Geodetic Vertical Datum of 1929 
Elevation Reference Marks (ERMs) and their descriptions are shown on the maps. ERMs 
shown on the FIRM represent those used during the preparation of this and previous 
Flood Insurance Studies. The elevations associated with each ERM were obtained andor 
developed during FIS production to establish vertical control for determination of flood 
elevations and floodplain boundaries shown on the FIRM. Users should be aware that 
these ERM elevations may have changed since the publication of this FIS. To obtain u p  
to-date elevation information on National Geodetic Survey (NGS) ERMs shown on this 
map, please contact the Information Services Branch of the NGS at (301) 713-3242, or 
visit their website at http:ll www.nas,noaa.gov. Map users should seek verification of 
non-NGS ERM monument elevations when using these elevations for construction or 
floodplain management purposes. 

4.0 FLOODPLAIN MANAGEMENT APPLICATIONS 

The NFIP encourages State and local governments to adopt sound floodplain management 
programs. To assist in this endeavor, each FIS provides 100-year floodplain data, which may 
include a combination of the following: lo-, 50-, loo-, and 500-year flood elevations; 
delineations of the 100-year and 500-year floodplains; and 100-year floodway. This information 
is presented on the FIRM and in many components of the FIS, including Flood Profiles, 
Floodway Data tables, and Summary of Stillwater Elevation tables. Users should reference the 
data presented in the FIS as well as additional information that may be available at the local 
community map repository before making flood elevation andor floodplain boundary 
determinations. 

4.1 Flood Boundaries 

To provide a national standard without regional discrimination, the 1 percent annual 
chance (100-year) flood has been adopted by FEMA as the base flood for floodplain 
management purposes. The 0.2 percent annual chance (500-year) flood is employed to 



Table 3. Summary of Discharges (Continued) 

Drainage Peak Discharges (cfs) 
Area 

Floodine Source and Location (Square Miles) 10-Year 50-Year 100-Year 500-Year 

Dreamy Draw Wash West 

Approximately 260 feet upstream of 
13th Street Wash - North Branch .. 1,000 .- 

I .. I .. 1 I 

Flynn Lane Wash 

At Ocotillo Road 0.98 700 1,300 1,700 3,300 

At Flynn Lane and Lincoln Drive 0.63 400 800 1,100 2,300 

Granite Reef Wash 

Van Buren Street 

McDowell Road 

Pima Road 

Indian Bend Wash 

Downstream limit of McKellips Lake, 
Just upstream of McKellips Road 
Bridge 107.0 4,000 14,000 20,000 42,000 

Indian School Road 

----A Indian Bend Road 

Scottsdale Road 

At Cactus Road 

At 36th Street 

At 32nd Street 2.77 1,000 1,400 2,400 5,500 

Myrtle Avenue Wash 

At Mouth 

Upstream of Myrtle Avenue 

--I Not Computed 
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* 3.0 ENGINEERING METHODS 

I 3.1 Hydrologic Analysis 

Page 6 I 

The 100-year discharges used for Indian Bend Wash were taken from the FEMA Flood Insurance 
Study(F1S) for Maricopa County, Arizona. & Incorporated Areas, Volume 1 of 12, revised 
September 1995. Table 2 summarizes the discharges. 

Table 2 Summary of Discharges I 
- -. - 

100-Year Discharges for- lndian Belid W;isl~ 

Reach I-- 1 Diqcharge 1 \el$) 

I Indian School Road to Salt River 20000 1 

36th Street to Cactus Road 

Cactus Road to Scottsdale Road 

Scottsdale Road to Indian Bend Road 

Indian Bend Road to Indian School Road 

1 3.2 Hydraulic Analysis I 

6000 

9000 

16090 

17000 

I 3.2.1 Work Map  Delineation I 
Water surface profiles were developed using the U.S. A m y  Corps' of Engineers HEC-2 computer 
program (Version 4.6.2) (4). Water surface profi.les were determined for the 100-year floodplain and 
floodway. The hydraulic analysis conducted for this delineation reflects existing conditions of IBW 
at the time of mapping for the study. 

The cross section data and topographic mapping for the study reach of IBW, were developed from 
a digital terrain model (DTM) prepared by Michael Baker Jr., Inc. The DTM is based on aerial 
photography taken September, October, and November 1993. 

Cross sections were drawn approximately perpendicular to.the anticipated flow paths in the channel 
and overbanks. The cross-sections were labeled using standard engineering stationing with the 
distance in river miles above the confluence with the Salt River. The station of each cross-section 
is determined by measuring the distance above the confluence along the IBW channel centerline 
(thalweg). 

t The cross sections are defined by data points oriented left to right looking downstream. Each data 
point consists of an elevation and corresponding station number with the hydraulic baseline assigned 
a station number of 10,000 feet at each cross section. Each cross section station number is defined 
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relat~ve to the hydraul~c hasellne with stat~ons less than 10,000 to the left, and greater than 10,000 
to the nght 

Cross-sections were taken at representative locations. At the culverts and bridges extra cross- 
sections were taken immediately upstream and downstream to define the frequent changes in 
geometry through the openings. Locations of selected cross-sections used inthis study are shown 
on the Flood Boundary and Floodway maps. Cross-section plots at selected locations-are also 
included in the technical documentation. 

3.2.2 Roughness Coefficient 

Roughness coefficients (Manning's "n") for IBW were derived from field observation, aerial. photos, 
and by the methodology presented in "Estimated Manning's Roughness Coefficients for Stream 
Channels and Flood Plains in Maricopa County, Arizona" (5). An "n-Value Determination Report" 
was prepared and submitted separately by Simons, Li & Associates to document roughness 
coefficients used for this study (1). A copy of this report is provided in Section 4.2 of the study 
documentation. 

I 3.2.3 Effective and Ineffective Flow Area 

Ineffective flow areas were defined, as appropriate, on the overbank areas and to model expanding 
and contracting flows. Flow was expanded at a rate of 4: 1 and contracted at a rate of 1: 1- relative to 
the flowline. The expansion and contraction coefficients used in the model were 0.4 and 0.2, 
respectively, as documented in Section 412.2 of the study documentation. 

. . 

I 3.2.4 Simulation of Flow Through Structures 

The HECZ computer program provides three options for computing losses through a bridge. First,, 
the losses can be computed externally and input directly into'the program. Secondly, the normal 
bridge routine may be used. Finally, the special bridge routine may be used. The normal bridge 
routine is used when friction losses are the predominant consideration. Then, the standard step 
method is used for computing losses through bridges. The special bridge routine is used when 
combinations of low or pressure flow with weir flow occur at the bridge. The special bridge routine 
will determine the class of low flow based on a trapezoidal approximation of a bridge opening with 
piers. 

The HEC-2 computer program provides a special culvert routine for computing losses through 
culverts. The special culvert routine is similar to the special bridge routine except that the Federal 
Highway Administration's (FHWA) standard equations for culvert hydraulics are used to compute 
losses through the structure. 

1 3.2.5 HEC-2 Cornouter Model Set UD 

HEC-2 models were developed for subcritical flow profile computations. The 100-year water- 
surface elevation at the confluence of Indian Bend Wash and the Salt River (elevation 1167.3 A,) was 

Slmons, LI & Assoc~ates Inc I 
Walm Rcsourccr &- - 
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used as the starttng water-surface elevation. This information was taken from the effective Flood 
Insurance Study water-~urface.~rofiles for the Salt River (September 30, 1995). Baseline stationing ' begins at the confluence of IBW with the Salt River, located approximately 700 feet upstream of 
Scottsdale Road aio'ng the hydraulic baseline'of thesalt River. 

The bridges on Indian Bend Wash were modeled using the special bridge routine of the HEC-2 
Model. Bridge dimensions were obtained From as-built plans and field verified during the field 
reconnaissance survey. 
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AH 
Al  
AJ 
AK 
AL 
--- 

AM 
--- 

AN 
A 0  
AP 

AP 
AR 
... 

AS 
..- 

AT 
.-- 

AU 
AV 

Letter Designation 
Revised 

-.. 

... 

.-- 

... 

Z 
AA 
AB 
.-- 

AC 
--. 

AD 
... 

AE 
--- 

AF 
-.- 

AG 
..- 

AH 
Al 
AJ 
AK 
AL 
--- 

AM 
--- 

AN 
A 0  
AP 
AQ 
AR 
... 

AS 
.-- 

AT 
--- 

AU 
AV 
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REACE 

From the Arizona Canal to Indian Bend Road. T l~ i s  reach is entirely within rile City of 
Scottsdale. This reach includes the drop at Indian Bend Road and a Hotel or) piers. Tile re~rcll 
is presented in plan view within Appendix B 

/ CROSS SECTION 7.837 

/ LOCATION OF CROSS SECTION 

Approximately 860 feet upstream of [he Arizona Canal outflow into Indian Bend Was11 Cross 
section locations are presented in Appendix B. 

DESCRIPTION OF CHANNEL 

The channel is an earth ltned trapezoidal section. Vegetation is sparse consistlrlg of grass arid 
small shrubs. At one location a hotel has been constructed on piers lnto a portior~ ot tlic 
channel. 

/ 100-YEAR N-VALUE CALCULATIONS 

Portion of 
Cross Section Components "n" Total 

I Channel Bank Areas 
with Small Shrubs n, = 0.020 

n, = 0 
n, = 0 
n, = 0.010 
n, = 0.005 0.035 

Channel Invert n, = 0.020 
n, = 0 
n, = 0 
n, = 0.005 
n, = 0 0.025 





Page 

Photograph 3.33 
Looking west across Indian Bend Wash just upstream from the Arizona Canal 

Photograph 3.34 
Looking south (downstream) from Indian Bend Road at the channel centerline - sla Simons Li & Associates Inc. 

w..Crr el..l,llr:r. n rwl ralunr.r~lr c.1131111191. - 
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REACH 

From Indian Bend Road upstream io Scot(sdab Road. The reach is entirely w i t h  the City of 
Scottsdale, although Scottsdale Road is a boundary between the City of Scottsdale and the Town 
of Paradise Valley. The reach encompasses the McConnick Ranch Golf Course. This reach 
i~lcludes the Scottsdale Road box culvert. The reach is presented in plan view within Appendix 
B 

I CROSS SECTION 8.333 
I 
I LOCATION O F  CROSS SECTION I 

Approximately 1,500 feet upstream of Indian Bend Road. Cross section locations are presented 
in Appendix B. I 
DESCRWTION O F  CHANNEL 
The cross sections of this reach are typical of golf course uses A small plot channel defines 
the thalweg and connects a series of sequential lakes. Tile topography is flat to gently rolling. 
Vegetation is comprised mostly of short trimmed grass and small pruned trees. 

100-YEAR N-VALUE CALCULATIONS I 
Portion of 
Cross Section Components "nu Total 

Rolling Golf Course Areas 
with Short Grass and 
Pruned Trees n, = 0.020 

n, = 0.010 
n, = 0.005 
n, = 0.005 
n , = O  0.040 

Lake 0.020 

L g Sko_n.s-L~ & Assoc~ales. Inc. '.'.. *,~" ...,.. 1 C.. I r,,,,,,..,,,.< C"n.rl,.n,. 
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Portior~ of 
Cross Section Compoocnlc "n" Tol:~l 
Chamel Banks Along lakes 
with Few Trees and 
Short Grass n ,  = 0 020 

n ,  = 0 
n, = 0 
n, = 0010 
n, = 0 

Simons. Li & Associates. Inc. 
w r r r r  "r.l.urlr. L ClV l l  rll l ,nrrrln* C""l"l,.",. 









STATION 7.481 TO 7.988 

0 
Lincoln Drive to Indian Bend Road 



b d i a n  Bend Road 

I I Scale 1"=500' 

STATION 7 992 TO 8 523 

a 1 e Slrnons. L1 & Associates. Inc. A 



r-- Scoltsdale Road at  McCormick Parkway 

- gJ 1 g j  Slrnons. LI & Associates. Inc. A 



Scottsdale Road at Golf Drive 

STATION 8 996 TO 9 375 



I I 
CROSS-SECTION 7.29 



I I 
CROSS-SECTION 7 576 

I I 
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Z 
0 + 
5 
_I 
W 

1260 

1250 
96+00 

I 

98+00 100+00 102+00 
STATION 

104+00 

7.837 
CROSS-SECTION 7 837 

0.0350 

z 
Q 
C 

2 2 
W 

. I  I 
! 2 6 g r  

, 

1250 I 
96+00 98+00 100+00 102+00 104+00 

7.765 STATION 

CROSS-SECTION 7.765 





00200 

7.988 STATION 
INDIAN BEND ROAD 

CROSS-SECTION 7 988 



7.992 
lO9+0O 111.00 

STATION 
beom rile lib- dwg 

0 CROSS-SECTION 7 992 

106*00 108+00 

8.144 STATION 

CROSS-SECTION 8 144 





I I 
CROSS-SECTION 8.428 

I I 
CROSS-SECTION 8 523 



I .- 
FLOODING 

CROSS SECTION 

Indian Bend 
Wash 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 

w z  

'Feet Above Confluence 

SOURCE 

DISTANCE' 

2,308 
3,698 
4,695 
6,695 
8,192 
9,232 

11,026 
12,218 
13,718 
15,080 
16,645 
18,690 
19,620 
20,878 
22,128 
23,328 
25,134 
27,183 
28,758 
30,258 
32,891 
33,889 
34,907 
36,882 
38,882 
40,882 

With Salt 

WIDTH 
(FEET 

632 
355 
500 
430 
342 
5 0 1  
62 6 
453 
370 
559 
582 
660 
342 
574 
566 
5 9 1  
604 

422/52Z2 
433/5902 
319/5232 
4731719' 

94 1 
926 
450 
583 
486 

River Along Profile 

T 
A 
6 
L 
E 

5 

BASE FLOOD 
WATERSURFACE ELEVATION FLOODWAY 

SECTION AREA 
(SQUARE FEET) 

12,301 
1,689 
2,335 
2,964 
1,745 
3,403 
2,543 
3,265 
3,406 
2,752 
3,704 
3,210 
2,167 
4,040 
4,046 
3,549 
4,039 
3,287 
2,857 
2,716 
2,535 
3,429 
3,403 
3,130 
2,798 
2,610 

Base Llne 'Width 

REGULATORY 

FEDERALEMERGENCYMANAGEMENTAGENCY 

MARICOPA COUNTY, AZ 
AND INCORPORATED AREAS 

MEAN VELOCm 
(FEET PER 
SECOND) 

1 . 6  
11 .8  

8.6 
6.7 

11 .5  
5.9 
7 .9  
6 . 1  
5.9 
7.3 
5.4 
6.2 
9.2 
5 .0  
4.9 
5 . 6  
5 .0  
4.2 
4.8 
4.7 
4.7 
5.0 
5 .0  
5.4 
6 .1  
6.5 

Across Main 

FLOODWAY DATA 

lNDlAN BEND WASH 

m o l J T  
FLOODWAY 

1,162.5 
1,167.8 
1,174.7 
1,184.5 
1,188.0 
1,191.4 
1,198.6 
1,202.7 
1,204.4 
1,211.6 
1,214.6 
1,220.5 
1,222.1 
1,226.0 
1,227.1 
1,228.8 
1,232.4 
1,239.4 
1,243.7 
1,244.6 
1,253.9 
1,260.2 
1,262.1 
1,269.2 
1,270.6 
1,273.8 

Channel/W~dth Across 

W17n 
FLOODWAY INCREASE 

(FEET 

1,162.5 
1,167.8 
1,174.7 
1,184.5 
1,188.0 
1,191.4 
1,198.6 
1,202.7 
1,204.4 
1,211.8 
1,214.6 
1,220.5 
1,222.1 
1,226.0 
1,227.1 
1,228.8 
1,232.4 
1,239.4 
1,243.7 
1,244.6 
1,253.9 
1,260.2 
1,262.1 
1,269.2 
1,270.6 
1,273.8 

Entxre ~loodway 

NGVD) I 9 ;L q 

1,162.5 
1,167.9 
1,174.7 
1,185.0 
1,188.0 
1,191.5 
1,198.9 
1,202.9 
1,204.8 
1,212.3 
1,215.3 
1,221.0 
1,222.3 
1,226.0 
1,227.3 
1,229.3 
1,233.0 
1,239.8 
1,244.2 
1,245.3 
1,254.3 
1,260.3 
1,262.2 
1,270.0 
1,271.1 
1,274.1 

Dl t a  m 

0.0 
0.1 
0.0 
0.5 
0 . 0  
0 . 1  
0.3 
0.2 
0 .4  
0.5 
0.7 
0.5 
0.2 
0 . 0  
0.2 
0.5 
0 .6  
0.4 
0.5 
0.7 
0.4 
0 . 1  
0 . 1  
0.8 
0.5 , 
0.3 t- 



-C1 
ca 

2 - - 

, 

- 
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FLOODING 

CROSS 

SECTION 

A 
B 

C 

D 
E 
F 

G 

H 

I 
J 

K 

L 
M 
N 
0 

P 

Q 

R 

S 

T 

U 
V.6.630 

1 Feet above 

3 ' 1988 Datum C 

SOURCE 

DISTANCE' 

11.026 
12,200 

12,700 

13,700 
14,437 

15,627 
16,627 
17,937 

18,672 
19.602 

20,860 
22,110 
23~,310 
24,126 
25,440 
26,262 
29.258 

30,258 
31.391 

32,391 

33,621 
34,889 

confluence with Salt River 

b 
rn 
r 
rn 
'4 

WIDTH 

(ft) 

626 
453 

417 

370 
356 

571 
582 
652 
660 
305 

574 
566 
591 
497 
626 

934 
379 

319 
90'5 
537 

455 
926 

WATER 

WITH 

FLOODWAY 

(ft) 

1200.5 
1204.6 

1205.3 

1206.6 

1209.7 

1215.4 
1217.1 
121 9.7 
1222.8 
1224.0 
1228.1 

1229.3 
1231.0 

1232.9 
1241 .O 

1241.2 
1246.4 

1247.9 
1254.8 

1255.9 

1260.2 
1264.1 

FLOOD C O N T R O L  DISTRICT OF MARICOPA C O U N T Y  

SIMONS, LI & ASSOCIATES, INC. 

FLOODWAY 

SECTION 

AREA 

(sq ft) 

2451 
3266 

3165 

3406 

3363 
3481 

3704 
2838 

3210 
1952 

4179 
4119 
3571 
2764 
6769 
5301 
3117 

271 6 
3680 

3124 
1258 

3438 

FLOODWAY DATA 

INDIAN BEND WASH 

MEAN 

VELOCITY 

(ftls) 

8.2 
6.1 

6.3 

5.9 

5.9 
5.7 
5.4 
7.0 
6.2 
10.2. 
4.8 
4.9 
5.6 
7.2 

2.5 
3.2 
4.2 

4.7 

4.6 
3.8 

9.5 
4.9 

SURFACE 

WITHOUT 

FLOODWAY 

ift) 

1200 1 
1204.4 

1204.9 

1206.2 

1210.0 
1214.6 

1216.4 
1219.1 

1222.3 
1223.9 
1227.8 
1228.9 
1230.5 
1232.9 
1240.6 
1240.7 
1245.8 

1246.3 
1254.3 

1255.5 
1260.2 
1263.9 

 ELEVATION^ 

DIFFERENCE 

(fi) 

0.4 

0.2 
0.4 

0.4 

-0.3 

0.8 
0.7 
0.6 
0.5 

0.1 
0.3 
0.4- 
0.5 
0.0 
0.4 

0.5 
0.6 

0.7 
0.5 

0.4 

0.0 
0.2 



FLOODING S O U R C E  

- 

CROSS 

SECTION DISTANCE' 

FLOODWAY 

9 , l ! y  w 8 . 1 ~ ~  
x 8.47% 
Y B . 9 9 0  

Z 
A A  

AB 

AC 
AD 

A€ 
AF 
AG 

AH 

Ai 
AJ 

AK 
AL 
AM 

AN 
A0 
AP 
AQ 
AR 

' Feet above confluence 

W A T E R  SURFACE ELEVATION' 

MEAN 

VELOCITY 

(ft/s) 

WITH 

FLOODWAY 

( ft ) 

WIDTH 

(ft) 

42,666 

44,166 

46,947 

48,282 

48,598 

48,998 

49,927 

50,804 

51,707 

52,631 
53.631 
54,443 

54,533 
54,591 

55,133 

55,588 
56,538 

57,518 

57,994 
58,396 

58,494 

58,987 

with Salt River 

SECTION 

AREA 

(sq ft) 

WITHOUT 

FLOODWAY 

( f t )  

1031 

1018 

554 

665 

680 

710 

786 
860 

625 

694 
360 

598 
639 

643 

471 

430 

544 

573 
608 

669 

681 
561 

-a 
Oi 

% - 
N 

*2 1988Datum f- 

DIFFERENCE 

(ft) 

' 

D 
a .  
r 
rn 
w 

3521 

3442 

351 1 

3745 

2207 

1670 

, 2205 
2652 

2224 

2117 
1274 

2208 
21 92 

2380 

2028 
1019 

2597 

11 23 

2207 
21 36 

2085 
1493 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

SIMONS, LI & ASSOCIATES, INC. 

4.5 
4.6 

4.6 

2.4 

4.1 

5.4 

4.1 

3.4 

4.0 

4.3 
7.1 

4.1 
, 4.1 

3.8 

4.4 

8.8 
3.5 

8.0 
4.1 

4.2 

4.3 
6.0 

, , 

FLOODWAY DATA 

INDlAN BEND WASH 

1286.5 

1291.6 

1297.3 

1301.5 

1301.6 
1302.5 

1306.5 

1308.3 

1310.2 

1315.3 

1318.2 
1320.2 

1320.2 
1320.3 

1320.6 

1321.3 
1325.8 

1327.3 
1330.0 

1330.7 

1331.9 
1333.4 

1286.1 

1290.8 

1296.4 

1301.0 

1301.1 

1302.2 

1306.4 
1308.2 

1310.0 

1314.7 
'1318.1 

1319.7 
1319.9 

1320.3 

1320.6 

1321.4 

1325.4 

1327.3 
1329.5 

1329.9 

1331.8 

1332.7. 

0 4 

0.8 

0.9 

0.5 

0.5 

0.3 

0.1 
0.1 

0.2 

0 6  
0.1 

0.5 

0.3 

0.0 

0.0 
- 0 1  

0.4 

0.0 

0.5 

0.8 

0.1 
0.7 



FLOODING 

CROSS' 

SECTION 

AS 

AT 
AU 

AV 
AW 
AX 

AY 

AZ 
B A 
BB 
BC 

, BD 
BE 
BF 

' Feet  above confluence 

-G 
m 
% - 
W 

1988 Datum 

ELEVATION' 

DIFFERENCE 

(ft) 

0.5 
0.3 

0.2 
0 5 

0.5 

0.5 

0.4 
0.6 

0.5 

0.5 
0.2 

0.3 

0.8 
0.2 

WATER 

WITH 

FLOODWAY 

(ft) 

1337.0 
1339.8 

1344.1 

1346.5 

1347.6 

1350.6 

1351.9 

1356.3 
1361.7 

1367.9 
1369.6 

1374.0 

1384.1 

1386.5 

WIDTH 

trt) 

579 
496 

273 

333 

377 
244 
233 

182 

349 

420 

164 
348 

269 
308 

SOURCE 

DISTANCE' 

59,937 
60,916 

61,881 

62,345 

63,220 
64,249 

65,251 

65,748 
67,165 

68,987 

69,950 
70,867 

74,520 

76,079 

with Salt River 

SURFACE 

WITHOUT 

FLOODWAY 

( ft 

1336.5 
1339.5 

1343:9 

13d6.0 

1347.1 

1350.1 

1351.5 
1355.7 

1361.2 

1367.4 
1369.4 

1373.7 

1383.3 
1386.3 

FLOODWAY DATA 

INDIAN BEND WASH 

-l 
P 
m 
r 
m 
W 

FLOODWAY 

SECTION 

AREA 

(sq ft) 

1541 
1554 

973 

1310 

1400 
1519 

1290 

770 
1677 

1874 

741 
1320 

1267 

1537 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

SIMONS, LI & ASSOCIATES, INC. 

MEAN 

VELOCIN 

(Ws) 

5.8 
5.8 

9.2 

6.9 

6.4 

5.9 

7.0 
11.7 

5.4 

4.8 
12.2 

6.8 

7.1 

3.9 



i FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION' 

1 Feet above confluence with Salt River 

CROSS 

SECTION 

Indian Bend Wash 
Low Flow Channel 

0 

DISTANCE' 

25440 

1 I 

SECTION I 
1 

DISTANCE' / 
WIDTH 

(ft) 

626 

WITH 

FLOODWAY 

(ft)  

1241 1 

I 

(ft) 

-7 
c. 

Ot 
0 

- *- 

1988 Datum 

WITH 

FLOODWAY 

(ft)  

SECTION 

AREA 

( sq  ft) 

6769 

P 
m 
r 
rn 
P 

MEAN 

VELOCITY 

(Ws) 

2 5 

SECTION I 

( sq  ft) 

WITHOUT 

FLOODWAY 

(ft) 

MEAN 

(WS) 

DIFFERENCE 

(ft) 

WITHOUT 

FLOODWAY 

(ft) 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

SIMONS, LI & ASSOCIATES, INC. 

DIFFERENCE 

(ft) 

FLOODWAY DATA 

INDIAN BEND WASH 

1240 3 0 8 
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@ Federa E r r ~ r ~ ' . ~ ~  Management Agency 
Washing ton ,  D.C. 20472 

+* a " b  

Cl~U' l ' l I~ ' l~~11 MAII- I.! I(i:I'I-Y REFER 7'0: 
RETURN RECEIPT REQUESTI'II I KO . 98-09-253P 

'Tlic: Ikloliorable Don Slapley 
Chairperson, Maricopa County 

Board of Supervisors 
301 \\'?\I Jefferson, 10th Floor 
Phoenix. Arizona 85003 

o i ~ ~ ~ u i i t y .  Maricopa C ~ I I I I I ~ .  Arizona .. 

Con~r~iunity No.: 040037 
I'anels .Affected: 0 4 0 ~ 3 ~ 2 1 6 0  D and 2170 E 
ht'kci:; e Date of 
f h ~ s  Kevlsion: 

MAY 1 5 1998 

Dear Llr Stapley 

Thbs responds to a request that the Federal Enicrsency hlana~ci;ie~it Agency (FEMA) revise the effective 
Flood Insurance Rate Map (FIRM) and Flood Insurance Study (FIS) report for Maricopa County. Arizona 
and Incorporated Areas (the effective FI& and FIS report for your community), in accordance with 
Part 65 of the National Flood Insurance Program (NFIP) regulations. In a letter dated December 29, 1997, 
Mr. Afshin Ahouraiyan,Engineering Division, Flood Control District of Maricopa County, requested that 
FEMA revise the FIRM and FIS report to show the effects of a detailed hydraulic study and more detailed 
topographic information for Indian Bend Wash from its confluence with the Salt River to 40th Street. 

All data required to complete our review of this request were submitted with letters from Mr. Ahouraiyan. 

We have completed our review of the submitted data and the flood data shown on the effective FIRM and 
FIS report. We have revised the FIRM and FIS report to modify the floodplain boundary delineations and 
zone designations of the flood having a I-percent chance of being equaled or exceeded in any given year 
(base flood) along Indian Bend WaSh. A s a  result of the modifications, base flood elevations (BFEs) for 
Indian Bend Wash were added; the width of the Special Flood Hazard Area (SFHA), the area that would 
be inunciated by the base flood, decreased; and a regulatory floodway was added. The modifications'are 
shown on the enclosed annotated copies of FIRM Panel(s) 04013C2160 D dated April 15, 1988, and 
04013C2170 E dated September 4, 1991; Profile Panel(s) 21 IP; and affected portions of the Floodway 
Data Table. Th'is Letter of Map Revision (LOMR) hereby revises the above-referenced pane@) of the' 
effective FIRM and the affected portions of the FIS report dated September 30. 1995. 

Because this revision request also affects the Cities of Tempe. Scottsdale, and Phoenix and theTown of 
Paradise Valley, separate LOMRs for those communities were issued on the same date as this LOMR. 

The niodifications are effective as of the date shown above. The map panel(s) as listed above and as 
modified by this letter will be used for all flood insurance policies and renewals issued for your community. 



2 

'llx followtng .he 15 a partial Isttng of exlsttng and ~nvd~fied BFBs 

Existing 13F11 M~~dified UI:l ,  
120cation (leet) * (fectj* 

Approximately 3.000 feet upstrearn of confluence 
of Salt River None 1,166 

*Referenced to ihc Nat~onal Geodetic Venical Datum, rounded to the nearest {rholc foot 

Public nolificat~oi\ (II the proposed modified BFE'S will be given in the rln?o,,n Kepicblic on or at~uui 
June 1 1  and June 18. 1998. A copy of this notification is enclosed. In addition, a rrotice of changes will 
be published in the Federal Register. Within 90 days of the second publication in the Anzona Replthlic. 
a citizen may request that FEMA reconsider the determination made by this L O M R  Any request for 
recon~ideration must be based on scientific or technical data. All interested panics are on notice thar.until 
the 90-day pertod elapses. the determination to modify the BFEs presented in this LOMR may ttsell I),: 
tnodified. 

Because this LOMR will not be printed and distributed to primary users, such as local insurance agents and 
mortgage lenders, your community will serve as a repository for these new data. We encourage you to 
disseminate the information reflected by this LOMR throughout the community, so that interested persons, 

:such as property owners, local insurance agents, and mortgage lenders, may benefit from.the information. 
We also encourage you to prepare a related article for publication in your community:~ local newspaper. 
This article should describe the assistance that officials of your community will give to interested persons 
by pr6viding there data and interpreting the NFIP maps. 

We are processing a revised FIRM and FIS repon for Maricopa County and Incorporated Areas; therefore, 
we will not physically revise and republish the FIRM and FIS report for your community to incorporate 
the modifications made by this LOMR at this time. Preliminary copies of the FIRM and FIS report were 
submitted to your community for review on December 24, 1997. We will incorporate the modifications 
made by this LOMR into the countywide FIRM add FIS report before they become effective. 

The floodway is provided to your community a tool to regulate floodplain development. Therefore, the 
floodway modifications described in this LOMR, while acceptable to FEMA, must also be acceptable to 
your community and adopted by appropriate community action. as specified in Paragraph 60.3(d) of the 
NFIP regulations. 

This LOMR is based on minimum floodplain management criteria established under the NFIP. Your 
community is responsible for approving all floodplain development, and for ensuring all necessary permits 
required by Federal or State law have been received. State, county, and community officials, based on 
knowledge of local conditions and in the interest of safety, may set higher standards for construction in the 
SFHA. I f  the State, county, or community has adopted more restrictive or comprehensive floodplain 
management criteria, these criteria take precedence over the minimum NFIP criteria. 



The basis of this L,OMR n in whole or in pan, a channel-modificationirulvln pr01cct NFIP regulations, 
;IS cltcd i n  Paragraph 603(h)(7) ,  require that communities rnsurr that t l ~ c  flor~(l~carrying capacity withln 
[tic altcred or relocated portion of any watercourse is niaintained 'l'liis prclvislcli~ IS ~llcurporated into your 
i i ~ ~ i ~ t n u n i t y ' s  e i s i i ng  lloodplar~i management regulatioils. Coi~.$cquc~ltl!;, tllc i~ltii~i.iic rcsponsihil~ty for 
irl;iintcnance or  tlic inodtfied channel and culveri rests wit11 your communily 

1111s deterinlnation lhas bcci~ made pursuant to Section 206 of [hi: Flood Ll~sllssrcr IJ~(]tectiotl Act of 1973 
(Public Law 93-234) and is in accordance with the National Fluod Insurance Act (11 1968, as amended 
(Tirlc Xlll o f  the Housing and Urban Development Act of 1968. Public Law 90-448), 42 
I: S.C. 1001-4 128. and 44 CFR Part 65. Pursuant to Section 136 1 of the National i:lood Insurance Act 
01' 1968, as amended,cornniunities panicipating in the NFIP are required to adopi atid enforce floodplain 
management regulations that meet or exceed minimum NFIP criteria. These criteria are the minimum and 
do nor supersede any State or local requirements of a more stringent nature. This includes adoption of the 
effective FIRM to which the regulations apply and the modifications described in tliis L.OMR. Our records 
slioir that your community has met this requirement. 

A Consultation Coordination Officer (CCO) has been des~gn'itci: t i 1  cissisr yotir ci)i!~ilhullit\. 'The CCO will 
be the primary liaison between your community and FEMA For ititormation regardills your CCO, please 
contact: 

, . 

Ms. Dorothy M.  Lacey 
Director. Mitigation Division, 

Federal Emergency Management Agency, Region IX 
The Presidio of San Francisco, Building 105 

San Francisco, California 94129-1250 
(415) 923-7177 

If you have any questions regarding floodplain management regulations for your community or  the NFIP 
in general, please contact the CCO for your community at the telephone number cited above. If you have 
any technical questions regarding this LOMR, please contact Mr. Mike Grirnm of our staff in Washington, 
DC. either by telephone at (202) 646-2878 or  by facsimile at (202) 6464596. 

Sincerely. 

6 Matthew B. Miller. P.E.. Chief 
Hazards Study Branch 
Mitigation Directo-rate 

Enclosure(s) 

cc See attached 



cc:  The Honorable Neil Gtuliano 
Mayor ,  Ciry of ' l 'c~npc 

Tlic l401ic1r:ibIc .S;III~ K ; I ~ ! I ~ ? I I  ( : ~ I I I I I ; I I ~ ; ~  

Mayor .  Ciry ( I T  ' ;ri~c~\J;rlc 

The  Honorable S k ~ p  i(1111sz;i 
Mayor.  Ciry of l'lioeriix 

M r .  Afsliin Ahouraiyali 
Engineering Division 
Flood Control D~strict of M;~r icop;~ C'oi~nry 

Ms .  Terri Mlller 
 are Coordinaror . N l'l i' 
Arizona Deparrnicn~ or \h:~lcr R i \ ~ l ~ r i e s  

M r .  Raymond U .  Acuna, P E  
Floodplain Manager 
City of Phoenix 

M r  Wllllam Mead.  I' E 
Town E n g ~ n e e r  
rown of P a r a d ~ s e  Valley 

M r  William Ericksoli 
Drainage Planner 
Transporcarion P l a n ~ i ~ i i g  Del)artmenr 
City of Scottsdale 

M r .  Howard Hargis. P . E .  
Ciry Engineer 
P u b l ~ c  M'orks Deparun~enr 
City of Tempe  

M r .  Dennis Richards, P . E  ;. 
Vice President 
Sirnons, Li and Assoc~ares,  Inc 



PAs. - wc- /6 
Federal Emergency Management Agency 

W a s h i n g t o n ,  DC;. 20472  

Apr~l  % I ,  I908 

blr Alsh111 Ali11ura1y:c11 IN III'I'LY REFER '1 0 
Eng~neering Ilivislon Casc No 98-09-2531' 
Flood C ~ n t r o l  Oistrict of  M;~ricopa Courlry Ci~rninunirtes C l t i e  o f  I';~~.idisc \ ~ . i l l i . . ; ~ ,  

2801 West Durango Street Phoerlix, Scortsdale. :{lid 
Phoenix, Arizona 85009-630'1 Tempe, Arizona 

Community Nos. 040049. 040051, 0.l5017, 
2nd 040054 

3 16-ADIACK 
Dear Mr Ahouralyan 

,rhis acknowledges receipt of  additional data in suppon of your request for a Letter of Map I<cii~ioii lor 
the above-referenced community. Pertinent informat~on about the request is listed below. 

Identifier: Floodplain Delineation for Indian 13erid V\:rrtr 

Flooding Source: Indian Bend Wash 

FIRM Panel(s) Affected: 04013C1680 F. 1690 E. 1695 F. 2160 D ,  and 
2170.E 

FBFM Panel(s) Affected: 04013C2160 

Our review of the data submitted indicates we have the minimum data needed to continue our evaluation 
ff we need additional data to complete our evaluation, or if delays are encountered, we will noti& you in 
writing within 30 days of the date of this letter. 

I f  you write to us about your request, please include the case number shown above in your letter. If you 
have any questions about the status of your request, please call our Technical Evaluation Contractor. 
Michael Baker J r . ,  inc. The Revisions Coordinator for your state, Ms. Pernille Buch-Pedersen, ]nay be 
reached at (703) 3 17-6224. 

Sincerely, 

Matthew B M~l ler ,  P E . C h ~ e f  
Hazards Study Branch 
Mltlgat~on Directorate 

cc Ms Tern  M~l ler  Mr W ~ l l ~ a m  Er~ckson 
State Coord~nator Dramage Planner 
National Flood Insurance Program Transportailon Plamlng 
Ar~zona Dep,~rtment of Water Resources C ~ t y  of Scotrsdale 

Mr Raymond U .  Acutia, P.E.  
~loodpiain Manager 

a C ~ t y  of Phoen~x 
- 

Mr. ~ i l l i a l n  Mead. P .E  
Town Engineer 
Town of Paradise Valley 

Mr Howard Harg~s,  P E 
City Englneer 
Publ~c Works Departme111 
C~ty  of Ten~pe  

M r .  Dennis Richards, P .E.  L/ 

Vice-President 
Simons. Li & Associares. Inc 



Mr. Aishin Alrouraiyan 
Engineering Divjsion 
Flootl Control District 

of Maricopa County 
2801 West Durango Street 
Phoenix. Arizotia 85009 

IN I<EPI.Y REFER '10. 
Case Y o .  98-09-253P 
Coiiiriiu~iiries C~ties  of I';~rad~se Vallr!. 

Phoenix. Scottsdale, and 
Tempe. Arizona 

Ci)~iriiiun~ly Nos 040049. 04005l .  0 4 5 t ~ I 2 .  
and (MOO54 

3 16-AD 
Dear Mr Ahouratyan 

~ l \ i s  is in reference to your December 29. 1997, lrequest., for a Letter of Map Revision for the 
above-referenced cornniunities. In our-earlier letter to y o u ,  we indicated additional data might be required 
to complete our review of the request. The data required to coniplete our review, which must be subrnitred 
within 90  days of thedare of this letter, are listed below. 

Tlie submitted topographic work map entitled "Floodplain Delineation Study for Indian Bend 
Wash," prepared by Simons, Li & Associates. Inc., dared September 19. 1997, indicates that the 
elevations Shown are based on the North American Vertical Datum of 1988 (NAVD). The 
submitted revised conditions HEC-2 hydraulic computer model uses NAVD elevations. The 
effectiveFlood Insurance Srudy (FIS) for Indian Bend Wash was performed using elevat~ons based 
on the National Geodetic Venical Datum of 1929 (NGVD). Therefore, wc have revised the 
HEC-2 model to use NGVD elevarions. A copy of the revised HEC-2 model is enclosed. Please 
note that the floodplain boundary delineations shown on the submitted work map will not change 
as a result of the revised HEC-2model. We corrected several negative surcharges in the revised 
HEC-2 model thar resulted in minor changes to [he floodway boundary delineations. Please advise 
in writing whether you concur with this model. 

The submitted HEC-2 model entitled "IBWH2."," prepared by Simons, Li & Associates, Inc., did 
nor include the low-chord and top-of-road elevations for rhe Papago Freeway bridge over Indian 
Bend Wash. From the submined as-built pians i t  appears that the low chord is lower inan ine base 
flood elevation (BFE) and may' cause an increase in BFEs at the upstream face of [he bridge. 
Please include the Papago Freeway bridge in the HEC-2 model to determine the effects, if any. 
of the bridge on the BFEs, and revise the submirted iopographic map accordingly. Nore that no 
datum is referenced in the submitted as-built plans for the bridge Please provide the datum 
referenced in the as-built plans. 

Please send the required data directly to our Technical Evaluation Contractor at [lie lollowtng address. 

Michael Baker J r . .  liic. 
3601 Eisenhower Ave~iue. Su~te  600 

Alexandria, 'Virginia 21304 

Attention. Ms. Perriille Buch-l'ederseti 
(703) 3 17-6224 



For idcii~ilic;ition purposes, you must iliclude the case number referenced above on ;ill corrccpoiidcilte 
IS wc tlo not receive the required data within 90 days, we wil l  suspend our proccsslri: 01 yiiirr rccjilesl 
I i i ; ~ r ; i  sul~niitted after 90 days wil l  be [reared as an orig'inal.suhri~~tr:il :ind wil l  ihc \i ihjvit ro ;ill 
s ~ ~ l ~ i i i ~ i i ; i i i ~ ~ a y ~ i i e n t  procedures, including the flat review and proccssllig l'cc for ii'cjiic'xi of tliis ~ypc 
c. ; i ;~t~l~sl ic~l  by [ l i e  revised fee schetlule tliar became effectivc oil Oclol~cr 1 .  1'996 !\ col>y 1 , ;  i l i c  I I [ I~ICC 

s ~ ~ r i i ~ i i ; i r ~ % ~ i l g  tlie revised fee schedule, which was publislictl in rhe Feilcrc11 liegrirrr. I\ c i i~ Io~.cd lor y<) i~r  
~ i i l ~ r i i i : i t ~ ~ i ~ i  

It yau lili\'e any questions regardin2 this matter, please contact M r  Mike C;rilnil~ I our sratf ~n 

W a s l i i i i ~ t ~ ~ i ~ .  DC. either by telephone ar (202) 646-2878 or by hcsini~lc ;it (7-0') 1140-:ii9(i 

Sincerely 

Matthew B ,bl~ller, P E C l i ~ z l  
Hazards Stud\ Branch 
M i t~gar~on  Directorate 

cc. Ms. Terri Mil ler 

a State Coordinator 
National Flood Insurance Program 
Arizona Department o f  Water Resources 

M r  Raymond U Acuiia, P E 
Floodplain Manager 
City o f  Phoen~x 

M r  Wilham Mead, P E 
Town Englneer 
Town o f  Parad~se Valley 

M r  Willianl Erickson 
Drainage Planner 
Traiisporration Planning 
City of Scottsdale 

M r  lbloward Hargis, P.E. 
C i ~ y  Engineer 
I'ubllc Works Deparrment 
City o f  Teriipe 

Mr Dennis Richards, P.E. J 
\'ice President 
S~nions. Li & Associates. inc 



of 

Maricopa County 

2801 West Durango Slreer Phoenix, Arizona 85009 
Telephone (6021 506-1501 

Fax (602) 506-4601 
TT (602) 506-5859 

B O A R 0  OF DIRECTORS 
Be[sey ~ia! ler i  

Ed King 
Tom Ralvler 
Don  St~ple?  

Mary Rose Carrido LL~lic,: 

October 4, 1996 

FEMA Project Library 
C/O Michael Bakcr, Jr. hc .  
3601 ~isenhoker Avenuc, Suite 600 
Alexandria, Virginia 22304 

~6 whom it may concern: 

The Flood Control District of Mariwpa County (Dtshict) is requesbhg that a library search be done for the 
Indian Bend Wash (IBW) Flood Insurance Study models (diskette format preferred). %s rcqucst is for the 
entire reach of IBW starting at its outfall at Salt River and movlng upstcam through the Cities of Tempe, 
Scottsdale and Paradise Vallcy, ending at 32nd Street in City of Phoenix 

. Per the CLOMRprucedm, the current effective mcdeb should be inciuded with the new subSttd 
However, none of the jurisdictious have a copy of the Flood Insurance Study models, which include the HEC- 
I and HEC-2 models. 

Enclosed is our check for $90 to begin this search. If you have any questions on this request, please feel fre 
to contact me at (602)-506-1501. - 
Sincerely. 
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slmons, L 1  & Associates, Inc.  
RECORD OF CONVERSATION - 

Date: 12-23-94 Project No. PAZ MC 16 
Recorded By: TIM MORRISON Client: FCD OF MC 
Talked With: GARRY EATON Of MICHAEL BAKER JR. 

Telephone: Incoming a Meeting : Office - 
Outgoing - Site - 

Items Discussed : 

Subsequent to the initial HEC-2 runs for the Indian Bend Wash from 
the Salt River upstream to the Thomas Road bridge the estimated 
water surface elevations at McKellips Road were not within a 
reasonable range. This was evident in that: (1) the estimated 
water surface elevations were well above those in the effective 
flood insurance study adjusted from NGVD 1929 to NAVD 1988: and (2) 
the water surface upstream of Mckellips Road was at the top of the 
levee. 

Investigation of the top0 revealed that the area between map 10-46 
and 11-46 (McKellips Road) was not a perfect fit. Subsequent to 
discussions with the City of Scottsdale, Michael Baker Jr., Inc. 
was contacted regarding the mapping. 

Garry Eaton stated that the tie between 10-46 (2' contour mapping) 
and 11-46 (1' contour mapping) was not properly performed although 
he felt both maps satisfy the mapping standards for their 
respective scale. 

Garry Eaton said he would send an updated map 10-46 for our use and 
to the client within the next few days. 

Information a Action - 



SECTION 4 

HYDRAULIC ANALYSIS 

4.1 Method Description 

The water surface profile throughthe project reach was determined using the U.S. Arrny Corps of 
Engineers HEC-2 Water Surface Profile Model, Version 4.6, May 199 1 .  The channel geometry was 
defined with topographic mapping developed by Baker Engineering in 1993 for the City of 
Scottsdale. 

HEC-2 models were developed for subcritical profile computations. The 100-yr water-surface 
elevation at the confluence of Indian Bend Wash and the Salt River was used as the starting water- 
surface elevation. Baseline stationing begins at the confluence with the Salt River located 
approximately 700 feet upstream of Scottsdale Road along the llydraulic baseline of the Salt River. 

The 100-year discharges used for Indian Bend Wash were taken from the FEMA Flood Insurance 
Study (FIS) for Maricopa County, Arizona & Incorporated Areas, Volume I of 12, revised 
September, 1995 The following table summarizes the discharges 

All cross-sections were reviewed and encroachment stations inserted to comply with HEC-2's 
Luxitations and maintain reasonable section-to-section conveyance continuity. The ineffective flow 
encroachments were determined for the 100-year flood event and may not be applicable for different 
frequency flood events. 



Community Name: 
County: 
State: 

Prepared by: 
Stream Name: 

HEC-2 CrossSect ion 

4.167 
4.220 
4.250 
4.290 
4.356 
4.451 
4.546 
4.640 
4.735 
4.830 
4.850 
4.855 
4.870 
4.873 
4.892 
4.924 
4.952 
4.990 
5.110 
5.205 
5.300 
5.357 
5.360 
5.372 
5.385 
5.492 
5.587 
5.682 
5.777 
5.867 
5.871 
5.886 
5.900 
5.925 
5.966 
6.060 
6.1 55 
6.250 

City of Phoenix, City of Scottsdale. City of Tempe, and Town of Paradise Valley 
Maricopa 
Arizona 

Simons, Li & Associates, Inc. 
Indian Bend Wash 
Sall River Confluence lo 40th Street 

Distance upstream of confluence 

( f i )  

21.860 
22.1 10 
22,310 
22,525 
22,810 
23,310 
23.693 
24,126 
24.616 
25.1 16 
25,216 
25.241 
25,325 
25.340 
25,440 
25.613 
25.763 
26.262 
26.754 
27.183 
27,758 
28.068 
28.168 
28.248 
28,318 
28,758 
29,258 
29.758 
30.258 
30,723 
30,743 
30.821 
30,901 
31,031 
31.391 
31,891 
32.391 
32,891 
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4.5 Special Problems and Solutions 

Indian Bend Wash is one of the most hydraulically complex water couries within the State of 
Arizona. Even though the computational routines within HEC-2 can handled the analysis of the 
wash, care is [required to ensure unique features are not neglected. Intermediate flows can be split 
into low-llow and high-tlow channels with a compound channel connecting several sequential lakes 
The lakes may be controlled by concrete weir outlet structures. 

Many of the bridges w i t h  the study reach are designed to be.overtopped. The Curry Road Bridge. 
McKellips Road Bridse, and Sweetwater Drive box culvert were specifically designed to convey the - 
relatively small, frequent flows. Larger infrequent flows overtop the structures. At these locations 

-the wash is typically a broad compound channel The channel forms a portion of a golf course at 
Curry and McKellips Roads. 

The Special Bridge Method in HEC-2 which is capable of handling the energy losses associated with 
low flow, pressure flow, weir flow or combinations thereof, was usedto compute water surface 
elevations at all bridges. 

Low flows from McDonald Drive to Indian School Road are contained within a trapezoidal, grass 
lined channel along the west side of Hayden Road. High flows overtop Hayden Road and are also 
conveyed in a grass-lined high flow channel along the east side of Hayden Road. During higher 
flows the high flow and the low flow channels are hydraulically connected down stream to Jack 
Rabbit Road. From Jackrabbit Road to 900A upstream of Chaparral Road high flows are 
hydraulically disconnected or split. Due to the very broad, flat dip section, 900 A upstream of 
Chaparral Road, high flows overtop Hayden Road, hydraulically connecting the high and low flow 
channels. High flows again become hydraulically disconnected at Chaparral Road to approximately 
1000 A, upstream ofIndian School Road, where Hayden Road dips, hydraulically connecting the high 
and low flow channels. 

Analysis of these areas include 1) hydraulically connected areas are treated as simple cross sections 
in the HEC-2 analysis, 2 )  hydraulically disconnected areas are treated as separate channels with their 
own HEC-2 analysis; and 3) an iterative process was utilized to balance upstream and downstream 
water surfaces based on the discharges in the low-flow channel and the high flow channel A 
hydraulically connected HEC-2 analysis was first performed to determine the initial distribution of 
flow between the high flow and low flow channels. 



SECTION 4: Hydraulic Analysis 

4.6. Floodway Modeling 



Following completion of the natural 100-year tloodplain profile models for Indian Bend Wash, 
tioodway n,odelr were deviioqcd 

'Tile tioodway inodel li,r Indian Bend LVasll \*,a developed s t a r l i n ~  at tlic Snli i<iver confluence 
'(station 0 00). 'I'he ir~itial cornputed tloodway was plotted on work nlaps arid reviewed 
Adjustrr~ents wel~e r ~ ~ n ~ l e  ar~d encr-oachrnent siurlons set by Metllod I based on rlle followir~g 
criteria: 

Maxirnlzrng ~ v l d t l ~  \v~thln the channel 
Top widths to be un~forrn as poss~ble 
Avotd excessive veloc~ttes 
Achieve goal o f  1 0 foot or less surcharge 



SECTION 4: Hydraulic Analysis 

Final Results/Computer Runs 



Negative surcliarges which occur ill the floodway water surface are due to flow accelerations 
caused by local constrictions, such 21s bridges, or relative changes in specific energy due to the 
narrower lloodway configuration. 

111 a few i~~stances,  the 1-1EC-2 output shows a floodway top witlth greater thau thc tlootlplain top 
width. ' f l~is  occurs where high grourtd exists within the rlatural floodplai~~ at ;I pal-ticular cross- 
section :111d i t  is tiot cout~ted as water-surface width, or where the cross section is within an area 
of i~leriective flow which has been encroached out of the inodcl. 

The differences between floodplainlfloodway widths scaled from t 1 1 ~  work maps and those output 
from the HEC-7 model are also attributable to high points in the floodplain that ;ire not counted 
as flow width by the model, or ineffective flow areas that are encroached-out of the model. In 
addition, scaled widths will 'not match HEC-2 output widths in the split-flow areas, since two . 
runs were used to accurately model these reaches. Small differences between scaled widths and 
model widths are attributed to the accuracy df the plotting program. 



a APPENDIX M - 
INDIAN BEND WASH FEMA HEC-2 MODEL 

CONVERTED TO HEC-RAS MODEL 



Indian Bend Wash 
Existing Conditions 

for 
COE Design Discharge = 30,000 cfs 

100-Year Discharge = 17,000 cfs 
FEMA HEC-2 Model converted to HEC-RAS Model 
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Indian Bend Wash 
Existing Condtions 

for 
Design Discharge = 30,000 cfs 
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Table 
Water Surface Elevations 

Indian Bend Wash Existing Conditions 
Comparison of FEMA HEC-2 Model to HEC-RAS Model converted from FEMA Model 

FEMA Qi00 47,000 d s  

Downstream 

I I I I I I I I 
7.39 1 1 500 1 1272.08 1 1272.00) 4.08 1 1272.84 1 1272.81 -0.04 
7.39 1 I 1 1272.18 I 1272.071 4.11 1 1272.97 1 1272.91 4.07 I 

Notes (1) Ah is the change in water surface elevation (WSE) in relation to existing conditions. 

Conctusion: Similar hydraulic results are Dmduced bv the HEC-RAS Model (converted Corn the FEMA 
HEC-2 ~ o d e l )  and the 0rigin.l FEMA HEC-2 Model. Hence, the HEC-RAS Model will be used 
to model the CDE Design Discharge of 30.000 c h  and to determine the starting downstream 
water surface elevation for the COS design HEC-RAS Model. 



HEC-RAS Version 3.1.3 May 2005 
U.S. Army corp of Engineers 

Hydrologic Engineering Center 
609 Second s t r e e t  
Davis, C a l i f o r n i a  

PROJECT DATA 
p r o j e c t  T i t l e :  Ind ian send wash (FEMA HEC-2 Model) 
P r o j e c t  F i l e  : I B W F E M A . ~ ~ ~  
Run Date and Time: 10/8/2006 8:59:30 AM 

P r o j e c t  i n  Engl ish u n i t s  

P r o j e c t  Descr ip t ion :  
IBW #5 

PLAN DATA 

Plan T i t l e :  r m  or ted Plan 0 1  
Plan ~ i l e  : i :!Indian send w a s h \ I s W F ~ ~ ~ . p O l  

Geometry T i t l e :  I m  o r ted  Geom 0 1  
Geometry Fi  i e  : i :!Indian send wash\IBwFEMA.gOl 

  low T i t l e  : I m  o r ted    low 0 1  
Flow F i l e  : i :Yrndian send wash\IBWFEMA.fOl 

Plan summary Informat ion:  
Number o f :  Cross sect ions = 227 M u l t i p l e  Openings = 0  

Culverts = 0  I n l i n e  Structures = 0  
Bridges = 13 Latera l  Structures = 0  

Computational Informat ion 
water surface ca l cu la t i on  to lerance = 0.01 
C r i f i c a l  de t h  c a l c u l a t i o n  to lerance = 0.01 
Maximum numger o f  7 t e r a t i o n s  = 20 
Maximum d i f fe rence to lerance = 0.3 
Flow tolerance fac tor  = 0.001 

Page 1 



c o m ~ u t a t i  on oo t i ons  

Encroachment Data 
Equal Conveyance = True 
L e f t  O f f s e t  = 0 
R i g h t  o f fse t  = 0 

R i ve r  = RIVER-1 
RS p r o f i l e  
0.437 PF 2 
0.475 PF 2 
0.491 PF 2 
0.568 PF 2 
0.663 PF 2 
0.758 P F 2  
0.776 P F 2  
0.7835 PF 2 
0.791 P F 2  
0.852 PF 2 
0.947 P F 2  
1.04 P F 2  
1.136 PF 2 
1 .231 PF 2 
1.326 PF 2 
1.42 PF 2 
1.515 PF 2 
1.554 PF 2 
1.562 PF 2 
1.57 PF 2 
1.582 PF 2 
1 . 6 1  P F 2  
1.705 PF 2 
1.77 P F 2  
1.787 PF 2 
1.794 PF 2 
1.799 PF 2 
1.827 PF 2 
1.894 PF 2 
1.99 P F 2  
2.047 P F 2  
2.08 P F 2  
2.178 P F 2  
2.273 P F 2  
2.367 PF 2 
2.462 PF 2 
2.557 PF 2 
2.61 P F 2  
2.62 P F 2  
2.629 PF 2 
2.6405 P F 2  
2.652 P F 2  
2.653 PF 2 

Reach = Reach-1 
Method Value1 value2 

0 0 0 
1 9700 10331 
1 9215 9830 
1 9770 10210 
1 9875 10230 
1 9860 10295 
1 9777.9110321.28 
1 9600.2810390.52 
19600.2810390.52 
1 9770 10270 
1 9716.1910218.74 
1 9664.5 10178.8 
1 9628.4 10127.1 
1 9780.6 10210.9 
1 9881 10107 
1 9895.5 10100.6 
1 9857.1110198.86 
1 9670 10270 
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FLOW DATA 

F ~ O W  T i t l e :  I m  o r t e d    low 0 1  
F l o w  F i l e  : i :?Ind ian  send Wash\IBWFEMA.fOl 

  low D a t a  (c fs )  

R i v e r  Reach RS 
RIVER-1 ~ e a c h - 1  14.66 
RIVER-1 ~ e a c h - l  14.44 
RIVER-1 ~ e a c h - 1  9.15 
RIVER-1 ~ e a c h - 1  7.992 
RIVER-1 ~ e a c h - 1  6.39 
RIVER-1 ~ e a c h - 1  6.06 
RIVER-1 ~ e a c h - 1  5.886 
RIVER-1 ~ e a c h - l  5.871 
RIVER-1 Reach-1 5.867 
RIVER-1 Reach- l  5.777 
RIVER-1 Reach-1 5.682 
RIVER-1 Reach-1 5.587 
RIVER-1 ~ e a c h - 1  5.492 
RIVER-1 ~ e a c h - l  4.99 
RIVER-1 ~ e a c h - 1  4.87 

Boundary cond i  t i o n s  
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Rive r  Reach ~ r o f i  1 e 
IBWFEMAPr01-2-3.rep 

upstream 

GEOMETRY DATA 

Geometry T i t l e :  I m  o r t ed  Geom 0 1  
Geometry F i l e  : i:!Indian Bend wash\IBwFEMA.g01 

CROSS SECTION 

RIVER: RIVER-1 
REACH: Reach-1 RS: 14.66 

INPUT 
Desc r i p t i on :  
s t a t i o n  E leva t i on  Data num= 22  .. 

s t a  Elev s t a  Elev s t a  Elev s t a  Elev s t a  Elev 
9105 1390 9108.77 1390 9229.84 1390 9295.09 1390 9308.38 1390 

9362.54 1390 9486.47 1390 9568.32 1390 9702.58 1388 9771.66 1386 
9838.18 1384 9934.18 138210048.67 138210199.37 138410239.51 1386 

10312.62 138810417.6 139010459.19 139010532.25 139010658.02 1390 
10671.77 138810682.73 1388 

Manning's n Values num= 3 
s t a  n Val s t a  n Val s t a  n Val 

9105 .16 9568.32 ,025 10417.6 .16 

CROSS SECTION OUTPUT p r o f i l e  #PF 1 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
C r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (cfs) 
TO Width (ft) 
ve7 ~ o t a l  ( f t / s )  
Max c h l  op th  (ft) 
conv. T o t a l  (cfs) 
Length wtd. (ft) 
Min ch  ~l (ft) 
A1 oha 

~l ement 
w t .  n-val .  
Reach Len. (ft) 
Flow Area (sq ft) 
Area (s ft) 
F ~ O W  (c&) 
Top w id th  (ft) 
avg . v e l  . (ft /s) 
Hydr. Depth (ft) 
Conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  

  eft OB channel 
0.025 

447.00 369.00 
1375.07 
1375.07 
6000.00 
478.42 

4.36 
2.87 

165189.9 
478.54 

0.24 
1.03 

Page 7 

Downstream 

Known WS = 1167.3 
Known WS = 1167.3 
Known WS = 1167.3 

R igh t  OB 

231.00 



IBWFEMAProLZ-3.rep 
0.7 o r  g rea ter  than 1.4. Th is  may i n d i c a t e  t h e  need fo r  add i t i ona l  cross secfions. 

warning: The energy l o s s  was g rea te r  than 1.0 ft (0.3 m). between t h e  cu r ren t  and previous cross 
sec t ion .  Th is  may i n d i c a t e  t h e  need fo r  add i t i ona l  cross sect ions.  

warning: Dur ing t h e  standard s tep  i t e r a t i o n s ,  when the  assumed water surface was s e t  equal t o  c r i t i c a l  
depth, t h e  ca l cu la ted  water surface came back below c r i t i c a l  depth. Th is  i nd i ca tes  t h a t  t he re  
7s no t  a v a l i d  s u b c r i t i c a l  answer. The program defaulted t o  c r i t i c a l  depth. 

CROSS SECTION 

RIVER: RIVER-1 
REACH: Reach-1 RS: 8.239 

INPUT 
Desc r i p t i on :  NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVED 

s t a t i o n  E leva t i on  Data num= 87 

Manning's n Values num= 6 
s t a  n v a l  s t a  n v a l  s t a  n v a l  s t a  n v a l  s t a  n v a l  

8271 .04 9223.4 .03 9425.04 .02 9541.69 .0410045.61 .02 
10130 .04 

sank s ta :  Le f t  R igh t  Lengths: L e f t  Channel R igh t  coeff Contr. Expan 
8341.39 10671 533 500 465 .2 .4 

sediment E levat ion  = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. E lev  (ft) 
C r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (cfs) 
TO w id th  (ft) 
ve7 T o t a l  (f t /s) 

W t  . n-Val . 
Reach Len. (ft) 
F ~ O W  Area (sq ft) 
Area (s ft) 
Flow <c85) 
Top Width (ft) 
~ v g .  v e l .  ( f t / s )  

Le f t  0s channel R igh t  OB 
0.031 

533.00 500.00 465.00 
5181.94 
5181.94 

16000.00 
1832.85 

3.09 
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Max ch l  ~ p t h  (ft) , 4.79 ~ y d r .  Depth (ft) 2.83 
conv. Tota l  (cfs) 546237.7 Conv. (cfs) 546237.7 
Length wtd. (ft) 500.00 wetted per. (ft) 1833.92 
Min ch ~l (ft) 1282.00 shear ( lb/sq ft b 0.15 
nl pha 1.00 stream Power (1 /ft 5) 0.47 
F rc tn  LOSS (ft) 0.45 cum volume (acre-f t )  20.32 3066.66 42.51 
c & E LOSS (ft) 0.03 cum SA (acres) 16.38 643.87 40.08 

warning: Divided f low computed for t h i s  cross-section. 

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  W.S. (ft) 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO wid th  (ft) 
ve? Tota l  ( f t / s )  
Max ch l  ~ p t h  (ft) 
conv. To ta l  (cfs) 
Length wtd. (ft) 
Min ch ~1 (ft) 
~l pha 
Frc tn  LOSS (ft) 
C & E LOSS (ft) 

w t .  n-val. 
Reach Len. (ft) 
  low Area (sq ft) 
Area (s ft) 
Flow (C&) 
Top Width (ft) 
~ v g  . ve l  . ( f t / s )  
Hydr. Depth (ft) 
conv. (cfs) 
Wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
Cum volume (acre-ft) 
cum SA (acres) 

L e f t  0s 

533.00 

channel 
0.023 

500.00 
1703.77 
1703.77 

16000.00 
624.82 

9.39 
2.73 

247875.2 
635.50 

0.70 
6.55 

2893.31 
513.01 

Right OB 

465.00 

warning: 

warning : 
warning : 

warning : 

warning: 

warning: 

The energy equation could not  be balanced w i t h i n  the spec i f ied number of i t e r a t i o n s .  The 
program used c r i t i c a l  depth for  the  water surface and continued on w i th  the ca lcu la t ions.  
Div ided f l o w  computed for t h i s  cross-section. 
The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica te  the need fo r  
add i t i ona l  cross sections. 
The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 
0.7 o r  greater than 1.4.  This may ind ica te  the need f o r  add i t iona l  cross sections. 
The energy loss  was greater than 1.0 ft (0.3 m). between the current and previous cross 
sect ion.  This may ind ica te  the need f o r  add i t iona l  cross sections. 
During the  standard step i t e r a t i o n s ,  when the assumed water surface was set equal t o  c r i t i c a l  
depth, the ca lcu la ted water surface came back below c r i t i c a l  depth. This ind icates t h a t  there 
i s  not  a v a l i d  s u b c r i t i c a l  answer. The program defaulted t o  c r ~ t i c a l  depth. 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO Width (ft) 
ve? To ta l  ( f t /s)  
Max ch l  ~ p t h  (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 

1288.38 Element 
w t .  n-val . 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (s ft) 
F l  OW (C?S) 
Top Width (ft) 
Avg . ve l  . ( f t / s )  
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 

L e f t  0s 

533.00 

Channel 
0.032 

500.00 
7961.82 
7961.82 

30000.00 
2095.66 

3.77 
3.80 

964658.8 
2097.42 

0.23 

Right OB 

465.00 
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~1 pha 
Frc tn  LOSS (ft) 
C & E LOSS (ft) 

IBWFEMAP~O~-2-3. rep 
1.00 stream Power ( I b / f t  s) 0.86 
0.54 cum volume (acre-f t )  79.75 4103.67 167.04 
0.07 cum SA (acres) 66.05 684.94 99.26 

warning: Divided f low computed f o r  t h i s  cross-section. 

CROSS SECTION 

RIVER: RIVER-1 
REACH: Reach-1 RS: 8.144 

INPUT 
Descr ipt ion:  
s t a t i o n  Elevat ion ~ a t a  num= 68 

Manning's n values num= 1 
s t a  n Val 
8805 .02 

sank s ta :  Left Right Lengths: Left  Channel R i  h t  coeff contr .  Expan. 
8888.98 10695.8 787 582 452 .2 .4 

sediment Elevation = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

W . S .  Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO Width (ft) 
ve7 Total  ( f t /s )  
Max ch l  ~ p t h  (ft) 
conv. Total  (cfs)  
Length wtd. (ft) 
Min ch ~l (ft) 
A1 pha 
F rc tn  Loss (ft) 
C & E LOSS (ft) 

~ l e m e n t  
w t .  n-val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (s ft) 
Flow <C?S) 
Top width (ft) 
A V ~ .  v e l  . ( f t /s )  
Hydr. oepth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (I b/sq ft) 
stream Power ( Ib / f t  s) 
cum volume (acre-f t )  
Cum SA (acres) 

L e f t  OB 

787.00 

channel 
0.020 
582.00 
3509.28 
3509.28 
16000.00 
1252.74 

4.56 
2.80 

517802.9 
1253.86 

0.17 
0.76 

3016.78 
626.16 

Elev Sta 
1289.23 8888.98 

1288 9033.55 
1283 9060.76 
1284 9741.98 
1284 9925.26 
128410167.31 
128910231.18 
129310386.43 
129210447.63 
128710489.02 
128810601.59 
128610666.48 
129110683.71 
1294 

Right OB 

252.00 
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warning: Div ided f l o w  computed for  t h i s  cross-section. 
warning: The v e l o c i t y  head has,changed by more than 0.5 ft (0.15 m).    his may ind i ca te  t h e  need f o r  

add i t i ona l  cross sections. 
Warning: The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 

0.7 o r  greater than 1.4. This may i n d i c a t e  the  need f o r  add i t iona l  cross sections. 
warning: The energy l o s s  was greater than 1 .0  ft (0.3 m). between the  cur rent  and previous cross 

sect ion.  This may i n d i c a t e  the  need f o r  add i t iona l  cross sections. 

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
w.5. Elev (ft) 
c r i t  w.5. (ft) 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO wid th  (ft) 
vetl Tota l  (f t /s) 
Max c h l  ~ p t h  (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft l  
Alpha 

' .  
F r c t n  LOSS (ft) 
c & E Loss (ft) 

~l ement 
w t .  n-val . 
Reach Len. (ft) 
  low Area (sa f t l  
Area (s ft) ' 
Flow (CTS) 
Top wid th  (ft) 

Avi.. vel  . ( f t / s )  
HV r D e ~ t h  (ft) . . 
cbnv. (cfs)  
wetted Per. (ft) 
shear (1 b/sq ft) 
srream Power ( l b / f t  s) 
cum volume (acre-ft) 
cum sn (acres) 

Lef t  OB 

787.00 

3.50 
0.78 

channel 
0.020 

582.00 
3526.71 
3526.71 

16000.00 
1030.67 

4.54 
3.42 

591775.0 
1039.05 

0.15 
0.70 

2863.29 
503.50 

Right OB 

252.00 

0.00 
0.00 

warning: The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 
0.7 o r  greater than 1.4. This may i n d i c a t e  the  need for  add i t iona l  cross sections. 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev ft) 
v e l  ~ e a d  ( I t) 
w.s. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO wid th  (ft) 
ve7 Tota l  ( f t / s )  
Max c h l  ~ p t h  (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
~ l p h a  
F r c t n  LOSS (ft) 
C & E LOSS (ft) 

~ l e m e n t  
w t .  n-val  . 
Reach Len. (ft) 
  low Area (sq ft) 
Area (S ft) 
Flow (C?S) 
Top Width (ft) 

Avi.. vel .  ( f t / s )  
~y r Depth (ft) 
conv. (cfs)  
wetted Per. (ft) 
shear ( lb/sq ft) 
stream Power ( l b / f t  s) 
cum volume (acre- f t )  
cum SA (acres) 

Left OB 

787.00 

79.75 
66.05 

channel 
0.020 

582.00 
4853.89 
4853.89 

30000.00 
1303.43 

6.18 
3.72 

865695.4 
1305.04 

0.28 
1.72 

4030.12 
665.44 

Right  08 

252.00 

167.04 
99.26 

Warning: Div ided f low computed for  t h i s  cross-section. 
Warning: The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the  need f o r  

add i t i ona l  cross sect ions.  
~ ~ .~ - ... 

Warning:   he conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 
0.7 o r  greater than 1.4. This may i n d i c a t e  the  need f o r  add i t iona l  cross sections. 

Warning: The energy l o s s  was greater than 1 .0  ft (0.3 m). between the  cur rent  and orevious cross 
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sect ion.  This may ind ica te  the need f o r  add i t iona l  cross sections. 

CROSS SECTION 

RIVER: RIVER-1 
REACH: Reach-1 RS: 7.992 

INPUT 
Descr ipt ion:  begin f i l e  13i bw.dwg 
INDIAN BEND ROAD 
UPSTREAM EDGE OF DROP 

STRUCTURE 
begin f i l e  13i bw.dwg 
I N D I A N  BEND ROAD 
UPSTREAM EDGE 

OF DROP STRUCTURE 

22 s t a t i o n  ~l evat ion Data num= 
s t a  Elev s t a  Elev s t a  Elev s t a  Elev s ta  Elev 
9125 1290 9181.43 1289 9235.45 1288 9278.64 1287 9315.09 1286 

9365.93 1285 9415.88 1282.11 9417.38 1284 9492.75 1283 10219.8 1282 
10245.85 128210257.45 128210360.42 1282 10587.1 128310642.48 1284 
10687.23 128510710.3 128610754.64 128710801.34 128810844.66 1289 
10935.16 129011174.97 1291 

Manning's n values num= 1 
s t a  n Val 
9125 .02 

Bank s ta :  L e f t  Right Lengths: L e f t  channel Right Coeff cont r .  Expan. 
91251;174.97 20 30 41 .3 .5 

sediment E levat ion = 1262 

CROSS SECrION OUTPUT P r o f i l e  #PF 1 

E.G. Elev (ft) 
v e l  Head (ft) 
w.s. Elev (ft) 
c r i t  W.S. (ft) 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO width (ft) 
ve? Tota l  ( f t /s )  
Max Chl Dpth (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
~l pha 
Frc tn  LOSS (ft) 
C & E LOSS (ft) 

~ l e m e n t  
w t .  n-val . 
Reach Len. (ft) 
  low Area (sq ft) 
Area (s ft) 
Flow <C?S) 
Top Width (ft) 
AV . ve l  . (ft/s) 
Hy%r. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft b stream Power (1 /ft s) 
cum volume (acre-ft) 
cum SA (acres) 

L e f t  os 

20.00 

channel 
0.020 
30.00 

2244.94 
2244.94 
17000.00 
1280.54 

7.57 
1.75 

242373.9 
1281.54 

0.54 
4.07 

2978.34 
609.24 

Right OB 

41.00 

warning: During the  standard step i t e r a t i o n s ,  when the assumed water surface was.sef equal t o  c r i t i c a l  
depth, the ca lcu la ted water surface came back below c r i t i c a l  depth.   his ~ n d i c a t e s  t h a t  there 
i s  n o t  a v a l i d  s u b c r i t i c a l  answer. The program defaul ted t o  c r i t i c a l  depth. 
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CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
w.5. Elev (ft) 
c r i t  W.S. (ft) 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO Width (ft) 
ve'i T o t a l  ( f t / s )  
Max c h l  Dpth (ft) 
conv. T o t a l  (cfs) 
Length wtd. (ft) 
M i  n ch ~l (ft) 
a1 pha 
F r c t n  LOSS (ft) 
C & E Loss (ft) 

~ l e m e n t  
w t .  n-val . 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (s ft) 
Flow (C?S) 
TOO Wldth (ft) 
AV$ . , v e l .  i f t i s )  
Hy r Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear ( lb/sq ft) 
Stream Power ( l b / f t  s) 
cum volume (acre-ft) 
Cum sA (acres) 

. e f t  08 Channel F 
0.020 

20.00 30.00 
2479.72 
2479.72 

17000.00 
899.18 

6.86 
2.76 

360447.8 
906.13 

0.38 
2.61 

3.50 2823.16 
0.78 490.61 

warning: The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l e s s  than 
0.7 o r  g rea ter  than 1.4. Th is  may i n d i c a t e  t h e  need f o r  add i t i ona l  cross sect ions.  

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (c fs)  
TO w id th  (ft) 
ve'i T o t a l  ( f t /s)  
Max c h l  ~ p t h  (ft) 
conv. T o t a l  (cfs) 
Length wtd. (ft) 
MI n ch ~l (ft) 
AI pha 
F r c t n  LOSS (ft) 
C & E LOSS (ft) 

W t .  n-Val . 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (s ft) 
Flow (C?S) 
Top Width (ft) 
Avg. Vel .  ( f t / s )  
Hydr. Depth (ft) 
conv. (c fs)  
wetted per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
Cum Volume (acre- f t )  
cum SA (acr;s) 

.eft 08 Channel 
0.020 

20.00 30.00 
3326.18 
3326.18 

30000.00 
1333.90 

9.02 
2.49 

454186.9 
1334.94 

0.68 
6.12 

79.75 3975.47 
66.05 647.82 

R igh t  08 

41.00 

warning:  The energy equat ion cou ld  no t  be balanced w i t h i n  t he  speci f ied number o f  i t e r a t i o n s .  The 
program se lec ted  t h e  water surface t h a t  had t h e  l e a s t  amount of e r r o r  between computed and 
a5ccmerl V ; ~ N I P <  - - - -. . . - - . - . - - - . 

Warning: Dur ing t h e  standard s tep  i t e r a t i o n s ,  when the  assumed water surface was s e t  equal t o  c r i t i c a l  
depth, t h e  ca l cu la ted  water surface came back below c r i t i d a l  depth. Th is  i nd i ca tes  t h a t  t he re  
i s  no t  a v a l i d  s u b c r i t i c a l  answer. The program defaulted t o  c r i t i c a l  depth. 

CROSS SECTION i 
I 

RIVER: RIVER-1 
REACH: Reach-1 RS: 7.988 

INPUT 
Desc r i p t i on :  
s t a t i o n  E leva t i on  Data num- 19 



IBWFEMAProL2-3. rep 
Sta Elev s t a  Elev s t a  Elev s t a  Elev s t a  Elev 

9132 1290 9192.6 1289 9233.54 1288 9287.36 1287 9325.51 1286 
9364.75 1285 9417.53 1284 9492.61 1283 9842.8 128210582.52 1282 

10644.56 1283 10689.2 128410746.47 128510760.15 128610797.29 1287 
10841.21 128810886.28 128910958.29 1290 11074.4 1290 

Manning's n values num= 1 
s t a  n Val 

9132 .02 

Bank Sta: Lef t  Right Lengths: L e f t  channel Right coe f f  Contr. Expan. 
913210958.29 50 50 50 .3 . 5  

sediment Elevation = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev (ft) 
v e l  Head (ft) 
w.5. Elev (ft) 
c r i t  w.5. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO w id th  (ft) 
veY Tota l  ( f t / s )  
Max ch l  opth (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
M l  n ch E l  (ft) 
A1 pha 
FrCtn LOSS (ft) 
C & E LOSS (ft) 

~ l e m e n t  
w t .  n-val. 
Reach Len. (ft) 
  low Area (sq ft) 
Area (s ft) 
Fl OW (CTS) 
Top Wldth (ft) 

ve l  . ( f t / s )  
Hy r Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power (1 b / f t  s) 
cum volume (acre-f t )  
cum SA (acres) 

Lef t  06 

50.00 

channel 
0.020 
50.00 

2248.58 
2248.58 

17000.00 
1279.52 

7.56 
1.76 

243281.3 
1279.54 

0.54 
4.05 

2976.80 
608.36 

Right 08 

50.00 

warning: The energy equation could not  be balanced w i t h i n  the specif ied number of i t e r a t i o n s .  The 
program used c r i t i c a l  depth for  the water surface and continued on w i t h  the ca lcu la t ions.  

warning: The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica te  the need for  
add i t i ona l  cross sections. 

warning: The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 
0.7 o r  greater than 1.4. This may ind ica te  the need for  add i t iona l  cross sections. 

warning: The energy loss  was greater than 1.0 ft (0.3 m). between the current and previous cross 
sect ion.  This may ind ica te  the need for  add i t iona l  cross sections. 

warning: During the standard step i t e r a t i o n s ,  when the assumed water surface was set  equal t o  c r i t i c a l  
depth, the ca lcu la ted water surface came back below c r i t i c a l  depth. This ind icates t h a t  there 
1s not  a v a l i d  s u b c r i t i c a l  answer. The program defaulted t o  c r i t i c a l  depth. 

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
w.s. Elev (ft) 
C r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO Width (ft) 
ve7 To ta l  ( f t / s )  
Max ch l  ~ p t h  (ft) 
conv. To ta l  (cfs) 

w t .  n-val. 
Reach Len. (ft) 
Flow Area (sa f t l  ~, 
Area (s f?) ' 
Flow (C?5) 
Top Width (ft) 

Av3. . v e l .  ( f t / s )  
Hy r Depth (ft) 
conv. (cfs) 

Left 0s channel Right 0s 
0.020 

50.00 50.00 50.00 
1925.62 
1925.62 

17000.00 
803.80 

8.83 
2.40 

255246.7 
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warning: The energy equat ion cou ld  n o t  be balanced w i t h i n  t h e  spec i f i ed  number o f  i t e r a t i o n s .  The 
program used c r i t i c a l  depth f o r  t h e  water surface and continued on w i t h  t h e  ca l cu la t i ons .  

warning: ~ h e , v ~ l o c l t y  head has ,changed by more than 0.5 ft (0.15 m). Th is  may i n d i c a t e  t he  need fo r  
a d d i t i o n a l  cross sect ions.  

warning : 

warning: 

warning: 

The conveyance r a t i o  (upstream conveyance d i v i ded  by downstream conveyance) i s  l ess  than 
0.7 o r  g rea ter  than 1.4. Th i s  may i n d i c a t e  t he  need f o r  add i t i ona l  cross sect ions.  
The energy l o s s  was,greater than 1.0 ft (0.3 m). between the  cu r ren t  and previous cross 
sec t ion .  Th is  may i n d ~ c a t e  t h e  need f o r  add i t i ona l  cross sect ions.  
Dur ing t h e  standard s tep  i t e r a t i o n s ,  when the  assumed water sur face was sef equal t o  c r i t i c a l  
depth, t h e  ca l cu la ted  water surface cane back below c r l t i c a l  depth. Th is  indicates t h a t  t he re  
i s  n o t  a v a l l d  s u b c r l t i c a l  answer. The program defaul ted t o  c r i t i c a l  depth. 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (c fs)  
TO Wldth (ft) 
ve7 T o t a l  ( f t / s )  
Max c h l  op th  (ft) 
conv. T o t a l  (cfs) 
Length wtd. (ft) 
Min ch  ~l (ft) 
a l p h a  
F r c t n  LOSS (ft) 
C & E LOSS (ft) 

warning: 

warning: 

warning: 

warning: 

warning: 

Element 
W t  . n-Val . 
Reach Len. (ft) 
Flow Area (sa ft) 
Area (5 ft) ' 
F l  OW (CYS) 
TOP Width (ft) 

Av2.. ve l .  ( f t / s )  
HY r D e ~ t h  (ft) . . 
conv. (c fs)  
Wetted Per. (ft) 
shear ( lb/sq ft) 
stream Power ( l b / f t  s) 
cum volume (acre-ft) 
Cum SA (acres) 

Le f t  06 

50.00 

79.75 
66.05 

channel 
0.020 
50.00 

3359.14 
3359.14 

30000.00 
1371.71 

8.93 
2.45 

453412.5 
1371.76 

0.67 
5.98 

3973.17 
646.89 

R igh t  0s 

50.00 

167.04 
99.26 

I t o  c r i t i c a l  depth 

CROSS SECTION 

RIVER: RIVER-1 
REACH: Reach-1 RS: 7.979 

INPUT 
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Descr ip t ion:  INDIAN BEND ROAD 
BASE OF DROP STRUCTURE 
INDIAN BEND ROAD 
BASE 

OF DROP STRUCTURE 

S ta t ion  ~1 evat ion Data 
s t a  Elev s t a  

9256 1285 9321.14 
9572.99 1280 9577.01 
9593.15 1275 9603.75 
9868.59 1271 9886.96 

10340.61 127210391.33 
10463.28 127510466.44 
10479.06 128010482.23 

num= 33 
 lev s t a  
1284 9494.49 
1279 9580.95 
1274 9642.22 
1271 9900.37 
127310439.38 
127610469.65 
128110485.63 

Elev s t a  
1283 9565.04 
1278 9584.86 
1273 9689.8 
127110054.66 
127310441.24 
127710472.86 
1282 

Elev s t a  
1282 9568.98 
1277 9588.9 
1272 9840.21 
127110222.92 
1273 10460.2 
127810476.05 

Manning's n values num= I 
Sta n Val 

9256 .02 

Bank Sta: L e f t  Right Lengths: L e f t  Channel Right coeff cont r .  Expan. 
9565.0410485.63 120 120 120 .3 .5 

sediment E levat ion = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF I 

E.G. Elev (ft) 
v e l  Head (ft) 
w.5. € lev  (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO w id th  (ft) 
ve? Tota l  ( f t / s )  
Max ch l  Dpth (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
~ l p h a  
F rc tn  LOSS (ft) 
c & E LOSS (ft) 

€1 ement 
w t  . n-val . 
Reach Len. (ft) 
 low Area (sq ft) 
Area (s ft) 
Flow <C?S) 
Top Width (ft) 
AV v e l  . ( f t / s )  
Hy&. Depth (ft) 
conv. (cfs) 

wetted Per. (ft) 
shear ( lb/sq ft) 
stream power ( l b / f t  s) 
cum volume (acre-f t )  
Cum SA (acres) 

L e f t  00 

120.00 

channel 
0.020 

120.00 
5446.84 
5446.84 

17000.00 
891.08 

3.12 
6.11 

1351816.0 
892.14 

0.06 
0.19 

2972.38 
607.11 

Right 08 

120.00 

warning: The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica te  the need f o r  
add i t i ona l  cross sections. 

warning: The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 
0.7 o r  greater than 1.4. This may ind ica te  the need for  add i t iona l  cross sections. 

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. € lev  (ft) 1278.83 Element L e f t  OB channel Right 00 
v e l  Head (ft) 0.33 w t .  n-val. 0.020 
W.S. Elev (ft) 1278.49  each   en. (ft) 120.00 120.00 120.00 
c r i t  w.s. (ft)  low nrea (sq ft) 3678.45 
E.G. s lope (ft/fr) 0.000278 Area (s ft) 3678.45 
Q To ta l  ( c ~ s )  17000.00 Flow (C?S) 17000.00 
TOP wid th  (ft) 496.65 TOP Width (ft) 496.65 
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v e l  Tota l  (f t /s) 
Max c h l  opth (ft) 
Conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch €1 (ft) 
~l pha 
F rc tn  LOSS (ft) 
C & E LOSS (ft) 

IBWFEMAProL2-3. rep 
Avg. v e l  . ( f t / s )  4.62 
Hydr. oepth (ft) 7.41 
conv. (cfs)  1019042.0 

wetted per. (ft) 510.88 
shear (lb/sq ft) 0.13 
Stream Power ( l b / f t  s) 0.58 
cum volume (acre-f t )  3.50 2818.43 
cum SA (acres) 0.78 489.28 

warning: The v e l o c i t y  head has changed by more than 0.5 f t  (0.15 m). This may ind i ca te  the need f o r  
add i t i ona l  cross sect ions.  

warning: The conveyance r a r i o  (upstream conveyance div ided by downstream conveyance) i s  less  than 
0.7 o r  greater  than 1.4. This may i n d i c a t e  the  need for  add i t iona l  cross sections. 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  W.S. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO Width (ft) 
vefl Tota l  ( f t /s )  
Max c h l  ~ p t h  (ft) 
conv. Tota l  (cfs)  
Length wtd. (ft) 
Min ch ~l (ft) 
A1   ha 
~ r i t n  LOSS (ft) 
C & E Loss (ft) 

Element 
w t .  n-val. 
Reach Len. I f t l  
FIOW Area ( i q  $ t )  
Area (s ft) 
Flow <C?S) 
TOD Wldth (ft) 
A V ~ .  , ve l .  ( f t j s )  
HY r Depth (ft) 
conv. (cfs) 

wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
cum volume (acre-ft) 
Cum SA (acres) 

Lef t  0s channel 
0.020 

120.00 120.00 
8055.40 
8055.40 

30000 .OO 
911.65 

3.72 
8.84 

2554452.0 
913.52 

0.08 
0.28 

79.75 3966.62 
66.05 645.57 

Right OB 

120.00 

Warning: The.veloci ty head has changed by more than 0.5 ft (0.15 m). This may ind i ca te  the need f o r  
addl t i o n a l  cross sect ions.  

warning: The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 
0.7 o r  greater  than 1.4. Th is  may i n d i c a t e  the  need for  add i t iona l  cross sections. 

CROSS SECTION 

RIVER: RIVER-1 
REACH: ~ e a c h - 1  RS: 7.955 

INPUT 
Desc r ip t i on  : 
s t a t i o n  E levat ion  Data num= 45 

s t a  Elev s t a  Elev s t a  Elev s t a  Elev s t a  Elev 
9608 1294 9671.72 1293 9722.56 1292 9762.22 1291 9790.04 1291 

9796.84 1291 9802.9 1290 9805.47 1289 9808.06 1288 9810.76 1287 
9813.33 1286 9815.8 1285 9818.47 1284 9821.09 1283 9823.82 1282 
9826.49 1281 9829.27 1280 9831.88 1279 9848.13 1273 9850.71 1272 
9853.53 127110189.4 127110192.6 127210196.11 127310199.42 1274 

10202.55 127510205.58 127610208.53 127710211.41 127810214.4 1279 
10217.26 128010220.14 128110223.13 128210226.07 128310229.02 1284 

10232.1 128510235.15 128610238.18 128710241.31 128810244.62 1289 
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IBWFEMAPr012-3. rep 
10247.68 129010314.28 129110375.83 1291 10399 129110430.14 1291 

Manning's n values num= 3 
s t a  n v a l  s t a  n va l  s t a  n va l  

9608 ,035 9853.53 ,025 10189.4 .035 

sank sra:  L e f t  Right Lengths: L e f t  channel Right Coeff Contr. Expan. 
9790.0410247.68 227 400 500 .3  .5  

sediment Elevat ion = 1262 

CROSS SECTION OUTPUT Pro f i l e  #PF 1 

warning: The v e l o c i t y  head has,changed by more than 0.5 ft (0.15 m) .  This may ind ica te  the need for  
add i t iona l  cross sections. 

warning: The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  less  than 
0.7 o r  greater than 1.4. This may ind ica te  the need f o r  add i t iona l  cross sections. 

Note: Manning s n values were composited t o  a s ing le  value i n  the main channel. 

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
C r i t  W.S. (ft) 
E.G. s lope (ft/ft) 
Q Tota l  (cfs) 
TO wid th  (ft) 
ve? To ta l  ( f t /s )  
Max ch l  ~ p t h  (ft) 
Conv. Total  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
~ l p h a  
F rc tn  LOSS (ft) 
C & E LOSS (ft) 

~l ement 
w t  . n-val . 
Reach Len. (ft) 
  low Area (sq ft) 
Area (S ft) 
Flow (C?S) 
TOP width (ft) 
~ v g .  v e l  . (ft/s) 
Hvdr. D e ~ t h  f f t l  . . 
cbnv. ( c h )  
wetted -per; (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s l  
cum volume (atre'-ft) 
cum SA (acres) 

Left  0s 

227.00 

channel 
0.025 

400.00 
1490.34 
1490.34 

17000.00 
285.87 

11.41 
5.21 

260045.3 
296.30 

1.34 
15.31 

2811.31 
488.20 

Right 08 

500.00 

Warning: The v e l o c i t y  head has,changed by more than 0.5 ft (0.15 m). This may ind ica te  the need for  
add i t iona l  cross sections. 

Warning: The conveyance r a t l o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 
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IBWFEMAPPOL2-3. rep 
0.7 o r  g rea te r  than 1.4.  Th is  may i n d i c a t e  t h e  need f o r  add i t i ona l  cross sect ions.  

warning: The energy l o s s  was g rea te r  than 1.0 ft (0.3 m). between the  cur ren t  and previous cross 
sec t ion .  Th is  may i n d i c a t e  t h e  need f o r  a d d i t i o n a l  cross sect ions.  

Note: Manning's n values were composited t o  a s i n g l e  va lue  i n  t he  main channel. 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
w.s.  lev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (cfs) 
TO w id th  (ft) 
ve? To ta l  ( f t / s )  
Max c h l  ~ p t h  (ft) 
conv. T o t a l  (c fs)  
Length wtd. (ft) 
Min ch  ~l (ft) 
~l pha 
F r c t n  LOSS (ft) 
C & E LOSS (ft) 

~l ement 
w t  . n-val . 
Reach Len. (ft) 
  low Area (sq ft) 
Area (s ft) 
Flow (CTS) 
Top Width (ft) 
~ v g .  v e l  . ( f t / s )  
Hydr. Depth (ft) 
conv. (cfs) 
wetted per.  (ft) 
shear ( lb/sq ft) 
stream Power ( l b / f t  s) 
cum volume (ac re - f t )  
cum sn (acres) 

L e f t  0 s  

227.00 

channel 
0.026 

400.00 
2678.25 
2678.25 

30000.00 
379.56 

11.20 
7.06 

554117.6 
382.06 

1.28 
14.37 

3951.83 
643.80 

R igh t  0 s  

500.00 

warning: 

warning : 

warning : 

Note: 

The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m).  This may i n d i c a t e  t he  need fo r  
a d d i t i o n a l  cross sect ions.  
The conveyance r a t i o  (upstream conveyance d i v i ded  by downstream conveyance) i s  l ess  than 
0 . 7  o r  g rea te r  than 1.4. This may i n d i c a t e  t he  need fo r  add i t i ona l  cross sect ions.  
The energy l o s s  was g rea te r  than 1.0 ft (0.3 m).  between t h e  cur ren t  and previous cross 
sect ion.  Th is  may i n d i c a t e  t h e  need fo r  add i t i ona l  cross sect!ons. 
Manning's n values were composited t o  a s i n g l e  va lue  i n  t h e  main channel. 

CROSS SECTION 

RIVER: RIVER-1 
REACH: Reach-l 

INPUT 
Desc r i p t i on :  
s t a t i o n  E leva t i on  Data 

s t a  Elev Sta 
9648 1288 9675.17 

9710.29 1283 9713.72 
9727.34 1278 9730.86 
9781.09 1273 9799.49 
9832.74 1268 9837.47 
10117.5 126810133.16 

10270.23 127610273.01 
10284.97 128110290.15 
10345.23 128610413.91 

RS: 7.883 

num= 42 
n lev s t a  
1287 9683.95 
1282 9717.14 
1277 9734.51 
1272 9815.07 
1267 9842.02 
127210163.66 
127710275.81 
128210294.34 
1287 

Elev Sta 
1286 9703.44 
1281 9720.57 
1276 9747.7 
1271 9823.52 
126610110.98 
127310262.52 
127810278.53 
128310305.53 

Manning's n values num= 3 
s t a  n v a l  S ta  n Val s t a  n Val 

9648 ,035 9842.02 .0210110.98 ,035 

Elev s t a  
1285 9706.7 
1280 9723.89 
1275 9764.38 
1270 9827.91 
126610114.29 
127410267.01 
127910281.71 
128410317.03 

sank s t a :  L e f t  R igh t  Lengths: L e f t  channel n i g h t  coef f  con t r .  Expan. 
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9683.9510317.03 
sediment E levat lon  = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev (ft) 
v e l  Head (ft) 
w.s. Elev (ft) 
C r i t  W.S.  (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (cfs) 
TO w id th  (ft) 
veY T o t a l  ( f t / s )  
Max c h l  ~ p t h  (ft) 
conv. T o t a l  (c fs)  
Length wtd. (ft) 
MI n ch  ~l (ft) 
A1   ha 
~ r i t n  LOSS (ft) 
C & E LOSS (ft) 

~l ement 
w t .  n-val  . 
Reach Len. (ft) 
  low Area (so ft) 
Area (sa ft) 
Flow ( c ~ s )  
Top Width (ft) 

Av8.. v e l .  ( f t / s )  
~y r Depth (ft) 

conv. (cfs) 
wetted Per. (ft) 
shear (I b/sq ft) 
stream Power ( l b / f t  s l  
cum volume (a i r& - f t )  . 
Cum SA (acres) 

Lef t  os 

240.00 

20.32 
16.38 

channel 
0.022 

240.00 
3985.24 
3985.24 

17000.00 
540.24 

4.27 
7.38 

1158269.0 
542.19 

0.10 
0.42 

2935.14 
601.21 

R igh t  OB 

240.00 

42.51 
40.08 

warning: The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l e s s  than 
0.7 o r  g rea ter  than 1.4. Th i s  may i n d i c a t e  t he  need f o r  add i t i ona l  cross sect ions.  

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.5. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (cfs) 
TO w id th  (ft) 
ve? To ta l  ( f t / s )  
Max c h l  ~ p t h  (ft) 
conv. To ta l  (cfs) 
Length wtd. (ft) 
M i n  ch ~l (ft) 
~1 pha 
F r c t n  Loss (ft) 
C & E LOSS (ft) 

~l ement 
w t .  n-val  . 
Reach Len. (ft) 
  low Area (sq ft) 
Area (s ft) 
Flow (C?S) 
TOP w id th  (ft) 

Av8.. v e l .  ( f t / s )  
HY r Depth (ft) 

conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
cum volume (acre- f t )  
Cum SA (acres) 

L e f t  0s 

240.00 

3.50 
0.78 

channel 
0.021 

240.00 
3514.75 
3514.75 

17000.00 
402.97 

4.84 
8.72 

1121164.0 
416.72 

0.12 
0.59 

2788.33 
485.04 

R igh t  OS 

240.00 

0.00 
0.00 

warning: The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l e s s  than 
0.7 o r  g rea te r  than 1.4. Th i s  may i n d i c a t e  t h e  need f o r  add i t i ona l  cross sect ions.  

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 1279.42 Element L e f t  0s Channel R igh t  0s 
v e l  ~ e a d  (ft) 0.52 W t .  n-Val. 0.022 
W.S.  lev (ft) 1278.90 Reach   en. (ft) 240.00 240.00 240.00 
c r i t  W.S. (ft) F ~ O W  Area (sq ft) 5187.35 
E.G. Slope (ft/ft) 0.000327 area (s ft) 5187.35 
Q T o t a l  ( c ~ s )  30000.00 F ~ O W  (c?s) 30000.00 
TO w id th  (ft) 554.02 TOP w id th  (ft) 554.02 
ve? T o t a l  ( f t / s )  5.78 ~ v g .  ve l .  ( f t /s)  5.78 
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IaWFEMAProl_2-3. rep 
Max ch l  ~ p t h  (ft) 12.90 Hydr. Depth (ft) 9.36 
conv. ~ o t a l  (cfs) 1657932.0 conv. (cfs) 1657932 .O 
Length wtd. (ft) 240.00 wetted Per. (ft) 556.66 
 in ch ~l (ft) 1266.00 shear ( lb/sq ft) 0.19 
~1 pha 1.00 stream power ( l b / f t  s) 1.10 
Frc tn  LOSS (ft) 0.15 cum volume (acre-ft) 79.75 3915.72 167.04 
c & E LOSS (ft) 0.10 Cum SA (acres) 66.05 639.51 99.26 

warning: The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind icate  the need f o r  
add i t i ona l  cross sections. 

warning: The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  less  than 
0.7 o r  greater than 1.4. This may ind ica te  the need f o r  add i t iona l  cross sections. 

CROSS SECTION 

RIVER: RIVER-1 
REACH: ~ e a c h - 1  RS: 7.837 

INPUT 
Descri  tio on: 
s t a t i o n  ~ l e v a r i o n  ~ a t a  num= 36 

s t a  € lev  s t a  Elev s t a  € lev  s t a  Elev s ta  Elev 
9647 1287 9686.69 1286 9698.64 1285 9709.67 1284 9713.85 1283 

9717.79 1282 9721.87 1281 9725.94 1280 9730.02 1279 9734.21 1278 
9738.14 1277 9742.27 1276 9746.36 1275 9750.41 1274 9754.54 1273 
9759.02 1272 9773.23 1271 9840.07 1271 9856.43 1271 9973.97 1271 
9985.58 127110200.77 127110260.79 127210264.48 127310268.05 1274 
10271.59 127510275.35 127610279.01 127710282.67 127810286.34 1279 
10289.98 1280 10293.7 128110297.32 1282 10301 128310304.67 1284 
10317.37 1284 

Manning's n values num= 3 
s t a  n v a l  s t a  n v a l  s t a  n va l  
9647 .035 9773.23 .02510200.77 ,035 

sank s ta :  L e f t  Right Lengths: Left  channel R i  h t  coeff contr .  Expan. 
9698.6410304.67 380 380 380 .2 .4 

sediment E levat ion = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO width (ft) 
ve? Total  ( f t /s)  
Max ch l  ~ p t h  (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
~l pha 
Frc tn  LOSS (ft) 

~1 ement 
w t .  n-val . 
Reach Len. (ft) 
  low Area (sa ft) . . 
Area (s f.i) 
Flow jC?s) 
Top Width ( f t )  
nvg . ve l  . ( f t /s)  
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
Cum volume (acre-f t )  

L e f t  0s 

380.00 

channel 
0.026 
380.00 
2610.84 
2610.84 
17000.00 
534.19 
6.51 
4.89 

432413.0 
535.28 
0.47 
3.06 

2916.97 

Right OB 

380.00 
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Manning's n values num= 3 
s t a  n Val s t a  n v a l  s t a  n Val 

9634 .035 9742.78 ,02510207.96 ,035 

Bank s ta :  Left Right Lengths: L e f t  channel R i  h t  coeff Contr. Expan. 
9690.0210311.45 500 500 200 .2 .4 

sediment Elevat ion = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Totp l  ( c ~ s )  
TO w ~ d t h  (ft) 
ve? Total  ( f t /s )  
Max ch l  ~ p t h  (ft) 
conv. Total  (cfs) 
Length wtd. (ft) 
Min ch EI (ft) 
nl pha 
F rc tn  LOSS (ft) 
C & E LOSS (ft) 

Element 
w t  . n-val . 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (S ft) 
Flow 
Top Width (ft) 
AV ve l .  ( f t / s )  
H Y ~ C .  Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear ( lb/sq ft) 
stream Power ( l b / f t  s) 
cum volume (acre-f t )  
cum SA (acres) 

Left  06 

500.00 

Channel 
0.026 

500.00 
2556.65 
2556.65 

17000.00 
522.19 

6.65 
4.90 

417523.8 
523.24 

0 .51  
3.36 

2894.43 
593.64 

Note: Manning's n values were composited t o  a s ing le  value i n  the main channel 

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  ~ e a d  (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO width (ft) 
ve7 Total  (ft/s) 
Max ch l  ~ p t h  (ft) 
conv. Total  (cfs) 
Length wtd. (ft) 
 in ch ~l (ft) 
A1 pha 
F rc tn  LOSS (ft) 
C & E LOSS (ft) 

Element 
W t .  n-Val. 
Reach Len. (ft) 
  low Area (sq ft) 
Area (s ft) 
Flow lC?S) 
TOP ~ { d t h '  (ft) 
AV vel .  ( f t / s )  
Hy8;. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear ( lb/sq ft) 
stream Power ( l b / f t  s) 
Cum Volume (acre-f t )  
cum SA (acres) 

L e f t  0s channel 
0.025 

500.00 500.00 
2587.57 
2587.57 

17000.00 
485.68 

6.57 
5.33 

456412.8 
491.81 

0.46 
2.99 

3.50 2748.88 
0.78 478.30 

Right 06 

500.00 

Right OB 

500.00 

Note: Manning's n values were composited t o  a s ing le  value i n  the main channel. 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. ift) 1278.52 Element 
v e l  Head ( t) 1.09 w t .  n-val. 

Lef t  06 channel Right 06 
0.027 
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w.s. Elev (ft) 
c r i t  w.5. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO Width (ft) 
ve? Tota l  (ft/s) 
Max ch l  ~ p t h  (ft) 
conv. Total  (cfs) 
Length wtd. (ft) 
M i  n ch ~l (ft) 
~l pha 
Frc tn  LOSS (ft) 
C & E LOSS (ft) 

Reach Len. (ft) 
  low Area (sq ft) 
area (s ft) 
Flow <C?S) 
TOD W7dth (ft] 
A;$. , ve i .  (f;is) 
~y r Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear ( lb/sq ft) 
stream Power ( l b / f t  s) 
Cum volume (acre-f t )  79.75 
cum SA (acres) 66.05 

Note: Manning's n values were composited t o  a s ing le  value i n  the main channel 

CROSS SECTION 

RIVER: RIVER-1 
REACH: Reach-1 RS: 7.67 

INPUT 
Descr ip t ion:  NON-EFFECTIVE FLOW AREA REMOVED 
NON-EFFECTIVE FLOW AREA REMOVED 

s t a t i o n  ~ l e v a t i o n  oata num= 49 
s t a  Elev Sta Elev s t a  Elev s t a  Elev s ta  Elev 

9582 1284 9583.97 1284 9617.69 1283 9625.43 1282 9625.99 1281 
9626.37 1280 9626.63 1279 9627.02 1278 9627.56 1277 9628.08 1276 
9629.08 1275 9630.75 1274 9632.46 1273 9634.32 1272 9636.43 1271 
9638.52 1270 9640.87 1270 9649.73 1271 9674.09 1271 9831.67 1270 
9860.28 1270 9884.06 1270 9963.98 1269 9968.87 1268 9972.41 1268 

9976.8 1269 9982.04 1269 9987.89 126910103.82 127010196.98 1271 
10203.2 1272 10208 127310212.54 127410221.49 127410226.48 1274 

10229.35 127510232.12 127610234.89 1277 10237.8 127810240.56 1279 
10243.27 128010245.93 128110248.73 128210251.33 128310258.36 1283 
10288.61 128310291.71 128310342.29 128210346.55 1282 

Manning's n values num= 3 
s t a  n v a l  Sta n Val s t a  n v a l  

9582 ,035 9674.09 .02510196.98 ,035 

Bank s ta :  Lef t  Right Lengths: Left  channel Right coeff contr .  Expan. 
9583.9710258.36 500 500 500 .2 .4 

sediment Elevat ion = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev (ft) 1275.37 Element L e f t  0s channel Right 0s 
v e l  Head (ft) 0.62 w t .  n-val. 0.025 
W.S. Elev (ft) 1274.75 Reach Len. (ft) 500.00 500.00 500.00 
C r i t  W.S. (ft)  low ~ r e a  (sq ft) 2700.27 
E.G. Slope (ft/ft) 0.001511 Area (s ft) 2700.27 
Q Tota l  (cfs) 17000.00 F ~ O W  (c?s) 17000.00 
Top wid th  (ft) 599.14 TOP wldth (ft) 599.14 
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v e l  Total  ( f t / s )  
r h l  opth (ft) %$$. Total  (cfs) 

~ w t h  wtd. (ft) 
MlTSCh El (ft) 
~l*.. 
~ r & i  LOSS (-it) 
C & E LOSS (ft) 

'1 

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs)  
TO width (ft) 
ve7 Tota l  ( f t / s )  
Max Chl Dpth (ft) 
conv. Total  (cfs) 
Length wtd. (ft) 
Mi n ch ~l (ft) 
~l pha 
Frc tn  LOSS (ft) 
C & E LOSS (ft) 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 

27 width (ft) 
Total  ( f t / s )  

Max ch l  ~ p t h  (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
~l pha 
F r c t n  LOSS (ft) 
C & E LOSS (ft) 

CROSS SECTION 

RIVER: RIVER-1 
REACH: Reach-1 RS: 7.576 

IBWFEMAProL2-3.rep 

AV8.. ve l  . (ft/s) 6.30 
Hy r Depth (ft) 4.51 
conv. (cfs) 437383.6 
wetted per. (ft) 601.04 
shear ( lb/sq ft) 0.42 
stream power ( l b / f t  s) 2.67 
cum volume (acre-ft) 20.32 2864.26 
cum sn (acres) 16.38 587.21 

Element 
w t .  n-val . 
Reach Len. (ft) 
F ~ O W  Area (sa ft) . . 
Area (s ft) 
Flow (C?S) 
Top Width (ft) 

. vel  . (ft/s) 
Hy r Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
Cum volume (acre-f t )  
Cum sA (acres) 

Element 
w t .  n-Val. 
Reach Len. (ft) 
  low Area (sq ft) 
Area (s ft) ? Flow (C 5) 
TOP width (ft) 
AV . ve l .  (ft /s) 
Hy i r .  Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
cum volume (acre-f t )  
Cum SA (acres) 

L e f t  06 

500.00 

Left  06 

500.00 

channel 
0.025 
500.00 
2257.74 
2257.74 
17000.00 
470.24 
7.53 
4.80 

377663.6 
478.20 
0.60 
4.50 

2721.07 
472.81 

channel 
0.026 
500.00 
3880.48 
3880.48 
30000.00 
606.37 
7.73 
6.40 

785614.4 
609.52 
0.58 
4.48 

3816.74 
625.14 

Right OB 

500.00 

Right OB 

500.00 

INPUT 
Descr ip t ion:  
s t a t i o n  Elevat ion Data num= 46 
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Elev s t a  
1282 9687.21 
1278 9708.53 
1273 9729.23 
1269 9929.88 
126710059.56 
126910215.96 
127410273.31 
1279 10295.3 
128410350.58 

Elev Sta 
1282 9691.65 
1277 9712.76 
1272 9733.19 
1269 9970.97 
126710063.73 
127010255.74 
1275 10277.7 
128010299.71 
128510391.67 

IBWFEMAProl-2-3. rep 
Elev s t a  E l  ev 
1281 9695.82 1280 
1276 9716.89 1275 
1271  9739.22 1270 
1268 9974.49 1268 
126810097.39 1269 
127110260.28 1272 
127610282.14 1277 
128110317.89 1282 
128610494.28 1286 

Manning's n values num= 3 
s t a  n v a l  s t a  n v a l  s t a  n va l  

9665 .035 9739.22 .02510215.96 .035 

Bank s ta :  L e f t  Right  Lengths: Lef t  Channel Right coeff Contr. Expan. 
966510299.71 500 500 500 .2 .4 

sediment E levat ion  = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev (ft) 
v e l  Head (ft) 
w.s. Elev (ft) 
c r i t  W.S. (ft) 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO Wldth (ft) 
ve7 Tota l  ( f t / s )  
Max c h l  opth (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch E l  (ft) 
a1 oha 
~ r c t n  LOSS (ft) 
C & E LOSS (ft) 

CROSS SECTION OUTPUT 

E.G. Elev (ft) 
v e l  Head (ft) 
w.s. Elev (ft) 
c r i t  w.s. (ft) 
E.G.  Slope (ft/ft) 
Q To ta l  (cfs) 
TO wid th  (ft) 
ve? Tota l  ( f t / s )  
Max c h l  opth (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
M i  n Ch E l  (ft) 
nl pha 
F r c t n  Loss (ft) 
C & E LOSS (ft) 

P r o f i l e  #PF 2 

~l ement 
w t .  n-val . 
Reach Len. (ft) 
  low Area (sa ft) 

stream 'powei (1 b / f t  s) 
cum volume (acre-ft) 
cum SA (acres) 

~1 ement 
w t .  n-val . 
Reach Len. (ft) 
  low Area (sq ft) 
area (s ft) 
Flow (C&-) 
Top Width (ft) 
AV ve l .  ( f t / s )  
H ~ % T .  Depth (ft) 
conv. (cfs) 
wetted per. (ft) 
shear ( lb/sq ft) 
stream Power (1 b / f t  s) 
cum volume (acre-ft) 
cum SA (acres) 

L e f t  0 s  channel 
0.025 

500.00 500.00 
2524.94 
2524.94 

17000.00 
546.79 

6.73 
4.62 

416107.3 
547.80 

0.48 
3.23 

20.32 2834.27 
16.38 580.63 

L e f t  OB 

500.00 

channel 
0.025 

500.00 
2524.23 
2524.23 

17000.00 
526.50 

6.73 
4.79 

421723.7 
531.77 

0.48 
3.24 

2693.63 
467.09 

Right  0 s  

500.00 

Right  08 

500.00 
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IBWFEMAPrOL2-3. rep 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. E lev  (ft) 
v e l  Head (ft) 
W.S. E lev  (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (cfs) 
TO Width (ft) 
ve? T o t a l  ( f t / s )  
Max c h l  ~ p t h  (ft) 
conv. T o t a l  (cfs) 
Length wrd. (ft) 
Min ch ~l (ft) 
a1 pha 
F r c t n  LOSS (ft) 
C & E LOSS (ft) 

CROSS SECTION 

RS: 7.481 

INPUT 
Desc r i p t i on :  begin f i l e  12 i  bw.dwg 
beg in  f i l e  12ibw.dwg 

s t a t i o n   levat ti on Data num= 52 

Element 
w t .  n-val . 
Reach Len. (ft) 
 low Area (sq ft) 
Area (s ft) 
F l  OW (CTS) 
Top w id th  (ft) 
nvg. v e l .  ( f t / s )  
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear ( lb/sq ft) 
stream Power ( l b / f t  s) 
cum volume (acre- f t )  
cum SA (acres) 

L e f t  0s 

500.00 

channel 
0.025 

500.00 
3544.36 
3544.36 

30000.00 
562.31 

8.46 
6.30 

715961.9 
563.75 

0.69 
5.83 

3774.12 
618.43 

Manning's n values num= 3 
s t a  n Val s t a  n v a l  S ta  n Val 

9534 ,035 9679.21 ,025 10232.8 ,035 

sank s t a :  Le f t  R igh t  Lengths: Le f t  channel R igh t  c o e f f  cont r .  Expan. 
9597.9610312.56 500 500 500 .2 .4 

sediment E leva t i on  = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

Right  OB 

500.00 

E.G. Elev (ft) 1273.76 Element L e f t  0s channel R igh t  08 
v e l  Head (ft) 0.61 w t .  n-Val. 0.025 
W.5. E lev  (ft) 1273.15 Reach  en. (ft) 500.00 500.00 500.00 
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IBWFEMAPr01-2-3.rep 
c r i t  w.s. (ft)  low Area (sq ft) 2721.97 
E.G. slope (ft/fr) 0.001388 area (s ft) 2721.97 
Q Tota l  (cfs) 17000.00 Flow ( c ? ~ )  17000.00 
TO W ~ d t h  (ft) 583.05 Top Width (ft) 583.05 
ve? Tota l  ( f t /s )  6.25 Avg. ve l .  ( f t /s )  6.25 
Max c h l  ~ p t h  (ft) 8.15 ~ y d r .  oepth (ft) 4.67 
conv. Tota l  (cfs) 456241.2 conv. (cfs) 456241.2 
Length wtd. (ft) 500.00 wetted per. (ft) 584.80 
Min ch ~l (ft) 1265.00 shear (lb/sq ft) 0.40 
a1 pha 1.00 stream power ( l b / f t  s) 2.52 
Frc tn  LOSS (ft) 0.92 cum volume (acre-f t )  20.32 2804.15 42.51 
c & E LOSS (ft) 0.04 cum SA (acres) 16.38 574.15 40.08 

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.5. (ft) 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO w id th  (ft) 
ve? Tota l  ( f t /s )  
Max c h l  ~ p t h  (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
Alpha 
~ r c t n  LOSS (ft) 
C & E LOSS (ft) 

1273.83 Element L e f t  0s channel Right 0s 
0.60 w t .  n-Val. 0.025 

1273.22 Reach  en. (ft) 500.00 500.00 500.00 
 low ~ r e a  (sq ft) 2725.35 

0.001346 ~ r e a  (s ft) 2725.35 
17000.00 Flow (c?s) 17000 .OO 
558.36 Top width (ft) 558.36 
6.24 Av Vel. (ft/s) 6.24 
8.22 Hy i r .  ~ e p t h ( f t )  4.88 

463380.8 conv. (cfs) 463380.8 
500.00 wetted per. (ft) 565.15 
1265.00 shear ( lb/sq ft) 0.41 

1.00 stream Power ( l b / f t  s) 2.53 
0.88 cum volume (acre-f t )  3.50 2663.50 0.00 
0.04 cum sA (acres) 0.78 460.86 0.00 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  W.S. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  (cfs) 
TO wid th  (ft) 
ve7 Tota l  ( f t / s )  
Max ch l  opth (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
A1 pha 
F rc tn  LOSS (ft) 
C & E LOSS (ft) 

~l ement 
w t .  n-val . 
Reach Len. (ft) 
F ~ O W  Area ( i q  ft) 
Area (S ft) 
F l  OW (C?S) 
TOD Wldth (ft) 
A V ~ .  v e l  . i f t i s )  
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (lb/sq ft) 
stream Power ( l b / f t  s) 
cum volume (acre-ft) 
Cum SA (acres) 

L e f t  0s 

500.00 

channel 
0.025 
500.00 
3800.40 
3800.40 
30000 .OO 
599.08 
7.89 
6.34 

782680.6 
601.25 
0.58 
4.58 

3731.97 
611.76 

Right OB 

500.00 

CROSS SECTION 
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INPUT 
~ e s c r i p t i o n :  
S ta t i on  E levat ion Data 

s t a  Elev s t a  
9621 1280 9621.17 

9644.28 1277 9648.78 
9666.72 1272 9671.23 
9975.08 1267 9983.58 
9992.23 1265 9994.3 

10170.93 126810277.12 
10299.51 127310303.62 
10320.38 127810325.14 

num= 39 
Elev s t a  
1280 9630.79 
1276 9653.28 
1271 9675.72 
1266 9986.66 
126610001.22 
126910284.93 
127410307.61 
127910444.88 

Elev s t a  
1280 9635.14 
1275 9657.69 
1270 9693.8 
1265 9989.66 
126710013.34 
1270 10291.3 
127510311.63 
127910460.74 

Elev s ta  
1279 9639.79 
1274 9662.18 
1269 9887.94 
1264 9990.05 
1268 10016.8 
127110295.52 
127610315.72 
1279 

Manning's n values num= 3 
s t a  n v a l  s t a  n Val s t a  n Val 

9621 ,035 9675.72 .02510277.12 ,035 

sank sta:  L e f t  Right Lengths: L e f t  channel Right Coeff Contr. Expan. 
962110325.14 500 500 500 .2 .4 

sediment E levat ion = 1262 

CROSS SECTION OUTPUT P r o f i l e  #PF 1 

E.G. Elev (ft) 
v e l  Head (ft) 
w.s. Elev (ft 
c r i t  w.s. (ftj 
E.G. Slope (ft/ft) 
Q To ta l  (cfs) 
TO Wldth (ft) 
ve!' To ta l  ( f t /s )  
Max c h l  opth (ft) 
conv. Tota l  (cfs) 
Length wtd. (ft) 
~ l n  ch ~l (ft) 
~l pha 
F r c t n  Loss (ft) 
C & E LOSS (ft) 

Element 
w t .  n-Val . 
Reach Len. (ft) 
  low Area (sa ft) . . 
Area (s f t )  
Flow (C?S) 
Top Wldth (ft) 
AV ve l  . ( f t / s )  
Hy%. Depth (ft) 
Conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
Cum volume (acre-ft) 
cum SA (acres) 

Left 08 

500.00 

channel 
0.025 

500.00 
2374.13 
2374.13 

17000.00 
628.80 

7.16 
3.78 

335164.7 
630.26 

0.61 
4.33 

2774.91 
567.19 

Note: ~ a n n i n g ' s  n values were composited t o  a s ing le  value i n  the main channel. 

CROSS SECTION OUTPUT Pro f i l e  #PF 2 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft 
c r i t  w.s. (ftj 
E.G. Slope (ft/ft) 
Q T o t a l  (cfs) 
TO width (ft) 
vey Tota l  ( f t /s )  
Max c h l  opth (ft) 
Conv. Tota l  (cfs) 
Length wtd. (ft) 
Mln ch ~l (ft) 

1272.90 ~l ement 
0.83 W t .  n-Val. 

1272.07 Reach Len. (ft) 
F ~ O W  Area (sq ft) 
Area (s ft) 
Flow ( 4 5 )  
TOP width (ft) 

Av8.. v e l .  ( f t / s )  
ny r Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear (I b/sq ft) 

L e f t  os channel 
0.025 

500.00 500.00 
2331.72 
2331.72 

17000.00 
583.27 

7.29 
4.00 

346284.3 
590.37 

0.59 
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~l pha 1.00 stream power ( l b / f t  s) 4.33 
Frc tn  LOSS (ft) 0.80 cum volume (acre-f t )  3.50 2634.47 0.00 
c & E LOSS (ft) 0.13 cum sA (acres) 0.78 454.31 0.00 

Warning: The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 
0.7 o r  greater  than 1.4. This.may i n d i c a t e  the  need f o r  add i t iona l  cross sections. 

Note: Manning s n values were compos~ted t o  a s ~ n g l e  value i n  the main channel. 

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
w.s. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q Tota l  ( c ~ s )  
TO w id th  (ft) 
ve? Tota l  (f t /s) 
Max c h l  opth (ft) 
conv. Tota l  (cfs)  
Length wtd. (ft) 
Min ch ~1 (ft) 
a1 pha 
FrCtn LOSS (ft) 
C & E LOSS (ft) 

~l ement 
w t .  n-val .  
Reach Len. (ft) 
  low Area (sq ft) 
Area (s ft) 
Flow (C?S) 
Top Width (ft) 
~ v g .  ve l .  ( f t / s )  
Hydr. Depth (ft) 
Conv. (cfs) 
wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( I b / f t  s) 
cum volume (acre-ft) 
cum sa (acres) 

Lef t  oe channel 
0.026 

500.00 500.00 
3686.61 
3686.61 
30000 .OO 
646.42 
8.14 
5.70 

677197.4 
648.36 
0.70 
5.67 

79.75 3689.00 
66.05 604.61 

Note: Manning's n values were composited t o  a s ing le  value i n  the  main channel. 

CROSS SECTION 

RIVER: RIVER-1  
REACH: Reach-1 

INPUT 
oesc r i  p t i on :  
s t a t i o n  ~l eva t i  on oata 

s t a  Elev s t a  
9538 1279 9606.28 

9626.03 1277 9630.42 
9647.75 1272 9652.02 
9774.6 1267 9808.74 
9999.99 126510009.18 
10023.26 126410027.14 
10296.83 126910302.31 
10316.83 127410320.45 
10339.76 127910449.32 

RS: 7.29 

Elev s t a  
1280 9607.53 
1276 9634.79 
1271 9656.08 
1267 9865.74 
126510014.01 
126510054.34 
127010306.52 
127510323.76 
1279 

Manning's n values num= 3 
s t a  n v a l  s t a  n v a l  s t a  n v a l  
9538 .035 9634.79 .02510320.45 .035 

Elev s t a  
1279 9621.12 
1274 9643.5 
1269 9679.42 
1266 9977.31 
126310019.41 
126710291.55 
1272 10313.4 
1277 10331.9 

Elev 
1278 
1273 
1268 
1265 
1263 
1268 
1273 
1278 

Right OB 

500.00 

sank sta: Lef t  Right  Lengths: Lef t  channel Right  coe f f  cont r .  Expan. 
9606.2810339.76 500 500 500 .2 .4 

I n e f f e c t ~ v e ~ l o w  num= 2 
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conv. To ta l  (c fs)  
Length wtd. (ft) 
Min ch ~1 (ft) 
A1 pha 
F r c t n  LOSS (ft) 
C & E LOSS (ft) 

I 
2353829.0 Conv. (cfs) 

wetted Per. (ft) 
1144.00 shear ( lb/sq ft) 

1.00 Stream Power (1 b / f t  s )  
cum volume (acre- f t )  
Cum sA (acres) 

warning: D iv ided f low computed fo r  t h i s  cross-sect ion.  

CROSS SECTION OUTPUT P r o f i l e  #PF 2 

E.G. E lev  (ft) 
v e l  Head (ft) 
w.s. E lev  (ft) 
c r i t  w.5. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (c fs)  
To w id th  (ft) 
ve? To ta l  ( f t / s )  
Max c h l  ~ p t h  (ft) 
conv. To ta l  (c fs )  
Length wtd. (ft) 
M i  n ch ~l (ft) 
~l pha 
F r c t n  LOSS (ft) 
C & E Loss (ft) 

~l ement 
W t .  n-Val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (s ft) 
Flow (C?S) 
Top W ~ d t h  (ft) 
Avg . v e l  . ( f t /s)  
Hydr. Depth (ft) 

conv. (c fs)  
Wetted Per. (ft) 
shear (1 b/sq ft) 
stream Power ( l b / f t  s) 
cum Volume (acre- f t )  
cum sA (acres) 

Warning: D iv ided f l o w  computed f o r  t h i s  cross-sect ion.  

CROSS SECTION OUTPUT P r o f i l e  #PF 3 

E.G. Elev (ft) 
v e l  Head (ft) 
W.S. Elev (ft) 
c r i t  w.s. (ft) 
E.G. Slope (ft/ft) 
Q T o t a l  (c fs)  
TO Width (ft) 
ve7 To ta l  ( f t /s)  
Max c h l  op th  (ft) 
conv. To ta l  (cfs) 
Length wtd. (ft) 
Min ch ~l (ft) 
~l pha 
F r c t n  LOSS (ft) 
C & E LOSS (ft) 

warning: D iv ided f low computed f o r  t h i s  cross-sect ion.  

:BWFEMAProL2-3. rep 
2353829.0 

881.73 
0.06 
0.10 

Le f t  0s Channel R igh t  0s 
0.045 

Le f t  0s channel R igh t  os 
0.045 
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Reach R i v e r  s t a .  n l  n2 n3 n4 n 5 n6 n7 

B r i d g e  
.02 

,035 
.03 

.035 

.035 
,035 

.03 
,035 
,035 

.03 
.035 
,035 
,035 
,035 
.035 

.02 
B r i d g e  

.02 
.035 
,035 
.035 
,035 
,035 
.035 
.025 
,025 

.02 
B r i d g e  

.02 
,025 
,025 
,025 
,035 
,035 
,035 
,035 
,035 
,035 

.04 

.04 
,035 

.04 
'04 
.04 

B r i d g e  
.04 
.04 
.04 

,035 
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.04 
.025 

.02 
Bridge 

.02 

.04 

.04 
,035 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
-04 
.03 
.02 
.04 
.04 
.04 

Bridge 
.04 
.04 
.04 
.04 
.03 
.04 
.04 
.04 
.04 
.04 
.04 
.02 
.02 
.02 
.02 

,035 
,035 
,035 
,035 
.035 
,035 
,035 
,035 
,035 
,035 
.02 
.02 

,035 
,035 
,035 

Bridge 
.02 
.05 ,025 .035 

Page 480 



.05 
.035 
,035 
,035 
,035 
,035 

.03 

.02 
.035 
.035 
.035 
,035 
,035 
,035 

.02 
B r i d g e  

.02 
.035 
,035 
,035 
,035 
,035 
,035 
,035 

.02 

.02 

.03 
.035 
,035 
,035 
,035 
,035 
.035 
,035 
,035 

.02 
B r i d g e  

.02 
,036 
,036 
,036 
,036 
,036 
,036 
,036 
,036 
,036 
,036 
.036 
.036 
,036 
,035 
.035 

.02 
B r i d g e  

.02 
,035 

IBWFEMAProL2-3. rep 
,025 ,035 
,025 ,035 
.025 ,035 
,025 ,035 
,025 ,035 
,025 ,035 
,025 .035 

,035 
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.035 

.035 
,035 
.035 
.035 
.035 

.03 
,035 
,035 
.035 
,035 
,035 

.02 
,035 
.035 

.02 
.035 
,035 
,035 
.035 
,035 
,035 
,035 
.035 
.035 
,035 
,035 

.02 

.02 
,035 
,035 

B r i d g e  
.035 
,035 
,035 
,035 
,035 
.035 
.035 
.035 
,035 
,035 
,035 

.03 
.035 
.035 
,035 

.03 

.03 

.03 

.03 

.03 

.02 
B r i d g e  

.02 
,035 
,035 

IBWFEMAPrOL2-3. r e p  
,035 
,035 
,035 
,035 
.035 

,035 
,035 
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SUMMARY OF REACH LENGTHS 

R i v e r :  RIVER-1 

Reach R i ve r  s t a .  

.035 
,035 
,035 
.035 
,035 
.035 

.02 
Br idge  

.02 
.035 

.03 

.03 

.03 
,045 
,045 

L e f t  channel R igh t  

447 
460 
237 

92 
Br idge  

136 
205 

164.89 
460 
472 
500 

289.96 
478 

190.2 
289.24 

488 
384 
440 
470 
223 
113 

B r i dge  
853 
601 
353 
435 
509 
412 
490 
500 
228 

74 
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B r i d g e  
187 
484 
458 
4 9 1  
505 
452 
468 
460 
477 
468 
425 
422 
460 
490 
546 
98 

B r i d g e  
334 
460 
476 
500 
480 
460 
455 
341 

58 
B r i d g e  

200 
374 
500 
500 
500 
431 
499 
463 
591 
428 
500 
494 
465 
298 
325 
499 
242 

B r i d g e  
126 
463 
417 
174 

1288 
480 
520 
500 
620 
500 
533 

IBWFEMAProL2-3. rep 

Page 484 



787 
20 
50 

120 
227 
240 
380 
500 
500 
500 
500 
500 
500 
570 
505 
315 
250 
45 
78 

B r i d g e  
32 

120 
200 
500 
500 
500 
500 
230 

38 
230 
500 
500 
500 
500 
360 
130 

80 
B r i d g e  

78 
20 

465 
500 
500 
500 
440 

70 
80 

100 
310 

714.64 
306 

192.95 
347.89 
289.6 

173 
100 

15 

78 
20 

465 
500 
500 
500 
440 

70 
80 

100 
310 

474.02 
501 

604.15 
595.08 

150 
173  
100 

15 
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Br idge  
25 

100 
500 
490 
433 

199.6 
500 
285 
215 
200 
250 
500 
500 
500 

356.6 
151.9 

85.5 
s r i d g e  

174 
103 
360 
340 
142 

83 
200 

35 
50 
30 

420 
328.53 

55 
265 
500 
500 
500 
500 
65 
35 
67 
83 
50 
25 
25 

150 
190 
200 

9 
9 
9 
7 

120 
sr idge 

50 
50 
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500 
500 
500 
500 
500 

144.85 
280 
500 
290 
112 
2 5 
68 
74 

439.02 
500 
210 

225.54 
9 1  

B r i d g e  
190 
606 
500 
470 
470 
435 
500 
500 
320 
78 

B r i d g e  
99 

611.05 
544.19 
424.93 

280 
200 

0 

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
R i v e r :  RIVER-1 

R e a c h  R i v e r  s t a .  c o n t r .  Expan .  

14.66 .3 
14.58 .3 
14.49 .3 
14.47 .3 
14.455 B r i d g e  
14.44 .3 
14.39 .3 
14.34 .3 
14.3 .3 
14.21 .2 
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9.849 .2 
9.754 .2 
9.659 .2 
9.578 .2 
9.564 .2 
9.47 .2 
9.375 .2 
9.283 .2 
9.243 .2 
9.15 .2 
9.139 Bridge 
9.128 .3 
9.126 .3 
9.125 .3 
9.022 .2 
8.996 .2 
8.752 .2 
8.656 .2 
8.523 .2 
8.428 .2 
8.333 .2 
8.239 .2 
8.144 .2 
7.992 .3 
7.988 .3 
7.979 .3 
7.955 .3 
7.883 .2 
7.837 .2 
7.765 .2 
7.67 .2 
7.576 .2 
7.481 . 2  
7.39 .2 
7.29 .2 
7.197 .2 
7.102 .2 
7.008 .2 
6.96 .2 
6 .91  .2 
6.893 .3 
6.8865 Bridge 
6.88 .3 
6.879 .3  
6.856 .2 
6.82 .2 
6.723 .2 
6.63 .2 
6.53 .2 
6.44 .2 
6.4 .2 
6.39 .2 
6.345 .2 
6.25 .2 
6.155 .2 
6.06 .2 
5.966 .2 
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ueach-1 
ueach-l 
neach-1 
ueach-1 
ueach-1 
ueach-1 
ueach-1 
ueach-1 
ueach-1 
ueach-1 
ueach-1 
ueach-l 
neach-l 

ueach-l 
ueach-1 
ueach-1 
ueach-1 
ueach-1 
neach-1 
ueach-1 
ueach-1 
ueach-1 

Reach-1 
neach-1 
neach-1 
ueach-l 
neach-1 
Reach-1 
ueach-1 
ueach-1 
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IBWFEMAPr0file010203 
Warnjng:Divided flow computed for  t h i s  cross-section. 
warn1ng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind i ca te  the  need for  add i t iona l  cross sections. 
warning:~he conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  less  than 0.7 o r  greater than 1.4. 

This may i n d i c a t e  the need f o r  add i t iona l  cross sections. 
Warning:The energy l o s s  was greater  than 1.0 f t  (0.3 m). between the  cur rent  and previous cross sect ion.  Th is  may i n d i c a t e  

t h e  need f o r  add i t iona l  cross sections. 
R iver :  R IVER-1  Reach: Reach-1 RS: 8.333 P r o f i l e :  PF 1 

Warning:The energy equation could no t  be balanced w l t h i n  the spec i f ied  number o f  i t e r a t i o n s .  The program used c r i t i c a l  depth 
for  t he  water surface and continued on w i t h  the  ca lcu la t ions.  

Warnjng:Divided f!ow computed for  t h i s  cross-section. 
Warn?ng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the  need f o r  add i t iona l  cross sections. 
Warn1ng:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  may i n d i c a r e  the  need f o r  add i t iona l  cross sections. 
warning:The energy l oss  was greater  than 1.0 ft (0.3 m). between the  cur rent  and previous cross sect ion.  This may i n d i c a t e  

t h e  need for  add i t i ona l  cross sections. 
Warning:During t h e  standard step i t e r a t i o n s ,  when t h e  assumed water surface was s e t  equal t o  c r i t i c a l  depth, t h e  ca lcu la ted 

water surface came back below c r i t i c a l  depth. This ind ica tes  t h a t  there  i s  not  a v a l i d  s u b c r i t i c a l  answer. The 
program defau l ted t o  c r i t i c a l  depth. 

River: RIVER-1 Reach: Reach-1 RS: 8.333 p r o f i l e :  PF 2 
Warning:Divided f l ow  computed f o r  t h i s  cross-section. 
Warning:The v e l o c i t  head has changed by more than 0.5 ft (0.15 m). This may ind i ca te  the  need f o r  add i t iona l  cross sect ions.  
warning:The energy Toss was greater than 1.0 ft (0.3 m). between the  cur rent  and previous cross sect ion.  This may i n d i c a t e  

the  need f o r  add i t i ona l  cross sections. 
R iver :  RIVER-1 Reach: ~ e a c h - 1  RS: 8.333 P r o f i l e ;  PF 3 

Warning:The energ equation could not  be balanced w i t h l n  the  speci f ied number of i t e r a t i o n s .  The program selected the  water 
surface t x a t  had the  l e a s t  amount of e r r o r  between computed and assumed values. 

Warning:Divided flow computed for  t h i s  cross-section. 
Warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica fe  the need f o r  add i t iona l  cross sections. 
warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  less  than 0.7 o r  greater than 1.4. 

Th i s  may i n d i c a t e  the  need f o r  add i t i ona l  cross sections. 
Warning:The energy l oss  was greater than 1.0 ft (0.3 m). between the  cur rent  and previous cross sect ion.  This may i n d i c a t e  

t h e  need f o r  add i t i ona l  cross sect ions.  
Warning:During t h e  standard step i t e r a t i o n s ,  when the assumed water surface was ser. equal t o  c r i t i c a l  depth, the ca lcu la ted 

water surface came back below c r i t i c a l  depth. This ind ica tes  t h a t  there  i s  not  a v a l i d  s u b c r i t i c a l  answer. The 
program defau l ted t o  c r i t i c a l  depth. 

R iver :  RIVER-1 Reach: ~ e a c h - 1  RS: 8.239 P r o f i l e :  PF 1 
Warning:Divided f l o w  computed for  t h i s  cross-section. 

~ i v e r :  R I V E R - 1  Reach: ~ e a c h - 1  RS: 8.239 P r o f i l e :  PF 2 
warning:The energy equation could not  be balanced w i t h i n  the speci f ied number of i t e r a t i o n s .  The program used c r i t i c a l  depth 

fo r , t he  water surface and continued on w i t h  the ca lcu la t ions.  
warnjng:Divided f!ow computed for  t h i s  cross-section. 
Warn1ng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the  need f o r  add i t i ona l  cross sect ions.  
warning:The conveyance r a t i o  (upstream conveyance d iv ided by,downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  may i n d ~ c a t e  the  need f o r  add i t i ona l  cross sections. 
Warning:The energy l oss  was greater than 1.0 ft (0.3 m). between the  cur rent  and previous cross sect ion.  This may i n d i c a t e  

t h e  need f o r  add i t i ona l  cross sections. 
Warning:During the  standard step i t e r a t i o n s ,  when the assumed water surface was set  equal t o  ~ r i t i c a l  depth, the ca lcu la ted 

water surface came back.below c r i t i c a l  depth. This i n d ~ c a t e s  t h a t  there  i s  no t  a v a l l d  s u b c r i t i c a l  answer. The 
program defaulted t o  c r i t i c a l  depth. 

R iver :  RIVER-1 Reach: Reach-1 Rs: 8.239 P ro f i l e :  PF 3 
warning:Divided flow computed for  t h i s  cross-section. 

R iver :  R IVER-1  Reach: ~ e a c h - 1  RS: 8.144 Prof i le :  PF 1 
Warning:Divided f l ow  computed for  t h i s  cross-section. 
warnjng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). Th is  may ind i ca re  the  need f o r  add i t i ona l  cross sect ions.  
Warn1ng:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 0.7 o r  greater  than 1.4. 

Th is  may i n d i c a t e  the  need f o r  add i t iona l  cross sections. 
Warning:The energy l oss  was greater than 1.0 ft (0.3 m). between the  cur rent  and previous cross sect ion.  This may i n d i c a t e  

t h e  need f o r  add i t i ona l  cross sections. 
R iver :  RIVER-1  Reach: ~ e a c h - 1  RS: 8.144 p r o f i l e :  PF 2 

warning:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 
Th i s  may i n d i c a t e  t h e  need f o r  add i t iona l  cross sections. 
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River:  RIVER-1 Reach: ~ e a c h - 1  RS: 8.144 p r o f i l e :  PF 3 

warning:oivided f l o w  computed for  t h i s  cross-section. 
warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the need for  add i t iona l  cross sect ions.  
warning:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  less  than 0.7 o r  greater than 1.4. 

Thi. ma,, i n A i r 2 t n  +ha "**A Cn* .AAi*,nn=i r r - c r  cnr+i-"c ....- ...* > ... " .---- ..,- ..b>" ,-. -"". ..v,,u, .,-*a *=LL,-, ,9. 
warning:The energy loss  was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may i n d i c a t e  

the  need f o r  add i t iona l  cross sections. 
River:  RIVER-1 Reach: Reach-1 RS: 7.992 P r o f i l e :  PF 1 

Warning:During the standard step i t e r a t i o n s ,  when the assumed water surface was set  equal t o  c r i t i c a l  depth, the ca lcu la ted 
water surface came back below c r i t i c a l  depth. This ind icates tha t  there i s  not  a v a l i d  s u b c r i t i c a l  answer. The 
program defaul ted t o  c r i t i c a l  depth. 

River:  RIVER-1 Reach: Reach-1 Rs: 7.992 P r o f i l e :  PF 2 ........ 
Warning:The conveyance r a t i o  (upstream-conveyance div ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  ma ind ica te  the need f o r  add i t iona l  cross sections. 
iver:  RIVER-1 Reacx: Reach-1 Rs: 7.992 p r o f i l e ;  PF 3 

warning:The energ equation could not  be balanced w i t h i n  the specif ied number of i t e r a t i o n s .  The program selected the water 
surface t x a t  had the l e a s t  amount of e r ro r  between computed and assumed values. 

Warning:During the standard step i t e r a t i o n s ,  when the assumed water surface was set  equal t o  c r i t i c a l  depth, the ca lcu la ted 
water surface came back,below c r i t i c a l  depth. This ind icates tha t  there i s  not  a v a l i d  subc r i t i ca l  answer. The 
program defaul ted t o  c r i t i c a l  depth. 

iver:  RIVER-1 Reach: ~ e a c h - 1  RS: 7.988 Prof i le :  PF 1 
warning:The energy equation could not  be balanced w i t h i n  the specif ied number of i t e r a t i o n s .  The program used c r i t i c a l  depth 

for  the water surface and continued on w i th  the calculat ions.  
Warn1ng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica te  the need f o r  add i t iona l  cross sect ions.  
Warn1ng:The conveyance r a t i o  (upstream conveyance div ided by,downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

This may ind ica te  the need f o r  add i t iona l  cross sections. 
Warning:The energy l o s s  was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may i n d i c a t e  

the need f o r  add i t iona l  cross sections. 
Warnin9:During the standard step i t e r a t i o n s ,  when the assumed warer surface was set  equal t o  c r i t i c a l  depth, the  ca lcu la ted 

water surface came back below c r i t i c a l  depth. This ind icates t h a t  there i s  not  a v a l i d  subc r i t i ca l  answer. The 
program defaul ted t o  c r i t i c a l  depth. 

v e r :  RIVER-1 Reach: ~ e a c h - 1  RS: 7.988 P r o f i l e ;  PF 2 
warning:The energy equation could not  be balanced w i th in  the specif ied number of i t e r a t i o n s .  The program used c r i t i c a l  depth 

for  the warer surface and continued on w i t h  the ca lcu la t ions.  
Warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica te  the need f o r  add i t iona l  cross sect ions.  
warning:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

This may l n d i c a t e  the need f o r  add i t iona l  cross sections. 
Warning:The energy loss  was greater than 1.0 ft (0.3 m). between the current and previous cross section. This may i n d i c a t e  

the need f o r  add i t iona l  cross sections. ~~~ ~ - - -  ~ -~ 

warning:During the standard step i t e r a t i o n s ,  when the assumed water surface was set  equal t o  c r i t i c a l  depth, the ca lcu la ted 
water surface came back,below c r i t i c a l  depth. This ind icates tha t  there i s  not  a v a l i d  subc r i t i ca l  answer. The 
program defaulted t o  c r i t i c a l  depth. 

R iver :  RIVER-1 Reach: ~ e a c h - 1  RS: 7.988 Pro f i l e :  PF 3 
warning:The energy equation caul$ not  be balanced, w i t h i n  the spec i f ied number o f  i t e r a t i o n s .  The program used c r i t i c a l  depth 

c.- AL.  ~ .--- -~ ~ c - - ~  ~ 

TOT m e  waxer sumace ana conrinueo on wi rn  tne calculat ions.  
Warning:The v e l o c i t y  head has changed by more than 0.5 f t  (0.15 m). This may ind icafe  
warning:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  

Th is  may i nd i ca te  the  ,.nnA Fn* .AAi*.^",7 ............. 
the need for add i t iona l  cross 
less  than 0.7 o r  greater than 

ons. 

mccu ,us 'z"", \ , " , , ' z a  L #  u>> >CLL,V, , , .  

!ater than 1 : O  ft (0.3 m). between the current and previous cross section. This may i n d i c a t e  ............. 
warning:The energy l o s s  was gre 

the  need fo r  add i t iona l  cross secnons. 
Warnin9:During the  standard step i t e r a t i o n s ,  when the assumed water surface was se t  eql 

water surface came back below c r i t i c a l  depth. This ind icates t h a t  there i s  no 
program defaul ted t o  c r i t i c a l  depth. 

ver: RIVER-1  Reach: Reach-1 R<.  7 979 ~ m f i l n .  nc 1 .................... ......... ...... - . . .  + 

Warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica te  
Warning:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  

This ma ind ica te  the need for  add i t iona l  cross sections. 
ver: R I V E R - 1  Reacx: Reach-1 Rs: 7.979 p r o f i l e :  PF 2 

warn!ng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  
warmng:The conveyance r a t i o  (upstream conyeyance div ided by,downstream conveyance) i s  

This may ind ica te  the need f o r  a d d ~ t i o n a l  cross sections. 
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River: RIVER-1 Reach: ~ e a c h - 1  RS: 7.979 Prof i le :  PF 3 
warn1ng:~he v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the  need f o r  add i t iona l  cross sect ions.  
warmng:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

This ma i n d i c a t e  the  need for  add i t iona l  cross sections. 
River:  RIVER-1 Reacx: Reach-1 Rs: 7.955 p r o f i l e :  PF 1 

warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  t h e  need for  add i t iona l  cross sect ions.  
Warning:The conveyance r a t i o  (upstream conveyance d iv ided by,downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

T h ~ s  may l n d ~ c a t e  the  need for  additional cross sect ions.  
Note: Manning s n values were composited t o  a s ing le  value i n  the main channel. 

River: RIYER-1 Reach: ~ e a c h - 1  RS: 7.955 p r o f i l e :  PF 2 
warn?ng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the  need for  add i t iona l  cross sect ions.  
warn1ng:The conveyance r a t l o  (upstream conveyance d lv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

This may ind i ca te  the  need f o r  add i t i ona l  cross sections. 
Warning:The energy l oss  was greater than 1.0 ft (0.3 m) .  between the  cur rent  and previous cross sect ion.  This may i n d i c a t e  

t h e  need for  add i t iona l  cross sections. 
Note: Manning's n values were composited t o  a s ing le  value i n  the main channel. 

River: RIVER-1 Reach: Reach-1 RS: 7.955 p r o f i l e :  PF 3 
warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the need for  add i t iona l  cross sect ions.  
Warning:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1 .4 .  

This may ind i ca te  the need for  add i t iona l  cross sections. 
Warning:The energy l oss  was greater than 1.0 ft (0.3 m). between the cur rent  and previous cross sect ion.  This may i n d i c a t e  

t h e  need for  add i t iona l  cross sections. 
Note: Manning's n values were composited t o  a s ing le  value i n  the  main channel. 

River:  RIVER-1 Reach: Reach-1 RS: 7.883 p r o f i l e :  PF 1 
warning:The conveyance r a t i o  (upstream conveyance d l v ~ d e d  by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  ma i n d i c a t e  the  need f o r  add i t i ona l  cross sections. 
R iver :  RIVER-1 Reacx: Reach-1 RS: 7.883 p r o f i l e :  PF 2 

Warning:The conveyance r a t i o  (upstream conveyance div ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 
T h ~ s  ma ~ n d i c a t e  the  need for  add i t i ona l  cross sections. 

River:  RIVER-1 Reacx: Reach-1 Rs: 7.883 p ro f i l e :  PF 3 
Warn1ng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica fe  the  need for  add i t iona l  cross sect ions.  
warn1ng:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  ma i n d i c a t e  the  need f o r  add i t iona l  cross sections. 
River:  RIVER-1 Reacx: Reach-1 RS: 7.765 Prof i le :  PF 1 

Note: Manning's n values were composited t o  a s ing le  value i n  the  main channel. 
R iver :  RIVER-1 Reach: ~ e a c h - 1  RS: 7.765 P r o f i l e :  PF 2 

Note: Manning's n values were composited t o  a s ing le  value i n  the  main channel. 
River:  RIVER-1 Reach: Reach-1 RS: 7.765 P ro f i l e :  PF 3 

Note: Manning's n values were composited t o  a s ing le  value i n  the main channel. 
River:  RIVER-1 Reach: Reach-1 RS: 7.39 p r o f i l e :  PF 1 

Note: Manning's n values were composited t o  a ,s ing le  value i n  the main channel. 
R iver :  RIVER-1 Reach: Reach-1 RS: 7.39 P r o f i l e :  PF 2 

warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 
Th is  ,may i n d i c a t e  the need for  add i t iona l  cross sections. 

Note: Manning s n values were composited t o  a s ing le  value i n  the  main channel. 
River:  RIVER-1 Reach: ~ e a c h - 1  RS: 7.39 P r o f i l e :  PF 3 

Note: Manning's n values were composited t o  a s ing le  value i n  the main channel. 
R iver :  RIVER-1 Reach: ~ e a c h - 1  RS: 7.29 p r o f i l e :  PF 1 

Warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  less  than 0.7 o r  greater than 1.4. 
Th is  may i n d i c a t e  the  need for  add i t iona l  cross sections. 

Note: Manniny s n,values were composited t o  a s ing le  value i n  the  main channel. 
Note: ~ u l t i p  e c n t i c a l  depths were found a t  t h i s  l oca t i on .  The c r i t i c a l  depth w i t h  the  lowest, v a l i d ,  water surface was 

used. 
R iver :  RIVER-1 Reach: ~ e a c h - 1  RS: 7.29 P r o f i l e :  PF 2 

warn ing:~he conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  less  than 0.7 o r  greater than 1.4. 
This,ma): i n d i c a t e  the  need for.addi t i o n a l  cross sections. 

Note: Manninq s n,values were composlted t o  a s i n g l e  value i n  the  main channel. 
Note: ~ u l t i p  e c r i t i c a l  depths were found a t  t h i s  l oca t i on .  The c r l t i c a l  depth w i t h  the lowest,  v a l i d ,  water surface was 

used. 
~ i v e r :  RIVER-1 Reach: ~ e a c h - 1  RS: 7.29 P r o f i l e :  PF 3 

Note: ~ a n n i n g ' s  n values were composited t o  a s i n g l e  value i n  the  main channel. 
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Note: M u l t i p l e  c r i t i c a l  depths were found a t  t h i s  l oca t i on .  The c r i t i c a l  depth w i t h  the  lowest,  v a l i d ,  Water surface was 

used. 
River: RIVER-1 Reach: ~ e a c h - 1  RS: 7.197 P r o f i l e :  PF 1 

Warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 
Th i s  may i n d i c a t e  t h e  need for  add i t iona l  cross sections. 

Note: M u l t i p l e  c r i t i c a l  depths were found a t  t h i s  l oca t i on .  The c r i t i c a l  depth w i t h  the  lowest, v a l i d ,  water surface was 
used. 

~ i v e r :  R IVER-1  Reach: Reach-1 RS: 7.197 P r o f i l e ;  p~ 2 
warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  less  than 0.7 o r  greater than 1 .4 .  

Th is  may i n d i c a t e  the  need for  add i t iona l  cross sections. 
Note: ~ u l t i p l e  c r i t i c a l  depths were found a t  t h i s  locat ion .  The c r i t i c a l  depth w i t h  the  lowest,  v a l i d ,  water surface was 

used. 
River: RIVER-1 Reach: Reach-1 RS: 7.197 P r o f i l e :  PF 3 

warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  less  than 0.7 o r  greater than 1.4.  
Th is  may i n d l c a t e  the  need for  add i t iona l  cross sections. 

Note: M u l t i p l e  c r i t i c a l  depths were found a t  t h i s  l o c a t i o n .  The c r i t i c a l  depth w i t h  t h e  lowest,  v a l i d ,  water surface was 
used. 

River:  RIVER-1 Reach: ~ e a c h - 1  RS: 7.102 p r o f i l e :  PF 1 
Warning:The v e l o c i t y  head has changed by more than 0.5 f t  (0.15 m). This may i n d i c a t e  the  need f o r  add i t iona l  cross sect ions.  
Warning:The conveyance r a t l o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  ma i n d i c a t e  the  need for  add i t iona l  cross sections. 
R iver :  RIVER-1 Reacx: Reach-1 Rs: 7.102 P r o f i l e :  PF 2 

Warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the  need for  add i t iona l  cross sect ions.  
warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4.  

Th is  ma i n d i c a t e  the  need f o r  add i t iona l  cross sections. 
R iver :  R IVER-1  Reacx: ~each-I Rs: 7.102 p r o f i l e :  PF 3 

Warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  t h e  need for  add i t iona l  cross sect ions.  
Warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4.  

Th is  may i n d i c a t e  the  need for  add i t iona l  cross sections. 
Warning:The energy l oss  was greater than 1.0 ft (0.3 m). between the current  and previous cross sect ion.  This may i n d i c a t e  

the  need f o r  add i t i ona l  cross sections. 
~ i v e r :  RIVER-1 Reach: ~ e a c h - 1  RS: 7.008 p r o f i l e :  PF 1 

warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may ind ica fe  the  need for  add i t iona l  cross sect ions.  
Warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  ma i n d i c a t e  the  need for  add i t iona l  cross sections. 
R iver :  RIVER-1 Reacx: Reach-1 Rs: 7.008 P r o f i l e :  PF 2 

Warnjng:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m). This may i n d i c a t e  the need f o r  add i t iona l  cross sect ions.  
Warmng:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  ma i n d i c a t e  the  need for  add i t iona l  cross sections. 
R iver :  R IVER-1  Reacx: Reach-l RS: 7.008 P r o f l l e :  PF 3 

Warning:The energy equation could not  be balanced w i t h i n  the  spec i f ied  number of i t e r a t i o n s .  The program used c r i t i c a l  depth 
for  t h e  water surface and continued on w i t h  the  ca lcu la t ions.  

Warning:The v e l o c i t y  head has changed by more than 0.5 ft (0.15 m).  This may i n d i c a t e  the  need for  add i t iona l  cross sect ions.  
Warning:The conveyance r a t i o  (upstream conveyance d iv ided by downstream conveyance) i s  l ess  than 0.7 o r  greater than 1.4. 

Th is  may i n d i c a t e  the  need for  additional cross sections. 
warning:The energy l oss  was greater than 1.0 ft (0.3 m). between the cur rent  and previous cross sect ion.  This may i n d i c a t e  

the  need f o r  add i t i ona l  cross sections. 
warning:During the  standard step i t e r a t i o n s ,  when the  assumed water surface was set  equal t o  c r i t i c a l  depth, the ca lcu la ted 

water surface came back below c r i t i c a l  depth. This ind ica tes  t h a t  there  i s  not  a v a l i d  s u b c r i t i c a l  answer. The 
program defau l ted t o  c r i t i c a l  depth. 

R iver :  R I V E R - 1  Reach: ~ e a c h - 1  RS: 6.91 Pro f i le :  PF 1 
Warning:Divided f l o w  computed for  t h i s  cross-section. 

R iver :  RIVER-1 Reach: ~ e a c h - 1  RS: 6.91 Pro f i le :  PF 3 
Warning:Divided f l o w  computed f o r  t h i s  cross-secfion. 

~ i v e r :  RIVER-1 Reach: ~ e a c h - 1  RS: 6.893 p ro f i l e :  PF 1 
Warn ing :M~ l t i p le  water surfaces were found t h a t  could balance the  energy equation. The program selected the  water surface 

whose main channel v e l o c i t y  head was the  c losest  t o  the  reviously computed cross sect ion.  
Note: M u l t i p l e  c r i t i c a l  depths were found a t  t h i s  l oca t i on .  TEe c r i t i c a l  depth w i t h  the  lowest, v a l i d ,  energy was used. 

R iver :  RIVER-1 Reach: ~ e a c h - 1  RS: 6.893 p r o f l l e :  PF 2 
Warning:Mult iple.water surfaces were found t h a t  could balance the energy equation. The program selected the water surface 

whose main channel v e l o c i t y  head was the  c losest  t o  the  previously computed cross sect ion.  
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Appendix B: 

StormCAD Theory 

B .1  Overview 
This appendix provides an overview of the methods that StormCAD uses to perform the hydrologic and 
hydraulic computation within the program. 

The basic process of computation for StormCAD proceeds as follows: 

Surface loads are generated and gutterlinlet computations are performed. 

Intercepted loads are routed downstream through the piping network 

Headlosses are computed upstream through the piping network. 

There is a strong inter-dependency between load routing and hydraulic grade computation. The pipe 
profiles have an effect on travel times (which affect rational loads), and the loads have a direct effect on the 
pipes' hydraulic characteristics. Because of this close relationship, the calculation process is an iterative 
procedure, repeating until convergence is achieved or until the maximum number of iterations has been 
exhausted. 

* < . 

Note: All o r  portions of a sew& SysteM may be selected fo? automatic design. This preliminary 
design can be use4 to set pifib ah4  structure elevations, a s  well as to size the pipes and inlet 
lengths. 

B .2 Hydrologic Principles 

B.2.1 Hydrologic Principles 
StormCAD offers several ways to enter and compute flows, and even has the flexibility to model flows that 
do not necessarily originate from a rainfall event. The three basic types of loading that can be modeled by 
StormCAD are: 
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Rational Loading 

Additional Loading 

Known Loading 

Each of these loads are combined to give the total flow at any point within the storm sewer system, thus 
making it possible to easily combine toads from different sources, such as rational loading from a parking 
lot combined with additional loading from an industrial discharge. 

Where: Q~ = Total load(m3 I s  ," I s )  

QR = ~a t iona l  load ( m 3 1 s  , f t31s )  

QA = ~ d d i t i o n a l l o a d ( ~ ~ / ~  ," Is)  

QK = ~ n o w n l o a d ( ~ ~ / ~ , ~ ' ~ ~ )  

6.2.2 Rational Loading 
The analysis of storm sewers is usually based on testing the ability of the piping system to appropriately 
handle peak flows without flooding roadways or scouring the pipes. The rational method is a popular 
method for estimating peak flows, based on the size and runoff coefficient of a watershed, and the intensity 
of the storm event. 

The fundamental rational fonnula is: 

Q = CiA 

Where: Q =  peak load(m31s I s )  

C = Rational coefticient (unitless) 

I = Rainfall intensity (mis, fUs) 

A = Watershed area ( m 2 ,  f t2)  

Other forms of the rational method are commonly used which incorporate values in different units to make 
the order of magnitude of parameters more suitable for hand calculations. For example, the rational 
formula is often used with watershed area in acres and rainfall intensity in inches per hour. However, using 
this formula as-is can result in common mistakes, such as omitting the required unit conversion from acre- 
inches per hour to cubic feet per second (1.008). Conversions such as these are automatically performed 
within StormCAD to give you the most accurate results possible. 

Catchment Areas 
A catchment is the geographical area that "catches" the rainfall and directs it towards a common discharge 
point within the stonn collection network. 
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Rational Coefficient 
The rational C coefficient is the parameter that is the most open to engineering judgment. It is a unitless 
number between 0.0 and 1.0 that relates the rate of rainfall over a catchment to the rate of discharge from 
that catchment. A value of 0.0 implies that none of the rainfall is discharged from the catchment, while a 
value of 1.0 implies that all of the rainfall is immediately discharged from the catchment. 

The coefficient is highly dependent on land use and slope approaching 1.0 for impervious ground covers, 
such as pavement. For some common C values for various types of land cover and slope, see the 
Engineer's Reference section at the end of this appendix. 

Composite Catchments 
Most catchments are comprised of more than one type of ground cover. For example, a roadside drainage 
inlet may accept flow from the paved roadway, the curbside grass, and a nearby wooded area. To account 
for the effects of each of these areas, multiply each corresponding sub-catchment area and rational 
coefficient, then add the values to obtain the total CA (C.A) for the entire catchment. 

CA, = :(c; . A ; )  
,=I 

Where: = Total catchment CA (ha, acre) 
C i  = Individual sub-catchment rational coefficients (unitless) 

*i = lndividual sub-catchment areas (ha, acre) 

Time of Concentration 
Some locations within a catchment are hydraulically closer to the discharge point than others. In other 
words, it may start raining right now, but it could be several minutes (or even hours) before the water that 
lands on some parts of the catchment anive at the discharge point. Rational method hydrology is based on 
contributing flow from the entire catchment area. The time that it takes for water to go from the most 
hydraulically remote area to reach the discharge point is the governing time to he used in the Rational 
Method. This is called the time of concentration. 

P 

Note: There a re  numerous methods for calculating the time of concentration, based on various 
federal and local regulations, as well as scientific publications. Although calculation methods 
vary Significahtly, they are  all based on similar factors such as  ground cover, ground slope, and 
travel distanee. 

Yote: Sinrc the rational coemcient is unitless, C,Z values have units 111 area. A weighted value for 
the rational coelfrcient can be determined by dividing the catchment's total <:,\ by the total 
calchnlent area. Rather than tracking area and weighted rational cocfficients separately, 
rational loads are  often described solely by using the total CA value. Since the C coefficient and 
area are  multiplied together in the rational formula anyway, there is  no advcne eNeet of this 
simplification on flow determination. 
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System Time / Controlling Time / Duration 
Similar to a time of concentration, a system time (or controlling time) is the amount of time it takes for all 
contributing parts of the storm sewer to reach a given location. This includes a catchment's time of 
concentration, and pipe travel times. When combining rational loads, the controlling time is the greatest of 
the individual loads' system times. This system time is used as the duration of the storm when determining 
peak intensity, and therefore peak flow. 

To avoid unreasonably low storm durations and unreasonably high rainfall intensities, many regulatory 
agencies impose minimum storm durations, typically 5 or 10 minutes. StormCAD allows you to specify a 
minimum storm duration and uses this as the controlling time when the computed time is too low. In these 
cases, StormCAD carries the computed system time throughout the system, hut continues to calculate 
intensity based on the minimum allowed time (until the system time rises above the minimum). 

For example, consider a catchment at 1-1 with a time of concentration of 4 minutes, and a minimum 
allowable duration of 5 minutes: 

1-1 Catchment time of concentration: 4.0 minutes 

StormCAD computes flow based on: 5.0 minutes 

P-I Pipe travel time: 0.5 minutes 

J-1 System time (4.0 + 0.5): 4.5 minutes 

StormCAD computes flow based on: 5.0 minutes 

P-2 Pipe travel time: 1.0 minutes 

0-1 System time (4.5 + 1.0): 5.5 minutes 

StormCAD computes flow based on: 5.5 minutes 

Rainfall Intensity 
Rainfall intensity is the measure of how "hard" it is raining. The harder it rains, the higher the intensity. 
Intensity is defined as the volume of rainfall that falls for a given time period divided by that time. For any 
given rainfall storm event, on average the longer the storm lasts, the lower the overall intensity will he. 

This is consistent with what we would intuitively expect. Any given storm may rain hard for a short period 
of time, but it builds to that intensity and falls from that intensity over a period of time. 

Return Period and Frequency 
The return period and frequency are statistical descriptors of the severity of a storm event. The return 
period is the expected length of time between two rainfall events that exceed a specific magnitude. 
Frequency, or exceedance probability, is the inverse of the return period. As you might expect, the higher 
the return period, the more infrequent the storm event, and the higher the intensity of the rainfall. 

For example, a storm with a 5-year return period represents an event that is expected to he exceeded once 
every five years (on average). The frequency is 115, which means that there is a 20% probability of a storm 
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exceeding that magnitude occurring in any given year. Note that the return period does not mean that two 
storm events exceeding a given magnitude will not occur in the same year, nor does it guarantee that a 
storm event exceeding this magnitude will occur within any given five year span. It just means that these 
stonns will occur at an average rate of once evely five years. 

Intensity Durations Frequency Data 
The intensity of a rainfall event is directly related to the duration and return period of the storm. Often this 
data is presented in the form of Intensity-Duration-Frequency (IDF) curves, as in the example graph below: 

StornlCAD applies rainfall data in one of two other forms: 

Rainfall Tables 

Rainfall Equations 

Rainfall Tables 
Creating rainfall tables is a simple matter of picking values from a set of rainfall curves, and entering them 
into the table. For duration values that do not correspond directly to values entered in the table, intensities 
are linearly interpolated or extrapolated. 

Rainfall Equations Theory 
IDF curves can generally be fit to equations with good accuracy. If you do not have an appropriate 
equation from your local regulating agency, a rainfall table may be more suitable. 

The three most common forms of equations are: 
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Where: 1 = rainfall intensity (mdhr ,  inihr) 
D = Duration of rainfall (min) 

R p  = Return period (yr) 

a, b, c , d , m, n = Coefficients (in appropriate units) 

Basic Assumptions about the Rational Method 
There are several assumptions that form the basis for rational method hydrology: 

r Drainage areas are smaller than 300 acres (120 hectares). 

Peak flow occurs when the entire catchment is contributing. 

Rainfall intensity is uniform over a duration of time equal to or greater than the time of concentration. 

Rational coefficients are independent of the intensity of the rainfall. 

B.2.3 Additional Flow Loading 
Additional flows are fixed loads that are not subject to peaking or other fluchiations like rational loads. 
Additional flows are propagated directly downstream, and combine as the simple sum of the individual 
additional loads, including additional loads specified at an inlet. 

\ I ,  

'9' 
Tip: Negative additional loads are permissible and behave just as any positive additional load. 
They lower the total load by the Bxed amount. The one exception to this occurs when the total 
load drops below zero. If the total load does drop below zero, an "empty" load is propagated 
downstream (a load with a rational CA of zero, a known flow of zero, etc.). 

8.2.4 Known Flow Loading 
Known flows are a special type of fixed load. Known flows remain constant as they progress downstream, 
and combine directly as a simple sum similar to additional loads. The ovenvrite behavior of known loads is 
special. When another known load is specified at a downstream inlet, the local known load replaces the 
upstream known load, rather than the local known load adding directly to the upstream known load. If the 
local known flow is left equal to 0, the upstream flow is propagated downstream without being overwritten. 
A non-zero flow input at any inlet will he used regardless of the magnitude of the combined incoming 
known flow loads. 

Known Flows Prior to StormCAD v3 
The additive behavior of known flows at the confluence of two or more storm sewer branches was changed 
in Version 3.0 of StormCAD. Prior to Version 3.0, the program would add the incoming known flows at an 
inlet and then compare these loads against the user input known flow loading at the confluence, using the 
greater of the two values. In other words, it was possible for a user to input a known flow at a confluence 
inlet, but the input flow would be overridden if it was lower than the sum of the incoming upstream known 
flows. 
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This implementation was revisited during development of version 3.0 and it was decided that the most 
useful and expected behavior is to use the input known flow in all cases. 
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B.2.5 Location of  Loads 
Although the type of load is indicative of its origin (for example a rational load probably comes from a 
catchment area), StonnCAD allows loads to be added from several source locations. StonnCAD also 
tracks loads and load types as they progress through the system, making it easy to control and observe 
stonn sewer flows. 

The major locations of load input and reporting are as follows: 

Surface Catchment Loads 

Surface Canyover Loads 

Inlet Approach Loads 

Inlet Captured (Intercepted) Loads 

Inlet Bypassed Loads . Subsurface Piped Loads 

Subsurface External Loads 

Subsurface Total Piped Loads 

Although input flow loads such as surface catchment loads and subsurface external loads are only editable 
for inlets, calculated loads, such as subsurface total piped load, are computed for all nodes. 

Surface Catchment Loads 
The surface catchment load includes rational loading (areas, rational coefficients, and time of 
concentration) from the local catchment. 
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Surface Carryover Loads 
Surface canyover loads are loads that have been bypassed from upstream gutter inlets. Note that the term 
"upstream" in this case refers to the directionality of the gutter network, which does not necessarily 
correspond to the directionality of the subsurface piped network. In fact, canyover loads may even come 
from inlets that are part of a separate pipe network. Note that canyover loads are assumed to have the same 
time of concentration as the surface catchment load. The times of concentration from their original 
catchments are not considered. 
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lnlet Approach Loads 
The inlet approach load is the sum of the surface catchment load and the surface canyover loads. This 
represents the total flow that is in the gutter or ditch immediately before it is captured or bypassed. 

lnlet Captured (Intercepted) Loads 
The load intercepted by a surface inlet is calculated based on the HEC-22 methodology. This represents 
the load that is actually captured by the inlet and enters the subsurface stnrcture. The captured load is 
assumed to have the same proportions of load (rational and additional) as the approach load. Inlet captured 
loads are represented as a percentage of the inlet approach load. 

lnlet Bypassed Loads 
An inlet's bypassed load is the part of the approach load that is not intercepted by the surface inlet. This 
load is assumed to have the same proportion of load (rational and additional) as the approach load. 
Bypassed loads may be directed to any other inlet in any pipe network, or may be lost. Lost flows are 
accumulated and accounted for at outlets, but never contribute to subsurface piped flow. 

Subsurface Piped Loads 
Subsurface piped loads are those that enter a subsurface structure from upstream pipes. These loads 
combine in accordance with each load component's behavior. This means that rational loads are 
normalized to a common time, additional loads are summed directly, and so on. Because of rational load 
normalization, a node's total upstream flow may be less than the sum of each pipe's total flow. 

Subsurface External Loads 
Subsurface external loads are user-entered loads that represent flows entering the pipe network at and 
below an inlet, such as a roof or footing drain or another storm sewer branch. These loads are not used to 
analyze or design the inlet structure, but are used in analyzing or designing the pipe network. 

Subsurface Total Piped Load 
The total piped load is the total load leaving a node, and is calculated by summing all of the contributing 
loads: intercepted surface load, subsurface piped loads, and subsurface external loads. For nodes where 
there are no surface loads or external loads entering, the total piped load is equal to the sum of subsurface 
piped loads (upstream). 

B . 3  Pipe Hydraulics 

B.3.1 Basic Concepts 
This documentation is intended to familiarize you with some of the methods used in this program's 
calculations. However, there is not a great deal of time spent on common hydraulic terms and equations, 
such as determination of wetted perimeter, hydraulic radius, hydraulic depth, and Reynolds number. 
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8.3.2 Hydraulic and Energy Grades 

The Energy Principle 
The first law of thermodynamics states that for any given system, the change in energy is equal to the 
difference between the heat transferred to the system and the work done by the system on its surroundings 
during a given time intewal. 

The energy referred to in this principle represents the total energy of the system minus the sum of the 
potential, kinetic, and internal (molecular) forms of energy, such as electrical and chemical energy. The 
internal energy changes are commonly disregarded in water distribution analysis because of their relatively 
small magnitude. 

In hydraulic applications, energy is often represented as energy per unit weight, resulting in units of length. 
Using these length equivalents gives engineers a better feel for the resulting behavior of the system. When 
using these length equivalents, the state of the system is expressed in terms of head. The energy at any 
point within a hydraulic system is often represented in three parts: 

Pressure Head: p/y 

Elevation Head: z 

Velocity Head: V2/Zg 

Where: p = Pressure (N/m2, lb/A2) 

y = Specific weight (N/ml, lbift3) 

z = Elevation (m, ft) 

V = Velocity ( d s ,  Ws) 

g = Gravitational acceleration constant (m/s2, ft/s2) 
These quantities can be used to express the headloss or head gain between two locations using the energy 
equation. 

The Energy Equation 
In addition to pressure head, elevation head, and velocity head, there may also be head added to the system, 
by a pump for instance, and head removed from the system due to friction. These changes in head are 
referred to as head gains and headlosses, respectively. Balancing the energy across two points in the 
system, we then obtain the energy equation: 

Where: p = Pressure (Nlm2, lb/ftz) 

y = Specific weight @Urn3, lb/A)) 

z = Elevation at the centroid (m, ft) 

V = Velocity ( d s ,  ftk) 

g = Gravitational acceleration constant (m/s2, ft/s2) 

hp = Head gain from a pump (m, ft) 

hL = Combined headloss (m, ft) 
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The components of the energy equation can be combined to express two useful quantities, which are the 
hydraulic grade and the energy grade. 

Hydraulic and Energy Grades 

Hydraulic Grade 

The hydraulic grade is the sum of the pressure head ( p/y ) and elevation head ( z ). The hydraulic head 
represents the height to which a water column would rise in a piezometer. The plot of the hydraulic grade 
in a profile is often referred to as the hydraulic grade line, or HGL. 

Energy Grade 

The energy grade is the sum of the hydraulic grade and the velocity head ( ~ ' 1 2 ~  ). This is the height to 
which a column of water would rise in a pitot tube. The plot of the hydraulic grade in a profile is often 
referred to as the energy grade line, or EGL. At a lake or reservoir, where the velocity is essentially zero, 
the EGL is equal to the HGL, as can be seen in the following figure. 

EGL and HGL 

Datum ------------------- 

HCL Convergence Test 
In full network calculation this value is taken as the maximum absolute change between two successive 
solves of hydraulic grade at any junction or inlet in the system. This test is used to optimize the 
performance of system solutions. It minimizes the number and extent of hydraulic grade line computations 
in the upstream direction. For a given discharge, the upstream propagation of headlosses through pipes will 
continue until two successive calculations change by an absolute difference of less than this test value. 

The HGL Convergence Test value is also used in the standard step gradually varied flow profiling 
algorithm. If two successive depth iterations are within this absolute test value, the step is solved. 

.- - 

To access the HGL Convergence T o t  calculat~on option, select Design\Calculate or select the a click 
on the Options button and click on the Hydraulics and Hydrology tab. 
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6.3.3 Friction Loss Methods 
There are many equations that approximate friction losses associated with the flow of liquid though a 
given section. Commonly used friction methods include: 

Chezy's Equation 

Kutter's Equation 

Manning's Equation 

Darcy-Weisbach Equation 

Colebrook-White Equation 

Hazen-Williams Equation 

Friction losses are generally based on the relationships between fluid velocity, section roughness, depth of 
flow, and the friction slope (headloss per unit length of conduit). 

Chezy's Equation 
Chezy's equation is rarely used directly, but it is the basis for several other methods, including Manning's 
equation and Kutter's equation. Chezy's equation is: 

Where: Q = Discharge in the section (m3/s, cfs) 

C = Chezy's roughness coefficient (m'12/s, ft'12/s) 

A = Flow area (m2, ft') 

R = Hydraulic radius (m, ft) 

S = Friction slope ( d m ,  ftlft) 

Kutter's Equation 
Kutter's equation can be used to determine the roughness coefficient in Chezy's formula, and is most 
commonly used for sanitary sewer analysis. Kutter's equation is as follows: 

Where: C = Chezy's roughness I s ,  A"' 1 s )  

S = Friction slope ( d m ,  ftift) 

R = Hydraulic radius (m, A) 

n = Kutter's roughness (unitless) 

k, = Constant (23.0 for SI, 41.65 for US) 

k. = Constant (0.00155 for SI, 0.00281 for US) 

k.  = Constant (I .O for SI, 1.81 1 for US) 
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- - - - - - - - - -- - - - - 
Kuttcr's roughness coefficients are the same as \.ldnning's roughness cocfficicnts. 

Manning's Equation 
Manning's equation is one of the most popular methods in use today for free surface flow (and, like 
Kutter's equation, is based on Chezy's equation). For Manning's equation, the roughness coefficient in 
Chezy's equation is calculated as: 

Where: C =  Chezy's roughness coefficient (m'" i s ,  fl"' I s  ) 

R = Hydraulic radius (m, ft) 

n = Manning's roughness ( ~ / m " ' )  

k = constant (1.00 m"'tm"', 1.49 f l i ' l lm"' ) 

Substituting this roughness into Chezy's equation, we obtain the well-known Manning's equation: 

Where: Q= Discharge (m3/s, cfs) 
h i ,  

k = Constant(1.00 m l i ' l s ,  1.49 fl I s )  

n = Manning's roughness (unitless) 

A = Flow area (m', ft2) 

R = Hydraulic radius (m, ft) 

S = Friction slope ( d m ,  ft/ft) 

- 

Note: ManrUng's roughness coeffiCiients are the same as the roughness coeflicients used in 
Kutter's equafian. 

Darcy-Weisbach Equation 
Because of non-empirical origins, the Darcy-Weisbach equation is viewed by many engineers as the most 
accurate method for modeling friction losses. It most commonly takes the following fom:  

Where: hf = Headloss (m, ft) 

f = Darcy-Weisbach friction factor (unitless) 



StormCAD User's Guide 257 

D = Pipe diameter (m, ft) 

L = Pipe length (m, ft) 

V = Flow velocity ( d s ,  ft/s) 

g = Gravitational acceleration constant ( d s z ,  ft/sz) 
For section geometries that are not circular, this equation is adapted by relating a circular section's full. 
flow hydraulic radius to its diameter: 

Where: R = Hydraulic radius (m, A) 

D = Diameter (m, ft) 

This can then be rearranged to the fom: 

Where: Q = Discharge (m'ls, cfs) 

A = Flow area (ma, A') 

R = Hydraulic radius (m, ft) 

S = Friction slope ( d m ,  ftlft) 

f = Darcy-Weisbach friction factor (unitless) 

g = Gravitational acceleration constant (rn/s2, ft/s2) 
The Swamme and lain equation can then be used to calculate the friction factor. 

Swamme andJain Equation: 

Where: f = Friction factor (unitless) 

k = Roughness height (m, ft) 

D = Pipe diameter (m, ft) 

Re= Reynolds number (unitless) 

The friction factor is dependent on the Reynolds number of the flow, which is dependent on the flow 
velocity, which is dependent on the discharge. As you can see, this process requires the iterative selection 
of a friction factor until the calculated discharge agrees with the chosen friction factor. 
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Colebrook-White Equation 
The Colebrook-White equation is used to iteratively calculate for the Darcy-Weisbach friction factor: 

Free Surface 

Full Flow (Closed Conduit) 

Where: Re = Reynolds Number (unitless) 

k = Darcy-Weisbach roughness height (m, ft) 

f = Friction factor (unitless) 

R = Hydraulic radius (m, ft) 

Hazen-Williams Equation 
The Hazen-Williams Formula is frequently used in the analysis of pressure pipe systems (such as water 
distribution networks and sewer force mains). The formula is as follows: 

Where: Q = Discharge in the section (m3/s, cfs) 

C = Hazen-Williams roughness coefficient (unitless) 

A = Flow area (mZ, ft2) 4 

R = Hydraulic radius (m, ft) 

S = Friction slope (mlm, Wft) 

k = Constant (0.85 for SI, 1.32 forUS). 

B.3.4 Flow Regime 
The hydraulic grade in a flow section depends heavily on the tailwater conditions, pipe slope, discharge, 
and other conditions. The basic flow regimes that a pipe may experience include: 

Pressure Flow 

Uniform (Normal) Flow 
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Critical Flow 

Subcritical Flow 

Supercritical Flow 

Pressure Flow 
When a pipe is surcharged, headlosses are simply based on the full barrel area and wetted perimeter. 
Because these characteristics are all functions of the section shape and size, friction loss calculations are 
greatly simplified by pressurized conditions. 

Uniform Flow and Normal Depth 
Uniform flow refers to a hydraulic condition where the discharge and cross-sectional area, and therefore the 
velocity, are constant throughout the length of the channel or pipe. For a pipe flowing full, all that this 
requires is that the pipe be straight and have no contractions or expansions. For a non-full section, 
however, there are a few additional points of interest: 

. In order for the cross-sectional area to remain the same, the depth of flow must he constant 
throughout the length of the channel. This requires that the friction slope equal the constructed 
slope. This depth is called normal depth. . Since the hydraulic grade line parallels the invert of the section and the velocity does not change, 
the energy grade line is parallel to both the hydraulic grade line and the section invert under 
uniform flow conditions. 

In prismatic channels, flow conditions will typically approach normal depth if the channel is sufficiently 
long. 

Critical Flow, Critical Depth, and Critical Slope 
Critical flow occurs when the specific energy of the section is at a minimum. This condition is defined by 
the situation where: 

Where: A =  Area of flow (m2, ft2) 

T = Top width of flow (m, A) 

Q = Section discharge (m3/s, ft'ls) 

g = Gravitational acceleration (mis2,flis2) 
This is a relatively simple computation for simple geometric shapes, but can require iterative calculation for 
more complex shapes (such as arches). Some sections may even have several valid critical depths, making 
numerical convergence more difficult. 

Critical depth refers to the depth of water in a channel for which the specific energy is at its minimum. 

Critical slope refers to the slope at which the critical depth of a pipe would he equal to the normal depth. 
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Subcrifcal Flow 
Subcritical flow refers to any flow condition where the Froude number is less than 1.0. For this condition, 
the depth is above critical depth, and the velocity is below the critical depth velocity. 

Supercritical Flow 
Supercritical flow refers to any condition where the Froude number, or the ratio of internal forces to gravity 
forces, is greater than 1.0. For this condition, the depth is below critical depth, and the velocity is above the 
critical depth velocity. 

B.3.5 Gradually Varied Flow Analysis 
For free surface flow, depth rarely remains the same throughout the length of a channel or pipe. Starting 
from a boundaly control depth, the depth changes gradually, increasing or decreasing until normal depth is 
achieved (if the conduit is sufficiently long). The determination of a boundary control depth depends on 
both the tailwater condition and the hydraulic characteristics of the conduit. The areas of classification for 
gradually varied flow analysis are: 

Slope Classification 

Zone Classification 

Profile Classification 

Slope Classification 

The constructed slope of a conduit is a very important factor in determining the type of 
gradually varied flow profile that exists. Slopes fall into one of five types, all of which 
are handled by the program: 

Adverse Slope 

Horizontal Slope 

Hydraulically Mild Slope 

Critical Slope 

Hydraulically Steep Slope 
Any pipe can qualify as only one of these slope types for a given discharge. For differing flows, though, a 
pipe may change between qualifying as a mild, critical, and steep slope. These slopes do not relate to just 
the constructed slope, but to the constructed slope relative to the critical slope for the given discharge. 

Hydraulically Steep Slope 

A hydraulically steep slope is a condition where the constructed slope is greater than the critical slope. For 
this condition, the section's normal depth is below critical depth, and the flow regime is usually 
supercritical. However, high tailwater conditions may cause flow to be subcritical. 

Critical slope 
A pipe or channel may have exactly the same slope as the critical slope for the discharge it carries. This is 
a very uncommon occurrence, but it is possible and the program does calculate it appropriately. Critical 
depth is an inherently unstable surface, so flow is most likely to be subcritical for these slopes. 
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Hydraulically Mild Slope 
A hydraulically mild slope is a condition where the constructed slope is less than the critical slope. For this 
condition, the section's normal depth is above critical depth, and the flow regime is usually subcritical. 

Horizontal Slope 
As the name suggests, a horizontal slope results when a pipe's upstream and downstream invert elevations 
are the same. Normal depth for a horizontal pipe is theoretically infinite, although critical depth may still 
he computed. Like adverse slopes, most flow conditions for horizontal pipes are subcritical. 

Adverse Slope 
Adverse slope occurs when the upstream invert elevation of a pipe is actually below the downstream invert 
elevation. Normal depth is undefined for adverse slopes, since no amount of positive flow would result in a 
rising friction slope. Most flow conditions for adverse sloping pipes are subcritical. 

Pipes are typically not designed to he adverse, so most situations with adverse slopes are due to 
construction errors or other unusual circumstances. Adverse pipes may cause some concern beyond the 
hydraulic capacity of the system, because stagnant water, excessive clogging, and other non-desirable 
conditions may result. 

Zone Classification 
There are three zones that are typically used to classify gradually varied flow: 

. Zone 1 is where actual flow depth is above both normal depth and critical depth. 

Zone 2 is where actual flow depth is between normal depth and critical depth 

Zone 3 is where actual flow depth is below both normal depth and critical depth. 

Profile Classification 
The gradually varied flow profile classification is simply a combination of the slope classification and the 
zone classification. For example, a pipe with a hydraulically mild slope and flow in zone I would he 
considered a Mild-l profile (MI for short). The program will analyze most profile types, but will not 
analyze certain flow profile types that occur rarely in conventional sewer system such as H3, M3, and S3. 



Profile Classification 

B.3.6 Energy Balance 
Even for gradually varied flow, the solution is still a matter of balancing the energy between the two ends 
of a pipe segment. The energy equation as it relates to each end of a segment is as follows (note that the 
pressures for both ends are zero, since it is free surface flow): 

Where: Z,= Hydraulic grade at upstream end of the segment (m, ft) 

V, = Velocity at the upstream end (mls, ftls) 

ZZ = Hydraulic grade at the downstream end of the segment (m, A) 

V, = Velocity at the downstream end (mls, Ws) 

H,. = Loss due to friction - other losses are assumed to be zero (m, ft) 
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g = Gravitational acceleration constant (ds ' ,  Ws2) 
The friction loss is computed based on the average rate of friction loss along the segment and the length of 
the segment. This relationship is as follows: 

Where: HL= Loss across the segment (m, A) 

S,= Average friction slope ( d m ,  HA) 

S, = Friction slope at the upstream end of the segment ( d m ,  Wft) 

ST = Friction slope at the downstream end of the segment ( d m ,  Wft) 

Ax= Length of the segment being analyzed (m, A) 
The conditions at one end of the segment are known through assumption or from a previous calculation 
step. Since the friction slope is a function of velocity, which is a function of depth, the depth at the other 
end of the segment can be found through iteration. There are two primary methods for this iterative 
solution, the Standard Step method and the Direct Step method. 

Standard Step Method 
The standard step method of gradually varied flow energy balance involves dividing the channel into 
segments of known length and solving for the unknown depth at one end of the segment, starting with a 
known or assumed depth at the other end. The standard step method is the most popular method of 
determining the flow profile because it can he applied to any channel, not just prismatic channels. 

Direct Step Method 
The direct step method is based on the same basic energy principles as the standard step method, but takes 
a slightly different approach towards the solution. Instead of assuming a segment length and solving for 
the depth at the end of the segment, the direct step method assumes a depth and then solves for the segment 
length. 

Because it generates better resolution within the changing part of the profile, the gravity flow algorithm of 
StormCAD and SewerCAD primarily use the direct step method to compute gradually varied flow profiles. 

8.3.7 Mixed Flow Profiles 
Although the hydraulic slope of a pipe will be the same throughout its length, a pipe may contain several 
different profile types. The transitions that may he encountered include: . Sealing (Surcharging) Conditions 

Rapidly Varied Flow (Hydraulic Jumps) 

Sealing (Surcharging) Conditions 
There may be conditions such that part of the section is flowing full, while part of the flow remains open. 
These conditions are called sealing conditions, and the sections are analyzed in separate parts. For sealing 
conditions, the portion of the section flowing full is analyzed as pressure flow, and the remaining portion is 
analyzed with gradually varied flow techniques. 
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Rapidly Varied Flow 
Rapidly varied flow is turbulent flow resulting from the abrupt and pronounced curvature of flow 
streamlines into or out of a hydraulic control structure. Examples of rapidly varied flow include hydraulic 
jumps, bends, and bridge contractions. 

The hydraulic phenomenon that occurs when the flow passes rapidly from supercritical to subcritical flow 
is called a hydraulic jump. The most common occurrence of this within a gravity flow network occurs 
when there is a steep pipe discharging into a particularly high tailwater, as shown in the following figure. 

Hydraulic Jump 

There are significant losses associated with hydraulic jumps, due to the amount of mixing and hydraulic 
turbulence that occurs. These forces are also highly erosive, so engineers typically try to prevent jumps 
from occurring in gravity flow systems, or at least try to predict the location of these jumps in order to 
provide adequate channel, pipe, or structure protection. The program does not perform any specific force 
analyses that seek to precisely locate the hydraulic jump, nor does it identify the occurrence ofjumps that 
might happen as flows leave a steep pipe and enter a mild pipe. Rather it performs analyses sufficient to 
compute grades at structures. 

0 8.3.8 Backwater Analysis 
The classic solution of gravity flow hydraulics is via a backwater analysis. This type of analysis starts at 
the network outlet under free discharge, submerged, or tailwater control, and proceeds in an upstream 
direction. 

Steep pipes tend to "intempt" the backwater analysis, and reset the hydraulic control to critical depth at the 
upstream end of the steep pipe. A frontwater analysis may he needed for a steep profile (such as an S2), 
with the backwater analysis recommencing from the upstream stmcture. 

Free Outfall 
This program lets you define the tailwater condition at the outlet as either Free Outfall, Crown Elevation or 
User-Specified. 

For a pipe with a hydraulically steep slope, the Free Outfall condition will yield a starting depth equal to 
normal depth in the pipe. For a pipe with a hydraulically mild slope, the Free Outfall condition will yield a 
starting depth equal to critical depth. When an outlet has multiple incoming pipes, the Free Outfall 
condition yields a starting elevation equal to the lowest of the individual computed elevations. 

The Crown condition should be used when the pipe discharges to an outlet where the water surface 
elevation is equal to the elevation of the top of the pipe. 

Structure Flooding 
Flooding at manholes in SewerCAD and inlets in StomCAD occurs whenever the elevation of water is 
above the structure rim elevation. When this occurs, the backwater analysis will continue by resetting the 
hydraulic grade to the structure rim elevation or ground elevation, whichever is higher. However, if a 
structure is defined with a bolted cover, the hydraulic grade is not reset to the rim elevation. 
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a In actual flooding situations, flows may be diverted away from the junction structure and out of the system, 
or attenuated due to surcharged storage. In this program, even though the governing downstream boundary 
for the next conduit is artificially lowered to prevent the propagation of an incorrect backwater, the peak 
discharges at the structure are conserved and are not reduced by the occurrence of flooding at a junction. 

B.3.9 Frontwater Analysis 
The program will perform a fronhvater analysis in a steep pipe operating under supercritical flow, since 
these pipes are typically entrance controlled. The hydraulic control is at the upstream end of the conduit, 
and the gradually varied flow analysis will proceed in a downstream direction until either the normal depth 
is achieved, a hydraulic jump occurs, or the end of the pipe is encountered. 
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B.3.10 Pipe Average Velocity and Travel Time 
The travel time though each pipe can be an important value, especially when dealing with rational loads, 
which are highly dependent on the duration time of the storm. Travel time is computed as: 

Where: t = Time of travel through the pipe (s) 
V = Average velocity though the pipe (mls, Ws) 

L = Length of the pipe (m, ft) 
Several common methods of computing the pipe's average velocity include: 

Uniform Flow Velocity 

Full Flow Velocity . Simple Average Velocity 

Weighted Average Velocity 

Velocities 

Uniform Flow Velocity 
The uniform flow velocity of a pipe is obtained by calculating the velocity in the pipe at normal depth. If 
the normal depth corresponds to a surcharged condition, the full flow velocity is used instead. 

Full Flow Velocity 
The full flow velocity corresponds to the velocity when the pipe is flowing full. The flow area is equal to 
the entire cross-sectional area of the pipe. 
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Simple Average Velocity 
The simple average velocity is computed by: 

Where: V.= Average velocity ( d s ,  Ws) 

VU = Upstream velocity ( d s ,  Ws) 

V. = Downstream velocity (mls, Ws) 
. . . . . . - 

Notc: The Simple Average Velocity method does not account for any 
two ends ofthe pipe as the weighted average velocity ~ilethod docs. 

Weighted Average Velocity 
To compute the weighted average velocity, the simple average velocity of each profile segment is 
considered and given a weight based on its length: 

Where: VF Average velocity for the pipe (nws, fWs) 

V.. = Upstream velocity for segment i ( d s ,  ftls) 

V,. = Downstream velocity for segment i ( d s ,  fils) 

L, = Length of the profile segment i (m, A) 

L, = Total length of the pipe (m, A) 

B.3.1 1 Capacity Analysis 
Traditionally, gravity pipe analyses and designs have not included the calculation-intense process of 
estimating a gradually varied flow profile. With this program, you have the option of determining 
discharge using gradually varied flow, or using the more traditional Capacity Analysis option. Capacity 
analysis still uses a backwater approach, with the profile type for a pipe being primarily dependent on the 
pipe's full flow capacity and downstream hydraulic grade. 

The capacity analysis is advantageous over the gradually varied flow analysis in terms of processing time. 
If you are dealing with a relatively large network and you wish to anive quickly at reasonable 
approximation then the capacity analysis is the way to go. The gradually varied flow algorithms are more 
rigorous and generate solutions that more closely reflect reality. 

There are two basic approximate profile cases: the Full Capacity Profile and the Excess Capacity Profile. 

Full Capacity Profiles 
Full capacity profiles occur when the pipe's actual discharge is greater than or equal to the pipe's full flow 
capacity. In these cases, the downstream depth is taken as the greater of the actual downstream hydraulic 
grade or the free discharge tailwater elevation. The free discharge tailwater depth is commonly 
approximated as halfway between the crown of the pipe and the pipe's critical depth (in accordance with the 
U.S. Federal Highway Administration's HDS-5). 
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Starting from the tailwater elevation, the pipe's full flow friction slope is used to determine the hydraulic 
grade at the upstream end of the profile. 

Excess Capacity Profles 
Excess capacity profiles occur when the full flow capacity of the pipe is greater than the actual flow in the 
pipe. For these profiles, there are three basic tailwater conditions: 

Case 1 - Hydraulic grade downstream less than or equal to normal depth. 

Case 2 - Hydraulic grade downstream greater than normal depth, and less than or equal to pipe crown. 

Case 3 - Hydraulic grade downstream greater than or equal to pipe crown. 

Excess Capacity Profile, Case .I (Hydraulic Grade <=Normal Depth): 
If the downstream depth in the pipe is at or below the pipe's normal depth, normal depth is assumed for the 
pipe's entire length. 

Excess Capacity Profile, Case 1 

R-/- - - - Normal Depth 

- HGL 

Excess Capacity Profile, Case 2 (Normal Depth < Hydraulic Grade c= Pipe Crown) 
When the hydraulic grade is above the pipe's normal depth but below the top of the pipe, a friction slope of 
zero is assumed until it either intersects the pipe's normal depth or reaches the end of the pipe. 

Excess Capacity Profile, Case 2 

Normal Depth 

---- HGL 

Excess Capacity Profile, Case 3 (Hydraulic Grade >= Pipe Crown) 
If the hydraulic grade is above the pipe crown, the hydraulic grade continues upstream following the pipe's 
full flow friction slope. This slope will continue until it either intersects the pipe crown or reaches the end 
of the pipe. 
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Composi te  Excess Capacity Profiles 
An excess capacity profile may actually he a composite of two more simple profiles. Consider the case 
below, where the tailwater is above the crown of the pipe. In this case, the profile begins as a Case 3 
profile. Where the full flow friction slope intersects the crown of the pipe, the profile changes to a Case 2 
profile, following a flat slope until it reaches normal depth. Where normal depth is intersected, a Case I 
profile begins, extending all the way to the upstream end of the pipe. 

Composi te  E x c e s s  Capacity Profile 

FuU F i w  

NV 

- - - Normal Depth 

- HOL 

B .4 Junction Headlosses 

8.4.1 Structure Headloss 
When water flows through a junction structure, there are headlosses associated with mixing, change of 
direction, and so forth. This section deals with the computation of these losses based on the following 
popular methods: 

Absolute 

Standard 
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. HEC-22 Energy _ 
I AASHTO 

Generic 
Structure headlosses are used to determine the hydraulic grade to use as the tailwater condition for 
upstream pipes during the backwater analysis. With the exception of the HEC-22 Energy method, the 
headloss through the structure is assumed to be the same for each incoming pipe. 

B.4.2 Headloss - Absolute Method 
The absolute method is the simplest of the headloss methods. The structure headloss becomes an editable 
value, which is then used during calculations. No computations relating to velocity, confluence angle, or 
other factors are needed. 

B.4.3 Headloss - Standard Method 
The standard method calculates structure headloss based on the exit pipe's velocity. The exit velocity head 
is multiplied by a user-entered coefficient to determine the loss: 

Where: h. = Structure headloss (A, m) 

= Exit pipe velocity (Ws, mls) 

= Gravitational acceleration constant m1s2)  

K = Headloss coefficient (unitless) 
For suggested coefficient values for various structure configurations, see the Typical Headloss Coefficient 
table at the end of this chapter. 

B.4.4 Headloss - Generic Method 
The generic method computes the structure headloss by multiplying the velocity head of the exit pipe by 
the user-entered downstream coefficient and then subtracting the velocity head of the governing upstream 
pipe multiplied by the user-entered upstream coefficient. 

Where: hS= Structure headloss (ft,m) 

VO= Exit pipe velocity (ft/s, d s )  

KO= Downstream coefficient (unitless) 

V1= Governing upstream pipe velocity (Ws, mis) 

K1= Upstream coefficient (unitless) 

g = Gravitational acceleration constant (Ws', m/sZ) 
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If there are multiple upstream pipes entering the junction then the program must choose one of the pipes to 
use in the calculation. The pipe that is chosen is considered the goveming upstream pipe. The governing 
upstream pipe is selected based on one ofthe following methodologies: 

The upstream pipe with the maximum flow times velocity . The upstream pipe with the maximum velocity head 

The upstream pipe with the minimum bend angle 

The default method for selecting the governing upstream pipe is to choose the pipe with the maximum flow 
times velocity. However, the user can select one of the other options through the generic structure loss 
options. 

B.4.5 Headloss - HEC-22 Energy Method 
Similar to the standard method, the HEC-22 Energy method (from the FHWA's Urban Drainage Design 
Manual, Hydraulic Engineering Circular No. 22) correlates structure headloss to the velocity head in the 
outlet pipe using a coefficient. Experimental studies have determined that this coefficient can be 
approximated by: 

Where: K= Adjusted headloss coefficient 

KO= Initial headloss coefficient based on relative junction size 

CD= Correction factor for the pipe diameter 

Cd= Correction factor for flow depth 

CQ= Correction for relative flow 

Cp= Correction for plunging flow 

CB- Correction factor for benching 

Special Assumptions 
The HEC-22 Energy method documentation is written with a limited range of applicability. Many of the 
equations are written on the basis of pipe diameter, structure diameter, and so on. Since StormCAD and 
SewerCAD offer nou-circular pipes and non-circular structures, this creates the need for some 
interpretation of the term "diameter." 

In some cases, the intent of the methodology is to compare the size of one pipe to another pipe, or to the 
size of a structure. In these cases an equivalent diameter is used, which is computed from the full area of 
the pipe or structure. Equivalent diameter is the diameter of a circle with the area equal to the area of the 
examined pipe or structure. 

In other cases, the intent of the methodology is to compare depths within the structure. For these cases, the 
rise (height) of the pipes is used in place of "diameter." 

Pressure Flow, Free Surface Flow, and Transitional Flow 
Throughout the documentation for HEC-22 Energy losses, you will see references to "pressure flow", "free 
surface flow", and "transitional flow". 

Pressure flow (submerged flow) is assumed to be any condition for which the depth of water above the 
outlet pipe invert is greater than 3.2 times the height of the outlet pipe. 
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Free surface flow (unsubmerged flow) is assumed to be any condition for which the depth of water above 
the outlet pipe invert is less than the height of the pipe. 

Transitional flow is any condition between pressure flow and fsee surface flow. 

Initial Headloss Coefficient 
The initial headloss coefficient, which is based on relative junction size, is calculated as: 

K,=O.l-(I-sinfl)+1.4- [ (:=)"" s ine  

Where: 0 = Deflection angle between inflow and outflow pipes 

b = Equivalent diameter of the structure (m, ft) 

D. = Equivalent diameter of the outlet pipe (m, A) 
. . . .. .. 

Note: The angle used in this equation iu a dcncction angle, so a straight run has a dellcction 
angle of 180". The bend angle in this case is 0'. 1 

Correction for Pipe Diameter 
The correction factor due to differences in pipe size is calculated only for pressure flow situations. For 
non-pressure situations, a value of 1.0 is used. 

Where: Do= Outlet pipe rise (m, A) 

D, =Inflow pipe rise (m, A) 

Correction for Flow Depth 
The correction factor for flow depth is used only in cases of free surface flow or transitional flow. For 
pressure flow, a value of 1.0 is used. 

0.6 

for pressure flow; Cd = I .O for pressure flow 

Where: d= Water depth in the structure (m, ft) 

D. = Outlet pipe rise (m, ft) 

Correction for Relative Flow 
The correction factor for relative flow is calculated only when the invert elevation for the pipe in question 
is approximately equal to the invert elevation of the outlet pipe and at least one other pipe. Otherwise, a 
value of 1.0 is used. 
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Where: Deflection angle between inflow and outflow pipes 

Q' = Flow in the inflow pipe (m3/s, cfs) 

Qa=Flow in the outflow oine (m3/s. cfsl 

Correction for Plunging Flow 
The correction factor for plunging flow accounts for the effect that flow plunging into a junction from 
another inflow pipe has on the inflow pipe for which the headloss is calculated. It is calculated only when 
vertical distance from the invert of the plunge pipe to the center of the outflow pipe is greater than the 
depth in the structure relative to the outlet pipe invert. Otherwise a value of 1.0 is used. 

Where: h = Vertical distance from invert of the plunge pipe to the center of the outflow pipe 

(m. A) 

D, = Outflow pipe rise (m, ft) 

d,= Water depth in the junction relative to the outflow pipe invert (m, ft) 

Correction for Benching 
The correction factor for structure benching is similar to the shaping correction factor used in the AASHTO 
structure loss method. The correction accounts for smoother transitions from the inflow pipe to the outflow 
pipe based on the presence (or lack) of shaping in the bottom of the structure. 

The following figure represents the four types of benching: 
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Types  of Benching 

By default, the program uses the values documented in HEC-22 (and presented in the following table) for 
pressure and free surface flow, but the user can change these values. For transitional flow, the program 
interpolates from the table linearly, based on the actual ratio of depth in the access hole to the height of the 
outflow pipe. 

Bench Type Correction Factor, CB 

Pressure * Free Surface ** 
Flat Floor 1 .OO 1.00 

Depressed Floor 1 .OO 1 .OO 

Half Bench 0.95 0.15 

Full Bench 0.75 0.07 

* pressure flow, d-i D. > 3.2 

** free surface flow, d i  D. < 1.0 

(d, is the water depth in the structure above the outlet pipe invert and Do is the outlet pipe diameter. ) 

B.4.6 Headloss - AASHTO Method 
The AASHTO method (as defined in the AASHTO Model Drainage Manual) for structure headloss is 
based on power-loss methodologies. This method can he summarized by the following equation: 

Where: hS= Stmcture headloss (m, ft) 

hC= Contraction loss (m, ft) 
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hb = Bend loss (m, A) 

he = Expansion loss (m, fi) 

Cn= Correction factor for non-piped flow (unitless) 

CS= Correction factor for shaping (unitless). 

AASHTO Contraction Loss 
The contraction loss is due to flow transitioning from large-area, low-velocity flow to small-area, high- 
velocity flow, such as flow exiting a structure and entering a downstream pipe. This loss is calculated 
based on the exit pipe's velocity and a contraction coefficient, as follows: 

Where: h. = Contraction loss (m, A) 

K. = Contraction coefficient (unitless) 

Vo = Exit pipe velocity (mis, Ws) 

g = Gravitational acceleration constant (mfs', Ws2) 
The contraction coefficient defaults to the AASHTO documented value of 0.25, but can be changed by the 
user. 

AASHTO Bend Loss 

Where: h b  = Bend loss (m, A) 

V*=Outflow pipe velocity ( d s ,  fils) 

Qo=Outflow pipe velocity ( d s ,  fUs) 

= Inflow pipe velocity ( d s ,  fVs) 

Qi =Inflow pipe flow (m3/s, cfs) 

g = Gravitational acceleration constant ( d s z ,  t?fs2) 

K i  = Bend factor 

Noto: The  previous equatioh is a,geueralized version of the equation as it appears in  the 
AASHTO manual. 

The program automatically computes a bend factor based on the angles at which the pipes come together. 
The program's default bend factors are based on Figure 13-12 of the AASHTO manual, but these values, as 
with other AASHTO coefficients and corrections, can be changed by the user. 



AASHTO Bend Loss Original Equation 
The structure bend loss is computed for each incoming pipe using the following equation fiom the 
AASHTO manual. Losses are computed for each incoming pipe, and the greatest value is used. 

Where: hb = Bend loss (m, A) 

K = Bend loss coefficient (unitless) 

V. = Incoming pipe's velocity ( d s ,  ftls) 

g = Gravitational acceleration constant (mis2, ft/sZ) 
The AASHTO manual also documents another bend loss method shown in the following equation. The 
authors of the AASHTO manual agree that either equation is acceptable. Because of the following 
equation's tendency to compute negative bend losses in certain cases, we decided to use the above equation 
exclusively within this program. 

AASHTO Expansion Loss 
Expansion losses are encountered when small-area, high-velocity flow meets a large-area, low-velocity 
flow, such as a pipe discharging into a structure. To compute this loss, the following equation is used: 
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Where: h. = Expansion loss (m, ft) 

IL = Expansion coefficient (unitless) 

V. = Most significant incoming pipe's velocity ( d s ,  ftls) 

g = Gravitational acceleration constant (misz, ft/s2) 
The most significant pipe is the pipe that has the greatest product of velocity and discharge, omitting any 
pipes that have a discharge less than 10% of the structure's outflow. The expansion coefficient defaults to 
the AASHTO documented value of 0.35, but can be changed by the user. 

MSHTO Correction For Non-Piped Flow 
If non-piped flow accounts for 10% or more of the total structure outflow, a correction factor is applied to 
the total loss. By default, this value is a 30% increase in headloss (a factor of 1.3) as documented in the 
AASHTO manual, but can be changed by the user. 

MSHTO Correction for Shaping 
If the bottom of the structure is shaped to facilitate smoother transitions from inflow pipes to the discharge 
pipe, a correction factor can be applied to the total loss. By default, this value is a 50% reduction (a factor 
of 0.5) as documented in the AASHTO manual, but can be changed by the user. 

B .5 Inlet Hydraulics 

B.5.1 HEC-22 Inlet Computations 
The methodology used by this program to perform pavement drainage and inlet computations is described 
in Chapter 4 of the HEC-22 manual entitled Urban Drainage Design Manual. Most of the information 
presented in Chapter 4 was originally published in FHWA's HEC-I2 Drainage of Highway Pavements, 
1984, and AASHTO's Model Drainage Manual, 1991. 

This manual presents an overview of the HEC-22 methodology used by this program. Therefore, you 
should refer to the HEC-22 manual for any further details. 

Notef Pavement drainage requires coniideration of gutter flow and inlet capacity. The design of 
these elements is dependent on storm frequency and the allowable spread of storm water on the 
Havement surface. 

B.5.2 Depth Calculation in StormCAD 
StormCAD uses HEC-22 for its Gutter Depth calculations as well as the gutter spread calculations. 
However, in order to compensate for definition discrepancies StomCAD uses the HEC-22 calculations for 
Depth and then adds the Depressed Gutter Depth for the final Depth value, as illustrated in the following 
figure. 
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t l  

sx = Roarl Cross Slope 
SI = Glitter Cross Slope 
D = Deptll as calc~llatetecl t ~ s u ~ g  StorlnCAD 
tl = Depth as calc~llatetl llsillg HEC-22 only 
~ t l =  Depressed Giltrer Deptll 

B.5.3 Flows in Gutters on Grade 

Uniform Gutter Cross Slope 
In the case of a uniform cross-slope (gutter slope Sw equal to pavement cross-slope Sx), the relationship 
between the gutter flow Q and the flow spread T is obtained by applying the Manning's equation, assuming 
normal flow: 

Where: Q = ~ l o w r a t e ( ~ ' / ~  ,ft"s) 

K c =  0.376 (0.56 in English units) 

n = Manning's coefiicient 

S x  = Pavement cross-slope ( d m ,  Wft)  

S~ = Longitudinal pavement slope ( d m ,  ftlA) 

T = Width of flow (spread) (m, ft) 

SW=SX 
The flow depth along the curb is: 
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d = TS, 

Where: d = Depth of flow at the curb (m, A) 

The coefficient E a ,  as well as the variables Qv and Qsare introduced, as: 

Where: Q =  Total pavement flow (""Is I s )  

Qw = Frontal flow (portion of flow over the grate width Wg) ( m 3  I S  I s )  

= Ratio of flow above the grate to total flow 

Qs= Side flow (flow outside of the grate width) (m31s, cfs) 

Ws = Grate width (m, ft) 

Composite Cutter Section 

In the case of a composite gutter section, the coefficient E o ,  as well as the variables Qv and Q, are also 
defined as: 

Q, =EoQ 

Q , = Q Q , = ( I - E o ) Q  

Where: Q w  = Frontal flow (portion of the flow in the depressed gutter) ( m 3  Is  ,fi3/s ) 

Eo=Ratio of flow in the depressed gutter to the total flow 
3 

Q = ~ o t a l  pavement flow (m I s ,  
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Qs = Side flow (portion of the flow outside of the depressed gutter ' s,  

SW>SX 

Eocan then be derived from Manning's equation: 

Where: ' w =  Gutter cross-slope ( d m ,  Wft) 

W = Width of the depressed gutter (or the grate width if it is smaller) (m, ft) 
The continuously depressed gutter is also sometimes defined by a gutter depression, a, defined as: 

a a 
S, = S, + --- (s, =S,  += in English units) 

lOOOW 

Where: a = Gutter depression (mm, in) 

Note: Gutter depression is the depression of the gutter relative to the street cross-slope projection. 
It is also identified as 'Continuously' depressed gutter because it is depressed for the full length of 
the gutter. 

B.5.4 Flow in Ditch or Median Section On Grade 

The flow Q in a ditch or median section is expressed as: 
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Where: Q = ~ l o w r a t e ( ~ ~ / ~ , ~ ~ ~ ~ ~ )  

Kc=l.O (1.486 in English units) 

n = Manning's coefficient 

B = Ditch width (m, A) 

d = Water depth (m, ft) 

'1 and '' = Ratio H:V for the ditch side slopes ( d m ,  ftlA) 

S~ =Ditch longitudinal slope ( d m ,  ftlft) 

The ratio E. of frontal flow (over the grate) to total flow is: 

Where: W= Grate width (m, A) 

B.5.5 lnlet Analysis 
Inlets are divided into four categories, as illustrated in the following figure: 

a. Grate Inlet b. Curb Opening Inlet 

c. Combination Inlet d. Slotted Drain Inlet 

4 
For details on each type of inlet, refer to the HEC-22 Manual. 

The gutter depression is the depression of the gutter relative to the normal cro 
pavement, named "a" on the figure below. It is also referred to as a continuou 
gutter. 
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This figure illustrates the concept of local depression versus gutter depression used by HEC-22, where: 

a v 

a,,,,, = a + a' 

- - -- -. 

Tip: 'The Ocul depression i s  the depression at the loeation.of the inlel, named u' on the figure 
below. It does not exist in the gutter upstream or downstream of the inlet. It is measured f r o m .  
the gutter slope. 

Where: a = Gutter depression (mm, in) 

a' = Local depression (mm, in) 

a'o1a1 = Total depression at the location of the inlet (mm, in) 

Inlets on Grade 
Inlets located on a grade (SL > 0) are characterized by an efficiency E, for a given set of conditions: 

E=Q' 

Q 

Where: E= Inlet efficiency (unitless) 

Q' = ~ n t e r n e ~ t e d f l o w ( ~ ~ ~ ~ , ~ ~ ~ ~ )  
The flow that is not intercepted is called canyover or bypass flow. It is defined as follows: 

Where: Q b  = ~ y ~ a s s  flow (m3 I s  ," I s )  

Grate Inlet on Grade 
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As previously defined, the total gutter flow, Q, is composed of a frontal flow Q w  and a side flow Q. 

The ratio of frontal flow intercepted to total frontal flow is expressed as: 

Where: = 0.295 (0.090 in English units) 

V = Average velocity in the gutter ( d s ,  Ws) 

',= Gutter velocity at which splash-over first occurs (mls, ftls) 

Note: if V < ' 0 ,  then R' =I (all the frontal flow is intercepted). 

Note also that R' cannot exceed 1.0. 

The splash-over velocity ' 0  is a function of the grate type and the grate length L. 

The frontal flow intercepted Q"i is therefore: 

Q,, = R r Q .  

The ratio of side flow intercepted to total side flow is expressed as: 

Where: Kc, = 0.0828 (0.15 in English units) 

L = Grate length (m, A) 

The side flow intercepted Qs' is therefore: 

Q,i =R,Q, 

The total flow intercepted is: 

Where: Q' = Total flow intercepted (rn3/s, cfs) 
The bypass flow is then: 

Where: Q b  = Bypass flow (rn3/s, cfs) 
The efticiency of the grate is expressed as: 

or: 
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Curb Inlet on Grade 

The curb opening length L7 that would he required to intercept 100% of a flow Q on a pavement with a 
uniform cross slope is defined as: 

Where: L~ = Curb opening length required to intercept 100% of the gutter flow (m, ft) 

K c  =0.817 (0.60 in English units) 
In order to account for a locally or continually depressedgutfer, an additional slope named equivalent cross 
slope Se is necessary: 

Where: ''W = Gutter cross-slope at the inlet location measured from the pavement 

cross-slope 

SW = Ratio of flow in the depressed section to total gutter flow upstream of the inlet 

(does not account for local depression) (mlm, RIA) 

'k was calculated as: 

atotal S, =-- a,,,,! (or S, = - in English units) 
l OOOW 12W 

Where: a'ol*' = Total depression at the inlet location (includes local and continuous 

gutter depression) (mm, in) 

W = Larger of the gutter width and the local depression width (m, ft) 
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The curh opening length, LT , that would be required to intercept 100% of a flow Q on a pavement with a 
composite cross slope at the location of the inlet is: 

The efficiency of a curb opening shorter than the required length for total interception is: 

Where: L = Curb opening length (m, A) 

Slot Inlet on Grade 

The efficiency of a Slotted lnlet on Grade with an opening width larger or equal to 45 mm (1.75 in) is 
calculated using the same equations as for a curb opening inlet of the same length. 

Combination Inlet on Grade 

HEC-22 distinguishes two cases: 

A grate inlet and a curb opening inlet are placed side by side. In this case, the flow interception by the 
curh opening inlet is negligible, and the capacity of the combination inlet is identical to that of the grate 
alone. 

The curb opening is extended upstream of the grate in order to intercept debris that could otherwise 
clog the grate inlet. In this case, the role of the curb is to intercept debris to avoid the clogging of the 
grate. The flow intercepted by the combination inlet is calculated as the flow intercepted by the curb 
opening upstream of the grate inlet, plus the portion of the remaining flow intercepted by the grate. 
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0 Inlets in Sag 

Inlet Analysis in Sag 
By contrast with inlets on grade, the efficiency of an inlet located in a sag is always assumed to be 1.0 (or 
100%). 

Note: Inlets in sag locations operate as weirs at low water depth, and as orifices a t  higher depth. 

Grate Inlet in Sag 

. - . - - . - . . -. . . . - - . - - .- . . .- - . - -. . 

Where: Cv  = Weir coefficient, C w  = 1.66 (3.0 in Englishunits) 

P = Perimeter of the grate, disregarding the side along the curb (m, ft) 

d = Flow depth at the curb (m, A) 

The flow Q* intercepted by a grate inlet operating as an orifice is: 

- G' 

Where: '0 = Orifice coefficient, = 0.67 

Tip: Grate inlets alone arc not r~~conlmcndcd, as clogging of the grate is likely to occur. 

= Clear opening of the grate (m2, ft2) 

g = Gravitational acceleration constant (m/s2, ft/s2) 

Note: The clear opening area depends on the opening ratio of the grate (HEC-22 assigns an 
opening ratio for each grate type), as well as the clogging factor you specify. 

The intercepted flow Q' is conservatively calculated at any flow depth by: 
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Q, = min(Q,,,Q,,) 

which accounts for weir flow, orifice flow and transitional flow. 

Curb Inlet in Sag 

Curb inlets are divided into three categories based on their throat geometry: horizontal (which is the most 
common), vertical, and inclined, as defined in the figure below: 

Where: h =  Height of the curb opening inlet (m, A) 

d ;  = Water depth at the lip of the curb opening (m, A) 

= Effective head measured from the center of the orifice throat (m, A) 

8 = Throat angle for inclined throat inlets 
Weir flow: 

A curb inlet in sag without a locally or continuously depressed gutter operates as a weir for depths at curb 
(measured from the normal cross slope) less than or equal to the curb opening height. 

This condition can be expressed as: 

Where: d = Depth at curb (m, A), i.e., d = ~ ~ .  
In the case of a depressed curb opening (local depression) or a continuously depressed gutter, the previous 
condition becomes: 



a to,,, < h a 
dt-- (d + $ 2  h in English units) 

1000 - 

Where: = Total depression measured at the inlet (mm, in) 

D = Depth at curb measured from the normal cross-slope (m, ft), i.e., d = ~ ~ x  
The flow intercepted by a curh-opening inlet operating as a weir with a locally or continuously depressed 
gutter is: 

Where: 'w' is the weir coefficient, C w '  = 1.25 (2.3 in English units) 

L = Curb opening length (m, ft) 

W = Lateral width of depression (m, A) 

However, if ' 3.6 (I2 '1 then the following equation is used. This is also the equation used for 
curb-opening inlets without depression: 

Where: ' ~ 2  = Weir coefficient 

' = 1.6 (3.0 in English units) 
Orifice flow: 

A curb inlet in a sump operates as an orifice for depths at the lip of curb opening greater than 1.4 times the 
curb opening height: 

The flow intercepted by a curb-opening inlet (depressed or undepressed) operating as an orifice is: 

Q, = C , h ~ ( Z g d , ) ~ '  

which is also expressed as: 

with 

0 = 90 degrees for horizontal throat inlets 

0 = 0 degress for vertical throat inlets 
Transitional flow: 

At depths between 1.0 and 1.4 times the opening height, the flow is in a transition stage. 

This intercepted flow Q'  is calculated conservatively in this depth range as: 
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Slot Inlet in Sag 
Weir flow: 

Slotted inlets located in a sag operate as weirs to water depths d (measured at the curb from the normal 
cross slope) of about 0.06 m (0.2ft). 

The intercepted flow is expressed as: 

Where: Cv = Weir coefficient; varies with flow depth and slot length. Typically, C w  = 1.4 

(2.48 in English units) 

d = Water depth at curb measured from the normal cross slope (m, ft) 

L = Slot length (m, A) 
Orifice flow: 

At water depths (measured at the curb) greater than about 0.12 m (0.4 A), slotted inlets perform as orifices. 

The intercepted flow is expressed as: 

Where: W= Slot width (m, A) 

D = Water depth at the slot (m, ft) 
Transitional flow: 

At depths between 0.06 m (measured at the slot from the normal cross slope) and 0.12 m (measured at the 
slot), the flow is in a transition stage. 

The intercepted flow is conservatively calculated in this depth range as: 

Combination Inlet in Sag 
According to HEC-22, combination inlets are advisable for use in sags where hazardous ponding occurs, 

Equal length inlets: 

Equal length inlets refer to a grate inlet placed next to a curb opening inlet of identical length 

At lower flow depths , the grate inlet is operating as a weir, and the interception capacity of the curb is 
negligible. However, if the grate is clogged the curb is intercepting some flow. The flow intercepted by 
the combination is then: 

Where: C w  = Weir coefficient, '*- 1.66 (3.0 in English units) 
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a P = Perimeter of the grate, disregarding the side along the curb (m, A) 

d = Flow depth at the curb (m, A) 
At higher flow depths, both the grate inlet and the curb opening inlet are operating as orifices. The flow 
intercepted by the combination inlet operating as an orifice is: 

Where: ' 0  = Orifice coefficient: ' 0  = 0.67 

= Clear opening of the grate ( m 2 ,  

g = Gravitational acceleration constant (m/s2, fVs2) 

h = Height of the curb opening inlet (m, A) 

Head measured from the center of the orifice throat (m, A) 
" ,  

Note: The clear opening area ofthe grate debends on the 0penidg ratio of the grate, as well as the 
clogging factor yon specify. HEC-22 defmes an opening ratio for each grate type. 

B .6 Constraint Based Automatic Design 

a 6.6.1 Subsurface Design 

Pipe and Subsurface Node Structure Design - 
This program allows you to design many parts of the sewer network including gravity piping and 
structures. The design is flexible enough to allow you to specify the elements to he designed, from a single 
pipe size to the entire system. 

Pipes and structures are designed to consider several constraints, such as allowable ranges of slope, 
velocity, and cover. In general, the design algorithm attempts to minimize excavation, which is typically 
the most expensive part of installing sewer piping and structures. 

Some of the other constraints that are considered include: 

Pipe Matching 

Offset Matching 

Drop Structures 

Structure Sump Elevations 

The designed pipe will be the smallest available section size that meets the constraints and has a full-flow 
capacity greater than its discharge when designing for 100% full. In a situation where there are no pipe 
sizes with adequate capacity, the largest available size will be used. 
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a Part Full Design 
Pipes are designed such that the capacity is greater than the calculated discharge. For standard designs, this 
capacity is based on full pipe, normal depth - that is, the flow in the pipe when the depth is 100% of the 
pipe rise. 

With partially full design, the designed capacity of the pipe is for a design depth that is only a portion of the 
pipe rise. In other words, a pipe that is designed for 50% full will be selected based on a depth of half of 
the pipe's rise. 

For example, consider a circular pipe with the following characteristics: 

Slope = 0.01 mlm 

Roughness n = 0.013 

Required flow = 100 Vs 

The following table presents several typical section sizes, with their capacities at various depths. 

Flow Capacities 

Circular Section 100% Full 80% Full 50% Full 
Size 

Nominal Diameter 

Depth Capacity Depth Capacity Depth Capacity 
(mm) (Us) (mm) (11s) ( mm f (Us) 

300 mm 300 101 240 99 150 50 

375 mm 375 183 300 179 188 9 1 

450 mm 450 297 3 60 29 1 225 149 

Depending on the selected percent-full, the smallest available pipe could be for any of the bold values 
above. Obviously, if the design percentage were something different, an even larger section may be 
required. 

Hydraulically, the capacity at a percentage of pipe rise is generally not equal to that percentage of the full 
pipe capacity. As can be seen in the table above, 80%-full capacity does not equal 80% of the 100%-full 
capacity. 

Iwr scctio~is 11r31 arc vcrtirillly syn i~~ ic t r~c~ l .  5V"' till1 I S  d spcciill case u l~c r s  lhc \\cttcd pcrlliicter 2nd 3rca 
,~ rc  both Ii;ili~h:it u t  lull tluw Thls nicms that rhc hvdraul~i rad~us and vvlocitv are the same fur Ilillt-full 
and full flow, resulting in a highly special condition where the 50%-full capacity is actually equal to one 
half of the 100%-full capacity. 

Allow Multiple Sections 
Situations may be encountered where the desired capacity cannot be met with a single pipe, due to a 
limiting maximum section rise, a lack of larger available pipes, or other restrictions. For these situations, 
the pipe can he designed with multiple barrels. All barrels will have the same physical characteristics. 

Multiple barrels will only be used if the design cannot be met by a single available section size, and the 
pipe allows multiple sections for design. In these cases, the design will increase the number of barrels and 
attempt to find a section size that meets the capacity, continuing until the capacity is met or the maximum 
number of barrels is reached. 
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For example, consider a circular pipe with the following characteristics: 

Slope = 0.01 i d m  

Roughness n = 0.013 

Required flow = 750 Us 

Maximurn Design Section Rise = 700 mm 

Assume that the design is for 100% full capacity, allowing up to three barrels of the following section sizes: 

Design with Multiple S e c t i o n s  

Circular 1 Barrel 
Section Size 

Nominal 
Diameter 

2 Barrels 3 Barrels 

Capacity Meets Capacity Meets Capacity Meets 
(Us) Flow? (Us) Flow? (us) Flow? 

300 mm 101 No 202 No 203 No 

375 mm 183 No 366 No 549 No 

450 mm 297 No 595 No 892 Yes 

525 mm 449 No 897 Yes 1346 Yes 

600 mm 64 1 No 1281 Yes 1922 Yes 

For these conditions, the selected design would use two 525 mm barrels - the smallest section size within 
the least number of barrels to meet the capacity criteria. 

Limit Section Size 
There may be situations in design where it is desired to limit the size of the designed pipe. This may be 
done to avoid conflicts with obstructions or other utilities, for example. For these situations, The program 
enables you to limit the maximum section rise that will be selected. A smaller size will be used ifpossible. 

If none of the available design sections have a small enough rise, the smallest one will be used, 

Pipe Matching 
When pipes meet at a struchlre, it is otten desirable to have the pipes at approximately the same elevation. 
To do this, the program allows you to design your pipes to match inverts or crowns. This means that when 
the design is done (if a valid design was found), all of the designed pipes entering a structure will have the 
same invert elevation or crown elevation. 

Offset Matching 
If an offset value is specified, it represents the desired drop across the structure. The design incorporates 
this offset, resulting in upstream pipes that are higher than the downstream pipe by the specified offset. 
Note that all designed upstream pipes will have the same invert or crown elevation. 

For example, an offset of 0.1 meter could result in a downstream pipe with an invert of 100.0 meters, and 
several upstream pipes with invert elevations at 100.1 meters. 
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Drop Structures 
Drop structures are structures at which the incoming pipes are not all at the same elevation, nor do any of 
them necessarily match the downstream pipe. Including these structures may help to reduce excavation, 
since the entire upstream system does not need to he as deep. 

The program will only use drop structures if you have chosen to allow them, and if a pipe's maximum 
slope constraint cannot be met. Otherwise, the upstream system will he designed as needed to maintain the 
desired slope and velocity constraints, which may require significantly lower pipe elevations. 

Structure Sump Elevations 
The program can adjust structure sump elevations to account for the invert elevations of newly designed 
pipes, and any desired additional sump depth. 

For example, if a structure is to be  adjusted with a sump depth of 0.5 meters and the lowest pipe invert is 
100.0 meters, the structure sump elevation would be set to 99.5 meters. 

Design Priorities 
Unforhmately, it is not always possible to automate a design that meets all desired constraints. With this in 
mind, there are certain priorities that are considered when the automated design is performed. These 
priorities are in place to try to minimize the effect on existing portions of the system while providing 
appropriate capacity in the designed pipes. 

While this sequence does not go into complete detail regarding the design process, it does indicate the 
general priorities for the automated design. The priorities, of course, only deal with elements that are being 
designed. If a pipe has fixed inverts or is not to be designed at all, some or all of these criteria obviously do 
not apply. 

A Designed Pipe Should Fit within Adjacent Oristing Structures 
If a pipe connects to an existing structure, the pipe rise should be completely within the existing structure. 
The only time this may be violated is if there are no available section sizes that would not violate that 
condition (i.e., the existing structure height is so small that all available pipes have rises too big). In this 
very unlikely condition, the smallest available section size will be selected, with the invert elevation placed 
at the bottom of the structure. 

A Designed Pipe Should Not Have a Crown Above an Adjacent Designed Structure 
Where pipe inverts are fixed, it is possible that the required section size would cause the pipe crown to be 
higher than the top elevation of an adjacent designed structnre. If all available pipe section rises are greater 
than the depth of the pipe invert, the smallest pipe size will he chosen. 
. 

" - 
_ Nat6: This situation mU o n l y b e i g ~ o i n t e r ~  & situations where the structure's top elevatioh is 

sdt equal to the grohnd elevation ath%rwi#e;-t%e stnrehrre will he designed with a high& top 
elevation. 
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Crown above Adjacent Structure 

Ground Elevation 

Pipe Capacity Should Be Greater Than the Discharge 
If the pipe is not limited by adjacent structures, the pipe should be sized such that the design capacity is 
greater than the calculated discharge in the pipe. The design capacity may be based on one or more pipes, 
flowing full or part-full, depending on user-set design options. If site restrictions or available section 
limitations result in a situation where no sections meet the required capacity, the largest available size and 
number of barrels will be chosen. 

Downstream Pipes Should Be at Least as Large as Upstream Pipes 
Designs typically avoid sizing downstream pipes smaller than upstream pipes, regardless of differing slope 
and velocity requirements. One of the primary reasons for this is debris that passes through the upstream 
pipe could become caught in the connecting structure, clogging the sewer. 



294 Appendix B: StormCAD Theory 

Sizing of Pipes 

Gmd Derig~~@aunsbanRpe'r Dhmtert Up ham P i p  Diareter) 
/ 

Pipe Matching Criteria Downstream Should Be Met 
Whenever possible, the designed pipe should have its downstream invert set such that the pipe meets the 
matching criteria, such as matching inverts or crowns. Note that because of higher design priorities, such 
as the pipe fitting within existing structures, the matching criteria may not always be met. 

Minimum Cover Constraint Should Be Met 
Pipe inverts should be set such that the upstream and downstream crowns of the pipe are below the ground 
elevation by at least the amount of the minimum cover. Note that higher design priorities, such as existing 
structure locations and matching criteria, may prevent the minimum cover constraint from being met. 

Pipe Matching Criteria Upstream Should Be Met 
The upstream invert of the designed pipe should be set to meet the matching criteria of the upstream 
structure. Higher design priorities, such as minimum cover constraints, may result in a pipe that does not 
match upstream as desired. 

Maximum Slope Constraint Should Be Met 
Wherever possible, the designed pipe should not exceed the desired maximum slope. In some situations, 
elevation differences across the system may result in a case where a drop structure can be used to offset 
pipes. This is used instead of a pipe that is too steep, or instead of upstream piping that would require 
much more excavation. Note that the maximum slope constraint may be violated if higher priority design 
considerations, such as existing stlucture location or pipe matching criteria, governs. 

Other Constraints and Considerations 
There are many degrees of freedom when designing a piping system. Several constraints that are not 
mentioned above, such as minimum velocity constraints and minimum slope constraints, may also result in 
adjustments to the designed pipe. Other constraints may be too limiting, such as maximum cover constraint 
and maximum velocity, resulting in designed pipes that could violate too many other constraints. 
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This wide range of choices and priorities emphasizes the need for careful review of any automated design 
by a professional. It is not always possible to meet every desired condition, so it is very much the 
responsibility of the engineer to make final judgments and decisions regarding the best design for the client. 

B.6.2 Inlet Design 
The length of any inlet can he automatically designed. The available design lengths (standard lengths) for a 
given inlet are defined in the inlet library, and can easily be changed. The design algorithm uses the same 
equations used in analysis to determine the minimum available inlet length that meets the design 
constraints. 

Designing Inlets on Grade 
Since gutter width and spread are independent of the inlet characteristics, inlets on grade are designed 
simply to meet the minimum efficiency. If the minimum efficiency cannot be met with any of the lengths, 
StormCAD will choose the largest of the available lengths. 

Designing Inlets in Sag 
When designing inlets in sag, the objective is to keep gutter spread and depth below desired maximum 
levels. StormCAD will choose the minimum available inlet length that meets these constraints. In a case 
where the constraints cannot be met with any of the available lengths, StotmCAD will choose the largest 
inlet length possible. 

B .7 Special Considerations 

B.7.1 Special Considerations 
There are a few special considerations that should be realized when analyzing a storm sewer. These are 
conditions where special assumptions need to be made, or where calculations may seem counter-intuitive at 
first glance. These considerations include: 

Flow Discontinuity 

Energy Discontinuity 

Structure Energy Grade 

Design Considerations 

B.7.2 Flow Discontinuity 
Because of the use of rational method hydrology, flow discontinuities may be noticed. This is a condition 
where the sum of the inflows does not equal the sum of the outflows. The main reason for this is that the 
rational method is only concerned with peak flows and has a high dependence on duration (system time). 
As the system time changes, the intensity changes and has a direct effect on the rate of flow in the system. 

The most common cause of confusion with this discontinuity stems from rational loads that are tracked 
through a long piping system without any other loads entering the network. At the inlet of origin, the time 
of concentration may he relatively small, resulting in a high intensity and a large peak discharge. As the 
load travels through the pipes, the system time becomes larger, so the intensity lowers. This results in 
smaller discharge values, so the peak flow at the outlet may be signiticantly smaller than the peak flow at 
the original inlet. 
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This may seem counter-intuitive at first, with questions like "Where did the rest of the flow go?" coming to 
mind. In reality, the rest of the flow was not lost, hut an attempt to balance peak flows is not valid. Picture 
standing at the top of a hill with a bucket of water. If you empty the entire bucket into the guner in one 
second, then the peak rate of discharge at the top of the hill is one bucket per second. Racing to the bottom 
of the hill, you can observe the flow and see that the peak flow is much less than one bucket per second. 
However, the flow lasts longer than one second. There was no water lost, but the peak was lower. 

8.7.3 Energy Discontinuity 
The program by default uses hydraulic grade as the basis for its hydraulic computations. Energy grade at 
any given point is then computed by adding the velocity head to the hydraulic grade. Because of this 
standard practice, energy discontinuities may occasionally occur, such as when pipe size decreases in the 
downstream direction, or pipe slope increases. 

If you wish the calculations to be based on the energy grade line you can modify the Haestad.ini file 
located in the base Haestad directory. Find [SWRC] or [STMC] in the file depending on which product 
you are using, and create a new line below the heading. In the new line enter in the following text typed 
exactly as printed below. 

Save and close the Haestad.ini file and reopen the program. To revert back to an HGL based analysis; 
simply remove the line from the Haestad.ini file and save. 

Flow discontinuities can also be responsible for energy discontinuities. Since a structure is analyzed based 
on a different system time than a pipe, a direct comparison of energy grades is not reasonable. 

B.7.4 Structure Energy Grade 
The energy grade line (EGL) at the upstream side of a structure is computed based on the characteristics of 
the structure and its upstream pipes. The reported EGL is generally reported as the lowest EGL of all non- 
plunging upstream pipes, based on normalized flow values. If there are no uon-plunging pipes upstream, 
the structure's upstream EGL is taken as the higher of the structure's downstream EGL and upstream 
hydraulic grade line (HGL). 

In situations where the structure's upstream EGL is lower than its downstream EGL or upstream HGL, the 
highest value governs. This rare condition may indicate that the presumed headloss in the structure is not 
significant enough to produce the expected energy loss. The modeler may accept this as a minor limitation 
of the hydraulic theory, or may choose to use different structure headloss methods or values. 

The reported upstream velocity and velocity head for the structure are based on the difference between the 
structure's upstream EGL and HGL. 

B.7.5 Design Considerations 
As with any automated design, the program's design is intended only as a preliminay step. It will select 
pipe sizes, inlet lengths (StomCAD only), and pipe invert elevations based on the input provided, hut no 
computer program can match the skills that an experienced engineer has. The modeler should always 
review any automated design, and should make any changes required to adjust, improve, and otherwise 
polish the system. 
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0 B .8 Engineer's Reference 

B.8.1 Engineer's Reference 

Coefficients 

Table of Rational Coefficients 

Headloss Coefficients for Manholes and Junctions 

Formulas & Equations 

bnergy Equation 

Roughness Values 

Roughness Values, Manning's Equation 

Roughness Values, Kutter's Equation 

Roughness Values, Darcy-Weisbach (Colebrook-White) Equation 

Roughness Values, Hazen-Williams Equation 

B.8.2 Default Kinematic Viscosity 
The Kinematic Viscosity is used in determining the friction coefficient in the Darcy-Weisbach Friction 
Method. The default units are initially set by Haestad Methods. 

To override the default value used by Haestad Methods, follow these steps: . SAVE your project and Close your application. 

Using the Notepad Accesso~y in Windows, Open the HAESTAD.IN1 file located in the 
HAESTAD directory created when you installed the product. 

Edit the following line in the section of the HAESTAD.IN1 file. 

DefaultKinematicViscositylnMetersSquaredPerSecond= 

The entry must look exactly as shown above with no spaces between attached words and the 
indicated letters of each word capitalized. 

The value you wish to use to override the default kinematic viscosity should be inserted after the 
= sign and must be in meters squared per second. 

Save the HAESTAD.IN1 file and exit Notepad. 

Open the program and proceed with your design. 
- 

Note: Changing the default kinematic viscosity value in the HAESTAD.fN1 file will not change 
any values for pipes in existing drawings. This value should only be changed before beginning 
new drawings. Do not use a new value when editing an existing project created with a different 
kinematic viscosity. 
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The program will reset the default value if this entry is left blank in the HAESTADJNI file. 

6.8.3 Table of Rational Coefficients 
Following are ranges of rational coefficients. These ranges cover return periods of 2 to 10 years, and are 
based on Intensity-Duration-Frequency (IDF) methodology. See References (HEC No. 19, 1984) 

Area IC" values 

Business 

Downtown 0.70-0.95 

Neighborhood 0.50-0.70 

Residential 

Single Family 0.30-0.50 

Multiunit detached 0.40-0.60 

Multiunit attached 0.60-0.75 

Suburban resident 0.25-0.40 

Apartment 0.50-0.70 

Residential (1.2 acre lots or 0.30-0.45 
larger) 

Industrial 

Light 

Heavy 

Parks and Cemeteries 0.10-0.25 

Playgrounds 0.20-0.40 

Unimproved 0.10-0.30 

Pavement 

AsphaltlConcrete 0.70-0.95 

Brick 0.70-0.85 

Drives and Walks 0.75-0.85 

Lawns, Sandy soils 

Flat, 2% 

Average, 2.7% 

Steep, > 7% 

Lawns, Heavy Soils 

Flat 2% 

Average, 2-7% 

Steep >7% 
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Railroad Yard 

Roofs 

B.8.4 Headloss Coefficients for Junctions 
These are typical headloss coefficients used in the standard method for estimating headloss through 
manholes and junctions. 

Typical Headloss  Coefficients 

Type of Manhole Diagram Headloss Coefficient 
Trunkline only with no bend at 
the junction 0.5 

Trunkline only with 90 degree 
bend at junction p 0.8 

Trunkline with one lateral Small 0.6 

EP Large 0.7 

Two roughly equivalent 
entrance lines with angle < 90 0.8 
degrees between lines 

Two roughly equivalent 
entrance lines with angle > 90 
degrees between lines @ 0.9 

B.8.5 Energy Equation 
The energy relationship between the downstream and upstream end of a pipe is expressed as: 

Where: V = Fluid velocity (mlsZ ,fiisZ ) 
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g = Gravitational acceleration constant (m1s2 ) 

P = pressure ( N ~ m 2 , 1 b l f t 2 )  

7 = Specific weight of the fluid ( N / m 3  , ib / f t ' )  

z = Elevation at the centroid (m, ft) 

h~ =Head gain, such as from a pump (m, fl) 

h ~ =  Combined headloss (m, ft) 

B.8.6 Roughness Values - Manning's Equation 
Commonly used roughness values for different materials are: 

Manning's Coefficients n for Closed Metal Conduits Flowing Partly Full 

Channel Type and Description Minimum Normal Maximum 

a. Brass, smooth 0.009 0.010 0.013 

b. Steel 

1. Lockhar and welded 0.010 0.012 0.014 

2. Riveted and spiral 0.013 0.016 0.017 

c. Cast iron 

1. Coated 0.010 0.013 0.014 

2. Uncoated 0.01 1 0.014 0.016 

d. Wrought iron 

1. Black 0.012 0.014 0.015 

2. Galvanized 0.013 0.016 0.017 

e. Cormgated metal 

I .  Subdrain 0.017 0.019 0.021 

2. Storm drain 0.021 0.024 0.030 

8.8.7 Roughness Values - Kutter's Equation 
The roughness values for closed metal conduits flowing partly full for Kutter's Equation are the same as for 
Manning's Equation. 

Some commonly used roughness values for non-metal materials are: 

Kutter's Coefficients n for Closed Non-Metal Conduits Flowing Partly Full 

Channel Type and Description Minimum Normal Maximum 

a. Lucite 0.008 0.009 0.010 
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b. Glass 

c. Cement 

1. Neat, surface 

2. Mortar 

d. Concrete 

I. Culvert, straight and free of debris 0.010 0.011 0.013 

2. Culvert with bends, connections, and some 0.011 0.013 0.014 
debris 

3. Finished 0.01 1 0.012 0.014 

4. Sewer with manholes, inlet, etc., straight 0.013 0.015 0.017 

5. Unfinished, steel form 0.012 0.013 0.014 

6. Unfinished, smooth wood form 0.012 0.014 0.016 

7. Unfinished, rough wood form 0.015 0.017 0.020 

e. Clay 

1. Common drainage tile 0.011 0.013 0.017 

2. Vitrified sewer 0.01 1 0.014 0.017 

3. Vitrified sewer with manholes, inlet, etc. 0.0 13 0.015 0.017 

4. Vitrified suhdrain with open joint 0.014 0.016 0.018 

f. Brickwork 

1. Glazed 0.01 1 0.013 0.015 

2. Lined with cement mortar 0.012 0.015 0.0 17 

g. Sanitary sewers coated with sewage slimes, 0.012 0.0 13 0.016 
with bends and connections 

h. Paved invert, sewer, smooth bottom 0.016 0.0 19 0.020 

i. Rubble masonry, cemented 0.018 0.025 0.030 

B.8.8 Roughness Values - Darcy-Weisbach Equation (Colebrook-White) 
Commonly used roughness values for different materials are: 

Darcy-Weisbach Roughness Heights k for Closed Conduits 

Pipe Material k (mm) k (ft) 

Glass, drawn brass, copper (new) 0.0015 0.000005 

Seamless commercial steel (new) 0.004 0.000013 

Commercial steel (enamel coated) 0.0048 0.0000 16 

Commercial steel (new) 0.045 0.00015 



302 Appendix B: StormCAD Theory 

Wrought iron (new) 0.045 0.00015 

Asphalted cast iron (new) 0.12 0.0004 

Galvanized iron 0.15 0.0005 

Cast iron (new) 0.26 0.00085 

Concrete (steel forms, smooth) 0.18 0.0006 

Concrete (good joints, average) 0.36 ' 0.0012 

Concrete (rough, visible, form marks) 0.60 0.002 

Riveted steel (new) 0.9 - 9.0 0.003 - 0.03 

Corrugated metal 45 0.15 

B.8.9 Roughness Values, Hazen-Williams Formula 
Commonly used roughness values for different materials are: 

Hazen-Williams Roughness Coefficients C 

Pipe Material C 

Asbestos Cement 140 

Brass 130-140 

Brick sewer 100 

Cast-iron 

New, unlined 130 

10 yr. Old 107-113 

20 yr. Old 89-100 

30 yr. Old 75-90 

40 yr. Old 64-83 

Concrete or concrete lined 

Steel forms 140 

Wooden fonns 120 

Centrifugally spun 135 

Copper 130-140 

Galvanized iron 120 

Glass 140 

Lead 130-140 

Plastic 140-150 

Steel 
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Coal-tar enamel, lined 145,150 

New unlined 140-150 

Riveted 110 

Tin 130 

Vitrified clay (good condition) 110-140 

Wood stave (average condition) 120 





Chapter 

FlowMaster Theory 

FlowMaster and its calculations are based on the principles outlined in this section: 

"Uniform Flow" on uaee 5-147 

"Critical Flow" on oaee 5-152 

"Gradually Varied Flow Analysis" on naee 5-164 

"WcirFlow" on naee 5-171 

"Orifice Flow" on naee 5-179 

"Pressure Piue" on paec 5-180 

"inlet Hvdraulics" on vaee 5.181 

Uniform Flow 

The equations used in FlowMaster deal primarily with uniform flow. Uniform flow 
refers to a hydraulic condition in which the flow depth, channel discharge, and flow 
area do not change over a channel reach having constant section characteristics such 
as shape and material. These conditions are met only when the channel bottom slope 
and the friction slope are equal. When water is flowing under uniform flow condi- 
tions, the depth of flow is frequently called normal depth. 

Uniform flow can be described by the generalized friction equation: 
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Where V = Mean velocity (mlsec., ftisec.) 

C = Flow resistance factor 

R = Hydraulic radius (m, ft) 

S = Friction slope (m/m, ftift) 

1, Y = Exponents 

The material lining the flow channel usually determines the flow resistance or rough- 
ness factor, C. However, the ultimate value of the C component may be a function of 
the channel shape, depth, and velocity of flow. The hydraulic radius, R, is a strict func- 
tion of the channel shape. For every geometric shape, R can be readily calculated by 
dividing the cross-sectional flow area by the wetted perimeter, once a depth is known 
or assumed. The energy slope, S, is constant under the uniform flow assumption. 

Since average velocity is constant under uniform flow (constant discharge and area 
conditions), combining equation 5.1 with the continuity equation: 

results in the equation: 

Where Q - 
- Discharge (m3/sec., ft3/sec.) 

A - 3 3 - Cross-sectional flow area (m , A ) 

This solution yields a complete solution for the rate of flow. 

Note: Hydraulic radius is related to flow area, so further reduction of 
this equation for specific geometries is often possible. 

FlowMaster offers the four variations of the general uniform flow equation listed 
below. These equations differ from each other by the computation and nature of C and 
in the values assigned to x and y. 

"Mannmn's Fonnula" 

"Kutter's Fo~mula" 

"Hazen-Williams Formula" 

"Darcy-Weisbach Formula" 
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5.1.1 Manning's Formula 

Manning's formula is probably the most widely used open channel flow equation, and - 
is one of the easiest equations to solve. The roughness component, C, is constant over 
the full range of flows and is typically represented by Manning's n. The values of x 
and y are 2/3 and 112, respectively. Equations for U.S. customary and the S.1. system 
units are shown below. 

213 112 V = - R  S 
n S.I. Units (5.4) 

1.49 213 112 V=-R S 
n U.S. Customaty Units (5.5) 

Where V = Mean velocity (dsec.,  ftlsec.) 

n = Manning's coefficient 

r = Hydraulic radius (m, ft) 

S = Friction slope ( d m ,  Wft) 

5.1.2 Kutter's Formula 

The standard form of Kutter's Formula is known as the ChLzy Formula. Kutter's 
Formula is widely used in sanitary sewer design and analysis. The roughness compo- 
nent, C, is variable and is a fnnction ofR, S, and the channel material. Both x and y are 
equal to 112. 

Equations for U.S. customary units and the S.I. system are shown below: 

The roughness coefficient Cis related to Manning's n through Kutter's formula 
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Note: Kutter's roughness coefficients are the same as Manning's 
roughness coefficients. 

Where C - - ChAzy's roughness coefficient (m"2/sec., ftli2/ 
sec.) 

S = Friction slope ( d m ,  ftlft) 

R = Hydraulic roughness (unitless) 

n = Kutter's roughness (unitless) 

kl  = Constant (23.0 S1,41.65 U.S. customary) 

k2 = Constant (0.00155 SI, 0.00281 U.S. customary) 

4 = Constant (1.0 SI, 1.811 U.S. customary) 

5.1.3 Hazen- Williams Formula 

The Hazen-Williams Formula is most frequently used in the design of pressure pipe 
systems for water distribution. The roughness coefficient, C, is constant over the full 
range of flows (assumed turbulent). The values ofx and y in this empirical equation 
are 0.63 and 0.54. Equations for U.S. customary and the S.1. units are shown below. 
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5.1.4 Darcy-Weisbach Formula 

The Darcy-Weisbach Formula was developed for use in the analysis of pressure pipe . . 
systems. However, the formula is sufficiently general so that it can he applied readily 
to open channel flow systems. In fact, the ASCE Task Force on Friction Factors in 
Open Channels (1963) supported the use of the Darcy-Weishach formula for free- 
surface flows. 

This recommendation has not been widely accepted since the solution to the equation 
is difficult, and not readily computed by simple desktop methods. With the computer- 
ization of this method, the Darcy-Weisbach Formula will likely gain greater accep- 
tance, since it successfully models the variability of effective channel roughness with 
channel material, geometry, and velocity. Thus, many engineers view this formula as 
the most accurate method for modeling uniform flow. 

The roughness component in the Darcy-Weisbach equation is a function of both the 
channel material and the Reynolds Number, which varies with V and R. Like Kutter's 
Equation, both x and y are equal to 112. The familiar form of the equation, which is 
applicable to circular pipes with full flow only, is: 

Where hf = Headloss (m, ft) 

f = Darcy-Weisbach friction factor 

D = Pipe diameter (m, ft) 

L = Pipe length (m, ft) 

V = Flow velocity (dsec., Wsec.) 

g 
- - Gravitational acceleration (m/sec2, ftlsec? ) 

This equation is adapted for channel geometries other than full circular by the relation: 

and then rearranged to the form: 
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The Darcy-Weisbach friction factor V)  can be found using the Colebrook equation for 
fully developed turbulent flow. Roughness height, k, is a physical property of the 
channel material. Equations for free surface and full flow closed conduits are shown 
below. 

2.51 1 Free Surface 

1 

14.8R ~,fi 
Full-Flow Closed Conduits (5.14) 

Where Re = Reynold's number (unitless) 

k = Roughness height (m, ft) 

5.2 Critical Flow 

Critical flow conditions occur when, for a given discharge, the specific energy of flow 
is at a minimum. The specific energy, E, in FlowMaster is computed using the equa- 
tion: 

Where y = Flow depth (m, ft) 

V = Velocity (mlsec., Wsec.) 

g 
- - Gravitational acceleration (dsec?, ft/sec? ) 

The quantity ~ ' 1 2 ~  is also known as the velocity head. The specific energy equation 
used in FlowMaster is valid only for small slopes (< 10%). It also neglects the effects 
of the velocity variation across the flow section; that is, the velocity coefficient, a, is 
assumed to equal 1.0. 

At critical depth, the velocity of flow is also equal to the wave celerity (i.e. the speed 
at which waves will ripple outward from a pebble which is tossed into the water). The 
Froude number, F, is defined as the ratio of actual velocity to wave celerity. This 
number is only defined for sections that have a free surface; it is undefined for closed 
conduits or closed top irregular channels when flowing full. 
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The ratio is: 

Where D = Hydraulic depth of channel is equivalent to AIT 
(m, ft) 

A - Flow area (m2, A') 

T = Top width of flow (m, A) 

When F is less than one, the flow is said to be subcritical (velocity slower than wave 
celerity). When F is greater than one, the flow is said to be supercritical (velocity 
faster than wave celerity). When F is equal to one, the flow is said to be critical. A 
diagram showing these flow ranges appears below. 

Y-E 

Figure 5-1: Specific Energy Curve 

The requirement that wave celerity equals actual velocity at critical flow conditions 
means that critical depth can be computed by varying depth of flow until F equals 1 .O. 
Specifically, FlowMaster uses the following function, and solves by iterating over 
depth until f (y) = 0: 
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0 5.2. I Basic Concepts of Critical Flow 

This section is intended to familiarize you with some of the methods used in this 
program's calculations. However, the text does not go into great detail on common 
hydraulic terms and equations, such as determination of wetted perimeter, hydraulic 
radius, hydraulic depth, and Reynolds number. 

5.2.2 Hydraulic and Energy Grades 

FlowMaster considers the following hydraulic and energy grade principles: 

"The Energv Principle" on Dage 5- 154 

"Thc Enerev Eauatton" on paee 5-  155 

"Hvdraulic Grade" on oage 5- 156 

"Ener~v Grade" on page 5-156 

"HGL Convergence Test" on Dare 5-156 

The Energy Principle 

The first law of thermodynamics states that for any given system, the change in energy 
is equal to the difference between the heat transferred to the system and the work done 
by the system on its surroundings during a given time interval. 

The energy referred to in this principle represents the total energy of the system minus 
the sum of the potential, kinetic, and internal (molecular) forms of energy, such as 
electrical and chemical energy. The internal energy changes are commonly disre- 
garded in water distribution analysis because of their relatively small magnitude. 

In hydraulic applications, energy is often represented as energy per unit weight, 
resulting in units of length. Using these length equivalents gives engineers a better feel 
for the resulting behavior of the system. When using these length equivalents, the state 
of the system is expressed in terms of head. The energy at any point within a hydraulic 
system is often represented in three parts: 

Pressure head:p/y (5.18) 

Elevation head: z (5.19) 

Velocity head: ~ ~ 1 2 ~  (5.20) 
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Where p - 
- Pressure (N/m2, lb/ft2 ) 

Y - - Specific weight (N/m3, lb/ft3 ) 

z = Elevation (m, ft) 

V = Velocity (dsec. ,  ftlsec.) 

g 
- 
- Gravitational acceleration (dsec.', ftlsec.') 

These quantities can be used to express the headloss or bead gain between two loca- 
tions using the energy equation. 

The Energy Equation 

In addition to pressure bead, elevation head, and velocity head, there may also be head 
added to the system, by a pump for instance, and head removed from the system due 
to fsiction. These changes in head are referred to as head gains and headlosses, respec- 
tively. Balancing the energy across two points in the system, we then obtain the energy 
equation: 

Where p - 
- Pressure (Nlm2, lblft2 ) 

Y - - Specific weight ( ~ l m ~ ,  lb/ft3 ) 

z = Elevation at the centroid (m, it) 

V = Velocity (dsec. ,  ft/sec.) 

g 
- 
- Gravitational acceleration ( d ~ e c . ~ ,  ft/sec2) 

hp 
= Head gain from pump (m, ft) 

HL = Combined headloss (m, ft) 

The components of the energy equation can be combined to express two useful quanti- 
ties, which are the hydraulic grade and the energy grade. 
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Hydraulic Grade 

The hydraulic grade is the sum of the pressure head (ply) and elevation head (2). The 
hydraulic head represents the height to which a water column would rise in a piezom- 
eter. The plot of the hydraulic grade in a profile is often referred to as the hydraulic 
grade line, or HGL. 

Energy Grade 

The energy grade is the sum of the hydraulic grade and the velocity head ( ~ ' 1 2 ~ ) .  
This is the height to which a column of water would rise in a pitot tube. The plot of the 
hydraulic grade in a profile is often referred to as the energy grade line, or EGL. At a 
lake or reservoir, where the velocity is essentially zero, the EGL is equal to the HGL, 
as can be seen in the following figure. 

Datum lZ2 ------------------- 

Figure 5-2: Plot of EGL and HGL 

HGL Convergence Test 

In full network calculation this value is taken as the maximum absolute change 
between two successive solves of hydraulic grade at any junction or inlet in the 
system. This test is used to optimize the performance of system solutions. It mini- 
mizes the number and extent of hydraulic grade line computations in the upstream 
direction. For a given discharge, the upstream propagation of headlosses through pipes 
will continue until two successive calculations change by an absolute difference of 
less than this test value. 
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The HGL Convergence Test value is also used in the standard step gradually varied 
flow profiling algorithm. If two successive depth iterations are within this absolute 
test value, the step is solved. 

5.2.3 Friction Loss Methods 

There are many equations that approximate friction losses associated with the flow of 
liquid through a given section. Commonly used friction methods include: 

"ChCzy's Eauation" 

"Kutter's Eauation" 

"Mannincr's Eauation" 

"Darcv-Wcisbach Equation" 

"Swamee and Jain Eauation" 

"Colebrook-White Eauation" 

"Hazen-Williams Equation" 

Friction losses are generally based on the relationships between fluid velocity, section 
roughness, depth of flow, and the friction slope (headloss per unit length of conduit). 

Chezy's Equation 

ChCzy's equation is rarely used directly, but it is the basis for several other methods, 
including Manning's equation and Kutter's equation. Cbkzy's equation is: 

Where Q - - Discharge in the section (m3/sec., ft3/sec.) 

C - - Chkzy's roughness coefficient (m'12/sec., ftl"/ 
sec.) 

A - 2 2 - Flow area (m , R ) 

R = Hydraulic radius (m, ft) 

S = Friction slope ( d m ,  ftlft) 

FlowMaster User's Guide 



)% Critical Flow 

Kutter's Equation 

Kutter's equation can be used to determine the roughness coefficient in Chizy's 
formula, and is most commonly used for sanitary sewer analysis. Kutter's equation is 
as follows: 

Note: Kutter's roughness coefficients are the same as Manning's 
roughness coefficients. 

Where C - - Chdzy's roughness coefficient (m'12/sec., ft"2i 
sec.) 

S = Friction slope (mim, ft/ft) 

R = Hydraulic roughness (unitless) 

n = Kutter's roughness (unitless) 

kf  = Constant (23.0 SI, 41.65 U.S. customary) 

k2 = Constant (0.00155 SI, 0.00281 U.S. customary) 

k3 = Constant (1.0 SI, 1.811 U.S. customary) 

Manning's Equation 

Manning's equation is one of the most popular methods in use today for free surface 
flow (and, like Kutter's equation, is based on Chizy's equation). For Manning's equa- 
tion, the roughness coefficient in Chbzy's equation is calculated as: 
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Where C - - 
Chkzy's roughness coefficient (mli21sec., ftli2i 
sec.) 

R = Hydraulic radius (m, ft) 

n - 
- Manning's roughness (sec./m'13 ) 

k - - Constant ( 1 . 0 0 m ~ ~ ~ / m " ~  SI, I .49 ~ ~ ~ ~ / f t ~ ~ ~  U.S. 
customary) 

Substituting this roughness into Chezy's equation, we obtain the well-known 
Manning's equation: 

Note: Manning's roughness coefficients are the same as the 
roughness coefficients used in Kutter's equation. 

Where Q - 
- Discharge (m31sec., ft3/sec.) 

k - - Constant ( 1 . 0 0 m ~ ~ ~ / m " ~  SI, 1.49ft113/ft"3 U.S. 
customary) 

n = Manning's coefficient (unitless) 

A - 2 2 Flow area (m , ft ) 

R = Hydraulic radius (m, ft) 

S = Friction slope (mlm, frift) 

Darcy-Weisbach Equation 

Because of non-empirical origins, the Darcy-Weisbach equation is viewed by many 
engineers as the most accurate method for modeling friction losses. It most commonly 
takes the following form: 
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Where hj = Headloss (m, A) 

f = Darcy-Weisbach friction factor (unitless) 

D = Pipe diameter (m, A) 

L = Pipe length (m, A) 

V = Flow velocity (mlsec., Alsec.) 

g 
- - Gravitational acceleration (dsec.', ~ l s e c . ~  ) 

For section geometries that are not circular, this equation is adapted by relating a 
circular section's full flow hydraulic radius to its diameter: 

Where A - 2 2 - Area of flow (m , ft ) 

T = Top width of flow (m, ft) 

Q - 
- Section discharge (m3/sec., ft3/sec.) 

g 
- - Gravitational acceleration ( m i ~ e c . ~ ,  ftlsec? ) 

This can then be rearranged to the form: 

Where Q - 
- Section discharge (m31sec., ft3/sec.) 

A - 2 2 - Area of flow (m , A ) 

R = Hydraulic radius (m, ft) 

S = Friction slope ( d m ,  fWft) 

f = Darcy-Weisbach friction factor (unitless) 

g 
- - Gravitational acceleration (dsec? ,  f ~ s e c . ~  ) 
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The Swamee and Jain equation can then be used to calculate the friction factor. 

Swamee and Jain Equation 

Note: The Kinematic Viscosity is used in determining the friction 
coefficient in the Darcy-Weisbach Friction Method. The default 
units are initially set by Haestad Methods. 

The friction factor is dependent on the Reynolds number of the flow, which is depen- 
dent on the flow velocity, which is dependent on the discharge. As you can see, this 
process requires the iterative selection of a friction factor until the calculated 
discharge agrees with the chosen friction factor. 

Where f = Friction factor (unitless) 

k = Roughness height (m, ft) 

D = Pipe diameter (m, ft) 

Re = Reynolds number (unitless) 

Colebrook-White Equation 

The Colebrook-White equation is used to iteratively calculate for the Darcy-Weisbach 
friction Factor: 

1 

Free Surface 

1 -- 

0 Full Flow (Closed Conduit) (5.31) 
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Where Re = Reynolds number (unitless) 

k = Darcy-Weisbach roughness height (m, ft) 

f = Friction factor (unitless) 

R = Hydraulic radius (m, ft) 

Hazen-Williams Equation 

The Hazen-Williams Formula is frequently used in the analysis of pressure pipe 
systems (such as water distribution networks and sewer force mains). The formula is 
as follows: 

Where Q - 
- Section discharge (m3/sec., ft3/sec.) 

C Hazen-Williams roughness coefficient (unitless) 

A - - Area of flow (m2, ft2 ) 

R = Hydraulic radius (m, ft) 

S = Friction slope ( d m ,  ftlft) 

k = Constant (0.85 SI, 1.32 U.S. customary) 

5.2.4 Flow Regime 

Note: Based on the gradually varied flow analysis, different portions of 
any given pipe may be under different flow regimes. 

The hydraulic grade in a flow section depends heavily on the tailwater conditions, 
pipe slope, discharge, and other conditions. The basic flow regimes that a pipe may 
experience include: 

"Pressure Flow" 

"Uniform Flow and Normal DevW 

"Critical Flow. Critical Devth, and Critical Slove" 

"Subcritical Flow" 

"Supercritical Flow" 
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Pressure Flow 

When a pipe is surcharged, headlosses are based on the full barrel area and wetted 
perimeter. Because these characteristics are all functions of the section shape and size, 
friction loss calculations are greatly simplified by pressurized conditions. 

Uniform Flow and Normal Depth 

Uniform flow refers to a hydraulic condition where the discharge and cross-sectional 
area, and therefore the velocity, are constant throughout the length of the channel or 
pipe. For a pipe flowing full, all that this requires is that the pipe be straight and have 
no contractions or expansions. For a non-full section, however, there are a few addi- 
tional points of interest: 

In order for the cross-sectional area to remain the same, the depth of flow must be 
constant throughout the length of the channel. This requires that the friction slope 
equal the constructed slope. This depth is called normal depth. 

Since the hydraulic grade line parallels the invert of the section and the velocity 
does not change, the energy grade line is parallel to both the hydraulic grade line 
and the section invert under uniform flow conditions. 

In prismatic channels, flow conditions will typically approach normal depth if the 
channel is sufficiently long. 

Critical Flow, Critical Depth, and Critical Slope 

Critical flow occurs when the specific energy of the section is at a minimum. This 
condition is defined by the situation where: 

Where A - - Area of flow (m2, ft2 ) 

T = Top width of flow (m, A) 

Q - 
- Section discharge (m3/sec., ft3/sec.) 

g 
- - Gravitational acceleration (mtsec.', ft/sec.' ) 

This is a relatively simple computation for simple geometric shapes, but can require 
iterative calculation for more complex shapes (such as arches). Some sections may 
even have several valid critical depths, making numerical convergence more difficult. 
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Critical depth refers to the depth of water in a channel for which the specific energy is 
at its minimum. 

Critical slope refers to the slope at which the critical depth of a pipe would be equal to 
the normal depth. 

Subcritical Flow 

Subcritical flow refers to any flow condition where the Froude number is less than 1.0. 
For this condition, the depth is above critical depth, and the velocity is below the crit- 
ical depth velocity. 

Supercritical Flow 

Supercritical flow refers to any condition where the Froude number, or the ratio of 
internal forces to gravity forces, is greater than 1.0. For this condition, the depth is 
below critical depth, and the velocity is above the critical depth velocity. 

5.3 Gradually Varied Flow Analysis 

For free surface flow, depth rarely remains the same throughout the length of a 
channel or pipe. Starting from a boundary control depth, the depth changes gradually, 
increasing or decreasing until normal depth is achieved (if the conduit is sufficiently 
long). The determination of a boundary control depth depends on both the tailwater 
condition and the hydraulic characteristics of the conduit. The areas of classification 
for gradually varied flow analysis are: 

Slope Classification 

Zone Classification 

Profile Classification 

5.3.1 Slope Classification 

The constructed slope of a conduit is a very important factor in determining the type 
of gradually varied flow profile that exists. Slopes fall into one of three types, all of 
which are handled by the program: 

Hydraulically Mild Slope 

Critical Slope 

Hydraulically Steep Slope 
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Any pipe can qualify as only one of these slope types for a given discharge. For 
differing flows, though, a pipe may change between qualifying as a mild, critical, and 
steep slope. These slopes do not relate to just the constructed slope, but to the 
constructed slope relative to the critical slope for the given discharge. 

5.3.2 Hydraulically Steep Slope 

A hydraulically steep slope is a condition where the constructed slope is greater than 
the critical slope. For this condition, the section's normal depth is below critical depth, 
and the flow regime is usually supercritical. However, high tailwater conditions may 
cause flow to be subcritical. 

5.3.3 Critical Slope 

A pipe or channel may have exactly the same slope as the critical slope for the 
discharge it carries. This is a very uncommon occurrence, but it is possible and the 
program does calculate it appropriately. Critical depth is an inherently unstable 
surface, so flow is most likely to be subcritical for these slopes. 

5.3.4 Hydraulically Mild Slope 

A hydraulically mild slope is a condition where the constructed slope is less than the 
critical slope. For this condition, the section's normal depth is above critical depth, 
and the flow regime is usually subcritical. 

5.3.5 Zone Classification 

There are three zones that are typically used to classify gradually varied flow: 

. Zone 1 is where actual flow depth is above both normal depth and critical depth. 

Zone 2 is where actual flow depth is between normal depth and critical depth. 

Zone 3 is where actual flow depth is below both normal depth and critical depth. 

5.3.6 Profile Classification 

The gradually varied flow profile classification is a combination of the slope classifi- 
cation and the zone classification. For example, a pipe with a hydraulically mild slope 
and flow in zone 1 would be considered a mild-1 profile (MI for short). The program 
will analyze most profile types, but will not analyze certain flow profile types that 
occur rarely in conventional sewer system such as H3, M3, and S3. 
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The following diagrams describe the various profile classifications 

Zone 1 Profiles 

a, 
a A1 None A2 A3 
0 - 
V) 

-,. - - - 
a Yc ,-- 
2 
a > 
2 
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I Zone 2 Profiles 

y, Y Y ~ Y " Y , Y  

Zone 3 Profiles 

I 
I M3 Slug 

Figure 5-3: Profile Classification 
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5.3.7 Energy Balance 

Even for gradually varied flow, the solution is still a matter of balancing the energy 
between the two ends of a pipe segment. The energy equation as it relates to each end 
of a segment is as follows (note that the pressures for both ends are zero, since it is 
free surface flow): 

Where ZI = Hydraulic grade at upstream end of segment (m, 
f t  ) 

VI = Velocity at upstream end (dsec. ,  fwsec.) 

z2 = Hydraulic grade at downstream end of segment 
(m. fi) 

v2 = Velocity at downstream end (dsec. ,  ftisec.) 

HL = Loss due to friction--other losses assumed to be 
zero (m, A) 

g 
- - Gravitational acceleration (m~sec .~ ,  ftisec.' ) 

The friction loss is computed based on the average rate of friction loss along the 
segment and the length of the segment. This relationship is as follows: 

Where HL = Loss across segment (m, A) 

SA VG = Average friction slope ( d m ,  ftift) 

SI = Friction slope at upstream end of segment ( d m ,  
fwft) 

s2 = Friction slope at downstream end of segment ( d  
m, ft/ft) 

AX = Length of segment being analyzed (m, ft) 
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The conditions at one end of the segment are known through assumption or from a 
previous calculation step. Since the friction slope is a function of velocity, which is a 
function of depth, the depth at the other end of the segment can be found through iter- 
ation. There are two primary methods for this iterative solution, the Standard Step 
method and the Direct Step method. 

Standard Step Method 

The standard step method of gradually varied flow energy balance involves dividing 
the channel into segments of known length and solving for the unknown depth at one 
end of the segment, starting with a known or assumed depth at the other end. The stan- 
dard step method is the most popular method of determining the flow profile because 
it can be applied to any channel, not just prismatic channels. 

Direct Step Method 

The direct step method is based on the same basic energy principles as the standard 
step method, but takes a slightly different approach towards the solution. Instead of 
assuming a segment length and solving for the depth at the end of the segment, the 
direct step method assumes a depth and then solves for the segment length. 

5.3.8 Mixed Flow Profiles 

Although the hydraulic slope of a pipe will be the same throughout its length, a pipe 
may contain several different profile types. The transitions that may be encountered 
include: 

"Sealine (Surchareinu) Conditions" 

"Ravidly Varied Flow" 

Sealing (Surcharging) Conditions 

There may be conditions such that part of the section is flowing full, while part of the 
flow remains open. These conditions are called sealing conditions, and the sections 
are analyzed in separate parts. For sealing conditions, the portion of the section 
flowing full is analyzed as pressure flow, and the remaining portion is analyzed with 
gradually varied flow techniques. 

Rapidly Varied Flow 

Rapidly varied flow is turbulent flow resulting from the abrupt and pronounced curva- 
ture of flow streamlines into or out of a hydraulic control structure. Examples of 
rapidly varied flow include hydraulic jumps, bends, and bridge contractions. 
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The hydraulic phenomenon that occurs when the flow passes rapidly from supercrit- 
ical to subcritical flow is called a hydraulic jump. The most common occurrence of 
this within a gravity flow network occurs when there is a steep pipe discharging into a 
particularly high tailwater, as shown in the following figure. 

Figure 5-4: Hydraulic Jump 

There are significant losses associated with hydraulic jumps, due to the amount of 
mixing and hydraulic turbulence that occurs. These forces are also highly erosive, so 
engineers typically try to prevent jumps from occurring in gravity flow systems, or at 
least try to predict the location of these jumps in order to provide adequate channel, 
pipe, or structure protection. The program does not perform any specific force anal- 
yses that seek to precisely locate the hydraulic jump, nor does it identify the occur- 
rence ofjumps that might happen as flows leave a steep pipe and enter a mild pipe. 
Rather it performs analyses sufficient to compute grades at structures. 

5.3.9 Backwater Analysis 

The classic solution of gravity flow hydraulics is via a backwater analysis. This type 
of analysis starts at the network outlet under fiee discharge, submerged, or tailwater 
control, and proceeds in an upstream direction. 

Steep pipes tend to intenupt the backwater analysis, and reset the hydraulic control to 
critical depth at the upstream end of the steep pipe. A frontwater analysis may be 
needed for a steep profile (such as an S2), with the backwater analysis recommencing 
from the upstream structure. 

Certain situations are considered to be invalid downstream control by FlowMaster. 
The following criteria must be met to enable a valid downstream control: 

Note: An error message will be displayed if the input data does not 
satisfy these requirements. 

Mild Case: Normal Depth Greater Than Or Equal To Critical Depth 

Steep Case: Critical Depth Greater Than Or Equal To Normal Depth 

Critical Slope: Critical Depth Equal To Normal Depth 
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a 5.3.10 Frontwater Analysis 

The program will perform a frontwater analysis in a steep pipe operating under super- 
critical flow, since these pipes are typically entrance controlled. The hydraulic control 
is at the upstream end of the conduit, and the gradually varied flow analysis will 
proceed in a downstream direction until either the normal depth is achieved, a 
hydraulic jump occurs, or the end of the pipe is encountered. 

Note: The program's algorithm is fundamentally based on backwater 
analysis. As a result, a continuous frontwater analysis is not 
performed through two or more consecutive steep pipes. This is 
a performance trade-off that has little impact in evaluating 
performance of the collection system in most situations. The 
assumption of critical depth at the upstream end results in a 
conservative depth in all cases, and is exactly correct at the 
point of the steep run furthest upstream. 

Certain situations are considered to be invalid upstream control by FlowMaster.The 
following criteria must be met to enable a valid downstream control: 

Mild Case: Depth Less Than Or Equal To Normal Depth 

Steep Case: Normal Depth Greater Than Or Equal To Critical Depth 

Critical Slope: Critical Depth Equal To Normal Depth 

Weir Flow 

Sharp-crested and non-sharp-crested weirs are the two profiles generally associated 
with weir flow. Sharp-crested weirs are usually used for measuring a discharge, based 
on the water height. Non-sharp-crested weirs are usually part of a hydraulic structure, 
such as an overflowing embankment or roadway. 

5.4. I Sharp-Crested Weirs 

A sharp-crested weir has a sharp upstream edge formed so that the water flows clear 
of the crest. FlowMaster handles weir calculations for unsubmerged (free discharge) 
and submerged (backwater effect) sharp-crested weirs. 
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Rectangular Sharp-Crested Weir 

Note: An error message will be displayed if the input data does not 
satisfy these requirements. 

Figure 5-5: Rectangular Sharp-Crested Weir 

The discharge over an unsubmerged rectangular sharp-crested weir is defined as: 

Where Q - - Discharge over weir (m3/sec., ft3/sec.) 

C = Weir coefficient (typical values for this kind of 
weir are C = 1.84 S1 and C = 3.33 U.S. customaly) 

L = Weir opening width (m, ft) 

i = Number of contractions (i = 0, 1, or 2) 

H = Head above bottom of opening (m, ft) 

i = O corresponds to the case of a suppressed rectangular weir, for which the channel 
width is equal to the weir opening length, and yields the equation: 

Q = CLH 312 
(5.37) 

i = 2 corresponds to the case of a contractedrectangular weir. 
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V-Notch Sharp-Crested Weir 

Figure 5-6: V-Notch Sharp Crested Weir 

The discharge over an unsubmerged V-Notch sharp-crested weir is defined as: 

Where Q - - Discharge over weir (m3/sec., ft3/sec.) 

C = Coefficient of discharge (C = 0.58 typically used 
for a 90" V-notch weir) 

0 = Angle of notch (degrees) 

H = Head above bottom of notch (m, ft) 

Table 5-1: V-Notch Weir Coefficient of Discharge 

Head Weir Angle (degrees) 
(feet) 

22.5 30 45 60 90 120 
I 

0.5 ,611 ,605 .596 ,590 ,584 ,581 

1 .O ,593 .590 ,583 ,580 .576 ,575 

1.5 ,586 .583 ,578 ,575 ,572 ,672 

2.0 ,583 ,580 ,576 ,573 ,571 ,571 

2.5 ,580 ,578 .574 ,572 .570 ,570 

3.0 ,579 ,577 ,574 ,571 .570 .570 
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Coefftcient for sharp-crested V-notched weirs vary with the angle of the notch and 
with head de~ th .  For detailed discussion on discharge coefficients for various weir - 
configurations, review the references noted at the bottom of this page.' 

Cipolletti Sharp-Crested Weir 

Figure 5-7: Cipoletti Sharp-Crested Weir 

Cipolletti weirs are trapezoidal with 1 :4 slopes to compensate for end contraction 
losses. The equation generally accepted for computing the discharge through an 
unsuhmerged sharp-crested Cipolletti weir with complete contraction is: 

Note: 1.84 and 3.367 are standard values only. 

Q = 3.367L~312 U.S. Customary Units 

Where Q - - Discharge over weir (m3/sec., fi3/sec.) 

L = Bottom of notch width 

H = Head above bottom of opening (m, ft) 

1. Brater. Ernest F and Horace Williams King, Handbook of Hydraulics, McGraw-Hill Book Company. 
New York, 1976. 

2. Shen, John, Discharge Characteristics of Triangular Notch Thin-Plate Weirs, Geological Survey 
Water-Supply Paper 1617-8. U.S Dept. of Interior, 1981. 

3. Derived from table in: Van Haveren. Bruce P., Water Resource Measurements, American Water 
Works Assoc.,1986. 
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Submerged Sharp-Crested Weir 

Figure 5-8: Submerged Sharp-Crested Weir 

If the sharp-crested weir is submerged as illustrated in the figure above (with Hz > O) ,  
then the flow Ql that would be obtained without submergence, using one of the equa- 

tions above, is corrected as follows to obtain the flow Q over the weir': 

Where Q - - Discharge over weir (m3/sec., ft3/sec.) 

QI  = Discharge over weir opening that would be 
obtained without submergence at head HI (m3/ 

sec., ft3/sec.) 

HI = Head above weir crest (m, ft) 

H2 = Downstream head above weir (m, ft) 

n = Exponent in corresponding weir equation with no 
submergence (312 or 512 in cases above) 

1. Brater, Ernest F. and Horace Williams King, Handbook of Hydraulics, McGraw-Hill Book Company, 
New Yark, 1976. 
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a 5.4.2 Non-Sharp-Crested Weirs 

For the following types of weirs, the weir coeficients are strongly dependent on the 
weir shape, width (measured in the flow direction) and the upstream head. It is recom- 
mended to use values from a reference book as a starting point, and when possible, 
calibrate these coefficients. 

Broad-Crested Weir 

A broad-crested weir has a crest that extends horizontally in the direction of flow far 
enough to support the nappe (sheet of water flowing over the crest of the weir) so that 
hydrostatic pressures are fully developed for at least some short distance. 

In order to model Embankment or Roadway overtopping, the Federal Highway 
Administration (FHWA) has developed a methodology that can be found in the 
manual FHWA, HDS No. 5, Hydraulic Design of Highway Culverts, 1985, which uses 
the general broad-crested weir equation. 

Where Q - - Discharge over weir (m3/sec., ft3/sec.) 

cd = Weir coefficient 

L = Length of roadway crest (m, ft) 

HY = Overtopping depth (m, A) 

Figure 5-9: Broad-Crested Weir 

The overtopping discharge coefficient Cdis a function of the submergence using the 
equation: 
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The variables K, and C, are defined in the following figures, reproduced from the 
manual FHWA, HDS No.5, Hydraulic Design of Highway Culverts, 1985. The first 
two figures are used by FlowMaster to derive the base weir coefficient C, resulting 
from deep and shallow overtopping, respectively. The submergence correction K, is 
determined implicitly using the third figure. 

Figure 5-10: Discharge Coefficient C,, for HJL > 0.15 

wwr (m) 

Figure 5-11: Discharge Coefficient C, for HAL 5 0.15 
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hmW (m) 

Figure 5-12: Submergence Factor, k 

Triangular and Trapezoidal Weir 

The discharge over a triangular or trapezoidal weir is: 

Where Q - - Discharge over weir (m3/sec., ft3/sec.) 

C = Weir coefficient 

L = Weir length (m, ft) 

H = Head above weir crest (m, ft) 

Model these weirs by using the Generic Weir in FlowMaster, entering the appropriate 
coefficient. The weir coefficient is a function of the upstream head and the shape of 
the weir. 
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5.5 Orifice Flow 

----- 

measure H from 

Figure 5-13: Orifice Flow (schematic) 

The orifice equation is defined as: 

Where Q - - Flow (m3isec., ft3/sec.) 

C = Orifice coefficient 

A - 2 2 - Flow area (m , ft ) 

g 
- - Gravitational acceleration (m~sec.~,  ft/sec.' ) 

H = Head (m, A) 

5.5.1 Orifice Coefficients 

Although these coefficients vary with shape, size, and head depth, an average C coef- 
ficient of 0.60 is often used for storm water orifice openings. A list of orifice coeffi- 
cients for various heads and sizes of circular, square, rectangular, and triangular 
shapes can be found in the Handbook of Hydraulics, by Brater et Al. (see References). 

Sluice Gate 

Gates have the hydraulic properties of orifices. Therefore, the discharge through a 
sluice gate is: 
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Where Q - - Flow (m3/sec., ft3/sec.) 

C = Orifice coefficient 

A - 2 2 - Flow area (m , ft ) 

g 
- - Gravitational acceleration (m/sec2, ftisec.' ) 

H = Head (m, ft) 

Model a sluice gate by using the Generic Orifice in FlowMaster, entering the appro- 
priate coefficient. 

5.6 Pressure Pipe 

In hydraulic applications, energy is often converted into units of energy per unit 
weight, resulting in units of length. Using these length equivalents gives engineers a 
better "feel" for the resulting behavior of the system. When using these length equiva- 
lents, the user is expressing the state of the system in terms of head. The energy at any 
point within a hydraulic system is often represented in three parts: 

Pressure head: ply 

Elevation head: z 

Velocity head: ~ ~ 1 2 ~  

Where p = Pressure (N/m2, lb/ft2 ) 

Y - - Specific weight (N/m3, lb/ft3 ) 

z = Elevation (m, ft) 

V = Velocity (mlsec., ftlsec.) 

g 
- - Gravitational acceleration (dsec.', ftisec.') 

Balancing the energy at the two ends of a pressure pipe, the energy equation can be 
reduced to: 
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Where hL = Friction headloss (m, A) 

5.6.1 Hydraulic Grade and Energy Grade 

The hydraulic grade is the sum of the pressure head (ply) and elevation head (2). The 
hydraulic head represents the height to which a water column would rise in a piezom- 
eter. The plot of the hydraulic grade in a profile is often referred to as the hydraulic 
grade line, or HGL. 

The energy grade is the sum of the hydraulic grade and the velocity head (~ '12~) .  This 
is the height to which a column of water would rise in a pitot tube. The plot of the 
hydraulic grade in a profile is often referred to as the energy grade line, or EGL. 

5.7 Inlet Hydraulics 

FlowMaster considers the following inlet hydraulic principles: 

"HEC-22 lnlet Com~arison" on oage 5-182 

"Flows in Gutters on Grade" on vase 5-182 

"Flow in Ditch or Median Section on Grade" on page 5-186 

"Inlet Analysis" on uage 5-187 

"Grate Inlet on Grade" on Dage 5-189 

"Curb lnlet on Grade" on uagc 5-191 

"Slot lnlet on Grade" on page 5-193 

"Combination lnlet on Grade" on paee 5-193 

"Grate lnlet in Sag" on oase 5-194 

"Curb Inlet in Sag" on paee 5-195 

"Slot lnlet in Sag" on vase 5-198 

"Cotnbination lnlet in Sap" on Dage 5-199 
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5.7.1 HEC-22 Inlet Comparison 

Note: Pavement drainage requires consideration of gutter flow and 
inlet capacity. The design of these elements is dependent on 
storm frequency and the allowable spread of storm water on the 
pavement surface. 

FlowMaster performs hydraulic computations for analyzing or 
sizing one inlet at a time. For analyzing or designing an entire 
storm sewer network, Haestad Methods offers StormCAD, which 
also follows the HEC-22 methodology for inlet computations. 

The methodology used by FlowMaster to perform pavement drainage and inlet 
computations is described in Chapter 4 of the HEC-22 manual: Urban Drainage 
Design Manual, 1996. This chapter is included as "Pavement Drainage" on Daee 6- 
209. Related charts can be found in "Engineer's Reference" on oage 8-325. Most of 
the information presented in HEC-22 Chapter 4 was originally published in the 2nd 
edition, August 2001 Pub No FHWA-NHI-01-021FHWA, and AASHTO's Model 
Drainage Manual, 1991. 

This section presents an overview of the HEC-22 methodology used by FlowMaster. 
For more information, refer to "Pavement Drainaec" on D ~ P C  6-209 or the HEC-22 
documentation. 

a 5.7.2 Flows in Gutters on Grade 

Flows in gutters on grade includes: 

. "Uniform Gutter Cross S lo~e"  on uaee 5-1 82 

"Com~ositc Gutter Section" on paec 5-1 84 

Uniform Gutter Cross Slope 

In the case of a uniform cross-slope (gutter slope S, equal to pavement slope S,), the 
relationship between the gutter flow Q and the flow spread T is obtained by applying 
the Manning's equation, assuming normal flow: 
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- 
- Flow rate (m3/sec., ft3/sec.) 

= 0.376 S1,0.56 U.S. customary 

= Manning's coeff~cient 

= Pavement cross-slope (m/m, ftlft) 

= Longitudinal pavement slope ( d m ,  ftlft) 

= Width of flow-spread (m, ft) 

Figure 5-14: Uniform Gutter Cross Slope 

The flow depth along the curb is: 

d = TS, 

Where d = Depth of flow at curb (m, fi) 

The coeff~cient E, as well as the variables Q, and Q,, are introduced as: 

Qw = EoQ (5.53) 

Q,=Q-Q,=(I -Eo)Q (5.54) 

Eo = l - (I - ~ $ 7 ) ~ . ~ ~  (5.55) 
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Where Q - 3 - Total pavement flow (m3/sec., fi Isec.) 

QW = Frontal flow-portion of the flow over the grate 
width (m3/sec., ft3/sec.) 

Eo = Ratio of flow above the grate to total flow 

Qs 
- - Side flow-flow outside the grate width (m3isec., 

ft3/sec.) 

wk? 
= Grate width (m, ft) 

Composite Gutter Section 

Figure 5-15: Composite Gutter Section 

In the case of a composite gutter section, the coefficient Eo, as well as the variables Qw 
and Q,, are defined as: 
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Where Q - - Total pavement flow (m3/sec., ft31sec.) 

Qw = Frontal flow-portion of the flow in the depressed 
gutter (m3/sec., ft3/sec.) 

En = Ratio of flow in the depressed gutter to total flow 

Qs 
- - Side flow-flow outside the depressed gutter (m3/ 

sec., ft3/sec.) 

E, can then be derived from Manning's equation as: 

Where S, = Gutter cross-slope ( d m ,  fttft) 

W = Width of depressed gutter--or grate, if it is 
smaller (m, ft) 

The continuously depressed gutter is also sometimes defined by a gutter depression, a, 
defined as: 

a 
S ,  = S,  + --- 

1000W SI Units 

a s,=s,+- 
12W U.S. Customary Units 

Where a = Gutter depression (mm, in) 

Gutter depression is the depression of the gutter relative to the street cross-slope 
projection. It is also identified as a continuously depressed gutter because the gutter is 
depressed along its full length. 
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a 5.7.3 Flow in Ditch or Median Section on Grade 

Figure 5-16: Ditch Cross Section 

The discharge Q in a ditch or median section is expressed as: 

Where Q - 
- Discharge rate (m3/sec., ft31sec.) 

4 = l .O SI, 1.486 U.S. customary 

n = Manning's coefficient 

B = Ditch width (m, ft) 

d = Water depth (m, R) 

z13*2 
= Ratio H. V for ditch side slopes ( d m ,  ftift) 

s~ = Ditch longitudinal slope ( d m ,  ftift) 

The ratio Eo of frontal flow (over the grate) to total flow is: 

Where W = Grate width (m, A) 
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5.7.4 Inlet Analysis 

lnlets are divided into 4 categories, as illustrated in the following figure: 

a. Grate Inlet b. Curb Opening Inlet 

c. Combination Inlet d. Slotted Drain Inlet 

Figure 5-17: lnlet Types 

For details on each type of inlet, refer to the HEC-22 Manual, Chapter 4 (see "Pave- 
ment Drainage" on Daze 6-209). 
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Note: Do not confuse gutter depression and local depression: 

The gutter depression is the depression of the gutter relative to 
the pavement normal cross-slope named a on the figure below, 
which shows a gutter and inlet cross section. It is also referred 
to as a continuously depressed gutter. 

The local depression is the depression at the location of the inlet 
(a' in the figure below). It does not exist in the gutter upstream or 
downstream of the inlet. It is measured from the gutter slope. 

Figure 5-18: Continuous Gutter Depression and Local Depression 

Figure 6.6 illustrates the concept of local depression versus gutter depression used by 
HEC-22, with: 

Where a = Gutter depression (mm, in) 

a' = Local depression (mm, in) 

atotal = Total depression at location of inlet (mm, in) 

Inlets on Grade 

Inlets located on a grade (SL > 0) are characterized by an efficiency, E, for a given set 
of  conditions: 

0 ,-I8, 
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Where E = Inlet efficiency (unitless) 

Q - - Total gutter flow (m3/sec., ft3/sec.) 

Qi 
- 
- Intercepted flow (m31sec., ft3/sec.) 

The flow that is not intercepted is called carryover or bypass flow. It is defined as 
follows: 

Where Qb - 
- Bypass low (m3/sec., ft3/sec.) 

5.7.5 Grate Inlet on Grade 

Figure 5-19: Grate lnlet 

As previously defined, the total gutter flow, Q, is composed of a frontal flow Q, and a 
side flow Q,. 

The ratio Rfof frontal flow intercepted to total frontal flow is expressed as: 

Rf= I - Kcf(V- Vo) 

Where Kg 

V 

"0 

= 0.295 SI, 0.090 U.S. customary 

= Average velocity in gutter (dsec., ft/sec.) 

= Gutter velocity at which splash-over first happens 
(dsec., ftlsec.) 
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Note: If V <  Vo, then Rf = 1 (all the frontal flow is intercepted). 

Also, Rrcannot exceed 1.0. The splash-over velocity, Vo is a 
function of the grate type and the grate length, L. 

The frontal flow intercepted, Q,",, is: 

Qwi = RJQ, 

The ratio R, of side flow intercepted to side flow is expressed as: 

Where K,  = 0.0828 SI, 0.15 U.S. customary 

L = Grate length (m, ft) 

The side flow intercepted, Qsi, is therefore: 

Qsi = RsQs 

The total flow intercepted is: 

Qi = Qwi + Qsi 

Where Qi 

The bypass flow is then: 

Q b = Q - Q i  

- - Total flow intercepted (m3/sec., ft3/sec.) 

Where Qb - - Bypass flow (rn3/sec., ft3/sec.) 

The efficiency of the grate is expressed as: 

E = RF0 + R,(1 - Eo) 
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(5.72) 

5.7.6 Curb Inlet on Grade 

Figure 5-20: Curb lnlet 

The curb opening length L, that would he required to intercept 100% of a flow Q on a 
pavement with a uniform cross slope is computed as: 

Where LT = Curb opening length required to intercept 100% of 
gutter flow 

KC = 0.817 SI, 0.60 U.S. customary 

In order to account for a locally or continually depressed gutter, an equivalent cross 
slope, S,, is computed. 

Figure 5-21: Composite Gutter Section 
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S', is calculated as: 

ale, S'  =- 

lOOOW SI Units 

alO,l S '  =- 
w 

I2W U.S. Customary Units 

Where S, = Gutter cross-slope at inlet location-measured 
from pavement cross-slope ( d m ,  ftlft) 

SW = Gutter cross-slope upstream of i n l e t a o e s  not 
account for local depression ( d m ,  frlft) 

atota~ = Total depression at inlet location-includes local 
and continuous gutter depression (mm, in) 

W = Larger of the gutter width and local-depression 
width (m, ft) 

The curb opening length LT that would he required to intercept 100% of a flow Q on a 
pavement with a composite cross slope at the location of the inlet is: 

The efficiency E of a curb opening shorter than the required length for total intercep- 
tion is: 

Where L = Curb opening length (m, A) 
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5.7.7 Slot Inlet on Grade 

Figure 5-22: Slot lnlet 

The efficiency of a Slotted Inlet on Grade with an opening width greater than or equal 
to 45 mm (1.75 in) is calculated using the same equations as for a curb opening inlet of 
the same length. 

5.7.8 Combination Inlet on Grade 

Figure 5-23: Combination lnlet 

HEC-22 distinguishes two cases: 

The grate and the curb opening are placed side by side. In this case, the flow inter- 
ception by the curb opening is negligible, and the capacity of the combination 
inlet is identical to that of the grate alone. . The curb opening is extended upstream of the grate in order to intercept debris 
that could otherwise clog the grate inlet. The flow intercepted by the combination 
inlet is calculated as the flow intercepted by the curb opening upstream of the 
grate inlet, plus the portion of the remaining flow intercepted by the grate. 
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lnlets in Sag 

Note: Inlets in sag location operate as weirs at low water depth and as 
orifices at higher depth. 

Grate inlets alone are not recommended, as clogging of the 
grate is likely to occur. 

In contrast with inlets on grade, the efficiency of an inlet located in sag is always 
assumed to be 1.0 (or 100%). 

5.7.9 Grate Inlet in Sag 

Figure 5-24: Grate Inlet 

The flow Qiw intercepted by a grate inlet operating as a weir is: 

Q; = C,Pd 1.5 

Where W = Width of the grate (m, A) 

cw = 1.66 SI, 3.0 U.S. customary 

dl = Flow depth at middle of grate(m, ft) 

d2 = Flow depth at side of grate opposite the curb (m, 
ft ) 

The flow Qi, intercepted by a grate inlet operating as an orifice is: 

Q = 0 . 6 7 ~ & ' ( 2 ~ ~ ~ ' ~  
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Where Q = Capacity of the grate operating as an orifice (cfs, 
m3/s) 

*s 
- 2 2 - Clear opening area of grate (ft , m ) 

d - - Acceleration due to gravity (ft/s2, rn/s2) 

The intercepted flow Qi is conservatively calculated at any flow depth by using the 
lesser of the intercepted flows computed using the weir or orifice equation: 

Q; = min(Qiw 9 Qio 1 (5.80) 

This accounts for the three stages: weir flow, orifice flow and transitional flow. 

5.7. I 0  Curb lnlet in Sag 

Figure 5-25: Curb lnlet 

Curb inlets are divided into 3 categories, based on their throat geometry: horizontal 
(most common), vertical, and inclined, as defined in the figure below. 

FlowMaster User's Guide 



bb lnlet Hydraulics 

Figure 5-26: Curb lnlet Throat Types 

Where h  

di 

do 

Weir Flow 

= Height of curb-opening inlet (m, ft) 

= Water depth at lip of curb (m, A) 

= Effective head, measured from center of orifice 
throat (m, fi) 

= Throat angle for inclined-throat inlets 

A curb inlet in a sag, without a locally or continuously depressed gutter, operates as a 
weir for depths at curb (measured from the normal cross slope) that are less than or 
equal to the curb opening height. 

This condition can be expressed as: 

d 5 h  

Where d = Depth at curb--i.e., d = TS, (m, ft) 

In the case of a depressed curb opening (local depression) or a continuously depressed 
gutter, the previous condition becomes: 
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Where d = Total depression, measured at inlet (mm, in) 

D = Depth at curb, measured from normal cross-slope 
(m, A) 

The intercepted flow Qiw by a curb-opening inlet operating as a weir, with a locally or 
continuously depressed gutter, is: 

Where CwI = Weir coefficient (1.25 SI, 2.3 U.S. customary) 

L = Curb-opening length (m, ft) 

W = Lateral width of depression (m, ft) 

However, ifL is greater than or equal to 3.6 m (12 A), then the following equation is 
used, which is the same as the equation for curb-opening inlets without depression: 

Where CW2 = Weir coefficient (1.6 SI, 3.0 U.S. customary) 

Orifice Flow 

A curb inlet in a sump operates as an orifice for depths at the lip of a curb opening that 
are greater than 1.4 times the curb opening height: 

di> 1.4h (5.85) 

The intercepted flow Qio by a curb-opening inlet (depressed or undepressed) operating 
as an orifice is: 

Qi, = ~ , h L ( 2 ~ d , ) ~ . ~  

which is also expressed as: 

0 FlowMaster User's Guide 



b b  lnlet Hydraulics 

Where O = 90° for horizontal-throat inlets, O" for vertical- 
throat inlets 

Transition Flow 

At depths between 1.0 and 1.4 times the opening height, the flow is in a transition 
stage. 

This intercepted flow Q; is calculated conservatively in this depth range as: 

5.7.11 Slot lnlet in Sag 

Slot inlet in sag includes: 

"Weir Flow" on  age 5-196 

"Orifice Flow" on vaze 5-199 . "Transitional Flow" on page 5-199 

Weir Flow 

Slotted inlets located in sag operate as weirs to water depths, d (measured at the curb 
from the normal cross slope), of about 0.06 m (0.2ft). 

The intercepted flow QiW is expressed as: 

Where Cw = Weir coefficient-varies with flow depth and slot 
length (typically 1.4 SI, 2.48 U.S. customary) 

d = Water depth at curb, measured from normal cross 
slope (m, ft) 

L = Slot length (m, ft) 

FlowMaster User's Guide 



FlowMaster Theory 

Orifice Flow 

At water depths (measured at tbe curb) greater than about 0.12 m (0.4 ft), slotted inlets 
perform as orifices. 

The intercepted flow Qio is expressed as: 

Where W = Slot width (m, ft) 

d = Water depth at slot (m, ft) 

Transitional Flow 

At depths between 0.06 m (measured at the slot from the normal cross slope) and 0.12 
m, the flow is in a transition stage. 

The intercepted flow Qi is conservatively calculated in this depth range as: 

5.7. I 2  Combination Inlet in Sag - 

According to HEC-22, combination inlets are considered advisable for use in sags 
where hazardous ponding occurs. 

Equal Length Inlets 

Equal length inlets refer to a grate inlet placed along the side of a curb-opening inlet of 
identical length. At lower flow depths, the grate inlet is operating as a weir 'and the 
interception capacity of the curb is negligible (unless the grate is clogged, in which 
case the curb is intercepting some flow). The flow Q;, intercepted by the combination 
is then: 

Where C, = Weir coefficient (typically 1.66 SI, 3.0 U.S. 
customary) 

P = Perimeter of grate, disregarding side along curb 
(m, ft) 

d = Flow depth at curb (m, ft) 

FlowMaster User's Guide 



lnlet Hydraulics 

At higher flow depths, both the grate inlet and the curb-opening inlet are operating as 
orifices. 

Note: The clear opening area of the grate depends on the opening ratio 
of the grate (HEC-22 defines an opening ratio for each grate 
type), as well as the clogging factor you specify. 

The flow Q, intercepted by the combination inlet operating as an orifice is: 

Where C, = Orifice coefficient (C,, = 0.67) 

A ,  
- - Clear opening of grate (m2, ft2 ) 

g 
- - Gravitational acceleration (9.81 m / s e ~ . ~ ,  32.16 fU 

set.' ) 
h = Height of curb-opening inlet (m, A) 

do = I-Iead, measured from the center of the orifice 
throat (m, A) 

Sweeper lnlet 

A sweeper inlet refers to a grate inlet placed at the downstream end of a longer curb 
opening inlet. A sweeper inlet is more efficient than an equal length combination inlet 
in intercepting debris. 

Note that since the HEC-22 manual is not very explicit about this type of inlet in sag, 
some assumptions were made in order to define the flows for this inlet. 

The flow Qi intercepted by a sweeper inlet is the sum of the flow Qie as calculated 
above for an equal length combination inlet of length L (where L is the length of the 
grate) and the flow Q;, intercepted by the additional length L (upsteam of the grate) of 
the curb opening. 

FlowMaster User's Guide 



APPENDIX P 
FCDMC COMMENTSIURS RESPONSES MEMORANDUMS (INCLUDES 

A DISK OF HEC-RAS FILES WITH INTERPOLATED CROSS-SECTIONS 
(JUNE 2007) 



APPENDIX P SUMMARY 
(28 JUNE 2007) 

The Final Drainage Report for the City of Scottsdale "Indian Bend Road Improvement 

Project" was submitted April 2007 along with the construction plans and documents for a 

final review. The Flood Control District of Maricopa County (FCDMC) performed a 

review of these documents. As a result of that review, several additional drainage 

evaluations were performed for review by the FCDMC. Documentation of these 

evaluations are contained in this appendix as follows: 

FCDMC Final Comment Acceptance, Joe Rumann E-Mail, I8 June 2007 

URS CommentsiResponses Memorandum No. 1 Addendum, 11 June 2007 

FCDMC Comment, Joe Rumann E-Mail, 23 May 2007 

URS CommentsIResponses Memorandum No. 1, 15 May 2007 

FCDMC Comments, Joe Rumann, 26 December 2006 

URS CommentsiResponses Memorandum No. 2, 15 May 2007 

FCDMC Comments, Richard Waskowsky, 2 January 2007 

Responses to some of the comments required additional calculations as follows: 

Riprap Design at Culvert Outlets (see URS CommentslResolutions Memorandum 

No. 2) 

HEC-RAS modifications to determine that the culvert (top of roadway) is above 

the energy grade line and the location of the hydraulic jump (see URS 

Comments/Resolutions Memorandum No. Addendum) 

The FCDMC requested that interpolated cross-sections be added at appropriate locations 

in the HEC-RAS model, and that the model be rnn for both mixed flow and subcritical 

flow regimes for a range of flows. This model would provide better confidence in the 

energy grade line upstream of the culverts and the location of the hydraulic jump. This 

has been completed and is discussed in detail in the URS CommentsiResponses 
Memorandum No. 1 Addendum, 11 June 2007. Electronic copies of the revised HEC- 
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RAS files along with appropriate summary tables are contained in the CD attached to the 

cover of this appendix. 

The interpolated cross-sections added to the HEC-RAS model resulted in slight, 

insignificant changes in the calculated hydraulic parameters at some of the previous 

cross-sections. These changes are contained in this appendix. The rest of this report as it 

relates to the Indian Bend Wash hydraulic evaluation has not been modified and remains 

the same as published April 2007. 
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Fmm: loe Rumann - K O X  

TO: Dave Schaub@Unscom.mm 
CC: Randall kk@URSCom.mrn; VGalav@Scoftrdale&.tov; Shelby Brown - FCDX; Richard M. Waskowskv - KDX; Jeff Rkddle - K O X  

Sublact: RE: Review Comments. FWMC Permlt NO. 20WWffi 
Date: 06/ls/ZW7 02.25 PM 

Dave: 

Thank you for the additional information. I would like to request that you create a new Appendix and place the review 
memos and a CD of the revised models in it. You also will need to change the Table of Contents for the Appendix. I think 
we can send it on to the COE for their review once this last change has been made. If you have any questions please 
let me know, thanks again. 

joe 

-----Original Message----- 
From: Dave-Schaub@URSCorp.com [mailto:Dave-Schaub@URSCorp.com] 
Sent: Wednesday, June 13,2007 8:50 AM 
To: Joe Rumann - FCDX 
Cc: RandalLBeck@URSCorp.com; VGalav@ScottsdaleAz.Gov 
Subject: RE: Review Comments, FCDMC Permit NO. 2004P066 

Attached are 4 summary tables of the mixed flow and subcritical flow regime results for both the existing and proposed 
conditions. 

(See attached file: 
IBWExstMixedFlowTable0l .pdl) 
(See attached file: 
IBWExstSubcriticalFlowTableOl . 
pdf)(See attached file: 
IBWPropMixedFIowTableO1 .pdf) 
(See attached file: 
IBWPropSubcriticalFlowTableOl . 
d o  
This e-mail and any attachments are confidential. I f  you receive this message in error or are not the intended recipient, you 
should not retain, distribute, disdose or use any of this information and you should destroy the emaii and any attachments or 
copies. 

" height="16">"Joe Rumann - FCDX" <jmr@mail.maricopa.gov> 

"Joe Rumann - To<Dave-Schaub@URSCorp.com> 
FCDX" cc<VGalav@ScottsdaleAz.Gov>, <Randall-Beck@URSCorp. 
<jmr@mail. mm> 
mar i~pa .gov> SubjectRE: Review Comments, KDMC Permit NO. 2004P066 

Thanks Dave. Could you please email the HEC-RAS models or send a cd of the models for these results so i can 
complete my review. Thanks again. 

-----Original Message----- 
From: Dave-Schaub@URSCorp.com [mailto:Dave Schaub@URSCorp.coml 
Sent: Tuesday, June 12,2007 7:39 AM 
To: Joe Rumann - FCDX 
Cc: VGalav@SmttsdaleAz.Gov; RandalLBeck@URSCorp.com 
Subject: Fw: Review Comments, FCDMC Permit NO. 2004P066 

I believe I now have your E-Mail correct. I have also taken the opportunity to reprint Table 2b so it 
shows page 1 of 2 instead of page 1 of 3 at the bottom of the page. There are only 2 pages to this table. 

(See attached file: 



FLOOD CONTROL DISTRICT 
Comments by Joe 
Rumann23May2007.pdf) 

This emaii and any attachments are confidential. I f  you receive this message in error or are not the intended recipient, you 
should not retain, distribute, disclose or use any of this information and you shouid destroy the e-mail and any attachments or 
CODies. 

----- Forwarded by Dave Schaub/Phoenix/URSCorp on 06/12/2007 07:38 AM ----- 
Dave jwr@mail.maricopa,gov 
Schaubl To 
Phoenix1 
URSCorp cc 

Fw: Review Comments. 
06/11/2007 S ~ ~ J ~ ~ ~ F C D M C  Permit NO. 

03:13 PM 2004P066 

Sorry about that. 
This e-mail and any attatachments are confidential. I f  you receive this message in error or are not the intended rwipient, you 
should not retain, distribute, dixlose or use any of this information and you should destroy the e-mail and any attachments or 
cooies. 

----- Forwarded by Dave Schaub/Phoenix/URSCorp on 06/11/2007 03:15 PM ----- 
Dave jwr@mail.maricop.gov 
Schaubl To 
Phoenix1 VGalav@ScottsdaleAz.Gov, 
URSCorp CcRandall Beck/Phoenix/ 

URSCorp@URSCorp 
06/11/2007 Review Comments, FCDMC 
03:11 p~ Subjectpermit NO. 2004P066 

We have completed the evaluation of Indian Bend Wash for the Mixed Flow Regime as you requested. 
The results a& documented in the attached pdf. Based on this evaluation, we believe that theproposed 
drainaae facilities contained in the Final Review Construction ~ i a n s  submitted ADril 2007 meet desion 

[attachment "FLOOD CONTROL DISTRICT Comments by J o e  Rumann23May2007.pdP' deleted by Dave 
Schaub/Phoenix/URSCorp] 
This emaii and any attachments are confidential. I f  you receive this mwage in error or are not the intended recipient, you 
should not retain, dstribute, disclose or use any of this information and you shouid destroy the e-mail and any attachments or 
copies. 



Comrnents/Responses Memorandum No. 1 Addendum 
City of Scottsdale-Indian Bend Road Improvements at the crossing of 

Indian Bend Road Wash; Permit No. 2004P066 
(June 11,2007) 

FLOOD CONTROL DISTRICT 
of Maricopa County 

Review Comments by Joe Rumann 
For 

Final Drainage Report, Vols. 1 and 2, April 2007 
And 

Final Review Construction Plans, April 2007 

Joe Rumann sent an E-Mail on the 23d of May with the following comment: 

'Thank you for your responses to my review comments. I believe you have addressed all of our 
concerns with the exception of comments 8 and 9. You are probably correct that the bridge is 
above the energy grade line for actual design flow conditions and I realize the culverts complicate 
the hydraulics. However I think you can verify that, by using interpolated cross sections (say 
every 5 ft for example) between the drop structure and the culverts to get the mixed flow regime 
to run. If not try using the existing condition geometry. It is my belief that a hydraulic jump does 
occur downstream of the dr0D structure and it mav be drowned out bv the backwater hvdraulics 
caused by the culverts for the design flows. ~ ~ a i n  however running ihe model for lower flows 
mav indicate that the i u m ~  occurs some  lace else. Please revise the HEC-RAS model again to 
see if we can resolveihese comments. if you have any questions please let me know, again 
thank you." 

As requested, we have added interpolated cross-sections at appropriate locations and run 
the model for both mixed flow and subcritical flow regimes for the 2-, 5-, lo-, 25-, 50-, 
and FEMA 100-year peak discharges as well as the COE Design Flow of 30,000 cfs. The 
5-year peak discharge is estimated at 5,100 cfs using the City of Tucson Pro-ratio method 
assuming a moderately urban watershed. This discharge is close to the approximately 
4,000 cfs peak discharge that occurred August 24,2006. Runs were performed for both 
existing and proposed conditions. These calculations were performed with the HEC-RAS 
4.0 Beta model instead of the HEC-RAS 3.1.3 model. The latest model provides the same 
subcritical analysis water surface elevations, but also performs mixed flow calculations 
with a culvert. 

Boundary water surface elevations were determined similar to that stated in the April 
2007 Final Drainage Report. The downstream starting 100-year water surface elevation 
was obtained from the FEMA HEC-2 model dated September 2000, and the starting 
30,000 cfs water surface elevation was obtained from the HEC-RAS Model converted 
from the FEMA HEC-2 Model. The 100-year energy grade line slope of 0.001 ftlft was 
used as the normal depth calculation for all other flows. To run mixed flow analysis it 
was necessary to establish an upstream water surface elevation. The upstream water 
surface elevation was set at critical depth. The mixed flow and the subcritical flow 

URS Corporation 
7720 North 1 6 t h  Street, Suite 100 
Phoenix, AZ 85020 
Tei: 602.371.1100 
Fax: 602.371.1615 Page 1 of 3 



Flood Control District Review Comments No. 1 Addendum 
URS Responses 
FCDMC Permit No. 2004P066 
(June 11,2007) 

analysis resulted in the same water surface elevation at the upstream boundary cross- 
section. 

The HEC-RAS model results and comparisons between existing and proposed conditions 
are summarized in 4 tables. The 5-year and FEMA 100-year peak discharges and the 
COE Design Flow of 30,000 cfs adequately show the range of flow conditions for small 
to large discharges. Results for these three flow events are summarized in the following 
tables: 

Table 1A - HGL for Subcritical Flow Regime 
Table 1B - EGL for Subcritical Flow Regime 
Table 2A - HGL for Mixed Flow Regime 
Table 2B - EGL for Mixed Flow Regime 

The freeboard conditions based on these model results are summarized in the following 4 
tables: 

Table 4.1 -Concrete Barrier Meets Freeboard Requirements for Design Flow of 
30,000 cfs (Subcritical Flow Regime-HGL), Final Drainage Report, April 2007 
Table 4.1 - (Revised) Concrete Barrier Meets Freeboard Requirements for Design 
Flow of 30,000 cfs (Subcritical Flow Regime-HGL), Added Interpolated 
Sections-June 2007 
Table 4.1A - Concrete Banier Meets Freeboard Requirements for Design Flow 
of 30,000 cfs (Mixed Flow Regime-HGL), Added Interpolated Sections-June 
2007. 
Table 4.2 -Concrete barrier Freeboard for Design Flow of 30,000 cfs (Mixed 
Flow Regime-EGL), Added Interpolated Sections-June 2007. 

These tables are attached to this Memorandum. 

Comment No. 8 basically requested that a mixed flow regime analysis be performed to 
verify that the proposed bridge is above the energy grade for actual flow conditions. 
FEMA flood plan delineation and the Corps of Engineers freeboard requirements are 
based on the hydraulic grade line of the appropriate design event. Tables 4.1,4.1 
(Revised), and 4.1A show that the freeboard requirement is met for proposed conditions. 
Tables 4.1 and 4.1 (Revised) are for subcritical flow and Table 4.1A is for mixed flow. 
Table 4.1, which summarizes the water surface elevations and freeboard requirements, is 
obtained from the April 2007 Final Drainage Report. Table 4.1 (Revised) is a revision of 
Table 1 based on the June 2007 analysis using interpolated sections. There is a slight 
change in water surface elevation ranging from -0.07 to +0.12 feet, but the freeboard 
requirement of 3-feet is still met. Table 4.1A shows a slight increase (+0.12 feet) in water 
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Flood Control District Review Comments No. 1 Addendum 
URS Responses 
FCDMC Permit No. 2004P066 
(June 1 1,2007) 

surface elevation at the culvert and a large decrease (-0.94') water surface elevation at the 
channel banks. 

Table 4.2 summarizes the energy grade line elevations in relation to the top of concrete 
barrier elevations. For 30,000 cfs flow, the freeboard along the barrier and channel banks 
ranges from 0.96 to 5.65 feet. This shows that there should not be any roadway overflow 
even using the energy grade line elevations. 

Comment No. 9 basically requested that a mixed flow regime analysis be performed to 
determine the location of the hydraulic jump. Based on the mixed flow model runs, the 
hydraulic jump for flows ranging from the 2-year peak flow to the COE 30,000 cfs 
Design Flow occurs within the vicinity of the drop structure. Tables 2A and 2B show 
that (for both the FEMA 100-year peak flow and the COE Design Flow) the hydraulic 
jump occurs on the 3:l concrete slope between the crest and toe of the drop structure. For 
the 5-year peak flow the hydraulic jump occurs between the toe of drop and the entrance 
to the proposed concrete arches/Existing Levee toe of slope at the entrance to Indian 
Bend Wash Channel. 

The mixed flow tables also show subcritical flow downstream of the proposed culvert 
exit as demonstrated by Froude numbers substantially less than 1.0. For the design flow 
of 30,000 cfs, the downstream Froude numbers range from 0.47 to 0.59. For the 100-year 
flow of 17,000 cfs, the downstream Froude numbers range from 0.41 to 0.52. For the 5- 
year flow of 5,100 cfs, the downstream Froude numbers range from 0.33 to 0.54. These 
calculations are based on a downstream boundary condition of 0.001 ftlft slope for 
normal depth flow. A check run was also performed using a downstream boundary 
condition of supercritical flow. The flow stabilized to subcritical flow at the first 
upstream cross-section. This run indicates that the above conclusions are correct. 

In conclusion, the Indian Bend Wash proposed drainage facilities contained in the Final 
Review Construction plans submitted April 2007 meet FEMA and Corps of Engineers 
requirements. 
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Tsble l A  
(HCL lor Subcrltienl Plow ~ e r n e )  

1odl.n Bend Wash 
ExkUng Coadftioor Venus Prapaed 10-36'd'-6" Concrdc Arch 

Derlgn Diranrps-3OpoO cf$ 
FEMA 0100 - 17.000 cis 



1odl.n Bend Warb 
ExbUng Condidans Venus Propo8ed 10-36'r9'-6" Coocrete Arrb 

k i e o  Dlrebsrza -30.W cfs - ~.~~~ 
EEMA QlW - 11,OW cis 

3) Section 15.4 to 15.0: 3 intehaled redons and 1 new section(15.2). 
4) SBnion 13.5 10 13.0: 10 internolaled ssdonsand4 new M o n a  (13.4. 13.3. 13.2& 13.1) 

Existing Conditions 



Tabla IB 
(ECL for SubcMicd Plow Rqlme) 



Tnhle l B  
(EGL for SukrltlUI Plow Rqlmr) 

Indian Bend Wuh 
Exhdoe Coadluona Venus Propawd 1046'19'-6* Cooerrto Areb 

D s b  Dbch.rge-30,OW cfi 
P E W  Q100- 17,000ds 

QS - 5,lW ds 

I 10 ICOE Design Flow 1 3WO01 1278.821 1278.821 0.001 7.341 7.341 0 . ~ 1  0.471 0.471 
10 IFEMA 100.Yr Flow 1 170001 1276.481 1276.481 0.001 5.641 5.641 0.OOl 0.421 0.421 
10 ISYr Fiow 1 51001 1273.071 1273.071 0.001 3.671 3.671 0.00l 0.391 0.391 

Vsestion 15.9 to 15.7: 5 internolaled sedons. 
2) SeCUOn 15 7 to 15 4 7 .nternoa!ed secumr 
3) S m o n  15 4 lo 15 0 3 #nlernolaled seaon9 ano 1 no* semon (15 2) 
4) Secuon 13 5 to 13 0 10 nterna ale0 seclons an0 4 new s a o n r  (13 4 13 3, 73 2 6 13 1) 

Existing Conditions 
1) Seclion 15.9 to 15.7: 3 internolaled sedons. 
2) Section 15.7 to 15.0: 4 internolsted &ons. 
31 Section 15.0 to 14.0: 4 inlevlaled sedons. 



Table 2A 
(HGL for Wed Plow Rwime) 

Exhflnp Cooditioos Versus Propaad l(U6'19'4" Concrete Arch 
Drrign DiwbnrpeP30PW cfs 
FEMA 0100-1l.OW lb 



Tnblr 2A 
(HCL for Mkrd Flow R+e) 

Ladlsn Bend Wub 
Existing Condllion, Venus P r o p o d  1&36'~9'4" Concrete Arch 

D r d p  &barge -3O.OW cfs 
FEMA QIW - 17,WOcfs 

Q5- 5,100 cfs 

Pr0pos.d CondiUolu 
I )  Section 15.9 to 15.7: 5 intapdated sections. 
2) Seclion 15.7 b 15.4: 7 interpolated seabns. 
3) Section 15.4 b 15.0: 3ioteplated eectlonr and 1 new sectlon (15.2). 
4) Section 13.5 to 13.0: 10 interpolated w o n s a n d  4 newseclions (13.4. 13.3. 13.2& 13.1). 

ExlsUna CondlUont 



TabltZB 
(EGL for Mixed Row Rqime) 

IodisaBend W u b  
Er&Uoz Coadlfioos Vlnus Proposed IO-36'=9'+' Concrete Amb 

D e a n  D&cbarg$ -30,WO cis 
F E U  QlW -17,OW efr 

QS-5,100 eb 
(miid now wrnd 



Table2B 
(ECL for w e d  Flow R 4 m d  

ladlsn b o d  W u h  
Erlmot Coodidom Venus Proposed 10-36'~9'-6" Coocrete Arch 

Dcrign Dlwbrge-30,WO r b  
FEMA 0100- 17.000 rb 

3) SBaiao 15.4 to 15.0: 3 inte&latsd sections and 1 new oedion (15.2). 
4) S d a n  13.5 to 13.0: 10 intewlatd sedansand 4 new sections (13.4, 13.3.13.2 a 13.1) 

Exbting Conditions 
1) S d m  15.9 to 15.7: 3 lntewlaledrectioos. 
2) Section 15.7 to 15.0: 4 intewated sections. 
3) Section 15.0 to 14.0: 4 intewlatd sections. 



Table 4.1 Concrete Barrier Meets Freeboard Requirements 
for Design Flow of 30,000 cfs 

(Subcritical Flow Regime-HGL) 

Final Drainage Report, April 2007 
Hydraulic Grade Line (HGL) 

Roadway Description W.S.E. Minimum Actual Top Meets 3-foot 
Station TOP of of Barrier Freeboard 

Barrier Elevation Requirements 

(ft) (ft) (ft) (ft) 
< 44+00 West Bank 1285.57 1288.57 1289.69(') Yes 

44+00 Begin 1285.57 1288.57 1290.67 Yes 

I I Drawdown to I I I I I 
Bridge 

48+36 Begin Bridge 1280.74 1283.74 1287.56 Yes 
52+00 Low Point 1280.74 1283.74 1285.29 Yes 
54+79 End Bridge 1280.74 1283.74 1286.15 Yes 
58+58 Begin 1285.57 1288.57 1288.57 Yes 

I I Drawdown to I I I I I 
Bridge I 

> 58+58 1 East Bank 1 1285.57 1 1288.57 1 1290.39(') 1 Yes 
(1) Water Surface Elevation Plus 3 feet freeboard. 
(2) Elevations on Top of Curb. 



Table 4.1 (Revised) Concrete Barrier Meets Freeboard Requirements 
for Design Flow of 30,000 cfs 

(Subcritical Flow Regime-HGL) 

Added Interpolated Sections-June 2007 
Hydraulic Grade Line (HGL) 

54+79 
58+58 

> 58+58 
(1) Water Surface Elevation Plus 3 feet freeboard. 

(2) Elevations on Top of Curb. 

End Bridge 
Begin 

Drawdown to 
Bridge 

East Bank 

1280.86 
1285.51 

1285.51 

1283.86 
1288.51 

1288.51 

1286.15 
1288.57 

1290.39(') 

Yes 
Yes 

Yes 



Table 4.1A Concrete Barrier Meets Freeboard Requirements 
for Design Flow of 30,000 cfs 

(Mixed Flow Regime-HGL) 

Added Interpolation Sections-June 2007 
Hydraulic Grade Line (HGL) 

m O v g i n  1 1284.63 1 1287.63 1 1290.67 1 Yes 

Meets 3-foc 
Freeboard 
Requirements 

I (ft) I (ft) 

Roadway 
Station 

Description 

< 44+00 1 West Bank 1 1284.63 1 1287.63 1 1789 699") 1 Yes 
(ft) 

481-36 
521-00 
54+79 
581-58 

Actual Top 
of Barrier 
Elevation 

W.S.E. 

(ft) 

Bridge I 

Minimum 
TOP of 
Barrier 

Bridge 
Begin Bridge 

Low Point 
End Bridge 

Begin 

I 
> 58+58 1 East Bank 1 1284.63 [ 1287.63 1 1290.39(') ( Yes 

(1) Water Surface Elevation Plus 3 feet freeboard. 

(2) Elevations on Top of Curb. 

1280.86 
1280.86 
1280.86 
1284.63 

1283.86 
1283.86 
1283.86 
1287.63 

1287.56 
1285.29 
1286.15 
1288.57 

Yes 
Yes 
Yes 
Yes 



Table 4.2 Concrete Barrier Freeboard for Design Flow of 30,000 cfs 
(Mixed Flow Regime-EGL) 

Added Interpolated Sections-June 2007 
Energy Grade Line (EGL) 

Roadway l~escr i~t ion  

Drawdown t~ 

I Drawdown t, 
Bridge A 

EGL Actual Top Freeboard 
of Barrier 
Elevation 

(ft) (ft) (ft) 
1287.61 12$9.69(') 2.08 

1287.61 1290.67 3.06 

I I 

1287.61 1 1290.39~') 1 2.78 
op of Curb. 



Fmm: loe Rumann - K D X  
Dave SchaubOURSCorD.com To: 

a: ~ ~ a l a v @ ~ c o ~ d a l e ~ z . ~ o v ;  Randall Beck@URSCorp.com; Shelby Bmwn - KDX;  Bins Zhao - KDX; Amir Motamed! - FCDX; 
Nddle - KDX; Richard M. Waskowskv - FCDX 

a Subjeb: RE: Indian Bend Wash Improvement over Indian Bend Wash, FCDMC Pen i t  #20WP066, Comments/Rerponses 
Date: 05/23/2007 07:02 AM 

Dave: 

Thank you for your responses to my review comments. I believe you have addressed all of our concerns with the 
exception of comments 8 and 9. You are probably correct that the bridge is above the energy grade line for actual 
design flow conditions and I realize the culverts complicate the hydraulics. However I think you can verify that, by using 
interpolated cross sections (say every 5 ft for example) between the drop structure and the culverts to get the mixed 
flow regime to run. If not try using the existing condition geometry. It is my belief that a hydraulic jump does occur 
downstream of the drop structure and it may be drowned out by the back water hydraulics caused by the culverts for 
the design flows. Again however running the model for lower flows may indicate that the jump occurs some place else. 
Please revise the HEC-RAS model again to see if we can resolve these comments. If you have any questions please 
let me know, again thank you. 

joe 

-----Original Message----- 
From: Dave-Schaub@URSCorp.com [mailto:Dave-Schaub@URSCorp.com] 
Sent: Tuesday, May 15,2007 3:06 PM 
To: rmv@mail.maricopa.gov; Bing Zhao - FCDX; Shelby Brown - FCDX; Joe Rumann - FCDX 
Cc: VGalav@kottsdaleAz.Gov; Randall-Beck@URSCorp.com 
Subject: Indian Bend Wash Improvement over Indian Bend Wash, FCDMC Permit #2004W66, Commenk/Responses 

We received two sets of comments from the FCDMC, one from Joe Rumann and one from Richard Waskowsky. 
Their comments along with URS' responses are contained in the following two separate documents. a (See attached IUe. FLOOD 
CONTROL DISTRlCT Commentr 
by Joe Rumann.pdf)(See 
attached tile: FLOOD 
CONTROL DISTRICT Comments 
by Richard Waskowsky.pdf) 

Riprap sizing as requested by Richard Waskowsky is contained in the attached document: 

(See attached tile: 
Riprap Size Design- 
Revised-15-May-2007-Sealed. 
pdf) 

Th 5 e.ma81 and any attachments are confidentlal If you recelve this message ,n error or are not tne mtended reclptent, you 
sn0u.d not retaln, dlstr bute, dlxlose or use any of tn s lnformatton and you should destroy the e-mall dnd any atrachn~ents or 



Comment/Responses Memorandum No. 1 
City of Scottsdale-Indian Bend Road Improvements at the crossing of 

Indian Bend Road Wash; Permit No. 2004P066 
(May 15,2007) 

FLOOD CONTROL DISTRICT 
of Maricopa County 

Review Comments by Joe Rumann 
For 

Draft Final Drainage Report, Vols. 1 and 2, October 2006 
And 

60% Construction Plans, 12 December 2006 

Comment No. 1: Discuss how water features (i.e. golf course ponds) are modeled in 
cross-section. Document water surface elevation and roughness for the water features. 

Response No. 1: Golf course ponds have been modeled with the water surface 
shown on the project aerial mapping. The roughness element for all channel features, 
including the lakes, is documented on Page 5-3. The roughness element for the lakes is 
documented with an n of ,020. (The Corps of Engineers HEC-2 model assumed the lakes 
to be full during the storm event and considered no flow below ihe downstream over-flow 
edge of the lake. I'm don't recall how the FEMA model handled rhe lakes.) The final 
HEC-RAS model contained in the Final Drainage Report, April 2007, has been modified 
to follow the Corps1 of Engineers lake-modeling approach. This approach along with 
selected lake ovefflow elevations is documented on Page 5-2 of the April 2007 report. 

Comment No. 2: Correlate existing cross sections with proposed (e.g.7.883 = 11) 
and verify elevations by comparing cross-sections and profiles. 

Response No. 2: Exhibit 4B, Indian Bend Roadfindian Bend Wash Existing 
Conditions with Project Contours, and Exhibit 5B, Indian Bend Roadnndian Bend Wash 
Proposed Concrete Arch Culverts (10-36'x9'-6") with Project Contours, show the 
correlation between existing FCDMC cross-sections and the project cross-sections. 
Tables 6 and 7 also show this correlation as well as the correlation with the FEMA cross- 
sections. The cross section elevations may be slightly different because we are using the 
more accurate project mapping, which has a contour interval of 1-foot. Furthermore, we 
have added substantially more cross-sections to better design the proposed facilities. 

Comment No. 3: Document which HEC-RAS model files represent existing and 
proposed conditions. 

Response No. 3: We will document the HEC-RAS model files in a readrne file, 
which will be included on the electronic disk. In addition, notes have been added to the 
HEC-RAS existing and proposed reports documenting the model file names. Basically, 
the only file name that changes is the geometry file names. 

URS Corporation 
7720 North 16th Street, Suite 100 
Phoenix. AZ 85020 
Tel: 602.371.1100 
Fax: 602.371.1615 Page 1 of 4 



Flood Control District Review Comments No. 1 
URS Responses 
FCDMC Permit No. 2004P066 
(May 15,2007) 

Comment No. 4: Provide a table listing FEMA and COE required freeboard with the 
proposed condition freeboard. The FEMA and COE freeboard requirements must be 
maintained. 

Response No. 4: Freeboard was documented in Subsection 2.2 and Section 4.0. 
These freeboard requirements are documented in two tables contained on Page 2.4 of the 
April 2007 report. 

Comment No. 5: Technically, a CLOMR is required and recommend one be 
obtained. 

Response No. 5: Section 3.1 states that, "The proposed concrete arch structure 
meets FEMA requirements of not raising the water surface by more than 1-foot, and 
therefore, a Conditional Letter of Map Revision (CLOMR) may not be required." This 
statement is still in Section 3.1, however, we discussed this issue with the City of 
Scottsdale 10 May 2007. Bill Erickson, stated that the City of Scottsdale is willing to 
obtain a CLOMR for this construction project. 

Upstream of the drop structure there is no rise in the 100-year water surface elevations, 
and an insignificant 0.02' rise in the 30,000 cfs water surface elevation at one section. 
Immediately downstream the widened channel results in a reduction in channel velocity 
and a rise in the water surface elevation. This rise is well below the top of channel banks 
and it dissipates to zero at the downstream lake. The 3-foot freeboard requirement is still 
met along the downstream channel banks. Page 3-2 of the April 2007 report contains the 
following paragraph on the proposed downstream condition: 

"The proposed downstream widening of the existing channel entrance results in a 
reduction in channel velocity and a rise in the water surface elevation. This rise is well 
below the top of channel bank and it dissipates to zero at the downstream lake. The top of 
the channel banks range from 4 to 11 feet above these new water surface elevations. For 
the design flow of 30,000 cfs, the water surface would drop 0.63 feet at the culvert outlet, 
rise 0.64 feet approximately 170 feet downstream of the culvert outlet, rise 0.48 feet 300 
feet downstream, and dissipate to zero change 475 feet downstream at the first 
downstream lake. For the FEMA 100-Year flow of 17,000 cfs, the water surface would 
drop 0.28 feet at the culvert outlet, rise 0.33 feet approximately 170 feet downstream of 
the culvert outlet, rise 0.28 feet 300 feet downstream, and dissipate to zero change 475 
feet downstream at the first downstream lake." 

Comment No. 6: Explain how the hand railstbarriers are modeled. A safety factor 
may need to be applied. Recommend a 3-rail barrier as opposed to 5-rail to reduce 
clogging and maintenance problems with debris. 

Page 2 of 4 



Flood Control District Review Comments No. 1 
URS Responses 
FCDMC Permit No. 2004P066 
(May 15,2007) 

Response No. 6: The handrails have been eliminated from the project, and therefore, 
the question is mute. 

Comment No. 7: Clarify what retaining wall " N  is tying into. The NTS detail Sht 
WA18 is confusing. Also the invert at left toe of slope in exhibit 6A does not match with 
the retaining wall, is this correct? 

Response No. 7: I believe you are referring to Retaining Wall "J" which is tying 
into the comer of the existing privacy wall located at the northeast intersection of COS 
roadway RIW and IBW RIW. This wall has been removed from the project, because it 
has been determined that it is not needed. 

Comment No. 8: A detailed explanation of the HEC-RAS model boundary 
conditions and assumptions must be provided. Consider providing a mixed flow regime 
analysis to verify bridge is above the energy grade for actual flow conditions. It may be 
necessary to redesign inlet conditions to improve conveyance and reduce entrance losses. 
Recommend providing comparative analysis of culverts using HY-8 to validate HEC- 
RAS results for both IBW and Seville channel. 

Response No. 8: Section 5.2 contains a detailed discussion of the HEC-RAS model 
including the boundary conditions. A mixed flow regime is not considered necessary to 
verify that the bridge is above the energy grade line for actual flow conditions. Table 4.1 
shows that the 3-foot freeboard requirements are being met with the concrete barrier 
along the north side of the roadway. A trial run of a mixed flow condition was run and 
the model failed. The error message stated that supercritical flow cannot be analyzed 
through the culverts. 

A HY-8 evaluation is not possible because the HY-8 routine does not include a module 
for modeling Con Span type culverts with sizes of 36m) feet x 9'-6"(H). As explained 
on Page 5-4 of the report, the HEC-RAS culvert routine was used to model the Con Span 
type culverts. 'This routine is similar to the bridge routines, except that the Federal 
highway Administration's (FHWA 1985 HY-8) standard equation for culvert hydraulics 
are used to compute inlet control losses at the structure." Therefore, HECRAS did 
perform a HY-8 computation for these culverts. 

The Seville Channel contains three bridges that span the channel with only one pier 
within the center of the channel, and it was though best to model these as bridges, which 
would perform as open channel flow during low flow events. The upstream two box 
culverts that go under Indian Bend Road and Scottsdale Road were modeled as box 
culverts with the HEC-RAS culvert routine. Again, this routine is the same as the FXWA 

Page 3 of 4 



Flood Control District Review Comments No. 1 
URS Responses 0 FCDMC Permit No. M04P066 
(May 15,2007) 

HY-8 culvert routine. The Seville Channel HEC-RAS models demonstrate that small 
changes proposed within the channel do not impact the 100-year water surface elevations. 
Using the HY-8 routine on the three bridges would not change this conclusion, and in my 
opinion is not considered an accurate depiction of open channel flow through the bridges. 

Comment No. 9: Please evaluate and determine where the hydraulic jump will occur 
and how it will be contained. It may be necessary to analyze flows for different return 
frequencies to do this. Also consideration should be given to changing channel conditions 
over time. For instance should vegetation develop in the channel this change in roughness 
would affect where the hydraulic jump occurs. The concern is that a potentially 
hazardous condition known as a "roller" may develop. Please document whether or not 
this is the case. 

Response No. 9: A hydraulic jump will not occur downstream of the proposed 
structures. The downstream flow is subcritical as demonstrated by Froude numbers less 
than 1.0 at all downstream cross-sections. For the design flow of 30,000 cfs, the 
downstream Froude numbers range from 0.47 to 0.61. For the 100-year flow of 17,000 
cfs, the downstream Froude number ranges from 0.41 to 0.52. This channel is maintained, 
as a golf course both upstream and downstream of the crossing, and a substantial change 
in the vegetative cover is not anticipated in the future. We don't believe it is necessary to 
evaluate a change in the vegetative cover. 

Page 4 of 4 



Flood Control District 
of Maricopa County 

Date: 12-26-2006 

To: Shelby Brown, CFM, Right-of-way Permit Spcddist 

From: J.M. Rumann, P.E., Senior HyAologist 

Subject: Indian Bend Road Bridge, Permit No. 2006P074 

The purpose of this memo is to provide you with my revlew comments concernmg the subject 
above. It is based upon the information provided in the draft Final Drainage Report, Vols. 1 and 2 
dated 10/2006 prepared by URS for the City of Scottsdale (COS). The 1-eview comments are also 
based upon the 60% Plans dated 12/05/06 submitted as part of this permit. 

1. Discuss how watex features (i.c. golf course ponds) are modeled in cross-section. 
Document water surface elevation and roughness for the water features. 

2. Correlate existing cross sections with proposed (e.g. 7.883 = 11) and verify elevations by 
comparing cross-sections and profiles. 

3. Document which HEC-RAS model files represent existing and proposed conditions. 

4. Provide a table listing F E W  and COE required freeboard with the proposed condition 
freeboard. The FEMA and COE freeboard requirements must be maintained. 

5. Technically, a CLOMR is requited and recommend one be obtained. 

6. Explain how the hand rails/bauiers arc modeled. A safety factor may need to be 
applied. Recommend a 3 rail barrier as opposed to 5 rail to reduce clogging and 
maintenance problems with debris. 

7. Clarify what retaining wall 'N' is tying into. The NTS detail SHT WA18 is confusing. 
Also the invert at left toe of slope in exhibit 6A does not match with the retaining 
wall, is this conect? 

8. A detailed explanation of the HEC-RAS model boundary conditions and assumptions 
must be provided. Consider providing a mixed flow regime analysis to verify bridge 
is above the energy grade for actual flow conditions. It may be necessary to redesign 
inlet conditions to improve conveyance and reduce entrance losses. Recommend 
providing comparative analysis of culverts using HY-8 to validate HEC-RAS results 
for both IBW and Seville channel. -- - 

2801 West Durango Street Phoenix, Arizona 85009 Phone: 602-506-1501 Fax: 602-506-4601 



9. Please evaluate and deternine where the I~y&aulic jump will occur and how it w d  be 
contained. It may be necessary to analyze flows for different return frequencies to do this. Also 
consideration should be given to changing channel conditions over h e .  For instance should 
vegetation develop in the channel this change in roughness would affect where the hydraulic 
jump occurs. The concern is that a potentially hazatdous condition know as a "roller" may 
develop. Please document whether or not this is the case. 

If you have any questions please feel O-ee to call, thanks 

2801 West Durango Street Phoenix, Arizona 85009 Phone: 602-506-1501 Fax: 602-506-4601 



Comment/Responses Memorandum No. 2 
City of Scottsdale-Indian Bend Road Improvements at the crossing of 

Indian Bend Road Wash; Permit No. 2004P066 
(May 15,2007) 

FLOOD CONTROL DISTRICT 
of Maricopa County 

Review Comments by Richard Waskowsky 
For 

Draft Final Drainage Report, Vols. 1 and 2, October 2006 
And 

60% Construction Plans, 12 December 2006 

Comment No. 1: On page 4.5 of the report, it is indicated that if erosion protection 
similar to the existing erosion protection is installed then the design will have adequate 
erosion protection because the average velocity decreases with the construction of the 
project improvements. However, scour calculations should be provided that demonstrate 
that the channel and the structures (the Con Span culverts and drop structure) will 
actually be protected. 

Response No. 1: The plans require channel and bank protection downstream of the 
culvert outlets similar to that provided for the existing inlet channel. The channel bottom 
will be protected with concrete for a distance of 50' downstream of the outlet structure 
and then for another 135 feet with 18-inch thick dumped riprap (Dso = 9-inches). The 
downstream channel protection ends at the Flood Control District of Maricopa County 
property limit. The channel banks will be protected with grouted riprap for a distance of 
100' downstream of the outlet structure and with 18-inch dumped riprap (D50 = 9- 
inches) for another 220' on the east bank and tie into the existing dumped riprap on the 
west bank. Riprap design calculations based on average channel velocities and flow 
depths for the design flow of 30,000 cfs are attached to this CommentlResponse 
Memorandum. 

Comment No. 2: In-stream obstructions, such as the fins downstream of the Con 
Span culverts and the horse gargoyles, are usually not allowed because of extreme local 
scour. However, for the structures to remain it has to be demonstrated that local scour 
will not be an issue and that there are no adverse impacts to the flow. 

Response No. 2: The HEC-RAS model included obstructions for both the horse 
gargoyles and the fins. Both obstructions are aligned with the flow direction, and the 
upstream ends of the fins are aligned with the walls of the Con Spans. The horse 
gargoyles are set in concrete and not subject to erosion. The fins will be constructed of 
concrete and grouted riprap, and will be set on a concrete base and not subject to erosion. 
The adjacent channel bottom consists of concrete for the upstream tail of the fins and of 
18-inch thick dumped riprap (D50 = 9-inch) for the downstream teardrop of the fins. The 
dumped riprap continues an additional 70 to 90 feet downstream of the teardrop ends. 

URS Corporation 
7720 North 16th Street, Suite 100 
Phoenix. AZ 85020 
Tel: 602.371.1S00 
Fax: 602.371.1615 Page 1 of 1 



Riprap Desig a u l v e r t  Outlets 
Design Discharge = 30,000 cfs 

Channel Velocity 
(Average) 

v/) 
(fPs) 

11.22 
11.22 
9.91 
9.91 

I I I I I I I I I 
Specific Gravity of Rock (S.) = 2.65 Stability Factor (SF) = 1.60 Table 11-3, Bank Protection @ Bridges 

Material Angle of Repose (a) = 41 .OO Figure 11-9 
Notes: 

Flow Depth 
(Average) 

dw,'2) 
(fi) 

7.69 
7.69 

(1) V, = Average velocity in the main channel. 
(2) d,, = Average flow depth in the main channel. 

(3) C = Correction Factor for Riprap Size, C = 1 for Specific Gravity = 2.65 & Stability Factor = 1.2 
C = 1 .~ISF~.~/(S,-~)'~~ or Figure 11-10 

(4) K1 = Bank Angle Correction Factor. Assume material angle of repose is 41 degrees 

Kl = (I - (s ine~s in@)~)~ .~  or Figure 1 1-8 

8.22 
8.22 
8.22 
8.22 

(5) Ds0 = Median Riprap Size. 

D50 = 0.001 C ~ ~ / ( d , ~ k l  or Figure 11 -7 

Correction 
Factor ctJJ 

8.50 
8.50 

1.54 
1.54 
1.54 
1.54 

1.54 
1.54 

3 
9999999 

3 
9999999 

Median 
Riprap Size 

(ft) 

Bank Slope 
Factor 
G4) 

Bank Slope 

3 
9999999 

Comments 
X:l 

(x) 

18.43 
0.00 
18.43 
0.00 

Angle (8) 

(degrees) 

18.43 
0.00 

0.88 
1 .OO 
0.88 
1 .OO 

0.88 
1 .OO 

0.92 
0.76 
0.64 
0.52 

I 
0.29 IBank 100 feet Downstream Face of Culverts 
0.24 IChannel 100 feet Downstream Face of Culverts 

Bank @ Outlet of Culverts 
Channel @ Outlet of Culverts 
Bank @ Downstream Face of Culverts 
Channel @ Downstream Face of Culverts . 



Riprap Design a ulvert Outlets 

Conclusion: Use Concrete on channel bottom from the culvert outlet to a point 50 feet downstream, and use grouted riprap on 
the channel bank from the culvert outlet to a point approximately 100 feet downstream. Then use angular riprap 
to cover the remaining area currently covered by riprap. Use Dm = 9.0-inches with a total depth of 18 inches. 

Rock R i ~ r a ~  Gradation Limits 
(Table 11-41 

Dso = 0.75 (ft) 
R i ~ r a ~  D e ~ t h  = 20 , 1.50 iff) 

Reference: Arizona Department of Transportation, Highways Drainage Design Manual-Hydraulics, Chapter 11, January 2007 



Bank Protection 

a 11.7 Desipn Guidelines (continued) 
- 

11.7.1 Rock Riprap (continued) 

The stability factor, SF, used in Equations 11.6 and 11.9 requires additional explanation. The stability 
factor is defined as the ratio of the average tractive force exerted by the flow field and the riprap material's 
critical shear stress. As long as the stability factor is greater than 1, the critical shear stress ofthe material is 
greater than the flow induced tractive stress, the riprap is considered to be stable. As mentioned above, a 
stability factor of 1.2 was used in the development of Equation 1 1.6. 

The Stability Factor is used to reflect the level of uncertainty in the hydraulic conditions at a particular site. 
The basic relationship in Equation 11.6 is based on the assumption of uniform or gradually varying flow. In 
many instances, this assumption is violated or other uncertainties come to bear. For example, debris impacts, 
or the cumulative effect of high shear stresses and forces from wind generated waves. The Stability Factor is 
used to increase the design rock size when these conditions must be considered. Table 11-3 presents guide- 
lines for the selection of an appropriate value for the stability factor. 

Table 11-3 Guidelines For The Selection Of Stability Factors 

Condition Stability Factor Range 

Uniform flow; Straight or mildly curving reach (curve radiuslchannel width > 30); 

............................................................................................. 
Impact from wave action and floating debris is minimal; Little or no uncertainty in design par- 
ameters.. ..1.2 

Gradually varying flow; Moderate bend curvature (30 >curve radiuslchannel width > 10); 
Impact from waves or floating debris moderate.. ................................................ 1 .21 - 1.6 

Approaching rapidly varying flow; Sharp bend curvature (10 > curve radiuslchannel width); Significant 
impact potential from floating debris; Significant wind generated waves (1-2 A,); 
High flow turbulence; Turbulently mixing flow at bridge abutments; 
Significant uncertainty in design parameters ..................................................... .1.61 - 2.0 

Riprap shall have a Stability Factor (SF) equal to or greater than 1.25 for culver outlets and ditches; 
1.40 for roadway embankments and channels; and 1.6 for bank protection at  bridges. 

Application of the relationship in Equation 11.6 is limited to uniform or gradually varying flow conditions 
that are in straight or  mildly enrving channel reaches of relatively uniform cross section. However, 
design needs dictate that the relationship also be applicable in nonuniform, rapidly varying flow conditions 
often exhibited in natural channels with sharp bends and steep slopes, and in the vicinity of bridge piers and 
abutments. To fill the need for a design relationship that can be applied at sharp bends and on steep slopes in 
natural channels, and at bridge abutments, it is recommended that Equation 11.6 be used with appropriate 
adjustments in velocity andlor stability factor as outlined below. 

Conclusion: Use Stability Factor = 1.6 for both bank and 

channel invert. 

ADOT Hydraulics Manual 



Bank Protection 

a 11.7 Desipn Guidelines (continued) 

Rock Riprap (continued) 

Table 11-4 Rock Riprap Gradation Limits 

I t  is recognized that the use of a four point gradation as specified in Table 11-4 might in some cases be 
too harsh a specification for some sources. If this is the case, the 85% specification can be dropped. In 
most instances, a uniform gradation between DSO and Dlw will result in an appropriate Dss. 

Percent of Gradation 
Smaller Than 

100 
85 
50 
15 - 

11.7.1.4 Layer Thickness 

All stones should be contained reasonably well within the riprap layer thickness to provide maximum resis- 
tance against erosion. Oversize stones, even in isolated spots, may cause riprap failure by precluding mutual 
support between individual stones, providing large voids that expose filter and bedding materials, and creating 
excessive local turbulence that removes smaller stones. Small amounts of oversize stone should be removed 
individually and replaced with proper size stones. The following criteria apply to the riprap layer thickness. 

It should not be less than the spherical diameter ofthe Dlw (Wloo) stone, or less than 2.0 times the 
spherical diameter of the DSo (W50) stone, whichever results in the greater thickness. 

Stone Size 
Range, Ft. 

1.5 Dso to 1.7 Dso 
3.0 WSO to 5.0 Wso 
1.0 Dm to 1.15 Ds0 
0.4 Dso to 0.6 DSO 

It should not be less than 12 inches for practical placement. 

Stone Weight 
Range (lb) 

3.0 Wso to 5.0 Wso 
2.0 Wso to 2.75 Wso 
1.0 Wso to 1.5 WSO 
0.1 Wso to 0.2 WSO 

. The thickness determined by either 1 or 2 should be increased by 50% when the riprap is placed 
underwater to provide for uncertainties associated with this type of placement. 

An increase in thickness of 6 to 12 inches, accompanied by an appropriate increase in stone sizes, 
should be provided where riprap revetment will be subject to attack by floating debris or ice, or 
by waves from boat wakes, wind, or bedforms. 

ADOT Hydraulics Manual 

--- 



Bank Protection 

11.7 Desbn Guidelines (continued) 

11.7.1.7 Rock Riprap (continued) 

Example 
Q i i :  Find: 

V p  16 WWC 
h-9r  

Dm 
Kt= 0.72 

"s6Yh 

Figure 11-7 Riprap Size Relationship 

ADOT Hydraulics Manual 



11 -30 

11.7 Des i~n  Guidelines (continued) 

11.7.1 Rock Riprap (continued) 

Bank Protection 

E) = Bank angle with 
horizontal 

UI Material angle of 
repose 
(See chart 4) 

Example 
Given: Find: solution: 
8- 16' I - 42' 
Very Angular fi = 0.885 
Dso- 1 .S ft 

Figure 11-8 Bank Angle Correction Factor (K,) Nomograph 

ADOT Hydraulics Manual 



Bank Protection 

11.7 D e s i ~ n  Guidelines (continued) 

11.7.1 Rock Riprap (continued) 

45 

40 

ANGLE OF 
REPOSE ( i )  
I N  DEGREES 

35 

.1 .2 .4 .7 1 2 4 

MEAN STONE SIZE (D5,) I N  FEET 

Figure 11-9 Angle Of Repose Of Riprap In Terms Of Mean Size And Shape Of Stone 

Conclusion: Use 41 degree angle of repose for D50 = 0.75'. 

ADOT Hydraulics Manual 



11.7 Design Guidelines (continued) 

11.7.1 Rock Riprap (continued) 

CORR=DsoC0RRECTION FACTOR 
SF = STABILITY FACTOR 
S,= SPECIFIC GRAVITY OF ROCK 

Example: 
Given: Find: Solution: 
Sg2.65 C ct1.59 
SF= 1.60 

Figure 11-10 Correction Factor For Riprap Size 

ADOT Hydraulics Manual 

Bank Protection 



Flood Control District 
of Maricopa County 

Date: Januaty2,2007 

To: Shelby Brown, Right-of-Waypermits Specialist, COntracts/Permits Branch, 
Adminisnation~Division 

Fmm: Richard Waskowsky, Hydmbgiit, Engineering Application Development and River 
Mechanics Branch, Engineering Division 

CC: Bing Zhao, PhD, PE, Engineering Application Development and River Mechanics 
Branch Manager, Engineering Division 

Subject: City of Scottsdale - Indian BendRoad Improvements at the crossiig of Indian Bend 
Wash; Permit Number 2004P066. 

I have finished my review and have the following comments. The consultant should submit written 
responses to these comments. 

1. On page 4.5 of the report, it is indicated that if erosion protection similar to the existing 
erosion protection is installed then the desim will have adeauate erosion umction because 
the average channel velocity decreases with-the constructioi of the total inject 
improvements. However, scour calculations should be provided that demonstrate that the 
channel and the structures (the Con Span &em and drop structure) will actually be 
protected. 

2. In-stream obstluctiom, such as the fins downstream of the Con Span culverts and the horse 
gargoyles, are usuallynot allowed because of possibihyof extreme l o 4  scour. However, 
for the structures to remain it has to be demonstrated that local scour will not be an issue 
and that there are no adverse impacts to the flow. 

2801 West Durango Street Phoenix, Arizona 85009 Phone: 602-506-1501 Fax: 602-506-4601 



EXHIBITS 



EXHIBIT 1 

EXISTING DRAINAGE CONDITIONS 





EXHIBIT 2 

PROPOSED DRAINAGE PLAN 
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EXHIBIT 3A 

OFF-SITE DRAlNAGE AREAS - STILLMAN RAILROAD PARK 





EXHIBIT 3B 

OFF-SITE DRAINAGE AREA MAP - HAYDEN ROAD 
INTERSECTON 





INDIAN BEND ROADJINDIAN BEND WASH 
EXISTING CONDITIONS WITH AERIAL 

e EXHIBIT 4A 





EXHIBIT 4B 

INDIAN BEND ROADJINDIAN BEND WASH 
EXISTING CONDITIONS WITH PROJECT CONTOURS 





EXHIBIT 5A 

INDIAN BEND ROADDNDIAN BEND WASH 
PROPOSED CONCRETE ARCH CULVERTS 

(10 - 36' X 9'-6") WITH AERIALS 





EXHIBIT 5B 

INDIAN BEND ROADIINDIAN BEND WASH 
PROPOSED CONCRETE ARCH CULVERTS 

(10 - 36' X 9'-6") WITH PROJECT CONTOURS 





INDIAN BEND WASH PLAN AND PROFILE 
(PROPOSED CONDITIONS) 

* EXHIBIT 6 
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