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Or What is Fluvial Geomorphology ?



Our History began Near Rivers

4.4 Million 
Years Ago
Floodplain 
Ethiopia



Our Cites Were Located by Cows and Rivers



Our Cites Were Located by Rivers… and Cows

Hard Rock Crossings: Limestone and Rivers



We wrote about rivers
• 416 with River Names on 

Amazon
• Most Popular Hucklberry Finn



We started out with Natural 
Rivers

• 3.5 million miles streams in 
Continental US

• Log jams and beavers



From Rock to Dryland 
Rivers



And…We began 
screwing things up

• Merritts, et. al, (2015) 65,000 mill 
dams
• 85,000 Dams
• 2,000,000 ponds 
• 1997 channelized 20,000 miles 



Studies began in detail in 1960’s

Then
APPLIED



We found out rivers have a 
complex history

• Rivers  and landscapes have a 
history

• Very complex
• We are looking at a very short 

period time (Clovis Points man at 
10,000 years)

• But, recent changes can also be 
dramatic

From R. Ferring (1990)



Order    Ave. Length  Total Length   Drainage Area
Of approximately 
5,200,000 km of 
streams;
About 73 %  by length 
1-2 Order

We Quantified 
Rivers and 
Found……



Most are Headwater Streams
• Most are small and quite easy to screw 

up.
• About 2 million Headwater Streams



They all are Driven by Runoff 
Processes tied to  a Changing 
Climate



And Changing Land Use



And Controlling Variables

Thorne, 
1997…Rosgen…1985



Example 1.
Landuse Impacts in 

Blackland Prairie
• Shale and Limestone
• Vertisols and Mollisols
• Home >40 percent States 

Population
• I-35 Growth Corridor



Westward Migration: 1890-1955
Clearing the Prairie

70 91Runoff Curve Number



Wolman Revisited

First Flush



Landscape 
Metamorphosis



First Flush

16 tons/acre crops versus .2 grassland



Post Settlement 
Alluvium= PSA

Typically 1-1.5m



Post Flush Changes

Straighten

PL 566



SIR 2006-5101

Growth up to 400,000 year 
in Texas.

For each 1000 people from 
250-500 acres land;  or up 
to 300 square miles10
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Urbanization

84-95

86% State Lives Cities
DFW Gained 146,000 in 2017



Wolman Revisited

Second Flush



Second Flush

Delta from One 
Storm into Urban 
Lake

Up 85% Sediment From 
Stream Erosion

2.5 cm/year Lakes

1-7 cm/year 
degradation

1.5-2X Natural 
Width



Urbanization Fast…Rivers React Slower

Channel 
Degradation

Gullies



Disturbance 
fast…..relaxation time 
slow 30-50 years+

T90=2.3/k  
k=.02-.11  115-21 yrs.
Julien (2014)



Hierarchy Impacts: Landuse and Streams Dallas: 
Type I

DA=< 150 
acres

Pipe

Channelized



Type 1 Natural to Urbanized



Oops!!….Hill, et. al. 
(2018) indicates these 
small catchments are 
worth about INT $31 
million/yr in 
ecosystem services 
..yep covering up 
some $$$



Type II: Natural to Urban

DA = 150Ac to 10 sq. miles
Floodplain= <200 feet wide Stream 

Squeezers

100 yr. Level Building



Mean Dog



More of the Same



Stream Bank Failures (1 Year)

Reed and Associates

Estimated 
Repair: 
$300,000 per lot



Type III

DA = 10 to 150 
sq. miles
Floodplain= 200 
to 1000 feet Fill

Parks



Type IV

DA = 150 sq. mi. +
Floodplain = 1000-
6000’

Mining
Fill



Type IV

Levee

Channelization



Dallas: Pre Levee



Old to Proposed

Levee



SO…We needed to figure out how to “fix” rivers?



And we looked for Guidance…..



Quantification: Lane



And finally began to think about EcosystemsJennings, PhD, PE, Stantec 2015

Agreement 
regarding 
the variables



Example 2: Denton Creek; A River in 
Transition…

• Urbanization
• Dam
• Channelization
• Levee Construction
• Channel Erosion
• Homeowner Distress



• This River has Had 
Everything Thrown At It.



TWDB (2017)

Urbanization



Rapid Urbanization



Four Dams

Four Dams

NCTCOG, 2016



3 Geologic Units



5 Cities



North Texas Levee 
District

City of Coppell

Grapevine Dam

Elm Fork

Dam

1. 2.

DCLID #1 Denton 
Creek Levee District





Cut

Pre
Post

BW~ 150 feet

More Development



Original Channel



Channelization and Levee



Result: Wider/Steeper Channel



Source:  Halff Assoc., 2017

Original Thalweg Denton Creek

Current Thalweg

Channelized Thalweg



Deposition

Q=VA
Widen Channel Less Velocity and Deposition



Source:  Halff Assoc., 2017

Excavation

Filling w/ Sediment





Levee

Homes

Big Deal: Increased Water 
Surface Due to Fill

Note: Not to Scale



Recurring Costs $$$$





NCHRP 853





Sediment Sources in 
Supply Reach











Source:  Halff Assoc., 2017

Excavation

Filling w/ Sediment



Seq

Aggradation

Degradation

Seq

Cuts Hwy 121 for Levee 
began Knickpoint

Widening/ Levee 
accelerates filling







Tributary 
Confluence

Breach 
Potential

Monitoring 
Suspended 
Sediment

Old 
Denton



Upstream



Time Series Cross 
Section Analysis: 
Degradation



Ponded

Rotational 
Failure



Tree Falls due to Toe Erosion and Degradation= Log Jams



Old Denton Creek (Levee District) 
Riparian to channel bottom, and 
narrower width, depth. (Fill from cutoff)

Denton Creek Upstream Denton Tap: 
Wider, deeper, tree falls, undercut 
banks, Stage III CEM Model

Comparison Widths Upstream and 
Downstream of Denton Tap

65 feet 90 feet





Fallen Trees
Depth 2 ft. @ Low Flow

ESTABLISHED: End of 
Knickpoint Migration



Downstream



View 
Upstream: 
Natural River



Looked at Watershed Future Q?

Mock (2016)



SWAT Model Run to Determine Future 
Discharge Change Land Use



Q Flow Duration: Dam Operation Lessens Change 



Looked At Erosion…Causes Tree Loss 
Widening……But What Rate?

Natural Undercut Toe Scour Failure

Rutherfurd (2007)

Strength < Depth
Failure as Cut Toe



Erosion(cm/hr/Pa) = Kd (Te-Tc)
Stream Force 
“Te”=9810*R*S



E=Kd(Te-Tc)

Resisting: Erosion Rate and Critical Tractive Force



JET TEST ERODIBILITY: RESULTS

Channel:
Highly 
Erodible





Scour Chains

Wildland Hydrology Consultants

Rising stage 
sediment 
sampler and 
level recorder

e to  C ee  e ee st ct

Looked at SEDIMENT: 
Fine Sand 0.176mm



Bernard, 2007

Bedload Transport

Predicting Bedload



2-D Flow Velocities



Mean Water Velocity and Mean Sand 
Speed 0.19mm  (Leopold, 1963)

Literature Rates Support  Assessment

CSR Uses Brownlie Equation (1981)







CSR: SWAT Flow Duration and Channel Dimensions

Not Much Change



174,104 tons
(Input to Levee District)

13,000 tons
(Annual D

eposition)

161,104 tons
(Bypass downstream)

Average of Brownlie
 and Yang sand transport equations

Deposition per year (13,000 
tons) based on 182,000 tons 
dredged from 14 year period 
of deposition

Amount sediment by 
passed downstream
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Estimated Supply Rate could 
persist for up to 35 years before 
upstream limits of channel 
degrading and widening reached = 
at least 3 more dredging events

Annual  Sediment Budget for DCLID #1



Options Being Considered

Sand Trap (.75)

1

Restablish old 
channel to route 
bed material      
(.25)

2

Dredging until 
upstream 
stabilizes (1)

3



Sediment Trap



Reattach Old Channel to 
Route Sand Bedload



North Texas Levee 
District

City of Coppell

Grapevine Dam

Elm Fork

Dam

1. 2.

DCLID #1 Denton 
Creek Levee District



REM:  Sediment Trapped Upstream:



1968 2017



Homes Built 
on Cutbank

100 Year Water Surface



Problems

Slump

8-10 homes



Solutions: “Castle Approach”



2-D Flow and Shear



Shear                                     Soil

Very Erodible When Cover 
Removed



Briaud (2009) 
Channel Meander 
Rates Literature



<2 to 10 ft./yr. Lateral Erosion ~SWAT Flow 





Potential Downcutting?



Erosion Hazard Zone: Homes Versus Erosion



Setbacks: EROSION HAZARD ZONE



Summary of 
Corridor EHZ



Degradation

Degradation

Degradation

Lateral Erosion

Lateral Erosion

Lateral Erosion

?

Homes in EHZ with some 
Toe Protection1/

Homes not in EHZ2/ 

5

21.5

41

Lateral Erosion

Homes in EHZ with Toe 
Erosion/Slope  Problems

15

Summary: Erosion 
Corridor Evaluation 

Homes in EHZ

Halff Associates, Inc.
& P.M. Allen
John Dunbar

EHZ

1/ Toe protection visible but not assessed as to stability 2/ Homes along river but not in Tables as out of EHZ



Options Being Considered:

Buyback  
($1)

1

Reroute river 
away homes 
($.2)

2

Bank 
Protection 
(bendway
weirs) ($.02)

3







Before and After Bendway Weirs





Design Engineering

NRCS



Inherent that we need to Protect Stream 
Riparian Corridors Prior to Urbanization

In riverine environments, by the year 2100, the relative 
increase in the median estimates of the 1 percent annual 
chance floodplain (floodplain) depth and area (Special Flood 
Hazard Area or SFHA) is projected to average about 45% across 
the nation, with very wide regional variability. FEMA (2013)
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