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e Flow measurement

e How to estimate flow in un-
gauged systems

e Considerations for hydrologic =
modeling (CSM)
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Flow Measurement

e Why? T

— We need high quality, long-term
continuous flow monitoring!

— General evaluations

— Assessment of management measure
effectiveness

— Model calibration and validation

e Methods

— Direct measurement of velocity and
cross sectional area

— Stage (height/depth) measurement -
develop relationships based on
channel geometry and velocity —
Stage-Discharge Curves
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Flow Measurement - Overview

e Pick appropriate cross section

e Accurately survey cross section
geometry

e Measure stage (water depth) and
velocity profiles over a range of
event-based measurements

e Develop Stage-Discharge
relationship

e Continuously measure stage over
long-term

e Convert stage to discharge (flow) [
using Stage-Discharge relationship .
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Flow Measurement — Cross Sectional Area

e Cross Section Measurement: RC 3820.32
— Level and staff ZZ
— Total station 246 -
— Survey grade RTK GPS ="
w0 242
é 240 A ~ 1999 Topo
z 238 \ //// —Survey
236 & g
234 \//\/
232 T T

30 80 130
Station (ft)
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Flow Measurement — Stage / Depth

e Stage Measurement:
— Pressure transducer — continuous
— Stage board — periodic observations

— Other mechanical methods - still used
by USGS but out-dated for less
permanent installations

-y SR ! " .
P ot JIR B K . Sl 7
L4 v \J 8 ¢ . -
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Flow Measurement - Velocity

e Velocity Measurement:
— Propeller meters
— Acoustic electronic meters

— Acoustic doppler current profilers

Modeling for Hydromodification




Flow Measurement
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Flow Measurement
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Flow Measurement — Stage-Discharge Curve

35

L]
w

Q=VxA

Discharge/Flow (ft3/s)
L]
o

(o
w

Where:

Q = Flow (ft3/s)

V = Velocity (ft/s)

A = Cross Sectional Area (ft?)

10

6
Stage/Depth (feet)
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Flow Measurement — Direct Measurement ADCP

A
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Flow Measurement

e Rantz, S.E,, et al. (1982). Measurement and Computation of Streamflow: Volume
1. Measurement of Stage and Discharge. United States Geological Survey
Water-Supply Paper 2175. Washington D.C.

e Rantz, S.E,, et al. (1982) Measurement and Computation of Streamflow: Volume
2. Computation of Discharge. United States Geological Survey Water-Supply
Paper 2175. Washington D.C.

* Freeman, Lawrence A. et al. (2004). Use of Submersible Pressure Transducers in
Water-Resources Investigations. United States Geological Survey Techniques of
Water-Resources Investigations 08-A3: Reston, VA.

e Mueller, David S. and Wagner, Chad R. (2009). Measuring Discharge with
Acoustic Doppler Current Profilers from a Moving Boat. United States Geological
Survey Techniques and Methods 03-A22. Reston, VA.
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How to estimate flow in ungauged systems

Gauged
e Data Needs: 8

— Rainfall
— Elevation data

— Mean Annual Precipitation
e County drainage manual
¢ PRISM maps

— Topography
— Land use

e Approach

— Calibrate gauged catchment

Ungauged

— Apply calibrated rainfall runoff
parameters to ungauged catchment

— Modify rainfall for topographic and
orographic effects
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Guidance/Considerations on use of CSM

Introduction and purpose:

Selection of flow ranges

Development of evaluation criteria

Data requirements

Flow control

Modeling methodology §
@ cbec

Hydrology | Hydraulics | Geomorphology | Design | Field Services

Lower range — critical flow for incipient
motion

Lower range — susceptibility assessments

Flow duration control and peak flow curve

matching GUIDANCE ON THE USE OF
CONTINUOUS SIMULATION MODELING
Erosion potential In support of

Hydromodification Assessment and
Management in California

Prepared for:
State of California Water Resources
g8  Control Board

And

Precip data
Time step

Southern California Coastal Water
Research Project

Calibration and validation October 2011

Project #:11-1001

Model considerations
General tips
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Fundamentals — CSM vs Peak Flow

e CSM considers the full range
of flow events over long
period of record — typically
>30 years

e Peak flow modeling considers
event based hydrographs for
return frequency events (2-,
10-, 50-, 100-year events)

e Need to control both
frequency and duration of
flows (X% Q2 — Q10)
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Approaches Used Elsewhere

e Alameda, Contra Costa, LA, San Diego, San
Mateo, Santa Clara, San Bernardino,
Ventura, Santa Rosa, Central Coast,
Sacramento

e 7/11 specify CSM

e 2/10 match peak flow and volume
e 2/10 not specified

e 3/11 used HSPF

e BAHM, SAHM

e Different biases — flow duration control vs
on site LID
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Continuous Simulation Modeling — Flow Ranges

e Define flow range

Santa Clara County
Alameda County
San Mateo County
Contra Costa County
San Diego: High Susceptibility
San Diego: Medium Susceptibility
San D-iego: Low Susceptibility
Fairfield-Suisun Suisun Urban Runoff Management
Program
Sacramento County: High Susceptibility®
Sacramento County: Medium Susceptibility®
Western Washington State

& cbec Modeling for Hydromodification



Continuous Simulation Modeling — Flow Ranges

e Why define the flow range?

Typical stream erosion in a northern California stream (generally cohesive silty clays)
(Photo cbec, inc.)

e -
Typical stream erosion in a southern California stream (granular, non-cohesive
(Photo courtesy of Eric Stein, SCCWRP)
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Continuous Simulation Modeling — Flow Ranges

e How to define the flow range?

— Determine critical shear stress for erosion of
bed and bank materials (t_)

— Determine critical flow rate (Qc) at which
critical shear stress (t_) is reached and
exceeded

— Determine magnitude of peak Q2

— Compare Qc to Q2 to establish %Q2 for lower
threshold.
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Continuous Simulation Modeling — Flow Ranges

PY H ow tO d Etermin e critical . Particle Size Distribution Obtained Via a Pebble Count
shear stress, T_ ? [ P
e Non-cohesive - use Shields ' //
relationship — developed for ) e taumn=oion
mixtures of uniform sized [ //
sediments. For bimodal . /
sediments (large amount of e e e
sand plus gravel) other
approaches must be used 7= ,ogz?s
e Determine D50 — sample 7% = Zﬂﬂs ) ,0) «.7050] -1

sediments (bulk or pebble
count) and plot particle size
distribution

r*_=0.03 - 0.06

& cbec Modeling for Hydromodification




Continuous Simulation Modeling — Flow Ranges

. oy e Nk
 How to determine critical W4

shear stress, t_?

e Cohesive - chemical cohesion
results in larger t,

e Jet testing — water impinging on
bank/bed creates a hole,
relationships developed
between depth of hole and
strength of material, and hence
TC

e Shear vane (ASTM 2008)

e Literature values for materials
(Fischenich, 2001)

Hole created in cohesive bank material by jet impinging on surface
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e How to determine critical
shear stress, t_?

e Literature values for materials
(Fischenich, 2001)

A
> cbec

Continuous Simulation Modeling — Flow Ranges

Table 2. Permissible Shear and Velacity for Szslected Lining Materials’

Boundary Category

Boundary Type

Permissible

Permissible

Velocity

Citation(s)

Fine colloidal sand I . A
Sandy loam (noncolloidal) 0.03-0.04 1.75 A
Aluvial sit (noncolloidal) 0.045 - 0.05 2 A
Sitty loam (noncollcidal) 0.045-0.05 175-225 A
Firm loam 0075 28 A
Fine gravals 0.075 2& A
Stft ciay 0.26 3-45 A F
Aluvial sit (colloidal) 0.26 375 A
Graded Icam Lo cobbies 0.38 05 A
Graded sifts to cobbles 043 4 A
Shales ard hardpan 0.67 i} A

GraveliCobhie 1-n 013 2K-5 A
2-n. 0.67 3=0 A
6-n. 20 4-15 A
12-in. 40 55-12 A

Vegetation Class A turt 37 6-3 E.N
Chss B turf 21 4-7 E,N
Class C urt 10 3t E. N
Long native grasses 12-17 4-3 G,H,L N
Short native and bunch grass 0.7-095 3-4 G.H.L.N
Reed plantings 0.106 NA E N
Hardwood tree plantings 041-25 NA E N

Tomporary Degradable RECPs  Jute not 045 1-25 E,H M
Straw with net 15-165 1—3 E.HM
Coconut fiber with net 225 ER | M
Fiberglass roving 200 25-7 E.H M

Nop-Degradable RECPs Unvagetated 300 5-T7 E.G.M
Partially established 4060 75-15 E,G.M
Fully vegetated 300 8-21 F.LLM

Riprap &=ln.idy 25 5-10 H
9-in.0Gs 38 i-n H
12 -in. dg 51 10-13 H
18-in.dp 76 12-16 H
24 -in. dy 101 14-18 E

Soff Bloengineerng Watlles 02-1.0 3 C.LJN
Reed fascine 0.6-1.25 5 E
Coir roll 3-5 8 E.MN
Vegetated coir mat 4-9 0.E E.M N
Live brush mattress (intial) 04-41 4 B,E |
Live brush mattress (grown) 39082 12 B,C,E, LN
Brush lay=ring (initialigrown) 04-625 12 E.ILN
Live fascine 125310 6-3 C.ELJ
Live willow stakes 210-3.10 3-10 E,N, O

Hard Surfacing Gabions 10 14-19 D
Concrote 12.5 >1§ H

"Ranges of values generally reflect muliple sources of daia or diferent tesiing conaitions

A Chang, H.H. (1983) F. Julien, P.Y_ (1935). K Spragie, C.J.(1999).

B. Flonineth. (1982) G. Kouwen, N_; Li, R. M.; and Simons, D.B., (1930). L Temple, D.M. (1980).

C. Gerstgraser, C. (100€). H. Norman, J. N. (1675). M. TXDOT (1606)

D. Goff, K_ (193¢%). 1. Schiecht, H. M. and R. Stem. (1993). N Data from Author (2001)

E Gray D.H..and Sotir, RB._ (193€). J. Scholisch, A. (1937). 0. USACE (1997).

ERDC TN-EMRRP SR2%

ischenich, C. 2001. Stability thresholds for stream restoration materials. ESMRRP

Technical Notes Collection (ERDC TN-EMRRP-SR-29). U.S. Army Engineer Research
and Development Center, Vicksburg, MS.
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Justification for varying
lower flow threshold can
be based on susceptibility
assessments

CEM il or IV
VERY
HIGH

e Function of composition
and condition of bed and
banks

e Vertical and lateral
assessments

e Bledsoe et al., 2010

LOwW
=Fully armored /
bedrock bank

stabilization in good

condition

avulsions

Fully confined, directly
connected to hillslope

VWi~ 1

Continuous Simulation Modeling — Flow Ranges

Labile Bed

= Sand-dominated gravels
*dsp < 16 mm

«No evidence of
chute formation /

BEDRESISTANCE

least resistant most resistant

Intermediate Bed
= Cobbles & gravels
=16 < dg; <128 mm
* Hardpan of uncertain strength

Coarse/Armored Bed
* Boulders & large cabbles

* g > 128 mm

« Continuous resistant bedrock
* Conlinuous concrete

% 7 LOW
Examine Risk

Factors
» armoring potential
= grade control
» proximity to incision/
braiding threshold

CEMI or I with grade
control absent, failing,
orspaced > 50 m
AND probability of

incising/braiding = 50% go to bed erodibility
checklists (1 and 2)
and incision/ braiding

diagram
LATERALLY ADJUSTABLE?.

Are lateral adjustmenis occurring?

no
‘Nong or fluvial only limited to bends and constrictions
All bank strata consolidated incluging toe?

yes no
Moderately or well-consolidated

Mass wasting or extensive fluvial
erosion or chiute cutoff formation

ForM s:Prosabisic b sy
Bank fieight
<10% logistic
fisk for angle
vertical | [ verucal
I'm m
<high || zhigh
Low |[ mep |[ mED |[HIGH
<2 | [vwsz || vwsz | [vwms 2

Modeling for Hydromodification

Vertical | | Vertical | | MED HIGH HIGH VERY |
rating rating Vert Vertical || Vertical HIGH
< high 2 high <high 2 high < high Vertical
2 high
LOwW MED MED || HIGH

A
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Continuous Simulation Modeling — Evaluation Criteria

0.0001 0.001 0.01 0.1 1 10
1 |
e EXiSEiNG
-1- 1 |
25%Q2 -===Developedw/ FDC
‘ HERI | ||| | ==—FlowBox L[4
' ~ = Flow Rate Diff
\
\ ‘ - 30
1000 | Flow Duration Control Box HILH
s f For flows ranging from 25%Q2 to Q10, | =
ﬁ project discharge rates and durations S el 6 i W 35.
o shall not deviate above existing rates and | | 20 £
a2 - durations by more than 10% over and more than | ™ | | | g
2 10% of the length of the flow duration curve N =
(a] | | | I | A \ -~ 3 (=]
i | ] ‘ i i ' I | | | ~ |
= i 1
[
\
| | ‘, [ o wg | | . !
~ /
# - | ‘ \
\
“\
100 1 — A 1 - — 1L 10
0.0001 0.001 0.01 0.1 1 10

PercentEqualled or Exceeded
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Continuous Simulation Modeling — Evaluation Criteria

Erosion Potential (EP) — n
index to assess impact of W = Z(Ti —1.)%- V; - At
i=1

increased flows on stream

stability e More time and data

e Based on bed mobility and intensive but perhaps more
integration of work realistic in terms of channel
(velocity and excess shear response
stress) e May result in higher

e EP= Wdev/Wex

discharge rates and

e Derived from hydraulic durations that FDC
modeling outputs matching — smaller onsite
measures

> cbec
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BAHM / SAHM

e San Francisco Bay Area, Sacramento Area

e Based on Western Washington Hydrology Model — HSPF
modeling platform (EPA)

e Location - local rainfall gauge, adjustment factors, soil
types, slope and land use

e Calculates pre- and post-project runoff based on CSM
e User select and size mitigation BMPs

e BAHM - bias towards FDC basins

e SAHM - greater variety for other treatments

& cbec Modeling for Hydromodification



. SAHM

File Edit View Help Summary Report
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- SAHM

File Edit View Help Summary Report
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Site Name
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& SAHM

File Edit View Help Summary Report
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Ele Edit Yiew Hep Summary Report
D & @ PasgdEl osddlE 0 00|

@7k ]

R Schematic

Subbosin Nome CEIRI ]
Surface Inteitlow Groundwater
Flows To: | 11 11 1

Area in Basin [™ Show Only Selected
Available Pervious Acres Available Impervious Acres
4|1 A Az(0-1%] o [~ Imperv FlaD-1%) [o
| EbespwnEE [0 I~ hpiodiizd 1[0
I~ EGestlecp?te ] [0 i T s e
[~ ABlasiStesp5% | [0 ! I opiEteeph5) | [0 -
[~ BEgicFR(0TE) ] [0 [~ PasPavewen | [0 ‘
[~ AAaicMod 1-2%] ][0

I~ AAgnc Sleec(2:6%) 1|0
r DVt o
[T (o |
[RTr T —
ST | —

LID Taokax

I BEraAzIiA%] ] o g
I~ BbesNed(i2) ] [0 i
Rl I |

Courtesy of:

Commecial Toclbox

Mowﬂmrln—-
Lo

Smx.yl I.mda,yl

= )

PenviousTotsd 0 dees
Iwpervious Towal 0 Acies
Earn Total 1] Acrer

‘ Sacramento Stormwater
~ Quality Partnership

Deseleci Zeic I SOIBG!BY:I— GO |

“ RBF Consulting

[3472013  [T037AM

Clear Creek Solutions

& cbec Modeling for Hydromodification

Water Boards




. SAHM
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- SAHM Example 1
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Trapezoidal and
pond

Vault

Tank

Gravel trench
Sand filter

Wetland, channel, flow
splitter elements

Bioretention/rain garden

Outlet structure
configurations

Infiltration specification

Be Edit Yios Heb SummaryReport

MasuENéssalE 0o

irregular
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Integrated Management Practices (IMPs)

) Allowable surface
Irrigated turf grass, pond depth,

Based on sizing factors for pees | FEEL
designing IMPs e e

Sizing factors — soil types, mean
annual precipitation

Top soil, 6”

% Gravel storage layer,
yy  depth variable

" Sand-peat layer, 18" min.

grate (assumed percolation
rate 3"- 4" per hour)
Ra ng e Of I M Ps Stormwater-__ "G Geotextile liner
outiet P " Perforated pipe,
‘é 3" or 4" diameter

“Location of

Based on HSPF - soil types, | s St
vegetation, land use, rainfall,

slope — |

Unit area (1-acre) of impervious ol AT = e ot i |
surface — flow duration modeled | 2 w0 \_

for each IMP ! 3::

IMPs sized for FDC matching for 00

X%Q2 to Q10 :

0.0001 0.001 0.01 0.1 1 10 100

Percent Time that Indicated Discharge was Equaled or Exceeded

Usually lot-scale LID facilities
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Where Are We Going?

Water Boards
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Data Requirements for CSM

HSPF, HEC-HMS - SMA, BAHM/SAHM, IMPs

Topo, soils, vegetation, land use, infiltration,
surface runoff, soil moisture, evapotranspiration,
percolation, interflow, groundwater

Project CSM — County specific HMP measures must
be specified

IMP, BAHM/SAHM - optimization routines to size
measures

Precipitation — 30-50 years if possible

ALERT system for individual counties (e.g., Sacramento
[http://www.sacflood.org/])

Western Region Climate Center (WRCC [http://www.wrcc.dri.edu/])
NOAA National Climatic Data Center (NCDC [http://www.ncdc.noaa.gov/])

California Irrigation Management Information System (CIMIS
[http://wwwcimis.water.ca.gov/])

Modeling for Hydromodification



Data Requirements for CSM

Simulation time step — sub hourly time step preferred — time of
concentration <1 hour for small sites

e Can produce large amounts of model output

step

I\\-
> cbec

Possible to bias the results in favor of developed condition — under
sampling of flashier and larger developed flows under hourly time

300

250

200

Discharge (cfs)
=1
w1
(=]

100

— Existing

====Developed
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Hydrologic model calibration and validation

Soil characteristics, land use, evapotranspiration (ET) derived
from published data (soil survey, local studies, county
standards, etc.)

Compare modeled to measured or observed flows for
overlapping periods where adequate precip, ET and flow data

With paucity of data — neighboring/regional watersheds

Last resort — calibration not possible — general review and
comparison of CSM to standardized event-based approaches
(hydrograph shapes, Annual Maximum Series, etc) — reality
checks

Consistency with local standards and methodologies
Example — SacCalc (HEC-1) conversion to HEC-HMS-SMA




Data Requirements for CSM

e Hydraulic models

e Needed where hydraulic routing is important — for EP or
instream measures

e Low flows are problematic — HEC-RAS struggles — MIKE 11
much better

e Consider carefully topo sources — LiDAR vs ground based
e Channel transitions and bank markers

e Manning’s n

e Selection of compliance points to represent reach and

capture flow changes (downstream of points of discharge
and not in backwaters)
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Data Requirements for CSM
e General Tips

e Truncate precip record to rainy seasons to reduce simulation
time (especially in ephemeral systems)

e Hourly precip does not limit CSM from running at sub-hourly
timestep

e Subwatersheds can be substantially smaller in developed
rather than undeveloped condition. Can skew results —
flashier in smaller subs — optimize existing and developed sub
sizing for more meaningful comparisons
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Happy to talk!
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