jgoedman@geosyntec.com

b 3rd Hydromodification Seminar & \Workshop: it

. Modeling for Hydromodification

i

g
gRae

e WS Ge 0 Syn te I ‘
Jul “17“20 consultants




OBJECILIVES

% (. Impact Evaluation

Water Boards|

OO e Management Strategies

« BMP Sizing Sensitivities

\_ /
O
@) Oo oo oo C>O
a Ahydrology, O
Hydromod Achannel geomelry,
Impact — Abed & bank material,
S Asediment supply ’)



http://www.slocity.org/publicworks/stormwater/2pnotices.asp
http://cleanwaterprogram.org/index.php
http://www.cccleanwater.org/
http://www.fssd.com/index.html

ResteratienVvs. Hvdremed VManagement

Hydromodification = Changes In runoftf
characteristics and In-stream pProcesses
caused by altered land use.

Restoration Vvs. Hydromod Management

J J

fix an existing prevent a future
geomorphic geomorphic
Impact Impact
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HeW are hydriemed Impacts medeled?

Qualitative: Lane (1955)

Qs DEY @W §
Source: Rosgen (1996), From Lane, 1955.
Reprinted with permissions
Quantitative:
Ahydrology,
Geomorphic __ Achannel geomefry,
Impact —_ Abed & bank material sirengfth,

Asediment supply



Ahydrology Simulate the hydrologic response
of catchments under pre- and post-developed conditions
for a continuous period of record.

Input: Output:
Rainfall Flow

«Catchment Delineation
*Soils

*% Imperviousness

Lag Time

*|n-stream Infiltration
sEvapotranspiration

Post-Urban
Pre-Urban

Time




Ahydrology Flow output from hydrologic model is
used to generate flow duration curves.

Discharge [cfs]

—— Pre-Development
— Post-Development

10 100 1,000 10,000 100,000

Duration [hrs]




Ahydrology Output from hydrologic model can be
used to evaluate water balance.

B Surface Runoff
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Achannel geomeiry

Cross-sections and longitudinal profiles of the active
channel are surveyed at strategic locations.

1260 _

Elevation (feet)
o

200 250 300
Horizontal Station (feet)




Abed & bank material sirength

For each reach surveyed, a measure of critical shear
stress Is based on the bed and bank material.

Non-cohesive bed:
Wolman Pebble Count
and/or Sieve Analysis

Cohesive bed and bank:
Jet Test or Tables

Vegetated bank:

Tables Bank Material
Tvpe lbs/ft2

ASCE Manual No. 77

Hardpans
Compacted Clays

Stiff Clays



Abed & bank material sirength
Achannel geomeiry

Google Trekker for geomorphic monitoring

a 2 A ; 7,.‘_:- .',;'. -
o S T L

... . Discussion to
e g followon
G . %._1.‘* Geomorphic
ﬁ -, “Monitoring by
4 ﬁ Ga‘b o .. 2] . .
% A&7 7 [Felicia

]

==,
3
s

http://maps.google.com/help/maps/streetview/learn/cars-trikes-and-more.html#trekker
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Asediment supply

Bed sediment yields are estimated using field data and
GIS analysis of hillslope gradient, geology, and land
cover.

Discussion to follow
on sediment supply
assessment by Cid




Hydrology =

Channel
Geomelry =

Viedel Summany

Hydraulic
Model

!

Shear,

Veloci O edimeni
Transport
Bed
-)
J Model
Material
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Transport pre
Sediment = POSI =
Supply pre

Regional
Field
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| |

Empirical
Model
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Probability
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Viedel Summany

Stage, effective shear stress, and flow velocity are
computed using discharge and channel geomeiry
data as inputs to a hydraulic model.

B HEC-RAS 4.0 o)X

File Edit Run 5 Help

EICIE =

Praject:

14



VMiedel'Summarny.

Hydrology = Hydravlic

Channel - Model
Geomelry

Shear, .
Velocity = |Sediment Regional

LLe 1] eTely Field
Bed
Bank  L_Model Assessment

Material (]

]
Sediment _ post o =
Transport pre Empirical

Sediment = Post =, | Model
Supply pre 1
Probability

of Impact
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Viedel Summany

Stage, effective shear stress, flow velocity, and critical
bed / bank material sirengih are input into the
applicable work or sediment transport equation and
summed over the period of record.

Work
Equation:

W = i(ri — T, )1¥5V - At
=1

¢ Fal Creek .
&Upper Wolf Creek callbraied
s better

& [4,]

Dimensionless Bedload
w

08 12 14 16 18
Dimensionless Discharge

http://water.epa.gov/scitech/datait/tools/warsss/dimless.cfm
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Channel Flowrate (cfs)

1 (Duration x Transport)
Cumulative Transport
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Hydrology =

Channel
Geomelry =

Viedel Summany

Hydraulic
Model
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Shear,

Velocity =

Material

Bed & N

Bank

Sediment
Transport
Model
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VMedel'Summarny.

Erosion Potential (Ep) Is calculated by comparing
relative change Iin cumulative sediment transport
capacity in the pre- and post-development conditions:

— Pre-Development
— Post-Development
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Hydrology =

Channel
Geomelry =

Viedel Summany

Hydraulic
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Viedel Summany

Sediment supply loss can be accounted for by
reducing the Target Ep by the ratio of bed
sediment supply (Sp) to that computation point.

Sediment Supply post
Sediment Supply pre

http://www.dnr.wa.gov/researchscience/topics/geologicHazardsmapping/bages/landslides_murphys.aspx
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MoedellStmmany.

Hydrology = Hydravulic

Channel o | Model

GCeomefry 1
Shear, .
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Bed & Trﬂ“?‘:’i Field
Bank oae Assessment
Material | |
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Moedel'Summarny.

Ep is compared to the Target Ep (Sp) to get a
Probability of Channel Instability.

Thompsan Creek

Ross Creek
San Tomas Creek
Laural Creek
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Medel Summany

Santa Clara Valley
Hydromodification
Management Plan

40 Cross Sections:
* ThHompson Creek
= Ross Creek

= San Tomas Creek

Erosion Potential

100.0

10.0

1.0

0.1

Stable/Low Med/High

Field Designated Erosion
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Moedel'Summarny.
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==Santa Clara County (SCVURPPP, 2005)
===Southern California (SCCWRP, 2013)

0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
Erosion Potential (Ep)

Discussion to follow on probabilistic models by Ashmita
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QOui=ElEStream Management

Hydrology

Channel
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OUi-eEStream Management

Discharge [cfs]

—— Pre-Development
— Post-Development

10 100 1,000 10,000 100,000

Duration [hrs]




Route post-development runoff through BMPs to mimic
pre-development hydrology.

Overflow Weir
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QOUi=ElEStream Management

tion

Regional Detention Basin

“ -
¢

Discussion to follow on
Flow Monitoring by .
Felicia CONTECH StormTrap
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InEStream Vianagement

Hydrology =

Hydraulic
Channel Model
Geomeilry
Sediment Regional
Bed Transport Field
Bank Model Assessment
Material 4 !
Sediment_, POst _ =
Transport pre Empirical
Sediment = POst =, | Model
In-Stream Controls are SUpply pre |
appropriate where ore
hydromcl)dificll\ajltion impacts PI'ObCIbIlIi'Y
of Impact

already exist, not pristine
streams.



In=Stream Management

Modify the stream morphology to mimic
pre-development work/sediment transport.

— Pre-Development
— Post-Development

Goal:
Conserve Sediment
| Transport Capacity
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Grade Control Fructure

3, = Initial Bed Slope

Seg = Equilibrium Slope

H = Structure Height

L = Length between Structures

ESA-PWA

Channel Reinforcement

Salix Applied Earthcare, 2004

Grade Control

Sinuosity

Valley Slope 6%
Channel Slope 3% A

County of San Diego, 2009
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Managementscales

A watershed perspective
allows for consideration of
land use planning

(credit for open space)

i

7

In-stream

(

/ IRegionaI
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BIVIR'SIZING ©PRLIGAS

Onsite | Regional | In-Stream >

Nomographs or Sizing Factors X aj
Regional Models X X %
O

System-Specific Analysis X X X v Q

Unit Storage Volume (watershed inches)

Clear Creek Solutions

% Imperviousness
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BMP Sizing
Sensitivities



LID=IVREe BIVIES

Cleanout
|

et
12-inch Ponding

3-inch Mulch __ AN _:1\333333333333333}:.';*\?&%&%&%

18-inch Planting

Low Flow
Orifice
15-inch Gravel Sump

/ .
Slotted

Underdrain

Hydromod LID BMPs look similar to those designed for
surface water quality, except they tend to be larger.




Reriermanece Standard

Flow Duration Control (FDC)

VS.

Erosion Potential (Ep)
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Reriermanece Standard

Flow Duration Curves for Bioretention

C/D Soils, 1 Acre Catchment

{ high flows
| dictate sizing
| for this LID BMP

with simple

| outlet structure

Q critical

=—=Natural

-— Developed w/out mitigation
- Developed w/ Flow Duration Control

for rest of the
flow range, the
pre-development
curve is above
the post-
development

10

100

Duration [hrs]

1,000




Discharge (cfs)
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Reriermanece Standard

Flow Duration Curves for Bioretention
C/D Soils, 1 Acre Catchment

FDC: 2.02 iInches

Q critical
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—=Natural
— Developed w/out mitigation

—Developed w/ Flow Duration Control

Developed w/ Conservation of Work

10 100 1,000

Duration [hrs]




Reriermanece Standard

Ep lends itself to incorporating changes in sediment supply

HM BMP Sizing Nomograph for Adjusted Ep
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Rerdemmance Standard

> FDC Is the status guo, but
Ep can result in smaller
BMPs for simple outlets

> Ep alone does not mimic
the distribution of erosive
flows

> Ep can account for
sediment supply loss, but
FDC cannot

“ESA-PWA
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oW Elew lhresheld

5% Q,
VS.

10% Q,
VS.

20% Q,
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oW Elew lhresheld

® Flow Duration Control

N

Erosion Potential
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oW Elew lhresheld

® Flow Duration Control
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oW Elew lhresheld

> FDC

o BMP size & drawdown time
decrease with increased low
flow threshold

> Ep:
o BMP size Is nhot as sensitive to
low flow threshold

o BMP drawdown time
decreases with increased low
flow threshold

51



@uitlet besign

Passive Controls

VS.

Active Controls

52



(if feasible)
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@utet besigan

Controls
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@uitliet besign

Flow Duration Curve Comparison

Passive: 1.32 inches

chiﬁcql

Post-Development w/ Active Controls
===Post-Development w/ Passive Controls
== «Post-Development w/out Mitigation

—Pre-Development

10 100 1
Duration Equaled or Exceeded (hrs)



@utet besigan

Benefits of Active Controls

> Retrofit

o Existing flood control basins can
provide hydromod control

> New Development

« BMP size decreases, making
hydromod management
feasible

> Adaptive Management
« Data available in real-time

o Adjust flow releases without
physical retrofit

56



Impact

Thank You!
Questions?

Ahydrology,
Geomorphic__ ( Achannel geomeiry,

Abed & bank material
Asediment supply

jgoodman@geosyntec.com
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