
Figure 5-1 
Riverine Flow Validation 

         Sheets 1 through 2 
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Figure 5-2 
Riverine Water Surface Elevation Validation 

Sheets 1 through 9  
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Figure 5-3 
Floodplain Flow Validation 

Sheets 1 through 2  
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Figure 5-4 
Floodplain Water Surface Elevation Validation 

Sheets 1 through 9  
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Figure 5-5 
Riverine Simulated Sediment Mass Flux (Megagrams per Day) in 

Kalamazoo River Validation  
Sheets 1 through 6  
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Figure 5-6 
Floodplain Simulated Sediment Mass Flux (Megagrams per Day) in 

Kalamazoo River Validation  
Sheets 1 through 7  
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Figure 5-7 
Riverine Grid:  Velocity 

May 20, 2011 
Sheets 1 through 56 
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 07.90 - MP 08.75
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S
S

S

S

S

SS

S

S

S

S

S

S S

S S

S

S

SS

SS

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

S
S

S

S

S

S

SS
S

S

S

S
SS

S

S

S

S

S

S

S

S

S

S

S

SSS

S

S

S

S

S

S

S

S S

S

S
S

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

SS S

S

S S
S

S

S

S

S

S

SS

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S
S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

SS

S

S

S

S

S

S

S

S

30.75

31.00

31.25

Fo
rt C

us
ter

 Re
c A

rea
 Ac

ces
s   

 

Bicycle Trail    

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: VELOCITY

MAY 20, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec) - May 20, 2011
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/23/2012
Approved:  DBR   3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs
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cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May20_2011.mxd Aerial Photography Date: November 2011

MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



Figure 5-8 
Riverine Grid:  Velocity 

May 21, 2011 
Sheets 1 through 56 
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May21_2011.mxd Aerial Photography Date: November 2011

MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Figure 5-9 
Riverine Grid:  Velocity 
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Sheets 1 through 56 
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs
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cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



SS

SS

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S
S
S
S

S

S

S

SS

S

S

S

S

S

S

S S

S

S

S

SS

S

SS
SS

S

S

S

S
S

S

S

S

S

S

SSS

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S
S

6.
00

6.25

5.
75

5.
50

C Dr N

12
 M

ile
 R

d  

Pierce St  

E Dr N

Wa
ter

 S
t  

Ba
ttle

 C
ree

k S
t  

Church St  

Mu
nc

i S
t  

Court St  

Wa
ter

 S
t  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: VELOCITY

MAY 23, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec) - May 23, 2011
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/23/2012
Approved:  DBR   3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



S
S

S
S

S S

S

S S

S
S
S

S

S

S

S
S

S

S

S

S

S
S

S
S

S

S

SS
S

S

S

S
S

SS

S

S

S

S

S
S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

33.50

33.25

33.75

33.00

Fort 
Cust

er D
r  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: VELOCITY

MAY 23, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec) - May 23, 2011
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/23/2012
Approved:  DBR   3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_May23_2011.mxd Aerial Photography Date: November 2011

MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



Figure 5-10 

Riverine Grid:  Bed Shear Stress 

May 20, 2011 

Sheets 1 through 56 
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



18
.7

5

19
.0

0

18
.5

0

Jackson St W

Be
dfo

rd R
d S

River Rd W

Ritchie Ln  Industrial Park Dr  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 20, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 20, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May20_2011.mxd Aerial Photography Date: November 2011

MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 35.75 - MP 36.80
SHEET 47 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 36.80 - MP 37.55
SHEET 48 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.55 - MP 38.30
SHEET 49 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60N
SHEET 50 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60S
SHEET 51 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.25 - MP 39.00C
SHEET 52 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25N
SHEET 53 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25S
SHEET 54 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.90 - MP 39.60S
SHEET 55 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,340 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



Figure 5-11 

Riverine Grid:  Bed Shear Stress 
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Sheets 1 through 56 



2.00

2.50

2.2
5

2.7
5

A Dr N

15 
Mile 

Rd
  

Squaw Creek R
d  

Riv
er 

Pa
rk 

Dr
  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 21, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 21, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May21_2011.mxd Aerial Photography Date: November 2011

MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



11.75

11
.25

12.00

11.50

12.25

12.50

River Rd E

Ra
ym

on
d R

d S

Columbia Ave E

Le
on

ba
rd 

Wo
od

    

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 21, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 21, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May21_2011.mxd Aerial Photography Date: November 2011

MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



15.75

16.25

16.00

Dickman Rd  

Capital Ave SW

Fountain St E

McCamly S
t S

Fountain St W

Wash
ing

ton
 Av

e S

Grove St  

Upton Ave  

Hamblin Ave W

Plantain St  

Rittenhouse Ave W

Liberty St  

Ca
rol

ine
 St

  

Rittenhouse Ave E

Jackson St W

Beacon St  

Mint St  

Michigan Ave W

Houston St  

Jew
ell 

St 
 

Short St  

Re
ne

wa
l C

t  

Mo
nro

e S
t S

Sprin
g S

t  

Plantain St  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 21, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 21, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May21_2011.mxd Aerial Photography Date: November 2011

MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



33.50

33.25

33.75

33.00

Fort 
Cust

er D
r  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 21, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 21, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May21_2011.mxd Aerial Photography Date: November 2011

MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



35.0035.50

35
.25

34.75

35.75

Battle Creek St  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 21, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 21, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May21_2011.mxd Aerial Photography Date: November 2011

MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 35.75 - MP 36.80
SHEET 47 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 36.80 - MP 37.55
SHEET 48 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.55 - MP 38.30
SHEET 49 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60N
SHEET 50 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60S
SHEET 51 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.25 - MP 39.00C
SHEET 52 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25N
SHEET 53 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25S
SHEET 54 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.90 - MP 39.60S
SHEET 55 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,550 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



15.25

15.
00

14.
75

Burnham St E

Riv
ers

ide
 D

r  

Territorial Rd E

Lo
ga

n S
t  

So
uth

 Av
e  

Sc
en

ery
 S

t  

Fo
nd

a A
ve

  

Kenosha Ave  

Mineral Ave  

Pa
uli

ne
 Av

e  Sisson Ave  

Riverside Pkwy  

Ro
ck

for
d S

t  

Oak Hill Dr  

Riverside Ct  

Ec
ho

 St
  

§̈¦194

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 23, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 23, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May23_2011.mxd Aerial Photography Date: November 2011

MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



16.5
0

16.
75

16.25

Hamblin Ave W

Jackson St W

Ke
nd

all
 St

 S

Michigan Ave W

Wa
sh

ing
ton

 Av
e S

Van Buren St W

Ca
ss

 St
 S

Lafayette St  

Louise
 St  

Champion St  

Pa
ge

 St
  

Dickman Rd  

Service St  
Houston St  

Go
uld

 St
  

Grand Trunk Ave  

Ba
rne

y S
t  

Carlyle
 St  

Wa
sh

ing
ton

 Av
e N

Pu
tna

m 
St 

 

Arc
he

r C
t  

Ca
ss 

St 
N

Bro
ok

 St
  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 23, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 23, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May23_2011.mxd Aerial Photography Date: November 2011

MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



29.75

29.50

30.00

30.25

Fort 
Custer

 Rec A
rea A

cce
ss  

  

Fo
rt C

ust
er 

Re
c A

rea
 Se

rvic
e   

 

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 23, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 23, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May23_2011.mxd Aerial Photography Date: November 2011

MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 35.75 - MP 36.80
SHEET 47 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 36.80 - MP 37.55
SHEET 48 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



38
.0038

.25

37
.75

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

MAY 23, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 23, 2011
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_May23_2011.mxd Aerial Photography Date: November 2011

MP 37.55 - MP 38.30
SHEET 49 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60N
SHEET 50 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60S
SHEET 51 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.25 - MP 39.00C
SHEET 52 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25N
SHEET 53 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25S
SHEET 54 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.90 - MP 39.60S
SHEET 55 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,430 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



Figure 5-13 

Riverine Grid:  Sedimentation Rate 
All Grid Cells 

May 16 – May 23, 2011 
Sheets 1 through 56 
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MP 01.95 - MP 02.75
SHEET 1 OF 56

mm/week = Millimeters Per Week
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MP 02.60 - MP 03.40
SHEET 2 OF 56

mm/week = Millimeters Per Week
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MP 03.40 - MP 04.20
SHEET 3 OF 56

mm/week = Millimeters Per Week
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MP 04.15 - MP 05.00
SHEET 4 OF 56

mm/week = Millimeters Per Week
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MP 04.90 - MP 05.65
SHEET 5 OF 56

mm/week = Millimeters Per Week
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MP 05.65 - MP 06.30
SHEET 6 OF 56

mm/week = Millimeters Per Week
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Figure 5-14 

Riverine Grid:  Sedimentation Rate 
Cells with Net Change in Silt or Clay Mass 

May 16 – May 23, 2011 
Sheets 1 through 56 
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Figure 5-15 
Floodplain Grid:  Velocity 

May 27, 2011 
Sheets 1 through 45 
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs
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cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May27_2011.mxd Aerial Photography Date: July & August 2009

MP 14.00 - MP 15.05
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May27_2011.mxd Aerial Photography Date: July & August 2009
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



SSS S

S
S S

S

S S

S

S

S
S

S

S

S

S

SS

S S

SS

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

SSS S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S

S

S

S
S

S

S S

S

S S

S

S

S

S

S

S

S

S

S

S

S

SSS

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

SS

S

S

SS

S

S

SS

S

S

S

S

S S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

SS

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S S

S

S

S

S

S

S

S S
S

S

S

S

SS

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S
S

S S

S

S

S S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

SS

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S S

SS

S

S

S

S

S
S

S

S

S

S

S

Jackson St W

Be
dfo

rd R
d S

River Rd W

20
th 

St 
N

Industrial Park Dr  

Lafayette Ave  

Ritchie Ln  

Michigan Ave W

Harmonia Rd  

Hinman Ave S

18
.75

18
.25

19
.00

18
.50

18.00

0 350 700175
Scale in Feet

±
Map Location FLOODPLAIN GRID: VELOCITY

MAY 27, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec)
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May27_2011.mxd Aerial Photography Date: July & August 2009

MP 18.11 - MP 19.18
SHEET 18 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs
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cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



SS
S
S

S

S
SS
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

SS
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

SS

S S

S

S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

SSS

S

S

S

S

S

SS

S

S S

S
S

S

S

S

SS

SS

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S
SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SSS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

SS
S

S
S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S S
S
S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

SS

S

S

S

S

S

S

S

S
S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S
S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S S

S

S

S

S

S

S

S
S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

SS

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S

S

SS

S

S S

S

S

S

S

S

S

S

S

S

S
S
S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S
S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

SS

S

S

S

SS

S

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S
S

S S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S
S

S

S

S

S

S

S

S

S

S

S

SS

SS

S

S

S
S S

S

S

S

S

S

S
S

S S

S

S S

S

S
S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S S

S

S

SS

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS
S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S
S

S
S

Miller Rd  

35
th 

St 
 

Shadowlane Ave  

Wo
od

lar
k D

r  

Battle Creek St  

Cy
nth

ia 
St

  

Kim
be

rly
 S

t  

Co
urt

ne
y S

t  

§̈¦94

36.
50

36
.25

36.00

35.75

36.75

0 350 700175
Scale in Feet

±
Map Location FLOODPLAIN GRID: VELOCITY

MAY 27, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec)
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May27_2011.mxd Aerial Photography Date: July & August 2009

MP 35.75 - MP 36.75
SHEET 40 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



S SSS S
S

S SS SS

S

S SS

SSS
S

S

SS
S
S S
S

S

S
S
S S SSS

SS

S

S S SS

S

S SS

S

S

S

SSS SS

S

S

S
S

S

S S

S

S

S

S

S

S

SS

S
S

S

S

SS

SS

S

S
S

S

S

S

S

S

S

S S

S

S

S

SS S S

S S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

SS

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S
S

S
SS

S

S

S

S

S

S

S

S

S

S

S

S

S SS S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS

S

S

S

S

SS

S

S

S

S

S

S

S
S

S

S

S

SS

S

SS

S
S

S

S
SSS S

S

S
S

S

S

S

S

S

S SS

S

S

S

S

S

S

S S

SS

S

S
S

S

S

SS

S

S

S

S

S

S

SSS
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

SS

S

S
S

S

S
S

S

S

S

S

S

S SS

S SS

S

S

S

S

S

S

S

SS S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

SS S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S
S

S

S
S S

S

S

S

S

S

S

S

S

S

S S

S S

SS

S

S S

SS

S

S

SS

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S S

S
S

S

S

S

S S S

S

S S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S SS

SS

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

SS
S SS

S

S

S

S
S

SSS

S

S

S

S

S S

S

S

S

S

S

S

S

S

S S S
S

S

S

S

S

SSSS

S

S

S

S S S

S

S

SS

S

S

S

S

S

S

S S

S

S

S

S

S

S

SS S

S
S S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S S

SS

S S

SSS S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S
S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S
S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S
SS

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

SS

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS

S

S

S

S

S

S

S
S

S

S S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S S
SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S SS

S

S

S

S SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

SS

S

SS

S

S

S S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
SS

S

S

S

S
S

S

S

S
S S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S
SS

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S S

S

S

S

S

S

S
S

SS
S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

SS

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

Miller Dr  

§̈¦94

37
.75

37.00

37.25

37
.50

36.75

0 350 700175
Scale in Feet

±
Map Location FLOODPLAIN GRID: VELOCITY

MAY 27, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec)
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May27_2011.mxd Aerial Photography Date: July & August 2009

MP 36.75 - MP 37.75
SHEET 41 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



SS
SSS
S
SS S

S

S
S S

S S

S
S S

S

SS S
S

S

S S

S

S

SS
S

S

S S

S

S
S
S

S SS S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S SSS

S

S
S

S

S

S

SS

S

S

S

S
S
S

S

S

S

S

S
S

S

S

S
S
S

S

S
S

SS

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S
S

S
S

S

S

S

S
S

SS

S

S

S

S

S
S

S

S

S

S
S

S
S S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

SS

S

S

S

S

S

S

S

S
S

S

S

S
S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S
SS

S
S

S

S

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

SS

SS

S

S

S

S

S

S

S

SS

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

SS

S

S
S

S

S

S

S

S

S

SS

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S S S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S
S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

SS S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

SS

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

SS

S
S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S
S

S

S

S

SS

S

S

S

S

S

SS

S

S

S

S

S

S

SS

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S
S

S
S

SS

S
S

S

S

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S
S
S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

SS

S

S

S

S

S

S
S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

SS

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

SS

S

S S

S

S

S

S S

S

S

S

S S

SS

S

S

S

S

S S

S

S

S

S S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S
S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

SS

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S

S S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

SS
S

S

S

S

S

S

S

S

S

S

S SS

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
SS

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S S

S

S

S

S

S
SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS
S

S

S
S

S

S

S

S

S

S

S
SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

SS
S

S

S

S

S

S

S

S

S
S

S

S

S

SS S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S S

S

S

SS

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

Krum Ave  

Ro
se

mo
nt 

Dr
  

Plaza Pl  
Morrow Lake BAS    

38
.75

38
.50

38
.00

38
.25

0 350 700175
Scale in Feet

±
Map Location FLOODPLAIN GRID: VELOCITY

MAY 27, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec)
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May27_2011.mxd Aerial Photography Date: July & August 2009

MP 37.75N - MP 38.80N
SHEET 42 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



S SS

SSSS S

S
SS

S
S

S

S
S S

S

S S

S
S S

S

SS S
S

S

S S

S

S

SS
S
S

S

S S

S
S

S
S
S
S

S

SS SS S

S
S
S

S

S

S

S
S

S

S

S S

S

S

S

S
S

S

S

S

S

S

S
S S

S
S

S

S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S
S

S
S

S

S SS

S

S

S

S

SS

S

S
S

S

S

S

SS

S

S
S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S
S

S

S

S S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

SS

S

S

S

S

S

S

SS S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S S

S
S
S

S

S S
S

S

S

S
S

S

S

S

S

S

S
S S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

SS

S

S
S

S

S

S

S

S S

S
S

S

S

S

S

S

S

S

S

S

S

S S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S
S

S
S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S

S

S
S

S

S

S

SS

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S
S

S
S

S
S

S
S

S

S

S
S
S

S

S S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
SS

S

S

S

S

S

S

S

S S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S
S

S

S

S

S
S

S

S
S

S

S

S

S S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

SS

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

SS
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S
S

S

S

S S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

SS

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
SS

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

SS

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S
S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

SS

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

SS
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S
S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S
S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

SS S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S S

S

S

S

S

S

S

S

S S

S

S

S
S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

SS

S

S

S

S

S S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

SS
S

S

SS

S

SS

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS S S

S

S

S

SS

S

S
S S

SS S S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

SS S S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

S

S

S

S

S S

S

S

S

S

S

S
S S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SSS

S

S

S

SS

Lyth Rd  

Miller Dr  

§̈¦94

38
.25

38
.00

38
.50

38
.75

37
.75

0 350 700175
Scale in Feet

±
Map Location FLOODPLAIN GRID: VELOCITY

MAY 27, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec)
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May27_2011.mxd Aerial Photography Date: July & August 2009

MP 37.75N - MP 38.80N
SHEET 43 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs
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Figure 5-16 
Floodplain Grid:  Velocity 

May 28, 2011 
Sheets 1 through 45 
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



S

S

S
S
S
S

S S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

SS

S

S

S

S

S

S

S

S

S

S

S
S

S S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S S

S

S

S

S

S

S

SS

S

S

S

S

S S

S
S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

SS

S

S

S

S

S

S

S

S

S

S
S

S

S

S

SSS

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S
S

S

S

SS

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

SS S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S S

S S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

SS

S

S

S

S

S

S

S
S

S S
S

S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

SS

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S
S
S

S
S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

SS

S

S

S

S S
S

S

S

S

S

S

S

S

S

S

SS
S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S
S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

11.7512.00

12.25

12.50

12.75

13
.25

11.50

Columbia Ave E

Inn
 R

d  

Post Ave  

Ra
ym

on
d R

d S

Va
le 

St
  

Ca
ine

 St
  

River Rd E

Ja
me

s S
t  

Ac
ad

em
y S

t  

Ha
nn

ah
 S

t  

Gr
eb

le 
St

  

Le
on

ba
rd 

Wo
od

    

Kingman Ave E

Lathrop Ave  

Va
le 

St
  

James St  

0 350 700175
Scale in Feet

±
Map Location FLOODPLAIN GRID: VELOCITY

MAY 28, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec)
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May28_2011.mxd Aerial Photography Date: July & August 2009

MP 11.70 - MP 12.77
SHEET 11 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_May28_2011.mxd Aerial Photography Date: July & August 2009
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



S

S

S

S

SS S

S

S

S

S

SS

S

S

S

S S

S

S

S

S

S

S

S

S

SS

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

SS S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

SS

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
SSS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

S

S

S

S S
S

S

S

SS

S

SS

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S S

S

SS

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S S
S

S

S

S

S

SS S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

16.5
0

16.
75

17
.00

17.
25

Hamblin Ave W

Jackson St W

Michigan Ave W

Van Buren St W

An
gel

l St
  Lafayette St  

Parish St  

Champion St  

Ke
nd

all
 St

 S

Grand Trunk Ave  

Upton Ave  

Washington Ave N

Ke
nd

all
 St

 N

Wa
sh

ing
ton

 Av
e S

Wo
od

 St
 N

Bu
tle

r S
t  

Ca
ss 

St 
N

Ca
ss

 St
 S

Haye
s S

t  

Fo
res

t S
t  

10
th 

St 
 

Hu
bb

ard
 St

  

University St  

Ho
wl

an
d S

t  

Wo
od

 St
 S

Lo
uis

e S
t  

Pa
ge

 St
  

Service St  

Reed Ct  

Jo
rda

n S
t  

Tu
rne

r S
t  

Sanitarium Ave  

Th
orn

e S
t  

Pu
tna

m 
St 

 

C Ave  

Ad
a S

t  

Le
ag

ue
 Ct

  
0 350 700175

Scale in Feet

±
Map Location FLOODPLAIN GRID: VELOCITY

MAY 28, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec)
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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ft/sec = Feet Per Second
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Figure 5-17 
Floodplain Grid:  Velocity 

June 3, 2011 
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_Jun3_2011.mxd Aerial Photography Date: July & August 2009

MP 10.00 - MP 10.80
SHEET 9 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_Jun3_2011.mxd Aerial Photography Date: July & August 2009

MP 15.05 - MP 15.71
SHEET 14 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_Jun3_2011.mxd Aerial Photography Date: July & August 2009

MP 20.32 - MP 21.36
SHEET 21 OF 45

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs
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cfs = Cubic Feet Per Second



S

SSS S
S
SS

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S
S
S

S

S
S

S

S
S

S

S

S

S

S

S

S
S

S

S

S

SS

SS

S S

SS
S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

SS

S
S

S

S

S

S
S

S
S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S
SS

S

S

S
S S

S

S

S

S

S

SS

S

S

S

S

S

S S

S
S

S

S

S

S

S

S
S

S

S

S

SS

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S S
S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S S

S

S

S S

S

S

S

S

S

S

S

S

SS

S

SS

S

S

S

S

S S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

SS

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S S

S

S
S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S S

S

S

S

S SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S
S

S

S

S

S

S

S

S

SS

S

S
S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S
S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S
S

S

SS

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

SS

S

S

S

S S S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

SS

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S
S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S
SS

S

S

S

S
S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S
S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

SS

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SSS

S

S S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S S

S

S

S

S

S

S
S

S

S

S

S

S

S
S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S
S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

Fort Custer Dr  

25.50
25

.25

25.00
24

.75

24.50

25
.75

0 350 700175
Scale in Feet

±
Map Location FLOODPLAIN GRID: VELOCITY

JUNE 3, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec)
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Velocity_Jun3_2011.mxd Aerial Photography Date: July & August 2009

MP 31.94 - MP 33.00
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



Figure 5-18 

Floodplain Grid:  Bed Shear Stress 

May 27, 2011 

Sheets 1 through 16 
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 2,720 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



Figure 5-19 

Floodplain Grid:  Bed Shear Stress 

May 28, 2011 
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second



Golden Ave  

G Dr N

Riv
er 

Rd
 E

Wa
ttle

s R
d S

Crosby Dr  

Sil
ve

r S
t  

F Dr N

Boyer Dr  

9 1/2 Mile Rd  

9 M
ile

 R
d  

Rive
r R

d  

Ra
ym

on
d R

d S

Jono St  

Ma
rsh

a  
  

Tower Rd  

Flower Ln  

Beaumont Dr  

Wattles Ct  

De
ma

ris
 Ln

  

F Dr N

G Dr N

9 1/2 Mile Rd  

§̈¦94

9.5
0

9.00

9.7
5

9.2
5

10
.25

10.00

10.50

10.75

12.50

12.75

11.
0011.

25

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

MAY 28, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 28, 2011
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_May28_2011.mxd Aerial Photography Date: July & August 2009

MP 9.00 - MP 10.50
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second



River Rd W

Michigan Ave W

Cu
ste

r D
r  

Oa
k S

t  

Sn
ow

 Av
e  

Cr
os

s S
t  

Co
llie

r A
ve

  

Ga
rdn

er 
Av

e  

Cla
rk 

Rd
  

Fin
lay

 Av
e  

Bruce Ave  

Wellington Ave  

Sti
lls

on
 B

lvd
  

Fe
ld A

ve 
 

Bo
nn

y S
t  

Co
ldw

ate
r A

ve
  

Du
an

e S
t  

Vir
gin

ia 
Av

e  

Ball St  

Wau
pa

ka 
Dr 

 

Susa
n D

r  

Marie Ave  

Le
on

ard
 D

r  

Be
ula

h A
ve

  

Quail Ave  
Woodside Dr  

Ro
bin

wo
od

 St
  

Simmons Ave  

Diane St  

Av
on

 D
r  

Ne
wb

urn
 Av

e  

Stephanie Ave  

John Bria Rd  

South St  Ma
xin

e P
l  

Te
al 

St
  

1 M
ile

 R
d  

Pru
de

nce
 Ln

  

Lynn Dr  

Alida Dr  

Lindow Dr  

Wh
ee

ler
 Av

e  

Iowa St  

Uld
rik

s D
r  

Isla
nd

 Av
e  

Sp
err

y A
ve

  

Co
ok

 Av
e  

Tulip Tree Ln  

Mu
rra

y A
ve

  

Br
ad

y R
d  

San Juan Ave  

Blueberry Ln  

William Shafter Cir W

Duane Dewey Ln  Clark Cir  

He
nry

 Fo
x L

n  

21
.75

22.25

22.5022
.75

21
.50

21.25

21
.00

22.00

20
.25

20.
50

20
.00

20
.75

23.00

23.75

23.25

23.50

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

MAY 28, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), May 28, 2011
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_May28_2011.mxd Aerial Photography Date: July & August 2009

MP 20.00 - MP 22.50
SHEET 9 OF 16

Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 3,390 cfs

Pa = Pascal
cfs = Cubic Feet Per Second



Figure 5-20 

Floodplain Grid:  Bed Shear Stress 

June 3, 2011 
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Augusta Dr  

46
th 

St 
 

Fort Custer Dr  

Co
un

ty 
Lin

e R
d  

Marsh Ridge Trl  

Pin
 O

ak
 C

ir  

25.50

25
.2526.7527.00

26
.00

24.00

22.25

22.50

26.25

22
.75

24.25
25

.75

26.50

25.00 24
.75

24.50

23.25

23.00

23.75

22.00

23.50

River Rd W

Michigan Ave W

Co
lor

ad
o S

t  

Ro
bin

 Av
e N

Quail Ave  

Or
iol

e D
r  

Isla
nd

 Av
e  

Su
wa

ne
e S

t  

Ch
arl

es
ton

 Av
e  

Cardinal Ave  

Kalamazoo Ave  

Ro
bin

 Av
e S

¬«89

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

JUNE 3, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), June 3, 2011
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_Jun3_2011.mxd Aerial Photography Date: July & August 2009

MP 22.50 - MP 27.00
SHEET 10 OF 16

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



Augusta Dr  

Harmonia Rd  

Fort Custer Dr  

We
bs

ter
 S

t  

42
nd

 St
  

Michigan Ave  

Van Buren St  

Lin
co

ln 
St 

 

Ch
es

tnu
t S

t  

Ch
urc

h S
t  

44
th 

St 
 

Washington St  

Clinton St  

Au
gu

sta
 Av

e  

Jackson St  

Jefferson St  

Cass St  

Ca
na

l S
t  

Chippewa Way  

Monroe St  

Fayette St  

Ann Ln  
Ch

err
y S

t  

Me
ad

ow
 D

r  

Me
ad

ow
 St

  

Convis    

Martin Dr  

Northway St  

Ra
ns

om
 St

  

Ea
gle

 La
ke

 D
r  

Jefferson St  

Augusta Dr  

Fayette St  

Fort Custer Dr  

Clinton St  

Ch
err

y S
t  

27.00

25.50

25
.25

27.75

26.75

28.75

28.00

27.50

28.25

26.50

27.25

28.50

29.0029.25

26.25

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

JUNE 3, 2011

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), June 3, 2011
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_Jun3_2011.mxd Aerial Photography Date: July & August 2009

MP 27.00 - MP 28.75
SHEET 11 OF 16

Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 1,850 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



Figure 5-21 

Floodplain Grid:  Sedimentation Rate 
All Grid Cells 

May 27 – June 3, 2011 
Sheets 1 through 45 
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Figure 5-22 

Floodplain Grid:  Sedimentation Rate 
Cells with Net Change in Silt or Clay Mass 

May 27 – June 3, 2011 
Sheets 1 through 45 
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Figure 6-1 
Flow at Kalamazoo River Gage Near Battle Creek for September 

2010 Low Flow Event 
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Figure 6-2 
Boundary Sediment Concentration for September 2010 Low Flow 

Event  
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Figure 6-3 

Riverine Grid:  Velocity 

September 8, 2010 

Sheets 1 through 56 
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MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



SS

SS

S

S

S

S

S

S

SS

S
S

SS S
S

SS

S

S

S
S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

SS

S
S

S

S
S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S
S
S

S

S

S
S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S
S
S

S
S

S

S

S

S
S

S

S

S

S S

S
S

S

S

S

S

S
S

S

S

S

15.75

16.25

16.00

Dickman Rd  

Capital Ave SW

Fountain St E

McCamly S
t S

Fountain St W

Wash
ing

ton
 Av

e S

Grove St  

Upton Ave  

Hamblin Ave W

Plantain St  

Rittenhouse Ave W

Liberty St  

Ca
rol

ine
 St

  

Rittenhouse Ave E

Jackson St W

Beacon St  

Mint St  

Michigan Ave W

Houston St  

Jew
ell 

St 
 

Short St  

Re
ne

wa
l C

t  

Mo
nro

e S
t S

Sprin
g S

t  

Plantain St  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: VELOCITY

SEPTEMBER 8, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec) - September 8, 2010
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/23/2012
Approved:  DBR   3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



S

SS

S
S

SS

S

SS S

S

SS

S
S

S
S

S

S

S

S
S

S

S

S
S

S

S

S

S

S

S

S
S

S S

S

S

S

S
S

S

S

S

S

S

S
SS

S

S

S
S

S

S

S

S

S

S

S
S

S

S

SS SS

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S
S

S

S
SS

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

SS

S

S

S
S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

29.25

29.50

29.00

28.75
Clinton St  

Lin
co

ln 
St 

 Ch
err

y S
t  

Fayette St  

Ch
urc

h S
t  

Cass St  

Au
gu

sta
 C

lim
ax

 R
d  

Ch
es

tnu
t S

t  

Fort 
Cust

er R
ec A

rea
 Acce

ss  
  

We
bs

ter
 S

t  

Clinton St  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: VELOCITY

SEPTEMBER 8, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec) - September 8, 2010
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/23/2012
Approved:  DBR   3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



Figure 6-4 

Riverine Grid:  Velocity 

September 9, 2010 
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



S

S

SS

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S
S

S

S S

S
S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

SS

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

SS

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

SS

S

S

S

S

S

S

S

SS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S S

S

SS

SS

S

SS

S

S

S

S

S

S

S

S

S

S

S
S

S

S

S

S

S

SS S

S

S

S

S

S
S

S S

S

28.75

28.2528.50

28.00

29.00 Augusta Dr  

Fort Custer Dr  

Au
gu

sta
 Av

e  

Jefferson St  

Michigan Ave  

Convis    

Ra
ns

om
 St

  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: VELOCITY

SEPTEMBER 10, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Velocity (ft/sec) - September 10, 2010
< 0.1 ft/sec
0.1 - 0.25 ft/sec
0.25 - 0.5 ft/sec
0.5 - 1.0 ft/sec
1.0 - 1.5 ft/sec

1.5 - 2.0 ft/sec
2.0 - 2.5 ft/sec
2.5 - 3.0 ft/sec
3.0 - 4.0 ft/sec
> 4.0 ft/sec

S Flow Direction and Relative Magnitude
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/23/2012
Approved:  DBR   3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Velocity_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 35.75 - MP 36.80
SHEET 47 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second
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Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs
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MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

ft/sec = Feet Per Second
cfs = Cubic Feet Per Second



Figure 6-6 

Riverine Grid:  Bed Shear Stress 

September 8, 2010 
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MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



18.00

17.
75

18
.25

17.
50

Jackson St W

20
th 

St 
N

Lim
it S

t  

Michigan Ave W

Lenon St  

Industrial Park Dr  

Arbor Pointe Dr  

Arboretum    

Lafayette Ave  

Van Buren St W
Sherbrooke St  

Riverview Ct  

Arbor Pointe Dr  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 8, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 8, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



21.25

21
.00

20
.75

Cu
ste

r D
r  

Sti
lls

on
 B

lvd
  

Coldwater Ave  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 8, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 8, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



Augusta Dr  

26
.00

26.25

25
.75

25.50

26.50

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 8, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 8, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep8_2010.mxd Aerial Photography Date: November 2011

MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 35.75 - MP 36.80
SHEET 47 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 36.80 - MP 37.55
SHEET 48 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.55 - MP 38.30
SHEET 49 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60N
SHEET 50 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60S
SHEET 51 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.25 - MP 39.00C
SHEET 52 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25N
SHEET 53 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25S
SHEET 54 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.90 - MP 39.60S
SHEET 55 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 480 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



6.5
0

6.757.00

6.25

E Dr N

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 9, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 9, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



8.50

8.2
5

8.0
0

8.75

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 9, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 9, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep9_2010.mxd Aerial Photography Date: November 2011

MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 35.75 - MP 36.80
SHEET 47 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 36.80 - MP 37.55
SHEET 48 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.55 - MP 38.30
SHEET 49 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60N
SHEET 50 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60S
SHEET 51 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.25 - MP 39.00C
SHEET 52 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25N
SHEET 53 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25S
SHEET 54 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.90 - MP 39.60S
SHEET 55 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 467 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



Figure 6-8 

Riverine Grid:  Bed Shear Stress 
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MP 01.95 - MP 02.75
SHEET 1 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 02.60 - MP 03.40
SHEET 2 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 03.40 - MP 04.20
SHEET 3 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



4.5
0

4.7
5

4.2
5

5.0
0

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 10, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 10, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 04.15 - MP 05.00
SHEET 4 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 04.90 - MP 05.65
SHEET 5 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 05.65 - MP 06.30
SHEET 6 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 06.20 - MP 07.15
SHEET 7 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.15 - MP 07.95
SHEET 8 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 07.90 - MP 08.75
SHEET 9 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 08.70 - MP 09.30
SHEET 10 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



9.5
0

9.7
5

10.00

9.2
5

G Dr N

9 1/2 Mile Rd  

River Rd  

9 M
ile 

Rd
  

County Park Access Rd  

F D
r N

G Dr N

§̈¦94

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 10, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 10, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 09.25 - MP 10.05
SHEET 11 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.00 - MP 10.65
SHEET 12 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 10.60 - MP 11.40
SHEET 13 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 11.10 - MP 12.45
SHEET 14 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 12.30 - MP 13.05
SHEET 15 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 13.00 - MP 14.10
SHEET 16 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.00 - MP 14.85
SHEET 17 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 14.65 - MP 15.25
SHEET 18 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.25 - MP 15.75
SHEET 19 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 15.75 - MP 16.30
SHEET 20 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 16.30 - MP 16.95
SHEET 21 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



17.
25

17
.00

17.
50

Parish St  

Jackson St W

Michigan Ave W

Hamblin Ave W

Van Buren St W

An
gel

l St
  

Hu
bb

ard
 St

  

Jo
rda

n S
t  

Lafayette Ave  

14
th 

St 
N

15
th 

St 
N

12
th 

St 
N

Bu
tle

r S
t  

Manchester St W

Lafayette St  

Le
mo

nt 
St 

 

Graves Ave  

Wo
od

 St
 S

E Ave  

Gran
d A

ve 
 

Tu
rne

r S
t  

Th
orn

e S
t  

14
th 

St 
N

Graves Ave  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 10, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 10, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 16.85 - MP 17.60
SHEET 22 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 17.60 - MP 18.40
SHEET 23 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 18.30 - MP 19.15
SHEET 24 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.10 - MP 19.95
SHEET 25 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 19.90 - MP 20.75
SHEET 26 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 20.70 - MP 21.50
SHEET 27 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 21.35 - MP 22.15
SHEET 28 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



22.25

22.50

22
.75

Quail Ave  

Av
on

 Dr
  

Michigan Ave W

Uld
rik

s D
r  

Mu
rra

y A
ve

  

Kalamazoo Ave  

Te
al 

St
  

Sa
nb

orn
 Av

e  1 M
ile

 R
d  

0 250 500125
Scale in Feet

±
Map Location RIVERINE GRID: BED SHEAR STRESS

SEPTEMBER 10, 2010

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa), September 10, 2010
< 1.000001
1.000001 - 2.000000
2.000001 - 3.000000

3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 20.000000
> 20.000000

Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS   3/22/2012
Approved:  DBR   3/22/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Riverine_Bed_Shear_Stress_Sep10_2010.mxd Aerial Photography Date: November 2011

MP 22.15 - MP 22.90
SHEET 29 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 22.80 - MP 24.10
SHEET 30 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.10 - MP 24.85
SHEET 31 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 24.80 - MP 25.65
SHEET 32 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 25.55 - MP 26.40
SHEET 33 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 26.40 - MP 27.45
SHEET 34 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 27.45 - MP 28.10
SHEET 35 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.05 - MP 28.85
SHEET 36 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 28.85 - MP29.55
SHEET 37 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.50 - MP29.95
SHEET 38 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 29.95 - MP 30.80
SHEET 39 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 30.75 - MP 31.25
SHEET 40 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.25 - MP 31.70
SHEET 41 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 31.65 - MP 32.25
SHEET 42 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 32.25 - MP 33.10
SHEET 43 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.10 - MP 33.70
SHEET 44 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 33.70 - MP 34.70
SHEET 45 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 34.70 - MP 35.75
SHEET 46 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 35.75 - MP 36.80
SHEET 47 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 36.80 - MP 37.55
SHEET 48 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.55 - MP 38.30
SHEET 49 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60N
SHEET 50 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 37.80 - MP 38.60S
SHEET 51 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.25 - MP 39.00C
SHEET 52 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25N
SHEET 53 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.50 - MP 39.25S
SHEET 54 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 38.90 - MP 39.60S
SHEET 55 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second
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MP 39.15 - MP 39.85
SHEET 56 OF 56

Kalamazoo River near Battle Creek USGS gage daily average discharge: 455 cfs

Pa = Pascals
cfs = Cubic Feet Per Second



Figure 6-9 

Riverine Grid:  Sedimentation Rate 
All Grid Cells 

September 8 – September 15, 2010 
Sheets 1 through 56 
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MP 01.95 - MP 02.75
SHEET 1 OF 56

mm/week = Millimeters Per Week
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Figure 6-10 

Riverine Grid:  Sedimentation Rate 
Cells with Net Change in Silt or Clay Mass 

September 8 – September 15, 2010 
Sheets 1 through 56 
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Figure 6-11 
100-Year Flow at Kalamazoo River Near Battle Creek  
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Figure 6-12 

Floodplain Grid: Velocity 

100-Year Flood 

Sheets 1 through 45 
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Figure 6-13 

Floodplain Grid: Bed Shear Stress 

100-Year Flood 

Sheets 1 through 16 



A Dr N

15
 M

ile
 R

d  

Tau Dr  

14
 M

ile
 R

d  

He
ath

er 
Dr

  Peter Pan Ln  

Friendship Ln  

Kristen Dr  

Br
oo

k D
r  Squa

w Cree
k R

d  

Riv
er 

Pa
rk 

Dr
  

Preston Dr  

2.00

1.75

2.50

2.7
5

2.2
54.0

0

4.5
0

3.7
5

3.50

3.2
54.2

5

3.0
0

1.5
0

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 1.50 - MP 4.50
SHEET 1 OF 16

Pa = Pascals



B Dr N

C Dr N

12
 M

ile
 R

d  

Wh
ea

tfie
ld 

Rd
  

13
 M

ile
 R

d  

E Dr N

D Dr N

So
uth

bro
ok

 R
d  

Pierce St  

Ba
ttle

 C
ree

k S
t  

Water St  

Church St  

Bentley Blvd  

Court St  

C Dr N

Wa
ter

 S
t  

5.2
5

6.0
0

7.2
5

4.5
0

4.7
5

5.0
0

7.00

5.7
5

5.5
0

6.25

6.75 6.5
0

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 4.50 - MP 6.25
SHEET 2 OF 16

Pa = Pascals



D Dr N

E Dr N

Wh
ea

tfie
ld 

Rd
  

10
 1/

2 M
ile

 R
d  

Michigan Ave E

F Dr N

8.50
8.2

5

9.00

7.7
5

7.5
0

8.75

6.5
0

7.2
5

6.75

8.0
0

7.00

6.25

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 6.25 - MP 9.00
SHEET 3 OF 16

Pa = Pascals



Golden Ave  

G Dr N

Riv
er 

Rd
 E

Wa
ttle

s R
d S

Crosby Dr  

Sil
ve

r S
t  

F Dr N

Boyer Dr  

9 1/2 Mile Rd  

9 M
ile

 R
d  

Rive
r R

d  

Ra
ym

on
d R

d S

Jono St  

Ma
rsh

a  
  

Tower Rd  

Flower Ln  

Beaumont Dr  

Wattles Ct  

De
ma

ris
 Ln

  

F Dr N

G Dr N

9 1/2 Mile Rd  

§̈¦94

9.5
0

9.00

9.7
5

9.2
5

10
.25

10.00

10.50

10.75

12.50

12.75

11.
0011.

25

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 9.00 - MP 10.50
SHEET 4 OF 16

Pa = Pascals



Golden Ave  

Cliff St  

Columbia Ave E

River Rd E

Main St  

Post Ave  

Michigan Ave E

Ra
ym

on
d R

d S

Ta
ft S

t  

Va
le 

St
  

Gr
en

vill
e S

t  

Inn
 R

d  Illin
ois

 S
t  

Je
ric

ho
 R

d  

Lathrop Ave  

Eu
cli

d A
ve

  

Ne
lso

n S
t  

Ca
ine

 St
  

Sil
ve

r S
t  

Ma
rjo

rie
 S

t  Ja
me

s S
t  

Kingman Ave E

6 1/2 Mile Rd  

Au
bu

rn 
St

  River Dr  

Alden Ave E

Beadle Lake Rd  

Pa
wn

ee
 S

t  

Oa
k S

t  

Linn Ave  

Mary St  

Hig
hw

ay
 St

  

Belton Ave  

Taft Ct  

Ac
ad

em
y S

t  

Fruin Ave  

Clinton Dr  

High St  

Bonita Dr  

On
eil

 S
t  

Ov
ert

on
 S

t  

Richmond Ave  

Enwood St  

Ro
w 

C 
   

Alden Ave W

Gr
eb

le 
St

  

Ha
nn

ah
 S

t  

Warren St  

Wi
llo

w 
St

  

Oak Hill Dr  

Marion St  

Be
ll S

t  

Ch
ero

ke
e S

t  

Be
rrie

n A
ve

  

Kingman Ave W

Bu
rdg

e S
t S

Ba
rd 

   
Pinewood Ave  

Front St  
Park Dr  

Horton St  

Le
on

ba
rd 

Wo
od

    

Interurban Ave  

Midway Ct  

Shore Dr  

Lyda St  

Pr
os

pe
ct 

Pl 
 

De
xte

r S
t  

Ma
rsh

a  
  

Pr
inc

eto
n S

t S

Newark Ave  

Mo
tt S

t  

Row K    

Walnut Ave  

Walnut Ct  

Winding Way Dr  

Co
rnw

ell
 S

t  

Row F    

De
ma

ris
 Ln

  

Crest Ave  

Cli
ff C

uto
ff  

  

James St  

Va
le 

St
  

11.
25

12.00 11.75

13
.25

11.50
12.25

13.50

11.
00

14.00

10.75

12.50

13.00

12.75

13
.75

14.25

10.50

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 10.50 - MP 14.25
SHEET 5 OF 16

Pa = Pascals



Goguac St  

Eldred St  

Ca
pit

al 
Av

e S
W

20
th 

St 
N

Columbia Ave E

Territorial Rd W

Riv
ers

ide
 D

r  

Columbia Ave W

21
st 

St 
N

Main St  

Spring St  

La
 Vi

sta
 Bl

vd
  

Burnham St E

Ta
ft S

t  

So
uth

 Av
e  

Winter St  

Bidwell St W

Burr St  

Fo
ste

r A
ve

  

20
th 

St 
S

Ar
bo

r S
t  

Hig
hla

nd
 Av

e  

Elder St  

Summer St  

Surby Ave  

Orleans Ave  

Territorial Rd E

Me
ac

he
m 

Av
e  

Fairfield Ave  

Fountain St E

22
nd

 St
 N

Iroquois Ave  

Fountain St W

Wi
tts

hir
e A

ve
  

Ple
as

an
t A

ve
  

Gr
an

d B
lvd

  

Ca
rl A

ve
  

22
nd

 St
 S

Fa
irh

om
e A

ve
  

Wentworth Ave  

Wo
od

row
 Av

e S

Harris Ave  

Be
ch

ma
n A

ve
 N Wa

sh
ing

ton
 Av

e S

Rid
ge

 St
  

High St  

Dickman Rd  

Frisbie St  

Oa
k S

t  

Lakeview Ave  

Be
ck

ma
n A

ve
 S

Green St  
19

th 
St 

N

Art
hur

 St
  

Upton Ave  

Burnham St W

Rittenhouse Ave W

Battle Creek Ave  

Kedzie Ct  

Taft Ct  

Lo
ga

n S
t  

Seivour Ave  

Reynolds Rd  

Webber St  
Warren St  

Mint St  

Sumac St  

Circle
 Dr  

Ingram St  

Te
rra

ce
 Av

e  

Oak Hill Dr  

Yu
ba

 St
  

Els
me

re 
St

  

Sc
en

ery
 S

t  

Shore Dr  

Andrus St  

Ca
rol

ine
 St

  

Ward St  

Harold St  

Harri
son

 St  

Michigan Ave E

Wo
od

row
 Av

e N

Fo
nd

a A
ve

  

Wi
llo

w 
St

  

Ja
y S

t S

Plantain St  

Bidwell St E

Ro
th 

St
  

Foster Ct  

Kenosha Ave  Mineral Ave  

Div
isio

n S
t S

Bluff St  

Grandview Ct  
Corwin St  

Ec
ho

 St
  

Fo
ste

r D
r  

Pit
tee

 St
  

Bartlett St  

Ma
rin

e D
r  

Horton St  

Gr
iffi

n S
t  

Kertson Dr  

Richard Pl  

Kirkwood Ave  

Highland Blvd  

John R Rd  

La
Sa

lle
 St

  

Bo
uld

er 
St 

 

Gr
an

d C
irc

le 
Av

e  

Au
bu

rn 
St

  

Mc
Cr

ae
 D

r  

Wellworth Ave  

Jac
kso

n S
t E

Le
itc

h D
r  Westover St  

Ra
nd

olp
h S

t  

Ca
dy

 S
t  

Sisson Ave  

Short St  

Roe St  

Bla
ir S

t  

Riverside Pkwy  

Wi
nd

so
r T

er 
 

Rittenhouse Ave E
Rye St  

Norma St  

Cameron Dr  

South Pl  

Baker Ct  

Colonial Ct  

Smith Ln  

Rh
im

es
 Av

e  

Dawn St  

Riverside Dr  

Burr St  

Mc
Cr

ae
 D

r  

Iroquois Ave  

Burnham St W

22
nd

 St
 N

21
st 

St 
N

Surby Ave  

Fairfield Ave  

Battle Creek Ave  

Lakeview Ave  

Webber St  

Orleans Ave  

Sumac St  

Plantain St  

§̈¦194

15.75

15.50

15.25

15.
00

14.
75

14.50

14.25
16.00

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 14.25 - MP 16.00
SHEET 6 OF 16

Pa = Pascals



Upton Ave  

Dickman Rd  

20
th 

St 
N

C Ave  

Jackson St W

Hamblin Ave W

Michigan Ave W

Van Buren St W

A Ave  

No
rth

 Av
e  

Parkway Dr  

Lafayette Ave  
Parish St  

Spring St  
Richfield Ave  

Betterly Rd  

Champion St  

B Ave  

24
th 

St 
N

We
st 

St
  

Wo
od

 S
t N

Bro
ok

 St
  

Grove St  

An
gel

l St
  

Lafayette St  

Ke
nd

all
 St

 S

Jo
rda

n S
t  

Ke
nd

all
 St

 NAnn Ave  

Hu
bb

ard
 St

  

Ho
wl

an
d S

t  

Washington Ave N

McCamly St S

Manchester St W

Emmett St W

Wa
sh

ing
ton

 Av
e S22

nd
 St

 N

Greenwood Ave  

Co
lle

ge
 St

  

Ca
rl A

ve
  

Graves Ave  
Walters Ave  

Grand Trunk Ave  

Capital Ave SW

Garfield Ave  

State St W

Lim
it S

t  

Frisbe Ave  

Seedorff St  

Kedzie Ct  

Bowen Ave  

16
th 

St 
N

Mint St  

24th Ct  

27
th 

St 
N

Gran
d A

ve 
 

Somerset Ave  

McCam
ly S

t N

Wi
lke

s S
t  

Nettles St  

On
eit

a S
t  

Gr
an

t S
t  

14
th 

St 
N

E Ave  

15
th 

St 
N

Jew
ell 

St  

Orin St  

17
th 

St 
N

23
rd 

St 
N

Fo
res

t S
t  

Liberty St  

15
th 

St 
 

Blanche St  

Calhoun St  

Capital Ave NE

21
st 

St 
N

12
th 

St 
N

25
th 

St 
N

Moffitt Pl  

Truth Dr  

Bu
tle

r S
t  

16
th 

St 
 

Ca
ss 

St 
N

Michigan Ave E

University St  

Le
mo

nt 
St 

 

Plymouth Ave  

D Ave  

Ha
yes

 St
  

Houston St  

10
th 

St 
 

Div
isio

n S
t N

Manchester St E

Un
ite

d W
ay

  

Ha
nc

oc
k C

t  

19
th 

St 
N

Wo
od

 St
 S

Bernardo Pl  

Orien
t S

t  

Louise
 St  Pa

ge
 St

  

11
th 

St
  

Glenwood Ave  

Bu
ck

ey
e S

t  

26
th 

St 
N

Su
mm

it S
t  

Service St  

Co
ng

res
s S

t  

Annapolis St  

Reed Ct  

Frisbie St  

Sp
rin

gfi
eld

 D
r  

Beacon St  

State St E

Eagle St  

Tu
rne

r S
t  

Go
uld

 St
  

Carlyle
 St  Ba

rne
y S

t  

Blenken Ct  

Th
orn

e S
t  

Pu
tna

m 
St 

 

20t
h/E

 19
4 B

L C
uto

ff   
 

Magn
er S

t  

Fre
der

ick
 St  

Ad
a S

t  

Community Ct  

Mo
nro

e S
t S

Carlyle
 St  

Graves Ave  

E Ave  

16
th 

St 
N

12
th 

St 
N

24
th 

St 
N

Jackson St W

22
nd

 St
 N

17
th 

St 
N

27th St N

14
th 

St 
N

Parkway Dr  

21
st 

St 
N

16.25

16.5
0

16.00

16.
75

17.
75

17
.00

17.
25

17.
50

18.00

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 16.00 - MP 18.00
SHEET 7 OF 16

Pa = Pascals



Michigan Ave W

River Rd W

Jackson St W

Harmonia Rd  

Be
dfo

rd R
d S

Willard St E

20
th 

St 
N

Spaulding Ave W

Ell
is 

Rd
  

Mi
lle

r A
ve

  Be
dfo

rd 
Rd

 N

Ba
rne

y B
lvd

  

Ge
ige

r A
ve

  

Sig
el 

Av
e  

Du
nn

ing
 Av

e  Alt
he

a A
ve

  

Fe
ld A

ve 
 

Urbandale Blvd  

Shellenberger Ave  

Eld
red

ge
 Av

e  

Oakley St  
Iden St  

Laura Ln  

Allison Dr  

Ridgemoor St  

Str
ing

ha
m 

Rd
  

Ma
so

n A
ve

 S

Parkridge Dr  

Lafayette Ave  

Myrtle St  

Ludwig Ave  

Av
ery

 Av
e  

Brizse Ave  

All
en

e A
ve

  

Bo
nd

 Av
e  

Sparks Dr  Wo
lfe

 D
r  

Br
oa

dw
ay

 B
lvd

  

Lenon St  

Wa
up

aka
 Dr

  

Ma
ure

r D
r  

Ashland Ave  

Ev
ere

tt A
ve

  

DeBoer Dr  

Marlin Dr  

Ce
da

r A
ve 

S

Em
era

ld 
Av

e  

Ma
so

n A
ve

 N

Industrial Park Dr  

Vydareny Dr  

Wo
od

law
n A

ve
 N

La
ce

y A
ve

  

Hin
ma

n A
ve

 S

La
mo

ra 
Av

e  

Ba
ns

ill D
r  

Babcock St  

Ritchie Ln  

Hin
ma

n A
ve

 N

Troy St  

Lynn Dr  

Willard St W

Cro
ss 

St 
 

Spaulding Ave E

Arbor Pointe Dr  

Kim
be

r A
ve

  

Helmer Rd N

Hil
lcr

es
t C

t  

Ro
llin

g D
r  

Bo
ye

r R
d  

Pin
co

e D
r  

Str
ing

ha
m 

Rd
  

Oakley St  

19.
25

18.00

19
.75

18
.75

18
.25

19
.50

20
.25

19
.00

20
.00

18
.50

20.
50

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 18.00 - MP 20.00
SHEET 8 OF 16

Pa = Pascals



River Rd W

Michigan Ave W

Cu
ste

r D
r  

Oa
k S

t  

Sn
ow

 Av
e  

Cr
os

s S
t  

Co
llie

r A
ve

  

Ga
rdn

er 
Av

e  

Cla
rk 

Rd
  

Fin
lay

 Av
e  

Bruce Ave  

Wellington Ave  

Sti
lls

on
 B

lvd
  

Fe
ld A

ve 
 

Bo
nn

y S
t  

Co
ldw

ate
r A

ve
  

Du
an

e S
t  

Vir
gin

ia 
Av

e  

Ball St  

Wau
pa

ka 
Dr 

 

Susa
n D

r  

Marie Ave  

Le
on

ard
 D

r  

Be
ula

h A
ve

  

Quail Ave  
Woodside Dr  

Ro
bin

wo
od

 St
  

Simmons Ave  

Diane St  

Av
on

 D
r  

Ne
wb

urn
 Av

e  

Stephanie Ave  

John Bria Rd  

South St  Ma
xin

e P
l  

Te
al 

St
  

1 M
ile

 R
d  

Pru
de

nce
 Ln

  

Lynn Dr  

Alida Dr  

Lindow Dr  

Wh
ee

ler
 Av

e  

Iowa St  

Uld
rik

s D
r  

Isla
nd

 Av
e  

Sp
err

y A
ve

  

Co
ok

 Av
e  

Tulip Tree Ln  

Mu
rra

y A
ve

  

Br
ad

y R
d  

San Juan Ave  

Blueberry Ln  

William Shafter Cir W

Duane Dewey Ln  Clark Cir  

He
nry

 Fo
x L

n  

21
.75

22.25

22.5022
.75

21
.50

21.25

21
.00

22.00

20
.25

20.
50

20
.00

20
.75

23.00

23.75

23.25

23.50

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 20.00 - MP 22.50
SHEET 9 OF 16

Pa = Pascals



River Rd W

Michigan Ave W

Co
un

ty 
Lin

e R
d  

Co
lor

ad
o S

t  

Ro
bin

 Av
e N

Quail Ave  

Or
iol

e D
r  

Isla
nd

 Av
e  

Su
wa

ne
e S

t  

Ch
arl

es
ton

 Av
e  

Cardinal Ave  

Kalamazoo Ave  

Ro
bin

 Av
e S

¬«89

Augusta Dr  

46
th 

St 
 

Fort Custer Dr  
Marsh Ridge Trl  

Pin
 O

ak
 C

ir  

25.50

25
.2526.7527.00

26
.00

24.00

22.25

22.50

26.25

22
.75

24.25
25

.75

26.50

25.00 24
.75

24.50

23.25

23.00

23.75

22.00

23.50

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 22.50 - MP 27.00
SHEET 10 OF 16

Pa = Pascals



Augusta Dr  

Harmonia Rd  

Fort Custer Dr  

We
bs

ter
 S

t  

42
nd

 St
  

Michigan Ave  

Van Buren St  

Lin
co

ln 
St 

 

Ch
es

tnu
t S

t  

Ch
urc

h S
t  

44
th 

St 
 

Washington St  

Clinton St  

Au
gu

sta
 Av

e  

Jackson St  

Jefferson St  

Cass St  

Ca
na

l S
t  

Chippewa Way  

Monroe St  

Fayette St  

Ann Ln  
Ch

err
y S

t  

Me
ad

ow
 D

r  

Me
ad

ow
 St

  

Convis    

Martin Dr  

Northway St  

Ra
ns

om
 St

  

Ea
gle

 La
ke

 D
r  

Jefferson St  

Augusta Dr  

Fayette St  

Fort Custer Dr  

Clinton St  

Ch
err

y S
t  

27.00

25.50

25
.25

27.75

26.75

28.75

28.00

27.50

28.25

26.50

27.25

28.50

29.0029.25

26.25

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 27.00 - MP 28.75
SHEET 11 OF 16

Pa = Pascals



G Ave  
Au

gu
sta

 Dr
  

Michigan Ave  

Lin
co

ln 
St 

 

39
th 

St 
 

Fort 
Custer

 Rec A
rea A

cce
ss  

  

Van Buren St  

F G Ave  

Ch
urc

h S
t  

Ch
err

y S
t  

Harmonia Rd  

Au
gu

sta
 C

lim
ax

 R
d  

Ch
es

tnu
t S

t  

We
bs

ter
 S

t  

Fort Custer Dr  

Washington St  

Clinton St  

Jackson St  

Jefferson St  

Cass St  

Au
gu

sta
 Av

e  

Ca
na

l S
t  

Fayette St  

Me
ad

ow
 D

r  

Me
ad

ow
 St

  

Convis    

Northway St  Augusta Dr  

Clinton St  

Fayette St  

30.50

30.25

28.75

30.00

28.25

29.75

28.50

29.25

29.50

29.00

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 28.75 - MP 30.50
SHEET 12 OF 16

Pa = Pascals



Augusta Dr  

38
th 

St 
 

Bic
yc

le 
Tra

il  
  

Territorial Rd  

Fo
rt C

us
ter

 Re
c A

rea
 Ac

ces
s   

 

Bicycle Trail    

30.75

31.50

31.75

31.25

32.00

31.00

32.25

30.50

32
.50

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 30.50 - MP 32.25
SHEET 13 OF 16

Pa = Pascals



Augusta Dr  

40
th 

St 
 

Michigan Ave  

Fort 
Cust

er D
r  

Bu
rge

ss
 D

r  

37
th 

St 
 

Battle Creek St  

36
th 

St 
 

Mc
Co

llu
m 

Rd
  

Valley Dr  

Div
isio

n S
t  

Ambling Ave  

Beckwith Dr  Maple Ave  

Climax Dr  

Winding Way  
Eagle Dr  

New St  

Miller Rd  

Territorial Rd  

Greenfield Ave  

Pinehill Dr  

Mill St  

Park Ln  

Gale Ave  

Climax Dr  

34.25

34
.50

33.00

32.75

33.50

33.25

34.00

34.75
33.75

32
.50

32.25

32.00

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 32.25 - MP 34.75
SHEET 14 OF 16

Pa = Pascals



Michigan Ave  

35
th 

St 
 

Miller Rd  

38
th 

St 
 

Miller Dr  

Blake Blvd  

Battle Creek St  

36
th 

St 
 

Climax Dr  

Valley Dr  Beckwith Dr  

Wo
od

lar
k D

r  

Fu
lle

rto
n A

ve
  

Cy
nth

ia 
St

  

K Ave  

Kim
be

rly
 S

t  

Co
urt

ne
y S

t  

Shadowlane Ave  Sa
rah

 St
  Strea

mside
 Dr  

L Ave  

New St  

Gr
ov

e S
t  

33
rd 

St 
 

Ile
ne

 St
  

Mi
ldr

ed
 S

t  

Gr
an

t S
t  

Mill St  Ch
urc

h S
t  

Wh
ite

wa
ter

 St
  

Nic
ho

le 
St

  

Th
om

as
 Av

e  

Sh
erm

an
 Av

e  

Miah St  

Elmwood Blvd  

Climax Dr  

Miller Rd  

37.0037.25

34.2534
.50

36.
50

36
.25

35.00

34.75

34.00

36.00

35.75

36.75

35.50

35.
25

§̈¦94

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 34.25 - MP 37.50
SHEET 15 OF 16

Pa = Pascals



Krum Ave  

Ell
iot

 R
d  

Miller Dr  

Gleneagle Dr  

Gleason St  

La
wn

da
le 

Av
e  

Ro
se

mo
nt 

Dr
  

Kilowatt Dr  

Mo
rro

w 
St

  

Lyth Rd  

L Ave E

Hu
nt 

St
  

Co
ok

s D
r  

Plaza Pl  

Va
n B

rug
ge

n S
t  

Sp
ark

s S
t  

38
.25

38
.75

38
.50

38
.00

39
.00

39
.25

39
.50

37
.75

39
.75

37
.50

40.00

§̈¦94

0 800 1,600400
Scale in Feet

±
Map Location FLOODPLAIN GRID: BED SHEAR STRESS

100-YEAR FLOOD

ENBRIDGE LINE 6B MP 608 
MARSHALL, MI PIPELINE RELEASE

ENBRIDGE ENERGY, LIMITED PARTNERSHIP

Bed Shear Stress (Pa)
< 1.000001
1.000001 - 3.000000
3.000001 - 5.000000
5.000001 - 10.000000
10.000001 - 15.000000

15.000001 - 20.000000
20.000001 - 30.000000
30.000001 - 50.000000
50.000001 - 100.000000
> 100.000000

Channel Bankline
Island Bankline
HEC-RAS 100-Year Floodplain
Quarter Mile Grid Segment

Project #:   106-4186

Drawn:       BRS  3/23/2012
Approved:  DBR  3/23/2012

Legend

X:\Hydrodynamic Model Data Transfer\ArcMap Project Files\March 23 Deliverable\Floodplain_Bed_Shear_Stress_100yr.mxd Aerial Photography Date: July & August 2009

MP 37.50 - MP 40.00
SHEET 16 OF 16

Pa = Pascals



Figure 6-14 

Floodplain Grid:  Sedimentation Rate 

All Grid Cells 

100-Year Flood 

Sheets 1 through 45 
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