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Resident Survey Responses

52 properties
36 residents listed erosion
ST A 21 residents listed flooding

——— Other Streams in Watershed \EV S e 24 residents listed runoff
Resident Survey Responses : '
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Resident Survey Responses
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Dams/Inline Structures

e 38 structures
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E Yellow Creek Boundary (per GIS Contours)
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Public Bridge Observations

29 bridges with instability noted
10 bridges with no obvious issues

Legend
: E Yellow Creek Boundary (per GIS Contours)
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Public Bridge Observations
E Instability Noted

B No Obvious Issues

Note: this is not an exhaustive list of every bridge in the watershed, nor were these o 3 0006.000 12000 Feet
structural assessments by structural engineers. Potential instability is only related |_|_|—|
to a rapid assessment of stream erosion as assessed by stream experts.




Public Bridge Observations




Public Culvert Observations

®L2 24 culverts with instability issues
4 culverts potentially undersized
13 culverts with no obvious issues
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: E Yellow Creek Boundary (per GIS Contours)
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Note: this is not an exhaustive list of every culvert in the watershed, nor were these o 3 0006.000 12000 Feet
structural assessments by structural engineers. Potential instability is only related |_|_|—|
to a rapid assessment of stream erosion as assessed by stream experts.




Public Culvert Observations
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Private Bridge and Culvert Observations

eged ‘ ®.2 12 bridges with instability noted
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Private Bridge and Culvert Observations




Utility Observations

®.2 10 locations
Gas mains and sanitary sewers
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Additional Areas with Potential Risks

®.d 2 basins at risk from instability

2 dams with notable failure risk
11 houses near banks with MW
13 other significant MW areas

3 parking lots compromised

5 areas with retaining wall issues

8 6 locations with erosion near road
5 other areas of concern
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“MW?” = Mass Wasting (geotechnical failure of a hillslope or streambank)
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LAND COVER & TOPOGRAPHY
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Land Cover
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Impervious Cover
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D Yellow Creek Boundary (per GIS Contours)
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Topographic Setting
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Valley Setting = Relative Risk Categories
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Valley Setting = Relative Risk Categories
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Valley Setting = Relative Risk Categories
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Over-steepened Reaches and Knickpoints
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Knickpoints Correspond to Similar Elevations
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Channel Evolution Stages & .

Stage1 — Equi

* Predictable trajectory of channel downcutting,
widening, and enlargement in response to N Yy
channelization and/or watershed urbanization

Stage 2- Incision

JOURNAL OF THE AMERICAN WATER RESOURCES ASSOCIATION
VOL. 36, NO. 1 AMERICAN WATER RESOURCES ASSOCIATION FEBRUARY 2000

CHANNEL INSTARILITY IN THE LOESS AREA
‘OF THE MIDWESTERN UNITED STATES!

Andrew Simon and Massimo Rinaldi? StagE 3- widﬂl'llng

ABSTRACT: The laess area of the midwestern United States con-

tains thousands of miles of unstable stzeam chanaels that are
processes as a result
of (1) modifications 1 d/-amagw basing dating back ta the tum of
te 20th century, including land dlearing and poor soil-conservation
practices, which caused the filling of stream channels, and conse-
quently (2) direet, buman medifieations to stream channels such as
dredging and straightening 1o improve drainage conditions and
reduce the frequeney of out-of-bank flows. Today, many of these
channels are still highly unstable and threaten bridges, other struc-
tures, and land adjacent to the channels. The most severe,
widespread instabilities are in western lowa where a thick cap of
loess and the lack of sand- and gravel-sized bed sediments in many
channels hinders downstream aggradation, bed-level recovery and
the consequent reduction of banlk heights, and renewed bank stabil-
ity. I contrast, streams draining west-central Illinois, east
lows, and other areas, where the loess cap is relatively thin and
there are ample supplies of sand- and gravel-sized material, are
closer to recovery. Taroughout the region, however, channel widen

ing by mass-wasting processes is the dominant adjustment process

(KEY TERMS: unstable channels; loess channels; degradation;
bank instability; shear strength.)

itral

INTRODUCTION

The dynamic nature of alluvial streams signifies
the ability to adjust to changes imposed on the fluvial
system, be they natural or a result of human activi-
ties. Channel adjustments migrate upstream and
downstream in an attempt to offset the disturbance
by altering aspects of their morphology, sediment
load, and hydraulic characteristics. Under “natural”
conditions, in geologically stable areas such as the
midwestern United States, the processes of erosion
and deposition might occur at such low rates and over
such extended periods of time, that they can be

virtually imperceptible. Human and natural factors or
disturbances, however, combine to accelerate and
exacerbate these processes, and as a result, rapid and
observable morphologic changes oceur as the channel
attempts to offset the disturbance and return to an
equilibrium condition. Adjustments to human distur-
bances can involve short time scales (days) and limit-
ed spatial extents (a stream reach), or longer periods
of time (scores to hundreds of years) and entire fluvial
systems, depending on the magnitude, extent, and
type of disturbance (Williams and Wolman, 1984;
Simon, 1894).

In the highly erodible loess area of the midwestern
United States (Figure 1), human disturbances to flood
plains and upland areas culminating near the turn of
the 20th century resulted in channels being choked
with sediment and debris. Beginning about 1910,
channels were enlarged and straightened throughout
the region to alleviate frequent and prolonged flood-
ing of bettomlands (Speer ef al,, 1965). Over the next
80 years, accelerated channel erosion and the forma-
tion of canyon-like stream channels have resulted in
severe damage to highway structures, pipelines, fiber-
optic lines, and land adjacent to the stream channels.
Aceelerated stream-channel degradation has resulted
in an estimated $1.1 billion in damages to infrastruc-
ture and the loss of agricultural lands since the turn
of the century in western lowa (Baumel, 1994). A sur-
vey of 15 counties in northwestern Missouri identified
957 highway structures as damaged by channel
degradation. Degradation and channel widening in
the loess area led to the collapse of several bridges in
West. Tennessee (Robbins and Simon, 1983), south-
west Mississippi (Wilson, 1979), Missouri (Emerson,

Stage 4 Aggradation

W W

|
A — _J
Stage 5 — Equilibrium

hannel Evolution Sequence in

Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
etal. (2012)

\Paper No. D901 af the Journal of the American Water Resources Association. Discussions are open until October 1, 2000,
2Respectively, USDA-Agricultural Research Service, National Sedimentation Laboratory, 598 McElroy Drive, PO. Box 1157, Oxford, Mis-
sissippi 38655; and Universita degli Studi di Firense, Florence, Italy (E-Mail/Simon: simon@sedlab olemiss edu),

JOURNAL OF THE AMERICAN WATEA AESOURGES ASSOCIATION 133 JAWRA



tage 1 — Equilibrium
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Stage 5 — Equilibrium

Channel Evolution Sequence in
Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
et al. (2012)




Stage 2 — Incision (Downcutting) T e

Stage1 — Equilibrium

Stage 2- Incision
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Channel Evolution Sequence in
Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
et al. (2012)




Stage 3 — Widening

L

Stage1 — Equilibrium
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Stage 5 — Equilibrium

Channel Evolution Sequence in
Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
et al. (2012)



Stage 4 — Aggradation M
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Stage 5 — Equilibrium

Channel Evolution Sequence in
Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
et al. (2012)




Stage 5 — Equilibrium (Recovered) % .

Stage1 — Equilibrium

gt

Stage 2- Incision

Stage 3 — Widening

Stage 4 Aggradation

Stage 5 — Equilibrium

Channel Evolution Sequence in
Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
et al. (2012)



How Does A Stream Get Deeper? g\_fw

Deepened and
Widened Streambed

Channel Hardpoint
or Base Level

Stage1 — Equilibrium

o

Stage 2- Incision

Stage 3 —Widening

R

Stage 4 Aggradation

Original Streambed

A\L\@ﬁ

Stage 5 — Equilibrium

Channel Evolution Sequence in
Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
et al. (2012)



How Can Stormwater Runoff Contribute to Erosion?

Legend
D Yellow Creek Boundary (per GIS Contours)
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History of Stormwater Management

? ? ? (sensu Roy et al., 2008)

30
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25 - - - - Qeritical
2.0
15

Unit Discharge (m?/s)

0 20 40 60 80 100 120
Time (minutes)

Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002),
Journal of Water Resources Planning and Management



Unit Discharge (m%/s)
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Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002),

Journal of Water Resources Planning and Management
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Unit Discharge (m%/s)

~1980-2000

Detention Basin

3.0
Pre-development
2% Post-development
2.0 Peak Control Detention
- === Qcritical

1.5

1.0

0.5

0.0
0 20 40 60 80 100 120

Time (minutes)

Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002),
Journal of Water Resources Planning and Management
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~2000-2015

Extended Detention Basin
with Sediment Forebay
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~2000-2015

Extended Detention Basin
with Sediment Forebay
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~2000-2015

Extended Detention Basin
with Sediment Forebay
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~2000-2015

Extended Detention Basin
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Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002),
Journal of Water Resources Planning and Management



Conventional Detention = More Erosion
than Pre-Developed Conditions
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Introduction of Q

critical

The Critical Flow for Stream Bed Erosion

\

1

T>71

C

¢

Stage1 — Equilibrium

Stage 4 Aggradation
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Channel Evolution Sequence in
Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
et al. (2012)
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Q... Needs to Be Calibrated to

Stream/Region
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Future of Stormwater Management

piifgy

Extended Detention Basin
Optimized for Channel Protection
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Q_i1ica) D€SIgN Target = “Safe Release Rate”

Pleasant Run 50-year Simulation
10000 - I
I Existing (no detention) Existin
1 Qritical = 20 cfs H E di & .
: Pre-Developed ours Exceeding Qitical:
1000 - I Existing (no detention) 275 hrs
| Pre-developed 25 hrs
! Excess 250 hrs
100 - : (+1,000%)
0 I
3 |
]
< 1
c 10 - |
2
= |
5 1
o I
1 7 1
|
|
|
0.1 - I
|
|
|
001 T T T i T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
moomoo'moomoommmmmmmmmmmmmmmmmmmmmmmm
= " N N OO N <D O N OO A AN N < 1D ON 0 OO d NN < 10 O~
T = e e e e AN AN AN AN AN AN NN
Flow (cfs)
Adapted from Hawley et al. (2012)




If Excess Volume Is Released Below Q
—>No Excess Erosive Flows
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Stormwater-based Management Strategies

Reduce the erosive power of
stormwater runoff (potentially in
conjunction with stream restoration)

Biological

Physicochemical > chitical

Geomorphology

Hydraulics

Hydrologic It all starts here

Stormwater Management €«



Stage1 — Equilibrium

Stage 2— Incision

Stage 3 — Widening

Stage 5 — Equilibrium

Channel Evolution Sequence in
Response to Increased Flows
from Urbanization, Adapted

from Schumm et al. (1984) and

Hawley et al. (2012)




What is Q for Yellow Creek?
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Legend
E Yellow Creek Boundary (per GIS Contours)

Streams to Assess

——— QOther Streams in Watershed

4 Data Collection Sites
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Hydrogeomorphic Data Collection




~ 40-50% of Q,

critical

Legend
E Yellow Creek Boundary (per GIS Contours)

Streams to Assess
Other Streams in Watershed
4 Data Collection Sites

Stream
Location

nal Qcrtical.
12) Site Qs is NOT representative of regional Qusca. The site was artificially flat due to an upstream concrete crossing.
3) Site Qgpsca IS NOL representative of regional Q.. There was not much representative bed material for the pebble count due
to the relatively severe instability.
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Stormwater Strategies

Mitigation

Strategies

L

In-Stream Restoration




Preliminary Conceptual Opportunities

1. Preserve/enhance high infiltration areas Legend

2. Infrastructure improvements D
3. Optimize existing SCMs
4. Install new SCMs s
5.

Mitigate instability in “seasonal
channels”

6. Bank protection projects that could
potentially be within the scope of the
SWMD

7. Partial bank protection projects that
could potentially be within the scope of
the SWMD

8. Programmatic/non-structural
improvements

“SCM” = Stormwater Control Measure



1. Preserve/Enhance High Infiltration Areas

Legend * Undeveloped Type A or Type B soils

Streams

[ Yellow Creek Boundary
Soil Group A
Soil Group B

e Public parcel forest preservation
and/or SCM infiltration optimization

N
0 0.5 1
1 Miles

* Private parcels could also promote
preservation and optimize SCMs for
high infiltration

Locations of Type A and Type B soils in Yellow Creek
watershed

Example of a forested area with Type A soil



2. Infrastructure Improvements

y— e i e Culvert maintenance

D Yellow Creek Boundary (per GIS Contours)

Streams to Assess - 5 o .
Other Streams in Watershed e b Sta bl I |Zat|0n Of outfal IS
Public Culvert Observations ! ; |
@& Instability Noted

B cxemere s C e | * Storm sewer repairs, etc.

@  No Obvious Issues

Outlet would benefit from additional
armoring and stabilization



- Notifications to Other Responsible Parties

* Many areas of potential concern do
not fall under SWMD jurisdiction

vy

Dam is patched with a piece of plywood &

Slumping gabions next to road
chain-link fence



3. Optimization of Existing SCMs

* 50 existing detention basins visited

* Preliminary analysis suggests that
cost-effective retrofits could partially
mitigate excess erosive power at
several basins

* Armoring, potential spillway
improvements, etc. could be
included

Legend

[ vellow Creek Boundary (per GIS Contours)

@ — Streamsto Assess

——— Other Streams in Watershed
Basins Visited

® Basin Visited

©  Outlet Measured

Example of private pond that could benefit from ! : ; = .
Stream/Wetland complex construction. Locations of existing SCMs in Yellow Creek watershed



4. Install New SCMs

Conceptual contours of bankfull wetlands

WETLAND CONNECTION TO STREAM
/ AT BANKFULL ELEVATION

BANKFULL ELEV.

‘WITH PROPERTY OWNER AND/OR STAKEHOLDER GOALS

MAXIMUM ELEVATION OF WETLAND SURFACE TO BE
DETERMINED BASED OM DESIRED WETLAND TYPE

CONCEPTUAL CROSS SECTION

Bankfull wetland conceptual cross section

Add new storage specifically designed
to offload erosive flows

~40+ acre-feet of potential new storage
could be created in undevelopable
floodplain areas

Could be optimized to reduce the
erosive power of the 1-year discharge,
particularly during summer storms




5. Rehabilitation in “Seasonal Channels”

~4 -ft headcut in tr/butary

Primarily address localized instability

Chronic erosion creates relatively high
sediment loads to downstream waters

Conceptual examples include swale and
tributary stabilization and headcut
repair

Legend

[ veltow Creek Boundary (per GIS Contours)

Assessed Stream Risk Categories
Lower - streams low, land high

= Middle - Confined, oversteepened

== Upper - broad valleys, decent floodplains

0 3,0006,000

12,000 Feet

Relative stream instability risk throughout
Yellow Creek watershed



6. Bank Protection Potentially within the Scope
of the SWMD

» Stream instability on private parcels
that might have risks to public
infrastructure

* Streams with relatively short banks

* Not adjacent to excessively large/
steep hillslopes

Stream erosion undermining parking lot —
. . egen
= public safety risk B i it

——— Streams to Assess

Other Streams in Watershed
Other At Risk Items Identified
Basin
Dam
House

® 00

Mass wasting
Other
Parking lot

Retaining walls

* & @

y, 9
3,00086,000 12,000 Feet
— o,

Various at-risk items in Yellow Creek watershed

erosion near Wastewater Facility



7. Partial Bank Protection Potentially within
the Scope of the SWMD

e Adjacent to tall, unstable hillslopes
* Public/private division along toe of slope

* Moving stream off toe of slope would
reduce the risk of future undercutting

* Full geotechnical stabilization (e.g.
retaining walls, etc.) likely outside the
scope of the SWMD

Legend
[ vellow Creek Boundary (per GIS Contours)
Assessed Stream Risk Categories

Lower - streams low, land high

= Middle - Confined, oversteepened

= Upper - broad valleys, decent floodplains

12,000 Feet

0 3,0006,000

P | o, \
~40-foot tall, near vertical bank with mass Stream instability risk throughout Yellow Creek

watershed

wasting and tree loss



8. Programmatic/Non-Structural Improvements

” Streambank N
Workshop

October 4, 2017
City of Florence & Sustainable Streams, LLC

What is stream erosion? Northern Kentucky
has many streams that are adjusting to increased
stormwater runoff from impervious surfaces such [
as rooftops, roads, and driveways. Streams
become larger to accommodate more water just
as a human body becomes larger when the input
calories exceed the expended calories. The E _,‘
increased erosive flows cause streams to become - - s 3 5
deeper and wider. =

Stream erosion may start as a tension crack along the bank (left)

Examples of erosion prevention practices: that eventually leads to bank collapse and widening (right)

Establish native riparian vegetation

Remove invasive species such as Honeysuckle
Do not regularly mow to the edge of the bank
Do not dump yard waste into the stream
Harvest and plant livestakes

Anchor logs or rocks along the bank
Re-grade the bank to a 4:1 slope (or gentler)

L N N S S S 3

NOTE: Do not use equipment in streams without
approval from regulatory agencies Stabilized bank with re-graded 4:1 slopes and riparian vegetation

Native plants can provide bank stability and polinator habitat Invasive honeysuckle shades out
Ve T AN a7 3 stablizing ground cover

f L ;cefeaedCareo isis, s =il
bt~ i |5

Avoid mowing to the edge of streams

i =T

Literature from a workshop that addresses
streambank instability

Optimization of stormwater design
targets for new development

Staff training/support
Homeowner outreach/education

Routine inspections and maintenance

e R - - WP B . e
Septic tank maintenance is important to
watershed health




ion Examples

Owner Protect
from the Yellow Creek Watershed

Home



FINALIZE REPORT & STAKEHOLDER INPUT PUBLIC/PRIVATE
CONCEPTUAL COORDINATION

COnCIUSion 4] OPPORTUNITIES

Next Steps

FINANCING IMPLEMENTATION
PLAN
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