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Background

e Funded in 2009 under EPA 2100 Grant for $30k and
managed by SFEP

® Project Goals:

e Update original Leopold curve for SF Bay Area for
Marin and Sonoma for area/width/depth

 Assess major factors (i.e. precip, geology, %
urbanization) impact channels

e Collected and analyzed 58 data points
® Phase I report analyzes for several variables

e [Hopefully] a Phase II to further stratify and analyze
data
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The Virtual Luna Leopold Project

On February 23, 2006, Luna Leopold died at the age of 90. Luna was a vital force, a man of extraordinary creativity and originality, whose passion about science and the natural world permeated all he did. He wrote with a clarity, simplicity, and
insightfulness that inspired generations of researchers. Nearly all of Luna’s papers precede the time when publishing houses make pdf’s available. In order to avoid Luna’s seminal papers becoming “classics™ (papers often cited but never read), we have
eated a web page where the majority of Luna’s papers have been scanned and made available on line as pdf's  Luna assisted with this work_ reviewing the publication list and helping us find originals of papers.
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Quantitative measurement of some of the hydraulic

Sactors that help to determine the shape of natural
stream channels: depth, width, velocity, and sus-
pended lvad, and how they vary with discharge as
simple power functions. Their interrelations are
described by the term “hydraulic geomerry.’

For sale by the Superintendent of Documents, U.S. Government Printing Office
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Major Downstream Irends
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Bankfull or Effective Flow

Maximum sediment
transport occurs at

For alluvial rivers - relatively high-frequency,
“author of their low-magnitude events.
own geometry”

“The flow that
over tlH?e. fO.I’ITlS A = Transport Rate
the equilibrium = BRG]

C = Product
channel
dimensions”

~ 1.5 yr RI flow

Must be found
from “bankfull”
indicators 1n flEld Applied Stress (i.e., Discharge)




Hydraulic Geometry and Creek
Restoration

Channel parameters described with power

functions using Q) as the sole independent
variable: BFw =aQP BFd =cQf BFv=kQm™m

therefore... a*c*k=1 and b+f+m =1 (continuity)

An important design tool used in many restoration
project designs — regional curves are plots of
“stable” or “equilibrium” sites

Plots of field sites are “regional curves”
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A. San Francisco Bay Region (@ 30” annual precip.).
B. Eastern United States.
C. Upper Green River, Wyoming (Dunne and Leopold, 1978).
. D. Upper Salmon River, Idaho (Emmett, 1975). —
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1978 - One curve for
SF Bay Region at 30"
MAP (curve A)

Data points not
plotted

Assumed 1.5 RI and
plotted A, W and D
from gaging records
at USGS gage sites

Best done as local
dataset like i-d-f
curves (our project)



Finding bankfull elev...textbooks

STEPS: 1. Obtain a ROD READING for an Elevation at the "MAX DEPTH" Location.

o . 2. Obtain 2 ROD READING for an Elevation at the "BANKFULL STAGE" Location.
o Flndlng 3. Subtract the "Step 2" reading from the "Step 1" reading to obtain a "MAX DEPTH"
value; then multiply the Max. Depth Value times 2 for the "2x MAX. DEPTH" Value. :
b 1 f 11 4. Subract the "2x Max. Depth” value from the "Step 1 Rod Reading” for the
a n ( u FLOOD-PRONE AREA Location Rod Reading. Move the rod upslope, online with the

cross-section, until 2 Rod Reading for the Flood-Prone Area Location is obtained.

elevation is not fameors oo

always easy

e A depositional
feature not
always present

e Most Bay Area
streams are
. . . between the two "FPA" locations.
11N C1S1 ng 6. Determine the DISTANCE between the two BANKFULL Stage locations.

7. Divide the "FPA" WIDTH by the "BANKFULL" WIDTH to calculate the
ENTRENCHMENT RATIO.

e Semi-arid
regions?
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Lane’s Balance

Sed iment Size

Sediment & Stream
Load R ivcharge




ustments in the Fluvial System
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Hydraulic Geometry: A
Geomorphic Design
Tool for Tidal Marsh
Channel Evolution in
Wetland Restoration
Projects

Philip B. Williams!+
Michelle K. Orr!
Nicholas J. Garrity!

Abstract

Empirical hydraulic geometry relationships for tidal
marsh channels are a practical geomorphically based
design tool that can assist in the planning of tidal wet-
land restoration projects. This study provides hydrau-
lic geometry relationships for predicting the depth,
width, and cross-sectional area of mature tidal chan-
nels as functions of contributing marsh area or tidal
prism. The relationships are based on data from San
Francisco Bay coastal salt marshes ranging in size
from 2 to 5,700 ha. These hydraulic geometry relation-
ships refine and expand on earlier relationships. Rela-
tionships for mature marshes can be used to predict
the direction and rate of evolution of a channel in an
immature or perturbed marsh system. Channel evolu-
tion data for three youthful tidal channels, ages 4 to 13
years, suggest that the channels are converging on
their predicted equilibrium morphology. Two chan-
nels are eroding in response to significant increases in
upstream tidal prism. They have enlarged first by deep-
ening, in one case after 13 years to beyond the pre-
dicted equilibrium depth, and then widening through
slumping of the channel banks. The third channel, a
new one forming in a depositional mudflat, is converg-

ing on its equilibrium morphology after 13 years but
will likely take several decades to equilibrate.

Key words: hydraulic geometry, restoration, salt marsh,
San Francisco Bay, tidal channel.

Introduction

S ince at least the 17th century observers have noted
how the depth and width of tidal marsh channels
are affected by anthropogenic alterations in the upstream
tidal prism or volume of water exchanged upstream of a
point during a tidal cycle. This understanding was stated
perceptively in 1637 by ship owners in the town of Cley
in Norfolk, England, who were petitioning to have newly
installed dikes on tidal marshes upstream of the shipping
channel in their harbor removed.

The banke of earth . . . taketh away . . . the indraught of wa-
ter 80 rodds and upwards in breadth and one myle at least
in length [an area larger than 65 ha] . . . so that what sylt or
mudd the flood tide bringeth in doth settle and remaine in
the navigable channel . . . through want of the ebb tide
which formely overflowed the aforesaid 80 rodds of
ground in breadth and one myle in length (Cozens-Hardy
1927).

Intrinsic in this description is a concept that there is an
equilibrium form of a tidal channel for a given-sized marsh
with a particular tidal range within an estuary that is rela-
tively stable over long periods of time. This form is the ex-
pression of a dynamic equilibrium between erosional and
depositional processes.

It was not until the 1960s that scientists (Myrick & Le-
opold 1963) attempted to systematize an understanding
of the relationship between tidal flows and channel ge-
ometry of tidal marsh channels using equations of hy-
draulic geometry, as had been done for alluvial rivers
and canals 30 years before. These equations relate chan-
nel cross-sectional geometry to discharge according to
the power functions: W = aQ", D= ch, and v = kQ™,
where W is the width, Q is the characteristic discharge,
D is the average depth, and v is the characteristic veloc-
ity. By continuity of flow the sum of the constants a, c,
and k and the sum of the exponents b, f, and m are both
equal to 1. Various researchers have measured flow and
channel cross-sectional parameters and then calculated
the exponential parameters for downstream changes in

hydraulic geometry. (See Allen 2000 for a succinct de-
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http://wmc.ar.nrcs.usda.gov/technical/HHSWR/Geomorphic/index.html
http://wmc.ar.nrcs.usda.gov/technical/HHSWR/Geomorphic/index.html

af e ' e oo (AT SIS
Walke: Creck at / 7 : o 1Antonio CreeggiigaHv:! 1011
of,San Antoniétck\ £
= N g

S A0S

. A “‘
AN ‘{‘ £
3 ‘)"‘gg!leck Creek
5 R o , ' ., i .
i ‘.“ Nicasio Creek at Ni%a
ok . »

%ﬁ.ﬁ’, v =Y

B = . :Sleepy@gi}low;(?;sfﬂ ad}uard Site
@ Sleepy Hollow/Creek/Mainstem
r "{gb. §’|‘¢3 Hollow Creek:RBITri i
LY Chi'rmnﬁé
na Cam

-
. Corte MaderaiCre
ROss Gauge'

1:155,000

Figure 1: Location of Marin County Survey Sites




Sonoma County Sites
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Figure 2: Location of Sonoma County Survey Sites




Data Collection and Analysis

Cross Section Upstream Carriger Xsec

Multiple Field Parameters

2011 Cariner Creek Unner Fan Cross Section at Station 20 405’

— 2011 Carriger Creek Longitudinal Profile near Upper Cross Section at Station 20,405'
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Results...

Over 20 different graphs and tables in the report
Showing only a few today

New analysis of the required floodplain width and
channelized network length



Slope and DA Frequency Plots

Frequency Distribution of Field Sites
by Channel Slope Class

<1 mi

%]

Frequency Distribution of Field Sites
by Drainage Area Class

1-5mi2

5-10 mi2

10-20 mi2 20-30 mi2 40-51 mi2

14 sites > 3%
slope - fills in
data gap for
steeper streams

Fills in data gap
for smaller
Streams



Dominant Geomorphic Setting

Frequency Distribution of Field Sites
by Dominant Geomorphic Type

Type 2 Type 3 Type 4 Type 5

* Active alluvial fans most problematic

Type 6

M Total

Types
1. Wide alluvial valley

2. Narrow predominantly
alluvial valley

3. Moderately wide alluvial
valley

4. Alluvial fan*

5. Narrow, predominantly
colluvial valley or canyon

6. Steep, mostly bedrock
confined canyon

7. Plain, often uplands
transitional to tidelands



Rosgen Classification

Frequency Distribution of Field Sites
by Rosgen Stream Class

(with some modification for Bay Area)

A3 A4 B3a B3c B4 Bd4a Bd4c C3b C4 E3b E4 E4b F3 F3b F4 G4c N/A

m Total




USGS Gage Sites

' Bankfull Discharge| Reservoir | ApPProximate
RS & ecurrence
cfs$ Upstream | y,¢arval (years)

Corte Madera Creek at
Ross Gage Site 11460000

Lagunitas Creek at
Samuel P. Taylor Park,
Gage Site 1146400

Novato Creek at Novato,
Gage Site 11459500

Sonoma Creek at Agua
Caliente,
Gage Site 11458500

Walker Creek near
Marshall,
Gage Site 11460750

[Note: Recurrence intervals were determined from a flood frequency analysis of Peak Annual flows from USGS data.




Bankfull Flow versus Drainage Area

Bankfull Flow versus Drainage Area
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Regional Curve — X-Sectional Area

Bankfull Cross-Sectional Area versus Drainage Area

' = = = Leopold curve
L y = 13.292,08838
R? = 0.95793 ®  Field Sites
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Regional Curve — Bankfull Width

Bankfull Width Versus Drainage Area
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Regional Curve — Bankfull Depth

Bankfull Depth versus Drainage Area

y = 1.0195x0367
R? = 0.92607
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Regional Curve — Flood-Prone Width (all points)

Floodprone Width Versus Drainage Area for All Data including Unstable
Rosgen Stream Classes F and G
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Regional Curve — Flood-Prone Width

Floodprone Width Versus Drainage Area for Relatively Stable Channels
with Rosgen Stream Classes F and G Channels Removed from Plot

Yy = 260840541
R? = 0.87057

£
=
-]
=
g
E
£
£




Degree of Channelization

Upstream Drainage Network Length versus Bankfull Discharge
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Manning's n by Rosgen Stream Type
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A3 A4 B3a B3c Bd4a B4 B4c C3b C4 E3b E4 E4b F3b F3 F4 G4c
Rosgen Channel Type

s Max mmm Min - =Average

Note: Many ways to calculate n values (only one way shown here). Further
explored in Phase II




Mean velocity versus DA

Mean Velocity versus Drainage Area

Yy = 4,061 901505
R?=0.67511

Mean Velodty (ft/s)

1.00
Drainage Area(mif)




Limitations and Controversies

Applicable to arid and semi-arid region?

Two scales of morphologic events?

What is stable?

Process versus Form debate — The “Rosgen wars”

Regional curves are a design tool not a design end -
must understand the current system and history!

o Sediment inputs
o Upstream diversions
o Land use changes

o Drivers of instability



Application 1 - Creek Restoration

Boyle Park Restoration

Design

Bankfull Depth (ft)

Design Parameter

Channel Width

Depth

Cross Sectional Area

1 10
Drainage Area (mi?)

DA = 0.0375 square miles

Id Sites)



Curves and LID Design

Curves can inform current LID

limitations: In practice, LID design often
o Need to differentiate results in a “dam” hydrology, i.e.
geomorphic conditions within reduction of peak flow, increase
receiving channels. in recession flow and removal of

o sediment supply -limited and coarse sediment

transport-limited stream

regimes After urbanization
—— without detention

o recognize scour as a natural and basins

important part of stream
function (buildup of fines and a
loss of new riparian vegetation

o ignores the geomorphic °"
importance of larger magnitude
events in channel morphology
and ecosystem health especially
in semi-arid areas

Controlled outflow
from detention basin
or flood-control
reservoir
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FromASCE LID  The Bay Area Regional Curves Project:
Fluvial Geomorphology and LID Design

Roger Leventhal, P.E. FarWest Restoration Engineering
Laurel Collins, Watershed Sciences

conference in
SF 2010

Ragonal Curses and Hydessbc Gearwiy Data fo Support LD Deslgr

Tha poster preaanty B 3533 of an 9o-goang e pey ofort
g in X068 and Aeded by e EPA frough he Son Fanceco
Exhuiry Pramet ks dewdop & s of dagond curms of
frycepic geormetry [Bakdd welh depth and o sectoes
wval b wywas ‘stable” storws sTand e flyy Ay The omed
00 riomnce CONSEONS M wariius Shbio S0 hpes has deen
Sertiad @ b raagr seid # LID Ssgn by e Shla

ARnsouch e prpect ks prvrfy mierded 10 b peaade 432 by
00 anne! resation deson. he Bay Aed Carves pooyact
ks Sovcty webh ey U0 demgn oy e regoourserts iz
rararre rwgedoe dvsekpreed rouch I o Ceeks o s
Caees, 3-oiream rocicatons cderifed a5 s part of LU desgn
reguie elorraton on sisble charvel chascmastion, yel fas
WRATENON 1 SAHGINE  OACEG M Jerndy M ey b

Tha Bay Ao Ropional Curves Sraedt began 1 2008 and Te
S phmas will 30 covpiuiegl @ 2010 The propect corekety
ERCE S QOMOERC Sarveps 2 ales at e as egultreay as
possie A wrnty of doly 1 colecid 1 doed whether wi0s Can e
“ﬁdnm Farkall, of 5wt (aChs 12 Yoee

dremmn -y WO Wee adex
mmmmm;mmmuwm
TANper

lasims with LID Dewgn and Geararphaiogy

Cumert L) pracscn coeent 3 Sarertats etasen o prorceine
QOB Wi B Crek trpes o re0e W) Chany s

» Caveet LD iage guithelrnd coe | A8srdats Dibaien
worwnt 2290y S1dad 35 Yarapon eded 33T MegeNs
7 LD Siagr Gudiiiis do not Srentuds by P pioexnphe
Fhreaces Dotanon e

#Scax w8 rebasl axd egrel pat of sisan Aecice e
o Do 100 iy 50 LID appesaches. AINOUE ST SO0
e mpesance 3 uriewg of Inoe andl 3 s of new rpeean
vegelidon - rrpatat swen Lrckors

#The 1ocas 0a smader shorm esenty ) 0. es the 2 yean),
Atough sgaicas! e bardfuld o turrsh g e
QUOMKIPAE IMporance of Krper magrdade ewords i CAIYRl
mophology e Ao RN MORE repaciiy o saTe Y] peow
FEPQUCAly 0iratd SIromiks (0.0 Omeesioniies otead
stew siees vales) ae pressted 2 comtwts aoTes 3
e fypes wiher Pt i veeaied Sigurdeg on svesd
R0 ) o, ONCH shod! STR%S Can vty greedy|

»Ovirzie ol ocharnl Selirdon ponds (emoves taes
grawed sedmorts whide slowng o 00 granwd sodreees
mom creToel amccand vt pod 2ws 1 fow draonee

e pexcton, LD desgn S
often el i 8l ! _—
hysology (o idackn ot | e
peak foa. rowone N : —
rvoeiset fow axd rerend -
of oo sedment =

Ragan curma we susartady pon 3f steam charrel tamdydl
Poamreien poted a0l A aeae ded Thess ouves wire
crgrady dwvekped by Lens Lecpokd snd b the Sman ol $e
redsw chaned desgn appeach

W owaQ®

d e

v-‘Q’"

s v = Dkl i o 2 Denbd dep v 3 ek veloedy

@ At duchape sew's o A e coastars that refiect
hoce! Bacouss O & 2 pooduct of wiv > Q = Ja0) (004 M0 o
G o nct G belom Thasslow ack wred belors pumi« ¥
Eqpoeans and cosstas chas)s wilh 'ooston danade charas
properies bnd dachint condiuen

The oragh below presorts eorly resslts of 0 ocal mgonal ouwve
ot BarkhA cone pectorny aew serngs drarage e by swoia
By Avva sbodens. Dt for B ot 1 Baied wpon fald
racIDn ¥ 3 b regional level Uredely he penmct poal & %
Sewkop ngona crms on 8 sewly of chansed byes ard use
Vel Gk AESECal 3y 10 SAMTENS [Ny CONNS
wooare chamnl roahokogy I vivious Bay Ay yoeams

et e e AL ey

Day Acea Regioral Carves Progpct -

Cor roect & calloctng Cs on muliple Sttt facion at = taw
- mpect on cwek mosphciogy For sach ewy colincion oo, e
Wowng pacameteny wil e reanired of sk aned, wheo poesbis
o yaokod soparuly & 8 Gatabecs The godl & 10 Lse PuBwodald
SH0N Iraren ' Gasins TN Condod (6 OO onib gy

O Efoctve saige wae DA ofY - it Srwnige eme rerastind
by Sracy cowachd rparvoa e

O Extrwis of Ans thal ot Sodwerd S - ponded & poed
caeack wuam wvoll 5e oramve seee bt pact astershad
wamer! Bgeh Aacson

O Dramage rewort vgt

O Bod sodvece! s2es DENDEL)

O Cumrer gadest

U Flood srone wei® wet: cepth ey, e searcheard rulo.
O Raghresficion leckrfarmarg s 4

o Ve rnus sooptaien

< Rk strongth st

O Domieart wogetaton asortige

O Mordonce, 52 and nfuosce of arge woody deden

O Presens of upebony Oversirs 380 Seddons ponch. O
Bl ncion s sedeed reiorion Sawrs)

O Lyl gecogy

O Suay scpe-tumge one podd

J D2 ropacon

J Doresrt proropiec settng . ¢ shatl tyn, swron shusted

Beyong Tradtioral R

Ernce 3 N Egstteen Qwren > Orgd a b
TR 1 Wikt Of ANONg Mgl Curvs i b wella
etrods cawvel mophology 1 woknes ol have Seen Mered
Sy andvan roddcdon \We hege 1o corwlite resssve
ONee! MaphoUgy PUATEX adanyt Alaod Yarage s
[y dwwiopag conwiations bebanen aroes oo sch m
Whch i diruge drnis of oo of reduied sedawrd sy o
205000 we hope T 295095 Jeormarphic chansl Changes o
LD debarton bomery o pradc kowee peat Sown, g
SCaasion fows 4ad reduced Coasse Dudioed (e dary
redvigr)

e 5 L AN dis A6.H5

Tho Sy Area Cerves Paogact wil Do 2ssessing il regioss curves
3 3t weh pradcatoe i fw gaarmarhe chaw dorges
Ludad O OMNQes I Mow ind dediewrd oud

§il|uu

A 200maphic Survrys and 1ol Denves of Typdnasic
promety can pavade B ISSoang rioTRIton that o been
riied a8 be ool bs prsper LD diage

* Proade shiths chened nierescs Seigy i arakin
(harihil wath, deofh wew, 2ipe) ke 3 varely of syvam
o over & raege of neseded coaddorn

* Dveiops cormtations of gaan xiw by shdde oy by
o o Sor back colculadon of artcal shoor siess ke
Diried oo ey irived sabais by ksgey

¥ Ao kx avbyea ol sdspded cwk maytokgy
changes dun % erglementation of LID desgn

¥ Pypacen 3 dxs bame 10 urvierstand e comghex
corwddons betves & veeedy of fackas sed Coed
mophokgy

Corcleniara ang Nex! Slegn

T By Avea Fgens Curms Propec! can srowds useld ond
rportant oty 10 LID desigaers and ofdars asessag charmel
coadtora In-dew e oropct han colecse dats o
oty 57 5008 o Mare and Sorcea Courdes ard
oapacts 1o have of least 100 shes = ofer solocked Bay e
wabershach (goe corpieion Thw deta v be arwiyond ot
CoRN0 270 1008 Al 1 CN0H RAXB0Y RIgNS
Brough SFEP arel he RWOCH

Contact inlormation

Roger Leventhal Laured Collins

11 Camwoict Cont 1129 Fresm Avenso
Keminghon, Cadomia 34707 Badosley CABNY

T 5906432798 x 2 T WS04

E ' noget e tvbSgred <o E tarvpeoedooreont

W ettty hank D E78 and NS Judly Kadly of 0w S
Franonco EXuary Pamrenhp %6 fed Qaneedss spqon
b P prowet We st harks Are flbwy of e RRCCE
b S S0t and gadance. Firady Pyfessor B Detch
of UGE f%or b sagoeetone tn e dya colecton and
mager eed

hub You!




San Francisco Estuary Institute-
Statewide Riparian Buffer Width Tool

In-progress with State
of Ca agencies DFW,
RWQCUCB others

Create a Web‘baSEd —50ﬂm'ulfare that includes the commnl}n clolded

tool to Set buffer Hillslope :;;t:loezs that may be needed by individual
o o o — Pre-processing of layers and attributes to

widths for riparian é e

. \ /
funCthn ’ Modules
. . \ —Software developed to determine a
USlng reglonal Curves :T::'; \ C::‘:lm riparian width b:sed on appropriate data

inputs using process-related calculations

for hYdrOIOgiC —1|Dutput5 an module-specific individual GIS
. ayer
connection module

(uses our curves for SF
North Bay)

Riparian Mapping Tool
Modular Structure
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Next Steps

Looking for Phase II funding to:
e Perform more field survey at focus sites
e Statistical data analysis and segregation

® Look for riparian signature on floodplain (part of
SFEI team) - focus on required floodplain width

e Assess water quality impacts of sediment
production from channel erosion

® Prepare a formal methods and procedures
guidance document

e Publish findings and prepare presentations of
findings and use regional curves for creek
restoration design and watershed analyses



Big Thanks To...

* Judy Kelly, Jennifer Krebs, Paula Trigueros and James
Muller of SFEP

~ Luisa Valiela of the EPA
~ A.L. Riley of the RWQCB



