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URBAN STREAMS

Addressing the urban stream disturbance regime
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Abstract Thresholds for particle entrainment and natural distarbance frequency vary across hydmogeomorphic settings, but
urbanization increases the rate and extent of channel erosion and sediment transport in alluvial channels. The urban disturbarnce
regime is a change in the frequency, magnitude, and duration of hydrologically induced disturbance on the stream channel and
ecosystem that can lead to geomorphic and ecological degradation. To preserve stream stability and ecalogical function, stom-
water management systems should be optimized to maintain the natural disturbance regime of streambed material within the
context of societal and mmmrmmmmhmunmmanummzmmmm

mmmdﬂmmmwmdmdwdepmvm T appropriate, st ific guidance for
50 that engir mu&mmm&%haﬂd&mdwm&nmdhmrhmer@meh
the ab ‘daail.ed‘-“', phic data, practitioners can use our model to predict an order-of-magnitude approximation

of the critical discharge for bed particle entrainment {() based solely an bed material class (eg., cobble vs sand) and the re-
spective 2-y peak discharge (Q2). The estimate also can guide practitioners toward the types of stormwater management strat-
esiuhtmuhdymhemmﬁecdwnpmmqmmunqmagimm}‘wmnple duration controls for large
events (=(k) may be very ng stability in {/boulder streams where (. is expected to be >~0.1to 1 % Qg
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In the decade since publication of the landmark paper de-
tailing the urhan stream syndrome (Walsh etal. 2005), our
mdﬂ#x:dmgufuﬂmnmm&\elnnmydrmuf

their degradation has t ially (e.g. Booth
etalmlﬁ}hulbanmm:gulwhave
been documented to impacts on water quality, such as pes-
tiddes (eg., Coles et al. 2012) and road salts (e.g.. Wallace
and Biastoch 2016); water quantity (e.g., Hawley and Bled-
soe 2011 }; induced habitat alteration (e.g., Vietz et al. 2014);
anddn'entuﬂm'verhmmd\asd\amﬂnhm\.huml{lhy

cal responses that are counter to conventional wisdom, such
as increased (as opposed to decreased) hase flow (Bhaskar
et al. 2016). Furthermore, we can postulate why some set-
tings appear to show greater resistance to urbanization than
others (Utz et al. 2016) and acknowledge the possibility that
mhdnhhtl:m guak for urban streams may vary based on

land ic contexts (Smith et al. 2016,
Desl:liecmr panded und d&\e t
streamd Jativelvlit bl
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etal. 2009), and via ings (Chin

and th T d in their wa-

ard&quryml} These responses include relatively di-
rect relationships, such as dependence of biodiversity on
ﬂowpen!mme{lﬁnsetal 2016), interactive relation-

blages and multiple

tersheds. Billions of dallars continue to be invested in the
physical restoration of urban channels (e.g., Bemhardt et al
2005), but post-construction studies generally show that re-
stored urban streams tend to have the biclogical signature

drivers (e.g. Walsh and Webb 2016), and e func-
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beg ing that the breadth and
mqufﬂ\eudnnshmmspdmlem-m iderahl

of d urban streams (e.g. Violin etal. 2011, Laub
et al. 2012), with some exceptions in cases where out-of-
stream restoration practices, such as stormwater control

across space (e.g, Cales et al. 2012) and can cause ecologi-
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have been impl | ively | |
and Detenbeck 2014). A primary explanation for the lack

When do macroinvertebrate communities of reference

streams resemble urban streams? The biological
relevance of Qitical
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Stormwater Management and:Catchment-scale Stream Restoration
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BACKGROUND It GEOMORPHIC RESULTS BIOLOGICAL RESULTS

Whatis Q7 The critical discharge for the i P T> r( How does Q. vary across streams? a - : - " How does Q___ influence reference site biota?
ncipient motion of the streambed material Using 195 sites across two continerts g In a Toyr study at @ reference site, proxémity to Q.
and three distinct geologic settings s events was the dominant driver of biotic integrity. In
Q... & Stormwater Management: = Q.. o 8 standardized by the 2-yr } - 2011, a record raindall year with high frequency and
Convertional stormwater designs typically g discharge (Q,) Increasesas a power s g magnitude of Q_ , events, reforencs site M3| was Figure
ncrease the frequency and duration of flows function of streambed particle size (d,) : g = mare similar to sites draining watersheds with =30% '
that excead O, - oo Impervious ares than typical referencs site MBI values
Estimating Q_,_, for any stream: i -
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i data (see Howley and Vietz, 2016), a site Catforrse SRR — §a
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order-of-magnitude estimate may be 4 LT
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material size (Figure 5) or class (Figure 6)
Biological Relavance: Flows exceeding O have the o
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streambed and/or bank toe particles is required 1o b oSN
mitiste channel evolution trajectorkes that are common ©.00001
n unstable stream networks such as inclsion, mass ¥ o ' 0 % 1o
wasting, bank erosion, and widening —_ ‘ the oo
— —
NCIBANG Lensdivily 30 the When Svem SR tarc e Igene
S, CONCLUSIONS
e
.. U | ¥ o - - Q... |5 an Important mechanism to stream gecmarphic stability and
S Sustainable biotic integrity. It can be readily estimated and incorporated into
Streams o Atha i X " stormwater management/stream restoration planning and design
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Survey

How Many of You Know or Work in Suburban Watersheds
without Any Impaired Streams?
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Adapted from Hawley et al.
(2016, Freshwater Science)



The Urban Stream
Syndrome

(Walsh et al., 2005; Booth, 2005, etc.)

Altered environmental

Urbanization features
drivers
(

Endpoint

Habitat
structure

Stream Flow
stressors |~ regime

* Direct effects

(e.g., channelization, 3
alien taxa)

Biological
response

Water quality
and toxici

« Indirect effects s

(e.g., pollution,
stormwater)

Energy
source

Biotic
interactions

Fic. 1. Five environmental features that are affected by urban development and, in turn, affect biological
conditions in urban streams (from Booth et al. 2004, reprinted with permission of the American Water Resources
Association; modified from Karr 1991, Karr and Yoder 2004).




Stream Function Pyramid

(Adapted from Harmon et al., 2012)

Biological

Physicochemical

Geomorphology

Hydraulics

Hydrologic

Stormwater Management

Stream restoration i

stormwater systems

looking to the catchment to save the stream

CHRISTOPHER ]. WALSH!

Cooperative Research Centre for Freshwater Ecology, Water Studies Centre, and School of Biological
Sciences, Monash University, Victoria 3800, Australia




History of Stormwater Management

3.0
e Pre-development
28 - - -~ Qeritical
2.0
1.5

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)

~“Pre-1950

3.0
e Pre-development

2.3 -~ Post-development

20 = === 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







Unit Discharge (m?/s)

3.0

2.5

2.0

1.5

1.0

~1980-2000

Detention Basin

— Pre-development
- Post-development
e Peak Control Detention
- === Qritical

Time (minutes)

Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002),

Journal of Water Resources Planning and Management







Events Exceeded

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

~1980-2000

Detention Basin

Je0°°°°’ Regional
Flood
Protection
99% of Storms in
Typical Year
1 2 3 4

Typical Year Precipitation (inches)

Adapted from Hawley (2012)
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~2000-2015

Extended Detention Basin
with Sediment Forebay

100% o000
90% ..0000..... Reglonal
(o]
o Flood
O .

80% K Protection

70% .
o o
S 60% .
Q )
§<’ °
X 50% o
ﬂ [ ]
S 40% .
D 0% ,

[ )
° « Water
. .
20% +Quality
10% - e\Volume
[ )
0% °®
0 1 2 3 4

Typical Year Precipitation (inches)

Adapted from Hawley (2012)






~2000-2015

Extended Detention Basin
with Sediment Forebay

100% o000
oo YL LA Regional
° o Flood
80% X Protection
70% =
3 : Zone Where
S 60% : )
£ son . Channel Erosion
§ % Often Begins
0% 7 Swater
20% +Quality
10% - sVolume
0% °
0 1 2 3 4

Typical Year Precipitation (inches)

Adapted from Hawley (2012)



Introduction of Q

critical

The Critical Flow for Stream Bed Erosion




Bed Material Transport & Incipient Motion

Video Courtesy of John Gaffney (2009) SAFL & NCED, U.Minn

://www.youtube.com/watch?v=W9plc diQQE


http://www.youtube.com/watch?v=W9plc_diQQE

Unit Discharge (m?/s)

3.0

2.5

2.0

1.5

1.0

0.5

0.0 ¢

~2000-2015

Extended Detention Basin
with Sediment Forebay

— Pre-development
- Post-development
e Peak Control Detention
- - - - Qritical

Time (minutes)

Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002),

Journal of Water Resources Planning and Management




~2000-2015

Extended Detention Basin
with Sediment Forebay

No Detention

3.0
e Pre-development

%8 — Post-development

2.0 Peak Control Detention
= === Qeritical

Pre-Developed

Conventional Detention
(Peak Matching)

Unit Dis¢harge (m?/s)

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




Conventional Detention = More Erosion
than Pre-Developed Conditions

N AT

Pre-Developed No Detention Conventional Detention
(Peak Matching)




Excess Erosion of Streambed Can Lead to:

* Stream Deepening & Widening
* Property & Tree Loss

 Water Quality Impacts

Original Streambed

Deepened and

. = =
Widened Streambed \

\\\
A =

Channel Hardpoints ~



Increased Bed Erosion =2 Incision (Downcutting)

Stage 2- Incision



Incision = Taller Banks = Bank Failure

y1_ \_/iy_#

Stage1 — Equilibrium

w +< -

Stage 2- Incision Stage 3 — Widening



Bank Failure 2 Widening

Nt

Stage1 — Equilibrium

AV SRR W

Stage 2- Incision Stage 3 — Widening Stage 4— Aggradation




—>Large Amounts of Erosion Before Returning to

Equilibrium
_AKUXL#

Stage1 — Equilibrium

& % S N

Stage 2- Incision Stage 3 — Widening Stage 4— Aggradation

“®

Adapted from Schumm et al. (1984) and Hawley et al. (2012) Stage 5 — Equilibrium



Erosion Can Migrate Up and Downstream and
Last for Decades or Longer

Type 1) (cem  headcut migration and ,
i Type lll) increasing enlargement aggradational zones and

— braiding susceptibility
e (CEM Type IV,
T Phase 4B)

primary el (CEM Types
headcut f s * 11, 11
subsequent flow direction L - __
headcut(s) —p * = T
hardpoint

(natural bedrock or artificial grade control)

Adapted from Hawley et al. (2012)



Acton Watershed Case Study

(Southern California, USA)

2.5% Imp in 2001, 11% in 2006
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108

107

106

105

104

Elevation (m)

103

102

101

Acton Watershed Case Study
(Southern California, USA)

2.5% Imp in 2001, 11% in 2006

—~

Stage 4— Aggradation

N\[ﬁ’ V‘ryf¥k
L)

Stage 5 — Equilibrium

Ch 1 Evolution Sequence in
Response to Increased Flows from
Urbanization, Adapted from
Schumm et al. (1984) and Hawley
etal. (2012)

2 4 6 8 10 12 14
Cross section station (m)

18 20

Adapted from Hawley and Bledsoe (2013)



Slope (m/m)

0.100

0.010

0.001

Headcutting = Flatter Slopes
= Shorter Riffles & Longer Pools

S = 0.016(PRR)-050
’0 e * * R2 =054
Adj. R?= 0.54
2
2
¢ ¢
¢ .
0.1 1 10 100 PR S VO ... 1

Pool/Riffle Ratio

n = 86. Figure and trend includes all profile data surveyed over complete pool-riffle
reaches.

-

\ scoured, deeper.

longer pools

shorter riffles

Hawley et al. (2013)



Bank Instability = Fine Sediment Loads
Sediment Is a Leading Impairment of U.S. Waterways




Gunpowder Creek Watershed Case Study

70

65
S 60
Sss
& 50
< 45
@ 40
235
@ 30
2 25
a 20
o 15
B 10

(Northern Kentucky, USA)

Ratios of Annual Projected Loads to Annual Benchmark Loads

/ Sediment

Bacteria

th_lu,..,

GPC7.5 GPC 17.1 UNT SFG 5.3 UNT FWF 0.8 RDR 1.1 LOB 0.5
BE coli mTS5 mTP MTKEN mTM



SFG 5.3 -DS

28% impervious

Bank Erosion and
Tree Loss

99

w7 /17/2008
98 | = 11/15/2012

97

96

Elevation (ft)

95

94 T T T T T T T T T
25 30 35 40 45 50 55 60 65 70 75
Station (ft)




Monitoring Confirms Bank Erosion as a
Dominant Source of TSS

Projected TSS Projected TSS Yield
Site Name Yield Due to From Water Columg
Bank Erosion Samples

Percent of
Projected Load
from Bank Erosion

(Ib/mi’yr) (Ib/mi’yr)
FWF 0.8 76,669 287,089
GPC7.5 420,123 106,375
LOBO.5 97,225 192,618
RDR 1.1 148,349 73,749
GPC 17.1 UNT™ 0 2,203,207
SFG 5.3 UNT 1,770,761 704,334

(@Bank erosion can be observed at locations throughout the un-named tributary (UNT); however, a log jam at the
monitoring site induced sediment deposition and a corresponding bank erosion load of 0. By contrast, the measured bank
erosion loads at all other monitoring sites is significant, and in some cases explains more than 100% of the corresponding
TSS yields, which supports the treatment of the log jam at GPC 17.1UNT as an outlier.
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100%
e 7/17/2008
i 3/5/2010
g) s §/27/2011
D w——pie 11/15/2012
7]
g 50%
s dzp in 2008 $
o 21.5mm il
S o/ 4o in 2012
) 400 mm
o
0% ......

Bed Coarsening and Habitat Homogenization

Bed Material Gradation

1 10 100 1,000 [
Diameter (mm)

SFG 5.3 -DS

29% impervious



Conventional Storm Water Designs
= Unstable Streams

I

A

" = Fi : 79& R :%"@5,—
; 1’ "0;{0 ."q

Middle Creek (3.3 mi?) Owl Creek (3.7 mi?)
0.6% Impervious 9% Impervious



Conventional Storm Water Designs
- Unstable Streams

—Q0wI| Creek —Middle Creek

103
102
101
100
99
98
97
96
95
94
93
92
91

90
0 10 20 30 40 50 60 70 80

Elevation (ft)

Station (ft)



Unstable Streams
Impact Resources and Waste $55

— Aquatic habitat
— Water quality
— Private property

— Infrastructure




Impacts to Public Infrastructure




Future of Stormwater Management

Extended Detention Basin
Optimized for Channel Protection

100% —
0000°°°.°.. Regional
90% o®
o Flood
o .

80% o Protection
5 0% .
Q ) .
g 60% g Channel Protection
2 50% s Controls
“g [ ]
S 40% s
© 0% .

o
° « Water
. L)
20% :Quallty
10% - e\Volume
[ ]
0% °®
0 1 2 3 4

Typical Year Precipitation (inches)

Adapted from Hawley (2012)



Consider All Storms > Q

critical

Discharge

Time



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
|
|
|
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If Excess Volume Is Released Below Q...
—>No Excess Erosion or Biological Disturbance

Pleasant Run 50-year Simulation
10000 - I
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| .
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Adapted from Hawley et al. (2012)




Q_...i..; Varies by Stream Resistance




Resistance Increases with Particle Size and
Decreases with Slope

Sand Gravel Cobble Boulder
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Particle Diameter

Adapted from Hawley and Vietz (2016, Freshwater Science)



Resistance Increases with Particle Size and
Decreases with Slope

Sand Gravel Cobble Boulder
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Resistance Increases with Particle Size and
Decreases with Slope

Sand Gravel Cobble Boulder
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Resistance Increases with Particle Size and
Decreases with Slope

Sand Gravel Cobble Boulder
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Resistance Increases with Particle Size and
Decreases with Slope

Sand Gravel Cobble Boulder
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 Needs to Be Calibrated to
Stream/Region

critica

R] Haowley et ol | Geomorphology 20! (2013) 111-126
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MBI

Taxa Richness

EPT Richness

The Importance of Q_,... IS even Evident
at Reference Sites
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Q... Needs to Be Calibrated to

Stream/Region
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o 100 D ' e %>
3 10 - >
9 E , /
i 1. o ' o
T~ { €======= 57 T~ === N.KY Management
s g 01: $ Value ~0.4Q,
Q "% :
< =
= o 001L:
§=
S 0.001 - ! s
= 5 0., = 0.00071d,15°
S  0.0001 - R? = 0.75
c f : ;
. 8 I
g 0'00001 T TT7T7T7T71 T T T l]lllll T ll T TTTTT]
0.1 1 10 100 1000

ds, (mm)

.

0 California © Victoria ¢ Kentucky
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Regionally Calibrated Q Values

critical

Santa Clara, CA = 10% of Q,

San Diego, CA = 10, 30, or 50% of Q,

depending on channel susceptibility after Bledsoe et al. (2012)

Northern KY ~ 40% of Q,




Stream-specific Requirements

* New York: Detailed geomorphic analysis
required on projects > 50 acres with
> 25% imperviousness

* San Diego, CA: Screening-level analysis
required on all projects

* Northern KY: Recommended/required
on facilities draining > 100 acres and on
stormwater master planning efforts

............




Sediment Transport Modeling Used to
Find Right Approach for a Stream Network

SA
STRAND

ASSOCIATES

Top 20 Events (1993-2012)

Cumulative Tons

Management Strategy of Sediment
Transport

% Diff. from Pre-

developed
Post-developed, No Control 1145%
Flood Control 290%
Flood Control & Water Quality 197%
Flood Control, Water Quality, 11%

& Channel Protection

Lt =




Can Lead to Simple Design Target
Appropriate for Setting

In N. KY, Design Facilities Draining < 100 acres to Release 2-yr
Storm at a Peak Discharge < 0.4 cfs/acre

25 3

N
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g
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5 @ H 0.6 £
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6/4/2014 0:00 6/4/2014 12:00 6/5/2014 0:00

Date/Time
~—Qutflow ~—|Inflow (Pipes 1 & 2) ——Rainfall at Basin
: Adapted from Hawley et al. (In review)



Outreach, Training, and Credit Policies all
incorporated into Policy Role Out
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Ady 23, 2015

To whom it may concem

Sanation Dt No 1 {SD1) 18 tha megonad stoem watie Ubity Charngad with sanageg sionm sater
unoff n Nortemn Kemucky. The pupose of ths letter & %o oform you of a mnor adustment 1o
storm water desgn ontend that most development progects 0 the segarate storm system wil be
required to meet Oct 1, 2016 m order fo comply wih the Northern Kentucky stoem water
nikes and regudatons 501 has presentod the premise baend Pes manoe adustiment at sumenoos
workshops and over the past theee years, rnm-qmbewrmrmum‘im&m
J—vazm-mﬁdm As & growseal reerancier, e Dt course of ackon for any
devslopeant progect 8 1 contact ST sarly in B process 10 detemraos saccly whal 5 reguesd o
3 given progect

One of B sany cbpectives In i Kentucky Storm Wates Ganerl Permdt (KYGD) riated 0
profectng overal sieam health is 10 ansum Mat stom waler controis ane adequalily desgned o
protect the water quaity of recseang streamms.

Boments of the cumont design otona « contanod witun the document ttled, Northam Kentucky
Regonal Stom Water Managoment Program, Rules and Reguiatons - were indended 10 fulfil the
pemil chctw  Hoewen, dola collecid i Norhem Kemuchy sieams o recard o hae
devormitrated hat B «ealng post-conslncion contiol Mgaments M6 not adequatidy acheing
ths permwt objectve. Stoam ercmon continues %o be 2 sgnficant ssue 1 the mgon and = a
domwant sowrce of sedimentation and sitabon, which = Xermbucky's pnmary waler quakty
mpammant

AddBorally, stream sromon has a0 Desns documerisd a8 3 significont cams of danoge o
fastruchas, inchaling roads, sewets, siscine boms and gan boes s well as properly koss aceoss
the region

Fortunaely local data and anadyses show Bal, on most siles. & sinpls adustiment 10 ust oo of the

design citena should be adecquate 10 meet e Nt of s pemin cbpctve and batler peatact both
pubdic and privale property bom excess stream seoson.  The adpstment nvolves opmaning sloom
witer management focies to neleass ol rom al stors up 10 and iInchudng the two.year
design stoom at a peaxknum rate of 0.4 cfstacre  Tha can typecally be accompleshad by making
adustments to the se and placement of openngs oo the cutiet control structre hat manages the
rabeass of wader hom the bases  Prosscts it are cumertly asing of will el e sequirsemsnt
coukd qually 10 o up 10 0 AD paroaed SN maler credil educeg e SR waler Tee
assocaied wih the propecty. Tres storm water credt @ only avadable upon recespt and approval of 2
shorm waler crede apphcation

RO+ NSAE Batem Drive « Fr Wit A7 A0 « ghaas BES K10 PAEE « Van BRR- L3 200K - wew adtdig

Page 2012

Thes target fow rads 12 termed $e Critical Flow (O] for strosm erosion  Although e
Mwashold can wary by straam, i monl casers 0 Norbeen Keefucky . the design W get for Qo can
be approximated 2s 0.4 cfs per acre of drainage area

SO strongly mvmhqmbmd;mmmhapud-w;m Inm&-‘lg
sobstartial Pvestments m site desigrs. Howewer, for most stoem ealter management facd

dranage areas less than <100 acres. the followmg tatde tom be ussd 08 2 quick gude B heip
facizate complance with e nies and reguiabons

Nanagement of anieo wHume MIugh Jppe0ved SI00m water
W inchie maragement tackty {sae Northem Kentucky BMP Manual) adans
Thsign target
Lyear Max discharge < 0.4 cfs per acre of drninage aroa changed from Oy to
04 chainare
Nax dechargs < pre-devsiopad 10-year peak dechags
10.yem Q) No change
Nax dechargs < pre-deveiopad Z5-year peak dechangs
25 ywan Qs) No change
Mar Bscharme < pra-dawioped SD-yaar padk dscrange
50yt @) No changw
WMax dechame < gre-devsioped 100 yoar paak drschange
100 your s No change

For more eformaton nelated to how stomm wirker managament faciibes can be opbmized o meet the
Qe dosign crmeocn without substantial increases in fackly oo of cost relatve 0 peevoos
approaches, please contact SO about workshop and tramng opportunities i the near futare

One of these uptoming workshops wil be at a Northem Keetucky Sockety of Sroleasonal Engneers
meatng on August 133 1130 am at SO man ofSce, 1045 Ealon Dvive, F1 Winght. To segister
for e meetng. plaase REVE ankne at www Asgeoky cng

It you have any questions mganing Tés adustmant 10 stoem wats | PR [Raase
contact Andy Aman. SO Emaronmerital Comphance Admrsatrator, ot B50-57

Sincesedy,

Srmole 5. Shiuw

Beocks Shweman

Ermaronmentsl Compliance NManager
Iroegrated V¥ wberswd f 4




Outreach, Training, and Credit Policies all
incorporated into Policy Role Out

Design . Comparison to
Design Target .
Storm Previous Approach

. Management of entire volume through approved storm water
0.8 inches . No change
management facility (see Northern Kentucky BMP Manual)

Design target changed

2-year Max discharge < 0.4 cfs per acre of drainage area e ), (0 D4 e
10-year Max discharge < pre-developed 10-year peak discharge (Q,,) No change
25-year Max discharge < pre-developed 25-year peak discharge (Q,s) No change
50-year Max discharge < pre-developed 50-year peak discharge (Qc,) No change
1DORYEETS Max discharge < pre-developed 100-year peak discharge (Q;q) No change
Non-Optimized Multiple Iterations .  Optimized

Top Grate Top Grate
B window x 2 B window x3 BN window x 2
B windowx2 I \Window B Window x 2
[
=
=]

Top Grate

Typical Optimization Sequence:

Window - Window
Window

Flood Control = Water Quality 2 Qi

Window



Find an Appropriate Approach for Your
Community

1. Prevent Future Problems:
* Optimize Post Construction Rules & Regs to Protect Your Streams

2. Mitigate Existing Problems:
» Find Cost-effective Solutions to Mitigate Existing Impacts



Stage1 — Equilibrium

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)




Conclusion

Successfully Managing
Stream Stability:

Protects Natural Resources

Biological

Protects Infrastructure

Physicochemical

Protects Property

Geomorphology

Hydraulics

Hydrologic

It all starts here

Stormwater Management €




Questions?

Photo by Mark Jacobs (Boone County Conservation District)

Sustainable bob.hawley@sustainablestreams.com
Streams u.c

Science - Service - Solutions
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Example 1
Bioretention Basin




Bioretention Basin




Bioretention Basin

 Step 1: Flood Control
e Post < Pre for 2-, 10-, 25-, 50-, and 100-year events

* Step 2: Water Quality Requirements

* 0.8 inches of rainfall infiltrates through bioretention soil

* Step 3: Channel Protection/Q
* Predevelopment 2-year Peak Flow: 17.89 cfs
* chitical = 04*QZ
* Qiticq = 0.4%17.89cfs = 7.16 cfs

critical



Non-optimized Bioretention Basin

Outlet Basin Estimated
Basin Type Structure Footprint | Excavation
Optimized?
1. Flood Control Only Traditional DB Yes 3,848 2,510
2. Flood/Water Quality Bioretention Yes 3,318 2,832
3. Flood/WQ/Qgritical Bioretention No 5,027 3,846

Poor Optimization from Flood Control and Water Quality Only
* ~50% larger footprint

* ~35% larger volume
* ~0.5 additional design hours



Optimized Bioretention Basin

Outlet Basin Estimated
Basin Type Structure Footprint | Excavation
Optimized?
1. Flood Control Only Traditional DB Yes 3,848 2,510
2. Flood/Water Quality Bioretention Yes 3,318 2,832
3. Flood/WQ/Qgritical Bioretention Yes 3,318 2,832

Good Optimization to Meet Q
* 0% larger footprint

* 0% larger volume

e 2 additional design hours

critical



Bioretention Basin

Optimization of Outlet Control Structure

Non-Optimized Multiple Iterations s Optimized
Top Grate Top Grate Top Grate
I | windowx2 | [ windowx3 = Il | window x 2
1 windowx2 | [ | window I | Window x 2
1 Window ] Window
] Window
] Window
- Window

‘ Underdrain

‘ Underdrain

‘ Underdrain



Example 2

Basin Retrof

10N

Detent




Detention Basin Retrofits

Simple change to the outlet
control structure




Detention Basin Retrofit

* Maintain Flood Control

* Include Channel Protection
* Qiticat = 0.4 * 51 cfs = 20.6 cfs

Rain Events rre Post-Development with Existing Detention Basin Post-Development with Modified Detention Basin
Development :
Return Period Duration Inflow inflow Outflow Elevation Storage Inflow Outflow Elevation Storage
{cfs) {cfs) (cfs) {feet) {cubic-feet) (cfs) (cfs) (feet) (cubic-feet)
3-Month 24-Hour 7.49 31.24 15.16 834.60 13,060 31.24 6.55 835.35 25,234
6-Month 24-Hour 18.63 44.33 17.92 835.19 22,040 44.33 12.84 835.84 35,136
1-Year 24-Hour 34.03 59.55 7 21.08°\ 835.75 33,259 59.55 /7~ 16.04 \ 836.41 48,430
2-Year 24-Hour 51.51 74.87 \, 2380/ 836.29 45,572 74.87 \, 2043 / 836.96 62,060
10-Year 24-Hour 104.63 115.77 3521 837.55 78,844 115.77 3431 838.20 97,925
25-Year 24-Hour 139.40 140.28 43.12 838.21 98,422 140.28 40.54 838.89 120,219
50-Year 24-Hour 168.00 159,72 48.23 838.71 114,329 159.72 45.69 839.40 138,214
100-Year 24-Hour 198.52 180.01 52.84 839.22 131,607 180.01 50.35 839.92 156,978
| Notes | | Notes Notes

|Pre-Development DA = 34.26 acres with CN = 74

Post-Development DA = 22.35 acres with CN = 91
Outlet Pipe Invert (Lower): 832.12 feet

Outlet Pipe Invert (Upper): 836.21 feet

Spillway Invert: 839.96 feet

The modeling scenario of modified detention basin includes:
1. Flow restriction = 75% through filter media

2. Diameter of bypass wye connection = 18 inches

3. Elevation of bypass wye connection = 835.12 feet

Post-retrofit outflow:

Adapted from Hawley et al. (In review)

All design storms < pre-retrofit outflow

1-yr and 2-yr storms < Q_;;i.. (20.6 cfs)




Detention Basin Retrofit

Post-installation Monitoring

Total Precip = 1.3 inches i
Peak Intensity = 2.60 in/hr
Outflow =4 cfs

Incremental Rainfall (in/hr)
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< 15 1.8
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§
3 10 1.2
)
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0 = —= < 0
6/4/2014 0:00 6/4/2014 12:00 6/5/2014 0:00

Date/Time
——Qutflow ——Inflow (Pipes 1 & 2) ——Rainfall at Basin

Adapted from Hawley et al. (In review)



Post-retrofit

25
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Adapted from Hawley et al. (In review)
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Post-retrofit
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Adapted from Hawley et al. (In review)



Post-retrofit
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Adapted from Hawley et al. (In review)



Post-retrofit
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Post-retrofit
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Post-retrofit
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Post-retrofit
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Post-retrofit
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Post-retrofit

25

20

=Y
v

Flowrate (ft®/s)
(oY
(5)

0 .

6/4/2014 0:00

——Qutflow

6/4/2014 12:00
Date/Time
~——Inflow (Pipes 1 & 2)

N ' 5 '0"-‘.
pw K
Wt

B
»

:67;

e
00

=
N

Incremental Rainfall (in/hr)

o
o

-0
6/5/2014 0:00

——Rainfall at Basin

Adapted from Hawley et al. (In review)



Example 3
Enhanced Swale
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Enhanced Swale Cross Section

/— Existing Grade

Min. Slope to Meet
Ex. Grade (Typ.)

4H:1V (Typ.)

Varied Width of Swale

Curb w/ Curb Cut
to Allow Flow to
Enter Swale

f Roadway

Min. Slope to Meet
Ex. Grade (Typ.)

’— 4H:1V (Typ.)

Varied Depth of Swale

R —



Enhanced Swale Components

e Gravel
e Sized to resist erosion

 Steep slopes: rip rap

* Gentle slopes: gravels
e Other variations have included:
* Topsaoil

* Vegetation

e Turf grass or natives depending on
preference




Preliminary Costs
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Example: Enhanced Swale Preliminary Results

Swale/ Drainage Pre Qcritical Post Post Q, Swale Bottom  Gravel Gravel
Roadway Area Q, (44% Q) Q, Control Length  Width Depth Volume
acres  cfs cfs cfs cfs ft ft ft o
Veterans Way
1 0.35 0.81 0.36 1.10 0.31 213 14 2 70.7
2 0.46 0.84 0.37 1.48 0.33 132 14.25 5 111.84
3 0.80 1.30 0.57 2.67 0.52 541 10 3.1 198.8
4 0.19 0.31 0.14 0.64 0.14 54 27 3 51.8
North Bend Road
5 2.15 5.50 2.42 7.90 1.63 956 8.6 3.1 301.9
6 2.06 3.75 1.65 7.60 1.30 810 14 4.1 550.9
Burlington Pike
7 2.11 491 2.16 8.22 1.66 451 15 6.25 501.4
8 1.74 4.26 1.87 6.79 1.46 376 15.25 5 339.6
NS NS

v' Post < Pre: 2-yr, 10-yr, 25-yr, 50-yr, 100-yr
v' Water Quality Volume treated
v Quiticat CONtrolled for 2-yr, 24-hr storm



Example 4
Extended Detention Basin
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Example: Extended Detention
Q. itica) = 0.4 * 17.89 cfs = 7.16 cfs

Post-development | Post-development | Post-development
No Control Flood Control & WQ| Flood, WQ, Qgitical

Pre-development

cfs cfs cfs
WQ Event Rational 0.87 1.41 0.37 0.54
3-mo, 24-hr SCS Type I 2.56 13.67 0.32 0.42
6-mo, 24-hr SCS Type I 6.37 21.10 1.03 0.76
1-yr, 24-hr SCS Type I 11.76 29.85 5.99 3.53
2-yr, 24-hr SCS Type I 39.15 14.74 @
10-yr, 24-hr SCS Type I 36.59 64.71 33.67 32.94
25-yr, 24-hr SCS Type I 48.86 80.28 44.91 47.72
50-yr, 24-hr SCS Type I 58.97 92.70 52.08 56.10
100-yr, 24-hr SCS Type I 69.78 105.68 61.08 67.97

e Footprint Sizing:
* Flood control and WQ only = 10,903 SF
* Flood control, WQ, and Qo) = 10,903 SF

* Additional Design Time for optimization: 45 minutes



