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In nature’s infinite
book of secrecy, a
little | can read.

William Shakespeare



Our History began Near Rivers
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Our Cites Were Located by Cows and Rivers
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Our Cites Were Located by Rivers... and Cows
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Hard Rock Crossings: Limestone and Rivers
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Remaking Rivers. Cities. and Space in Europe and Horth America
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and Other Stories | B

Norman Maclean

R Doubtful River

ROBERT DAWS
PETER GOIN
MARY WEBE

We wrote about rivers

e 416 with River Names on
Amazon

* Most Popular Hucklberry Finn



We started out with Natural
Rivers
e 3.5 million miles streams in
Continental US

* Log jams and beavers
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e is no neighborhood in any part of the United States without a water gristmill.”’
Thomas Jefferson, 1786

And...We began
screwing things up By o

0.04 -0.07 13,935 mills

0.02-0.04 8,711 mills
0.01-0.02 5,067 mills

* Merritts, et. al, (2015) 65,000 mill 2 us Census >’ ‘0"”: g

dams

85,000 Dams

e 2,000,000 ponds

e 1997 channelized 20,000 miles




Then
APPLIED

THE FLUVIAL
SYSTEM

STANLEY A. ScHUMM

APPLIED RIVER
MORPHOLOGY,

To Interpret the Earth
Ten ways to be wrong
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TOOLS IN FLUVIAL
GEOMORPHOLOGY

EDITED BY
G. MATHIAS KONDOLF AND HERVE PIEGAY

WILEY Blackwell

for
River Engineering
and Management

. Edited by Colin R. Thorne
Richard D. Hey

Malcolm D. Newson




We found out rivers have a
N o complex history

------------------ Modern Floodplain----~----

Cretaceous Bedrock "T2" Sangamon
gradation

" o * Rivers and landscapes have a
! ...... - T history

Wisconsin-Incision
ca. 70,000-25,000 B.P.

* Very complex

Late Wisconsin -

4 s period time (Clovis Points man at
S N Ay ~ 10,000 years)

.{f_‘ -  We are looking at a very short

7 Late Wisconsin Incision

ca 20060 15,060 & * But, recent changes can also be
dramatic

Terminal Wisconsin-Holocene
Aggradation
ca. 15,000 B.P.-Present

®  Recent
LH Late Holocene
MH Middle Holocene

& Eary olocens From R. Ferring (1990)



We Quantified
Rivers and

Found...
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Of approximately
5,200,000 km of
streams;

About 73 % by length
1-2 Order



Field Operations Manual for
Assessing the Hydrologic
Permanence and Ecological
Condition of Headwater Streams

—
~ ~. |

~e\G ) Most are Headwater Streams

-~

eream_| , * Most are small and quite easy to screw

~ /  channel
7

" . - up.
\\ \/
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A P e About 2 million Headwater Streams
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Kenneth A. Bevis © 2013
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And Changing Land Use

(— lag time before
: urbanization

—— lag time after
\‘ urbanization

-

—21 _— Q after

<«—— () before

Rainfall Intensity (inches/hr)
Stream Discharge (cfs)

Time h((g_a/purs

Figure 1 15 www.usda. gov/stream_restoration/Images/scrhimage/chap1/fig1-15_Jpg




And Controlling Variables
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Example 1.

Landuse Impacts in

Blackland Prairie

Shale and Limestone
Vertisols and Mollisols

Home >40 percent States
Population

I-35 Growth Corridor

—— Ecoregion boundary

Dsampua block (10 x 10 km)
Land-useflandcover class




Westward Migration: 1890-1955

Runoff Curve Number




Sediment Yield

Wolman Revisited

M. GORDON WOLMAN

SCHEMATIC SEQUENCE: LAND USE,SEDIMENT YIELD
AND CHANNEL RESPONSE

FROM A FIXED AREA

2000~
(4§} - r'
z First Flush
.D" —
“ 1000 \
e i
s °0°r /K

200 . - . | . : . . 1 S

1800 1860 1900 1960 2000
L?.Jns?_' Forest Cropping Woods a Urban
Grazing
Construction

Channel Stable Aggradaotion Scour SmbleT Scour Bonk Erosion

Condition Aggradotion



Landscape
Metamorphosis




First Flush

16 tons/acre crops

-

versus .2 grassland




wountains

Post Settlement
Alluvium= PSA

[ JLocal Storage (&9 Canyon [ Sink

LA James/Anthropocene 2 (2013) 16-26 w_/
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USDA Watershed Program

Watershed Project Locations

« PL-566 Projects
« PL-534 Projects

NRCS has assisted
communities build
more than

11,000 dams in
2000 Watershed
Projects

in 47 States

since 1948

Post Flush Changes




10 Years

33°00°

3245 P

26
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National Land Cover Dataset, 1992

Growth up to 400,000 year
in Texas.

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

SIR 2006-5101



Urbanization
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Sediment Yield

Wolman Revisited

M. GORDON WOLMAN

SCHEMATIC SEQUENCE: LAND USE,SEDIMENT YIELD
AND CHANNEL RESPONSE

FROM A FIXED AREA

2000
o f Second Flush
£ L ‘\s‘
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IBOO 1860 1900 1960 2000
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Grazing
Construction

Channel Stable Aggradaotion Scour SmbleT Scour Bonk Erosion

Condition Aggraodation



Second Flush

Up 85% Sediment From Z

Stream Erosion AR Delta from On
A G ¥ N S B Storm into Urban

1.5-2X Natural
Width

T
Lt~

| 1-7 cm/yar N




Urbanization Fast...Rivers React Slower

Channel
Degradation

Gullies

e




Time Periods/
Phases of Adjustment

Reaction
Time

Relaxation Time

New

Equilibrium

a) Lag time from
commencement of
construction to
morphological change

b) Period of increasing
sediment production and
yield (channel reduction)

c) Phase shift from aggrading
to eroding regime
(sediments flushed out)

d) Period of channel
enlargement

e) Stability/ new equilibrium
achieved

Reference Location Years from urban development ——> :Adjusted'?*

[
L |

Graf 1975 Denver' <2 : : : |

Hammer 1972 Philadelphia® : : >4 : ~ 30 l yes

Wolman 1967 Baltimore | | 5-7 | |

Leopold 1973 Maryland’ I 13 | >20" ' : no

Fox 1976 Maryland® : 1-50 : | no

Arnold etal. 1982  Gonnecticut’ [ ! >40t | no

Trimble 1997 s. California’ : : > 50 | no

Chin Fountain Hills, [ [ 5 30} I no

& Gregory 2001 Arizona | | I |

Henshaw Puget Soung. : : I 1-2 decades |6 yes; 6 no

& Booth 2000 Washington 1 | | I

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

Urban transformation of river landscapes in a global context

Anne Chin*

Too=2.3/k

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




Hierarchy Impacts: Landuse and Streams Dallas:

"
Rointer, 3225514135 N 96549:08'3153 W



Type 1 Natural to Urbanized



Oops!l....Hill, et. al.
(2018) indicates these
small catchments are
worth about INT S31
million/yr in
ecosystem services
..yep covering up

some SSS



Type II: Natural to Urban

A , to q. miles
quodplain <200 fee wide

W

Squeezers
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Stream Bank Failures (1 Year)

Estimated

Ir:

Repa

$300,000 per lot

Reed and Associates



Type Il

DA =10 to 150
sq. miles

Floodplain= 200
to 1000 feet

1 W

¥ [
Eya falt"= 3975t

Pointer 32255'25/01%/N 296:46/42:202 W =



Type IV

DA = 150 sq. ml. +

Floodplain = 1000-
6000’
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SO...We needed to figure out how to “fix” rivers?

* Waterways

RlVel‘ r & Wetlands
Restoration . o

Managing the Uncertainty
in Restoring Physical Habitat

Spaxn Enrrins

EcorocicaL
RESTORATION

Principles, Values, and Structure
qi'"ﬂn Emr:rgmg Pmﬁ'man

ELLEN WOHL

2 1 by Aadie F. Clewell and James Assn
@) WILEY



And we looked for Guidance.....

= TECHNICAL NOTES

P Ianfo rm Stab | | Ity . USDA NATURAL FESOURCES CONSERVATION SERVICE COLORADO
[|

\’\ . e — I[" ENGINEERING - Ne 27.2 April 2013
¥ 5 ; sk f
¢ - . _______________________________________________________________________________________|
-
b

GUIDANCE FOR STREAM
RESTORATION

| Hydraulic \—7'4“-%
S Vertical Stability

Stability —

IMinais River, North Park, Colorado

QS""’QSD50

ONRCS i Pope e e Lani




Quantification: Lane

QSC‘CQSDW

Aggradation Degradation

S*Q ~ Qs*dso
« Sediment Discharge (Qs)
+ Median grain size of bed material (D50)
« Dominant Discharge or Streamflow (Q)
« Thalweg or Energy Slope (S)




And finally began to think-abeut: Ecosystems

What is a “healthy” stream ecosystem?

1. Bed stability & diversity

2. Sediment transport balance
3. In-stream habitat & flow diversity
4. Bank stability (native plant roots)
5. Riparian buffer (native streamside forest)
. ) Table 20. TXRAM Stream Metrics by Core Element
6. Active floodplain
Floodplain Connectivity
[ Healthy watershed Channel Condition Bank Condition
Sediment Deposition
Agreement —
. Riparian Buffer Riparian Buffer
regarding Condition P
the variables In-stream Substrate Composition
Condition In-stream Habitat
Hydrologic Flow Regime
Condition Channel Flow Status




Example 2: Denton Creek; A River in

Transition...

Urbanization

Dam

Channelization
Levee Construction
Channel Erosion
Homeowner Distress

Watershed




* This River has Had
Everything Thrown At It.




100-200 increase
10—-100 increase

< |0 increase
Interstate highways
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Lake Dallas
chkor*},- Creek

Highland The Colony

Village

W

Oak

NTON COUNTY

HCOLLIN COUNTY | |

Flower Mound

Legend
@ Rwer Forecast Point - Dallas
@ Rwer Forecasl Pomts
- Flood Control Resemvairs —
Non-Flood Contrel Resanvoirs 3 | oS i I1Ié ¥
e Trinity River Systemn (Major Rivers) e \ . " A Sy i 'k C:ter”t{) n :{"II
Trinity River System e e A A T - :J__ e - — -

| Upper Tnnity River Basin

NCTCOG, 2016 :
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Townof |

FIuwer.Mnd i

Upstream Study Limit Denton County Levee
' Improvement District No. 1
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More Development

¥

Pre / "\

Post

Cut

BW~ 150 feet
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«~Study Stream
== DCLID-1 Levee
Limits of Dredging
[JAlternative 1- Sediment Trap
= Alternative 2- Old Denton Creek Diversion
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i Result: Wider/Steeper Ch
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«~Study Stream
== DCLID-1 Levee
Limits of Dredging
[JAlternative 1- Sediment Trap
= Alternative 2- Old Denton Creek Diversion




Elevation
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29000

Original Thalweg Denton Creek

)
N s

27000

Current Thalweg

o

V

25000

23000
Bypass River Station

Channelized Thalweg

21000 15000 17000

Source: Halff Assoc., 2017



Q=VA
Widen Channel Less Velocity and Deposition

Deposition




Elevation
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29000

I

Excavation

‘Lv ' Ag

27000

5

25000

23000
Bypass River Station

\

Filling w/ Sediment

21000 15000

Source: Halff Assoc., 2017
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" Big Deal: Increased Water
Surface Due to Fill




Recurring Costs SSSS




ime Sediment transport capacity of Design Reach

Capacity/Supply Ratio(CSR) = [ . sediment transport capacity of Supply Reach

“tim

Capacity | A
Supply

I Peegien F (A B (B0
“ENechiverewi”

Analysis

Simplified Trapezoidal Channel “*"f'ﬂt“--* drgle

Bledsoe and Stroth, C5U, 2017




NCHRP 853




1. Emergency Spillway
2. Dam Release Channel/Denton Creek

3. Sediment Supply Reach
4. Levee District




Sediment Sources in
'*Supply Reach

SRR I BN i 3
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3. Sediment Supply Reach
4. Levee District




Elevation
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Source: Halff Assoc., 2017
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Levee District

Cuts Hwy 121 for Levee
began Knickpoint

Widening/ Levee
accelerates filling

(Simons and Li, 1981)




3. Sediment Supply Reach
4. Levee District




Channel Evolution Model

Stage
Terraceq
I h < hc
Stable
h > he
Il
Incision (Headcutting)

Widening

v

Stabilizing

(‘Terracez
Flood \

Terraceq

h <hc

Stable

Channel Channel
TypeV Type IV
alf—

Channel Channel Channel
Type I Type Il Type |

l J

Depositional Zone

Secondary Primary Oversteeped
Nickpoints Nickpoints Reach

Precursor

Nickpoint

. —

A— Direction of Flow



“S'S '3 Monitoring
Suspended
Sediment

S

Breach
Potential

Tributary
Confluence




h > he
]

(Bank Failure

Widening

—

— _  03/07/2012—

o ————

Upstream




Section 29330

470

465

460

455

tion

Channeldegradedabout 8 feet since 1980;
degradation leads to widening, bank
instability, and loss of trees, log jams

440
435

430
300 400 500 600 700

USACE RAS Section

+— Halff Survey Points

Time Series Cross
Section Analysis:
Degradation

432.94

200 500 1000 1100 1200 1300
Station

FEMA Cross Section
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Tree Falls due to Toe Erosion and Degradation= Log Jams

Design Log Length IF

ey

Trunk Root Wad or Bole

s ——E-




Comparison Widths Upstream and
Downstream of Denton Tap

e VST ; P TG > o
P 3 T Y { \“\ b ‘\!
3 5 ; - @ N7 A By ?*,

Old Denton Creek (Levee District) Denton Creek Upstream Denton Tap:
Riparian to channel bottom, and Wider, deeper, tree falls, undercut
narrower width, depth. (Fill from cutoff) banks, Stage Ill CEM Model



1. Emergency Spillway
2. Dam Release Channel/Denton Creek

3. Sediment Supply Reach
4. Levee District




ESTABLISHED: End of

Knickpoint Migration
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(Incision

h > hc

(Headcutting)

Downstream




Terraceq

View
Upstream:

Natural River




Looked at Watershed Future Q?

& Bridgeport

l:l Basin

Musrster ! i
o - Grapevine Ld =

Land Cover
LC_CLASS
- Openihater
& - Development
_z :] SnowlceBarren
- Forest
DI' SHrubScrubGrass
(| Adgriculture
- Wetland

- 2 . 835 T i
Texas -Farks & Wildlife ESI'I HF.RE ‘Delorme, I'r'nt_eq'm'n';j: USGyITGA, EPA |_IS_DA\‘-IF_‘S

18.00%
11.55%
13.80%
2.05%
54.12%
0.15%
0.33%

207.88
248.32
36.87
973.64
2.64
5.86

Mock (2016)




SWAT Model Run to Determine Future
Discharge Change Land Use

Soil and Water Assessment Tool (SWAT) Bicomet TEER
FYYTYYYY gk ey
Inputs: . : o - Precipitations 7 7 7 /
Evaposation and : £ ¥
////,5/ Transpiration : : : 'Yy,
S te e
Components of a Precipitation Solar Radiation » Developedby USDA — ARS rrerrv
. Processes: :
watershed model: i B SWAT Is culmination of other models ix
Evapadranspination
» GIS based, spatially distributed
P Continuous time step
= i Surface Runoff
* Simulates changes in management cotzone Infiltration/Plant uptake/
P Equations simulate land proce sses e ———
Vadose T T Lateral Flow
Zone } { .l‘ ,L =
Shallow Revap from Percolation to
Aq uifer shallow '&qu ifer ’hﬂl luw Nuifﬂ
Return Flow
continng B
; Layer
{]:::‘f:f;;w _ Flow out of watershed Recharge to
Water guality i 2 Temte Wi Deep Aquifer deep ﬂllifﬂ




Q Flow Duration: Dam Operation Lessens Change

Temporal Flow Durations
USGS 08055000

Percentile values are shown to the right of the graph and exceedance probability values are on the 10000
x-axis. These terms are defined on the percentile description page.
USGS 08055000 Denton Ck nr Grapevine, TX
Drainage Area: 705 Square Miles, Length of Record: 49 Years
10000 £ beg dt: 19521001
end_dt: 20130930
nval: 17889
§ 1000 | mean: 190.0
std: 410.9 —
E min: 0.0 "3
E S
05: 0.0
g 100 £ P % 1000
< pL0: 9.0 2 Future
: p25: 24.0 Q
E pS0: €1.0 (m)] 2004-2015
5 10
p75: 104.0 1957-1991
po0: 505.0
p95: 1230.0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
max: 7790.0
1 2 5 10 20 30 40 50 60 70 80 90 95 95 99
Percentage of time indicated value was equalled or exceeded
=ZUSGS
100
0.01 01 1 10 100 1000 10000 100000

Frequency



Looked At Erosion...Causes Tree Loss

Depth (m)

\

Increased shear strength (kPa)
40 60 8‘0 190 'I.?O

ndercut Toe Scour |

140

0.2
0.4
0.6
0.8
1.0
-1.2
1.4
1.6
1.8
20

Strength < Depth

f

\
i

Vegetated

/FOS1.25

FoS =0.98

FoS = 0.71

FoS =0.64

Failure as Cut Toe

Rutherfurd (2007)



Erosionem»= Kd (Te-Tc)

Stream Force
“Te”=9810*R*S



Resisting: Erosion Rate and Critical Tractive Force
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JET TEST ERODIBILITY: RESULTS

. 1. (Pa) 1.94
kg (cm®/N-s) 64.80

Channel:
Highly
Erodible

7. (Pa)
O kq (cm®/N-s)

4.94
8.43

O

. (Pa)
ky (cm®/N-s)

6.22
3.20
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Bedload Transport

C = 7115(:}.-(59 0)1 97850 6601( r ) —-0.3301

Dso

CSR Uses Brownlie Equation (1981)

; Bernard,"2007
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Scaled Sand Movement in Levee District

33172005/ ¥ 7 4 ) Literature Rates Support Assessment
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1.56 ft/day. Speed 0.19mm (Leopold, 1963)

Std Dev. =1.15
Minimum=0.47 ft/day
Maximum= 3.375 ft/day

Infers: Approximately 8 years to
Fill from MacArthur to Old
Denton

CSR Uses Brownlie Equation (1981)
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Capacity/Supply Ratio(CSR) =

Supply Reach
Q

eff
|

)

Discharge

USGS Gage Station

time

Sediment transport capacity of Design Reach

fmne Sediment transport capacity of Supply Reach

N—

(A) Flow Frequency

_/

(B) Sediment Discharge

A\

(C) Product of (A) & (B)
“Effectiveness”

Design Reach

Simplified Trapezoidal Channel

Floodplain Roughness

Floodplain Angle

Discharge

Bank height Bank Roughness

\ A

Bottom Width

. water m\py
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Full Spectrum Analytical Channel Design with the
Capacity/Supply Ratio (CSR)
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Summary from Supply Reach

Discharge (cfs) | Probabilty Qs (ppm) | Qs (tons/day) | Effectiveness
155.8 0.8483 693.7 291.8 247.54
467.4 0.0367 1239.1 1563.7 57.45
779.0 0.0215 1547.9 3255.8 69.95
1090.6 0.0232 4226.9 12446.7 289.05
1402.2 0.0204 4519.5 17110.8 349.38
1713.8 0.0275 4832.3 22360.6 615.87

20254 0.0102 5102.5 27903.8 28488
2337.0 0.0012 5357.1 33802.9 41.72
2648.6 0.0002 5527.7 39530.2 6.65
2960.2 0.0003 5714.6 45674.8 15.37
3271.8 0.0002 58449 51633.7 8.69
35834 0.0002 5967.2 57734.2 0.72
3895.0 0.0001 6086.1 64004.9 7.18
4206.6 0.0007 6205.1 70476.6 51.329
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Stable Channel Design Solutions
0.0014
0.0012 | .
L] . . . o
0.001 - e o *
. L] ¢
L]
0.0008 | ¢
g
o
7]
0.0006 -
0.0004 |
0.0002 -
0 T T T T T T T
20 40 60 80 100 120 140 160

Bottom Width (ft)




CSR: SWAT Flow Duration and Channel Dimensions

Temporal Flow Durations

USGS 08055000 i
A \ . L]
- | CSR Analysis of
\ Denton Creek
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Supply Reach

Levee Reach

Downstream Reach

Annual Sediment Budget for DCLID #1

Average of Brownlie
and Yang sand transport equations

174,104 tons

(Input to Levee District)

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

Deposition per year (13,000
tons) based on 182,000 tons
- P dredged from 14 year period
o of deposition
s O
g o
§0
23
»
Amount sediment by
1 %;Ip;s;l gﬁsi?m?s passed downstream




Options Being Considered

Sand Trap (.75) Restablish old
channel to route

bed material
(.25)

Dredging until
upstream
stabilizes (1)
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Reattach Old Channel to
Route Sand Bedload

[Andrew]
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Supply Reach (A) Flow Frequency

Qleff
{B) Sediment Discharge
Design Reach
Qeff
1
(€) Product of (A) & (B)
ischarge s
. water

Article
Full Spectrum Analytical Channel Design with the
Capacity/Supply Ratio (CSR)

Travis R. Stroth !, Brian P. Bledsoe 2+ and Peter A. Nelson !

Floodplain Angle Floodplain Roughness
/

Bank Angle (Z: 1
& ‘/ gle (2:1) \V4 w
1&_"83“" Height %Z Bank Roughness
z
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Bottom Width

REM: Sediment Trapped Upstream:




= ¢
. w '"--_Lt_i-? :

1 '.QFOSS/-

i

oA

e i

®
1)
3, o
=212
= ——
W
(1)

Iy

-4
-

FE T




Homes Built

on Cutbank
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Problems




olutions: “Castle Approach”
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Trees
2.0 -
1.5 4
Mote: Shear Adjested for Meander
Roi
1.0 4
Bunch Grass o _
0.5 -
= [ = = = sae Sl
0.0 T T
12000 13000 14000 15000 16000 17000 18000
River Station

Soil

0.00001 0.0001 0.001 0.0 01 1 10 100 1000 10000
Critical Shear Stress, 1, (Pa)

Very Erodible When Cover
Removed
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0.1 -
High
0.01 - Very High Erodibility
a Erodibility Medium
El 1 Erodibility
T 0001 - n
&
Low
= ey
£ 0.0001 - p=3.58 Erodibility
g v
0.00001 -
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0.000001 | Eroaibility
p=1.18
0.0000001 Non-Erosive
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47 Years of River History:
1968-2015

- Meander Migration not
' within limits of historic data:
- minimal migration recorded




Meyer-Peter and Mueller Limiting Slope
Note: fill in values that are undaerlined, calculated results are in bold red

Note: Tha equilibrium slope of a channel is dafined as tha slope at which the sediment transport capacity of the raach is in balanca with tha sadiment transported into the reach. If the
sediment transport capacily were 1o axceed the sediment supply, channel bad degradation will occur until the channe! bed slope is reduced so much thal the boundary shear stress is

less than what is needed to mobilize the bed matarial an armor layer forms. This new, lower slopa may be called the equilibrium slope, S,.

conversion constant Ki= 0.19
D(50) = 0.18 mm Note- sediment sample from rifle (typical)
D(90) = 0.2 mm
Depth = 6
Manning's n= 0035
Equilibrium slope Seq= 5.58E-05 Note: Review MPM applicability

compare Sl o bed slope (energy slope). If less, there is a polential for degradation

Potential Drop
= ~N _—4<— Potontial Do
Existing Slope = 0.0006 sy badame = _’_j_é .
Horizontal Distance in Reach= 1000 ft B g
i e —— SW
Amount of Drop in Reach 0.54 n »

Honzontal Distance in
Reach for stable point

NOCSMC Moo, 2005

Potential Downcutting?




Frosion Hazard Zone: Homes Versus Erosion

Herizental Limit of Erosion Hazard Zone

Fod
i

La* Tep of Bank

Erosion Hazard Zone

+—— Wex = Existing Top Width —=

b #

i1

s‘rh.ln

-, Flight Tap of Sank [low bank]

Dex = Existing Depth

Ultimate Incision Depth
DI = 3"Dex
A

3____-______ =
Ultimate Bottom Width, EuIt_WExL/ ST

ek

5 Existing Top of Bank

@ Future Toe of Bank

Calculation of Stream Danger Zone

«—— Set Back —

Lateral Migration y,

-

y
A ),f'r N1SI'||e:ar Angle

Degradation

¥

Set Back = maintenance + Lateral Migration + {(Hs + Deqg)Tan SA){Hs+Deg)Tan A))



Setbacks: EROSION HAZARD ZONE

! Geotechnical + |

460 1 Lateral Erosion |
-t |

Station Austin Method 2 [ !
17649 7857834 7884131
17410 78.41809 78.46707
17197 77.19443 77.53915
16956 76.66982 7696215
16702 7447691 7545213
16501 7243938  74.091
16294 69.70878 72.34154
15983 67.39179 70.69505
15671 6523263 69.13416
15359 6343347 67.77124
15238 6257008 67.15158
15050 60.60084 65.84357 taleral
14973 6035323 6561522 ]  Erosion
14819 59178 64.78457

14706 58.37202 64.20606 Dhgradstion Lini
14425 57.00034 63.11534 l

14137 5569342 6205185

13942 54.90895 61.38701 420 . . . ‘ ‘ . .
13768 54.29018 60.83843 0 50 100 150 200 250 300 350
13646 53.70461 60.37036 ; 7 - ;

13307 5260668 59.36075
13144 5229186 5899249
12970 51.9931 58.6199
12654 5134523 5788533
12551 51.16102 57.66072
12046 4918173 55.96771
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Summary of
Corridor EHZ




Summary: Erosion
Corridor Evaluation

Halff Associates, Inc.
& P.M. Allen «—FHZ/—
John Dunbar

Homes not in EHZ,,

Lateral Erosion

Degradation

Lateral Erosion
Homes in EHZ

Degradation

—'

Homes in EHZ with some Homes in EHZ with Toe
Toe Protection, Erosion/Slope Problems

7/ Lateral Erosion

Lateral Erosion :(>

Degradation

A VA

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 Reroute river Bank

(S1) away homes

($.2)

Protection
(bendway
weirs) (S.02)
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Figure TS14H=13 Drawing and layout details
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Before and After Bendway Weirs







Design Engineering

Controlled
Flow within
Weir Field
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nherent that we need to Protect Stream
Riparian Corridors Prior to Urbanization

Erosion Hazard Zone

Fluvial Hazard Zone Delineation
A Framework for Mapping Channel Migration and Erosion

Hazard Areas in Colorada Horizontal Limit of Erosion Hazard Zone
Ster W, = Existing Top Width Sright
@Oftmin) | Bk ex g fop (20 ftmin.)
~
\\x A ‘op of Bank (low bank)
m 4
N | Dex = Existing Depth
~ d \1

~ Ultimate Incision Depth
Di = 3'Dex

T L I Ll

Ultimate Bottom Width, Bult = Wex

EHZ Offset = 1 foot

Erosion Hazard Zone
Prepared by:

A Methodology for Delineating

Planning-Level Channel

Migration Zones Michael Blazewicz, Round River Design, LLC. B Existing Top of Bank
$ Future Toe of Bank

Katie Jagt, P_E., Watershed Science and Design, PLLC.

Joel Sholtes, PhD, Colorado State University

January 14, 2016

Technical Sizing Stream Setbacks to Help
Supplement 14S  Maintain Stream Stability

= For: Colorado Water Conservation Board, Department of Natural Resources

DEPARTM et oF
July 2014

ECOLOGY

el ik Publication no. 14-06-025 5E @

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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