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Share knowledge with humility.  

Have patience and discernment for innovation.  

Advocate excellence.  

Respect the risk and uncertainty in river systems.  

Empower, challenge and question.

Document and learn from unexpected results.  

S.H.A.R.E.D Philosophy



 Trade secrets are not good for maturing an industry, our 
understanding of river processes have come as a result of many 
other’s sharing their knowledge and not keeping trade secrets.

Share knowledge with humility



 Innovation is great but, we must not rush innovation or lose sight of 
the established processes that have led to the innovation.

Have patience and discernment for 
innovation 



 Stay commitment to excellence and define excellence on all 
project. Strive to promote excellence throughout the profession

Advocate excellence 
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Required 
Fill Fill cost

Concept Option Description 2 1 2 1 1 1 1 1 1 (yd3) ($10/yd3)

Option #1

Tie into wetland floodplain as long as 
possible step down channel gradually; 
Higher slope at top, lower slope at 
bottom 1 1 3 1 1 1 0 1 1 1170 6000 $60,000 1,330,000.00$       1,136.75$     12 3

Option #2

Tie into wetland floodplain as long as 
possible step down channel gradually; 
More-or-less consistent slope 1 1 2 1 1 1 0 1 1 1170 7000 $70,000 1,340,000.00$       1,145.30$     10 1

Option #3
Stay very high and flat coming out of the 
wetland 1 1 2 1 1 1 0 1 1 1170 10000 $100,000 1,320,000.00$       1,128.21$     10 1

Option #4
Lower in Wetland and then inbetween 1 
and 2 2 1 2 1 1 1 0 1 1 1170 6500 $65,000 1,335,000.00$       1,141.03$     12 3

Option #5 60% Design as drafted 2 3 4 1 1 1 0 2 1 1170 500 $5,000 1,270,000.00$       1,085.47$     19 6

Option #6 30% Design as drafted 2 2 3 1 1 2 0 2 1 1170 6000 $60,000 1,330,000.00$       1,136.75$     16 5

Preliminary Cost 
Estimate of 

Proposed Project

MCDA 
Matrix 
ScoreUNIT COST 

MCDA 
RANKING

Stream Stability 
GOAL Water Quality GOAL Buffer GOAL

Linear 
Feet of 

Proposed 
Project



 Rivers are complex, the more learned about riverine/riparian 
systems the more that is appreciated about the complexity of these 
systems.  Innovation and modeling can be great tools, but the 
answers are still in the science and observation of the river.

Respect the risk and uncertainty in 
river systems



 Empower others by encouraging them to question and challenge 
the design and geomorphic assumptions as well as conclusions. 
Others include, clients, design team, reviewers, regulators, 
grandmothers and others.

Empower, challenge and question 



 Rivers are complex systems that have a high degree of uncertainty 
and sometimes our remedial alternatives produce unexpected results.  
Sometimes our results are very unexpected. Document uncertainty 
and  learn from unexpected results so that we may have a better 
understanding of why the unexpected result has occurred.

Document and learn from 
unexpected results 



New Suburban Development High Functioning 
Low Maintenance Stream Design 

 UDFCD was established by the Legislature and 1969 after the Metro area was hit by the 
devastating 1965 flood. The Flood Control District was launched with a mil levy set at 1.0 
by statute. Today, as then, the District partners with seven counties and 33 municipalities 
on a 50/50 basis to design and construct flood control and warning measures, open space 
and regional paths, and provide debris removal

 Protecting People, Property, and the Environment.

 Planning, design, construction, maintenance, and early flood warning – The work we do 
now increases your safety during a flood. Our philosophy of working in concert with 
nature produces open space and recreation for all to enjoy on the days when there is no 
flood.

 What is the Concept Design?

 How much space is needed for the Floodplain Corridor Width?

 Where can development occur that the channel resiliency will not be significantly 
compromised



LMS Project Phases

Concept 
Design

Preliminary 
Design

Final
Design

Construction

Establish goals and objectives

Consider how to achieve goals 
and objectives

Demonstrate how project 
meets goals and objectives

Build project that meets goals 
and objectives



LMS Project Phases

Concept 
Design

Establish goals and objectives

1. Understand project context
2. Assess watershed
3. Assess stream
4. Understand hydrology
5. Concept layout
6. Deliverables





Watershed Assessment

 Roundtop 

 Watershed Area (Stream Stats) = 0.1 sqmiles

 19.1” of Rainfall

 Slope 2-3%

 Proposed Q100 = ~200cfs (Master Planning Documents)

What are the project 

Goals and Objectives?



 Always define Goals and Objectives with 
stakeholders and allow for flexibility

Project Goals and Objectives



Based on Goals and 
Objectives

• Hydraulic Component

• Construction Component

• Ecological Component

• Risk Component

Design Optimization



Corridor Width – Concept Design

 Hazzard Migration Zone – Big Rivers

 Existing Floodway – Mapped Drainages 

 Existing Infrastructure

 Proposed Infrastructure

 Proposed Development

 Mitigation Potential

 Shear Stress Analysis – Vegetated Floodplains

 t = R * g * S



Saamis Coulee Medicine Hat , Alberta



Shields Entrainment Function - Gravel



Reference Floodplain Shear Stress

• Resilient Floodplains that grow stronger with 
time

• Published values for critical applied shear 
stress are generally limited and not always 
appropriate
• Identify the transition between a stable 

floodplain and signs of instability or 
floodplain scour

• Survey scour or rack lines
• Calculate applied critical Shear Stress = 

RgS



 Field based reference, shear, stream power 
and graded slope 

Field Based Reference Critical Shear Stress



Saamis Coulee Medicine Hat , Alberta



Saamis Coulee Medicine Hat , Alberta



Floodplain Design for Shear Stresses 

• Given a Storm Event              Given Shear Stress 
- 3750 cfs ~2psf

• Main Objective – Reduce Shear Stress on Floodplain and 
Erosion

Q1: How can we Optimize Shear Stress?

Q2: Do I Need a 3D Surface and Model?

tav = g R S = Average Shear Stress (lb/ft2)
Q =VA
Mannings

Knowns: Shear Stress, Discharge, Unit Weight Water, Slope 
(based on existing valley)

Solve: Depth, Velocity (mannings), Area (mannings) 
Approximate Width of Floodplain needed



100 yr Floodplain Design 
– Roundtop Reach 1  @ 1psf

 200 cfs = 100-yr Discharge Upstream

 Basis of Design Applied Shear Stress from 100-yr discharge below 1 psf based on 
average boundary Shear Stress

 A Threshold of 1 psf will be able to reuse all existing sod without the costly import 
of materials for stabilization of floodplains.

 t = R * g * S

 Slope = 0.0288 (2.88%)

 g = 62.4 lbs/ft3

 R ~ Floodplain Depth =  t / (Slope * g)   ~0.55’

 100-YR  Min Floodplain Width  @ 2.8 fps  ( manning’s n =~0.06)   

 Min Width = Q / (v * D)  = 127’



100 yr Floodplain Design 
– Roundtop Reach 1  @ 1.5 psf

 200 cfs = 100-yr Discharge Upstream

 Basis of Design Applied Shear Stress from 100-yr discharge below 1.5 psf based on 
average boundary Shear Stress

 A Threshold of 1.5 psf will be able to reuse all existing sod without the costly 
import of materials for stabilization of floodplains.

 t = R * g * S

 Slope = 0.0288 (2.88%)

 g = 62.4 lbs/ft3

 R ~ Floodplain Depth =  t / (Slope * g)   ~0.83’

 100-YR  Min Floodplain Width  @ 3.7 fps  ( manning’s n =~0.06)   

 Min Width = Q / (v * D)  = 64’







Roundtop Gulch
tc = 1.0psf





Cross-Section @ 14+48 West Branch Sterling Gulch
tc = 1.2psf



Existing 100-yr Discharge 483cfs

Existing Cross-Section
Ground Points Bankfull Indicators Water Surface Points
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100 yr Discharge @ 483cfs
WSE 5631.73’ @ 0.89psf



Existing 200-yr Discharge 645cfs

Existing Cross-Section
Ground Points Bankfull Indicators Water Surface Points
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200 yr Discharge @ 645cfs
WSE 5632.073’ @ 1.02 psf



Existing 500-yr Discharge 910cfs

Existing Cross-Section
Ground Points Bankfull Indicators Water Surface Points
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500 yr Discharge @ 910cfs
WSE 5632.43’ @ 1.18psf



West Branch Sterling Gulch
tc = 1.2psf



West Branch Sterling Gulch
tc = 1.3psf

Notice High Terrace Erosion



Rooney Gulch
tc = 1.8psf



Roundtop Gulch
tApplied > 1.2psf



West Branch Sterling Gulch
tc = 2.2psf



West Branch Sterling Gulch
tc = 2.4 psf



West Branch Sterling Gulch
tc = 2.4 psf



100 yr Floodplain Design 
– Roundtop Reach 1  @ 1.5 psf

 200 cfs = 100-yr Discharge Upstream

 Basis of Design Applied Shear Stress from 100-yr discharge below 1.5 psf based on 
average boundary Shear Stress

 A Threshold of 1.5 psf will be able to reuse all existing sod without the costly 
import of materials for stabilization of floodplains.

 t = R * g * S

 Slope = 0.0288 (2.88%)

 g = 62.4 lbs/ft3

 R ~ Floodplain Depth =  t / (Slope * g)   ~0.83’

 100-YR  Min Floodplain Width  @ 3.7 fps  ( manning’s n =~0.06)   

 Min Width = Q / (v * D)  = 64’

 Can the RISK be mitigated if there is not enough room for the Floodplain Corridor?



Mitigation for Excess Shear
Floodplain Shear Stress Treatments

 0-1.0 psf - Treatment Seed and Straw with Riparian Plantings

 1.1 -1.6 psf – Treatment Floodplain Coir Matting / Seed and Straw with 
Riparian Plantings

 1.7 – 2.0 psf - Treatment Floodplain Boulder/ Log Sills, Floodplain Coir 
Matting / Seed and Straw with Riparian Plantings

 2.0 – 4.0 psf - Treatment Floodplain Vegetated Rip-Rap, Floodplain Coir 
Matting / Seed and Straw with Riparian Plantings NOT DESIRED BY UDFCD



Floodplain Shear Stress Treatments

 1.1 -1.6 psf – Treatment Floodplain Coir Matting / Seed and Straw with 
Riparian Plantings







Floodplain Shear Stress Treatments

 1.7 – 2.0 psf - Treatment Floodplain Boulder/ Log Sills, Floodplain Coir 
Matting / Seed and Straw with Riparian Plantings









Floodplain Shear Stress Treatments

 2.0 – 4.0 psf - Treatment Floodplain Vegetated Rip-Rap, Floodplain Coir 
Matting / Seed and Straw with Riparian Plantings NOT DESIRED BY UDFCD



NOT DESIRED BY UDFCD



Mitigation for Excess Shear
Floodplain Shear Stress Treatments

 0-1.0 psf - Treatment Seed and Straw with Riparian Plantings

 1.1 -1.6 psf – Treatment Floodplain Coir Matting / Seed and Straw with 
Riparian Plantings

 1.7 – 2.0 psf - Treatment Floodplain Boulder/ Log Sills, Floodplain Coir 
Matting / Seed and Straw with Riparian Plantings

 2.0 – 4.0 psf - Treatment Floodplain Vegetated Rip-Rap, Floodplain Coir 
Matting / Seed and Straw with Riparian Plantings NOT DESIRED BY UDFCD



Watershed Area and Bankfull XS Area

 Drainage Area

 0.59 sq mi

 Bankfull XS Area 

 4.35 sq ft – 5.50 sq ft

 Watershed Response Factor

 6.2-7.8 ( Design 6.5)

 Design Bankfull WDR from Reference 14-20

 Annual Precipitation ~ 18.1 in/yr



Concept Design and Floodplain Corridor 
vs.  Preliminary Design and Bankfull Channel 
Layout

 Drainage Area

 0.56 sqmiles

 Bankfull XS Area 

 4.40 sq ft – 5.04 sq ft

 Watershed Response Factor ( Design 
6.5)

 Design Bankfull WDR from Reference 
Slope 14-20



Harris County 01-07-09
Regional Curve 

Bankfull

y = 18.762x0.6239

R2 = 0.9738

Inner Berm

y = 8.7236x0.6359

R2 = 0.9578

ALL TOB WITH SANDY DEP

y = 54.17x0.4879

R2 = 0.8556

TOB 45% - 65% Imp  

y = 68.465x0.6289

R2 = 0.9861

TOB 25% - 45%

y = 45.515x0.6292

R2 = 0.9358

TOB 10% - 25%

y = 37.299x0.6137

R2 = 0.9933
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Phase II: Regional and Local Relations 
Multiple Depositional Surfaces



Example – 4 Stage Step-Pool Channel Design

Discharge Profile ELEV DEPTH AREA WET PER WIDTH HYD RAD MEAN D SLOPE ROUGH R/D84 VELOCITY U/U* U^2/2g DISCHARGE SHEAR POWER/W FROUDE
(ft) (ft) (sq ft) (ft) (ft) (ft) (ft) (ft/ft) [n] (ft^(1/6)) (fps) (ft) (cfs) (psf) (lb/ft/s)

InnerBerm 5096.84 0.4 1.82 7.63 7.49 0.24 0.24 0.0188 0.06 0 1.31 3.44 0.03 2.39 0.28 0.37 0.47
Bankfull 5097.13 0.69 4.19 9.47 9.2 0.44 0.46 0.0188 0.06 0 1.97 3.81 0.06 8.23 0.52 1.05 0.51
Flood Terrace 5097.94 1.5 32.93 40.32 39.88 0.82 0.83 0.0188 0.06 0 2.98 4.22 0.14 98 0.96 2.88 0.58
100-yr toe 5098.64 2.2 91.03 118.15 117.61 0.77 0.77 0.0188 0.06 0 2.85 4.18 0.13 259.78 0.9 2.59 0.57
100-yr Discharge 5098.74 2.3 103.27 127.62 127.06 0.81 0.81 0.0188 0.06 0 2.95 4.22 0.14 304.83 0.95 2.81 0.58
Discharge Below 2psf 5099.74 3.3 244.43 146.33 145.5 1.67 1.68 0.0188 0.06 0 4.78 4.76 0.35 1168.76 1.96 9.42 0.65

- 100-yr Discharge = 300cfs
- 100-yr Design Applied Shear 

Stress < 1psf
- Applied Shear Stress greater than 

2psf will significantly increase 
the risk of failure

- Discharge of 1,170cfs will reach 
an applied shear stress of 2psf 

- 230 TNS of 4-8” Rock for Riffles

100 yr Discharge @ 300cfs
WSE 5098.74’



Roundtop Tributary Reach 1

- 100-yr Discharge = 200cfs
- 100-yr Design Applied Shear 

Stress < 1.1psf
- Applied Shear Stress greater than 

2psf will significantly increase 
the risk of failure

- Discharge of 870cfs will reach an 
applied shear stress of 2psf 

100 yr Discharge @ 200cfs
WSE 6341.74’



Step-Pool Channel Design Pool-Pool 
Spacing



Shields Entrainment Function

 1psf

 78mm diameter

 150mm diameter

 3” – 6” Gravel Rock

 * Design 4” – 8”



Upstream and Downstream Comparison 
on a Sandy Reach



Design Concerns for Sandy Reaches

 Sediment regime may have to change to achieve resiliency, high function and 
low maintenance 

 The primary sediment source in the reach is from localized bank erosion 
within the reach, upstream there is significantly less sediment supply and 
there is available storage for excess sediment

 The design of a channel constructed in fill is higher risk of failure because the 
fill material is not sorted and the fine material in the fill serves as a lubricant 
in sediment transport and reduces the critical shear stress required to move 
large gravels by as much as 3 fold.

 We never recommend using fill for grade control without having a good 
understanding of design channel gradation of both the armor and sub-armor layers





Sandy Shields Entrainment Function

 1psf

 350 mm diameter

 12”-16”  Rock 

 NOT -3” – 6” Gravel 



Reference Reach Approach

Restoration Site: 
USGS Gage Station: N/A
Reference Reach: West Branch of Sterling Gulch, Newlin Gulch ~2,000ft Upstream of East Main Street 
Surveyors:
Date: 10/5/2017
Weather: Clear and Sunny

Variables Reference Reach Reference Reach
Newlin Gulch @ East Main West Branch Sterling Gulch

1.  Stream Type C4/5 B5/4
2.  Drainage Area (sq. mi) 11.5 0.59
3.  Bankfull Width (Wbkf) ft Mean:   Mean:   24.0 Mean:   10.5 Mean:   

Minimum: Minimum: 23.0 Minimum: 9.0 Minimum:
Maximum: Maximum: 26.0 Maximum: 11.0 Maximum:

4.  Bankfull Mean Depth (dbkf) ft Mean:   Mean:   1.25 Mean:   0.43 Mean:   
Minimum: Minimum: 1.50 Minimum: 0.40 Minimum:
Maximum: Maximum: 1.65 Maximum: 0.50 Maximum:

5.  Width/Depth Ratio (Wbkf/dbkf) Mean:   Mean:   19.2 Mean:   10.5 Mean:   
Minimum: Minimum: 18.0 Minimum: 9.5 Minimum:
Maximum: Maximum: 20.0 Maximum: 12.5 Maximum:

6.  Bankfull Cross-Sectional Area (Abkf) sq ft Mean:   Mean:   30.0 Mean:   4.5 Mean:   
Minimum: Minimum: 24.0 Minimum: 4.0 Minimum:
Maximum: Maximum: 35.0 Maximum: 5.6 Maximum:

7.  Bankfull Mean Velocity (Vbkf) fps Mean:   Mean:   3.0 Mean:   4.3 Mean:   
Minimum: Minimum: 2.8 Minimum: 4.0 Minimum:
Maximum: Maximum: 3.3 Maximum: 4.5 Maximum:

8.  Bankfull Discharge (Qbkf) cfs Mean:   Mean:   90 Mean:   19 Mean:   
Minimum: Minimum: 80 Minimum: 15 Minimum:
Maximum: Maximum: 100 Maximum: 25 Maximum:

9.  Maximum Bankfull Depth (dmax) ft Mean:   Mean:   2.0 Mean:   0.7 Mean:   
Minimum: Minimum: 1.9 Minimum: 0.65 Minimum:
Maximum: Maximum: 2.1 Maximum: 0.75 Maximum:

10.  Ratio of Low Bank Height to Maximum Mean:   Mean:   1.000 Mean:   1.00 Mean:   
      Bankfull Depth (lbh/dmax) Minimum: Minimum: Minimum: Minimum:

Maximum: Maximum: Maximum: Maximum:

5SSR- River SHARED

Newlin Gulch - Canyons

MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING AND PROPOSED CHANNEL WITH GAGE STATION AND 
REFERENCE REACH DATA (Adapted from Rosgen, 1996)



Flood Terrace
Channel

Bankfull
Channel Limits of 

Grading

Proposed 100 yr
Channel





Augmented Constructed Riffle Grade Control 
~20ft Wide BKF Channel



Rock Constructed Riffle Grade Control 
~44ft Wide BKF Channel



Wood Toe



Log J-Hook



Contact Information ?

David Bidelspach

Livermore Colorado

919-218-0864

dave@fivessr.com


