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1.0 Channel Geometry Calculations 
1.1 Entrenchment Ratio (ER) 

𝐸𝐸 =
𝑊𝐹𝐹𝐹

𝑊𝐵𝐵𝐹
 

where… 𝑊𝐹𝐹𝐹  = Floodprone Width 

 𝑊𝐵𝐵𝐹   = Bankfull Width 

1.2 Bank Height Ratio (BHR) 

𝐵𝐵𝐸 =
𝐿𝐵𝐵
𝑑𝑚𝑚𝑚

 

where… 𝐿𝐵𝐵 = Low Bank Height 

 𝑑𝑚𝑚𝑚   = Maximum bankfull depth 
measured at same location 
as LBH 

1.3 Mean Depth (dbkf) 

𝑑𝑏𝑏𝑏 =
𝐴𝐵𝐵𝐹
𝑊𝐵𝐵𝐹

 

where… 𝐴𝐵𝐵𝐹   = Bankfull Cross-Sectional Area 

1.4 Width to Depth Ratio (W/D) 

𝑊/𝐷 =
𝑊𝐵𝐵𝐹

𝑑𝐵𝐵𝐹
 

1.5 Bankfull Cross Sectional Area (ABKF) 

𝐴𝐵𝐵𝐹 = 𝑊𝐵𝐵𝐹 ∗ 𝑑𝐵𝐵𝐹 

1.6 Channel Sinuosity (k) 

𝑘 =
𝑆𝐿
𝑉𝐿

 

where… 𝑆𝐿  = Stream Length 

 𝑉𝐿 = Valley Length 

1.7 Meander Width Ratio (MWR) 

𝑀𝑊𝐸 =
𝑊𝐵𝐵𝐵

𝑊𝐵𝐵𝐹
 

where… 𝑊𝐵𝐵𝐵  = Stream Belt Width 

1.8 Regional Curve for Cross Sectional Area (Western Minnesota) 

𝐴𝐵𝐵𝐹 = 4.7456𝑥0.6102 
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where… 𝑥  = Drainage Area (sq mi) 

1.9 Regional Curve for Cross-Sectional Area (Eastern Minnesota) 

𝐴𝐵𝐵𝐹 = 5.3096𝑥0.7054 

2.0 Hydraulic Calculations 
2.1 Continuity Equation, Discharge (Q) 

𝑄 = 𝑉𝐴 

where… 𝑉  = Average velocity (ft/s) 

 𝐴  = Cross-sectional area (sq ft) 

2.2 Velocity, Manning’s (v) 

𝑉 =
1.49𝐸

2
3𝑆 

1
2

𝑛
 

where… 𝐸  = Hydraulic radius (ft) 

 𝑛 = Manning’s n 

 𝑆 = Water surface slope (ft/ft) 
2.3 Velocity, Darcy-Weisbach (v) 

𝑉 =  �
8𝑔𝐸𝑆 

𝑓
 

where… 𝑔 = Acceleration due to gravity 

 𝑓 = Darcy-Weisbach friction 
factor 

2.4 Velocity, Chezy (v) 
𝑉 = 𝑐�𝐸𝑆  

where… 𝑐 = Chezy coefficient 

2.5 Velocity, Relative Roughness (v) 

𝑉 = �2.83 + 5.66 log �
𝐸
𝐷84

�� 𝑢∗ 

where… 𝐷84 = Diameter of of the 84th 
percentile of riffle bed 
material 

 𝑢∗ = Shear velocity (𝑔𝐸𝑆)
1
2 

    

2.6 Weir Flow (Q) 

𝑄 = 𝐶𝐿𝐵
3
2 
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where… 𝐶 = Weir discharge coefficient 

 𝐿 = Weir length (ft) 

 𝐵 = Approach head (ft) 

 𝑄 = Weir flow (cfs) 

2.7 Shear Stress (τ) 
𝜏 = 𝛾𝐸𝑆 

where… 𝜏  = Shear stress (lb/sq ft) 

 𝛾 = Unit weight of water 

 𝐸 = Hydraulic radius (ft) 

 𝑆 = Slope (ft/ft) 

2.8 Stream Power (Ω)  
Ω =  𝛾𝑄𝑆  

where… Ω  = Stream power (lb/s) 

 𝑆   = Water surface slope (ft/ft) 

 𝑄 = Discharge (cfs) 

2.9 Unit Stream Power (ω) 

𝜔 = �
Ω
𝑤
� 

where… 𝜔  = Unit stream power (lb/ft/s) 

 𝑤 = Stream width (ft) 

3.0 Moveable Particle Calculations 
3.1 Critical Dimensionless Shear Stress, Andrews, Sub-Surface (τc*) 

𝜏𝑐∗ = 0.0834 ∗ �
𝐷50
𝐷50𝑛

�
−0.872

 

where… 𝜏𝐶 = Critical dimensionless shear 
stress 

 𝐷50  = Median size of particle of 
riffle armor bed surface (mm) 

 𝐷50𝑛  = Median size of sub-surface 
particle (mm) 

Note: This equation applies when 𝐷50
𝐷50
𝑛  is between 3 and 7 
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3.2 Critical Dimensionless Shear Stress, Andrews, Bed Surface (τc*) 

𝜏𝑐∗ = 0.0384 ∗ �
𝐷𝑚𝑚𝑚

𝐷50
�
−0.887

 

where… 𝐷𝑚𝑚𝑚 = Largest particle of material 
representative of subsurface 
(mm) 

 𝐷50  = Median size particle of the 
bed surface (mm) 

Note: This equation applies when 𝐷𝑚𝑚𝑚
𝐷50

 is between 1.3 and 3 

3.3 Required Depth to Entrain Largest Particle (Competency) 

𝑑 =
𝜏𝑐∗𝛾𝑠𝐷𝑚𝑚𝑚

𝑆
 

where… 𝑑 = Depth required to entrain 
largest particle (ft) 

 𝐷𝑚𝑚𝑚 = Largest particle of material 
representative of subsurface 
(mm) 

 𝜏𝑐∗ = Critical dimensionless shear 
stress 

 𝛾𝑠  = Submerged specific weight 
of sediment 

 𝑆 = Slope (ft/ft) 

3.4 Required Slope to Entrain Largest Particle (Competency) 

𝑆 =
𝜏𝑐∗𝛾𝑠𝐷𝑚𝑚𝑚

𝑑
 

3.5  Lanes’s Tractive Force (Shear stress) 

𝜏𝑐 = 𝑑𝑆 = 𝐷 

where… 𝜏𝑐 = Shear stress (kg/sq m) 

         𝑑 = Mean depth (mm) 

                𝑆 = Water surface slope 

         𝐷 = Incipient particle diameter 
(cm) 
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4.0 Scour Calculations 
Refer to NRCS Technical Supplement 14B – Scour Calculations (Aug 2007) for more information 

4.1 Total Scour Depth (zt) 
𝑧𝑡 = 𝐹𝑆[𝑍𝑚𝑎 + 𝑍𝑏 + 𝑍𝑏 + 𝑍𝑏𝑏 + 𝑍𝑠] 

where… 𝑧𝑡 = Total scour depth 

 𝐹𝑆 = Factor of safety 
 𝑍𝑚𝑎 = Bed elevation changes due 

to reach-scale deposition 
(aggradation) or bed erosion 
(degradation) 

 𝑍𝑐 = Concentration scour 

 𝑍𝑏  = Scour on outside of bend 

 𝑍𝑏𝑏 = Bedform trough depth 

 𝑍𝑠 = Local scour depth 
associated with a structure 

Refer to NRCS Technical Supplement 14B for guidance on how to compute each component of 
scour. 
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5.0 Permissible Shear and Velocity for Selected Lining Materials 
Refer to Stability Thresholds for Stream Restoration Materials by Craig Fischenich (May 2001) for 
more information. Table 2 within this document is provided below. 
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6.0 Rock Sizing Equations 
Refer to US Army Corps of Engineers Engineering Manual EM 1110-2-1601 (July 1991) and revised 
(June 1994) for more information on rock sizing. 

6.1 Rock Sizing, D30  

𝐷30 =
1.95(𝑆0.55)(𝑞0.667)

𝑔0.333  

where… 𝐷30  = Size fraction of which 30% of 
particles are finer 

 𝑆 = Slope (ft/ft) 

 𝑞 = Unit discharge (Q/bottom 
width) (cfs/ft) 

 𝑔 = Gravitational constant 

6.2 Rock Sizing, D50 
𝐷50 = 𝐷30 ∗ 1.22 

where… 𝐷50  = Size fraction of which 50% of 
particles are finer 

6.3 Minimum Rock Thickness (RT) 
𝐸𝐵 = 𝐷100 ∗ 1.5 

where… 𝐷100  = Largest size fraction of rock 
present in gradation 

7.0 Buoyancy Calculation 
7.1 Buoyancy (Fb) 

𝐹𝑏 = 𝜌𝑔𝑉 

where… 𝑔 = Gravitational constant 

 𝜌 = Density of the liquid (lb/cu ft) 

 𝑉 = Volume of liquid displaced 
(cu ft) 

    

7.2 Buoyancy (Fb) 
𝐹𝑏 = 𝜌𝑔ℎ𝐴 

where… ℎ = Height of water displaced by 
a floating object (ft) 

 𝐴 = Surface area of floating 
object (sq ft) 
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