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1.0 INTRODUCTION

This project report presents the results of a multi  -year effort to develop regional

design curves of hydraulic channel eb®emetry (0r
streams in Marin and Sonoma Counties in the San Francisco Bay Area. The

project was funded in part by the US EPA under the Estuary 2100 program grant

through the San Francisco Estuary Partnership (SFEP). Through this project , we

have performed geomor phic field surveys at 45 sites in Marin and Sonoma

Counties to develop a series of plots of hydraulic geometry dimensions of cross -

section al area, width , and depth at what was identified from field surveys as the

possible cha nnel stage associated with the  discharge that tends to maintain stable

channel geometry. Rivers develop in a stochastic, heterogeneous world of varying

local conditions and widely ranging inputs of water and sediment. Despite this

they develop a persistent morphology in which channel ge ometry (width and mean

depth) is on the average relatively stable. In alluvial valleys there is a central

tendency of stable streams to form a floodplain bench. Although the term that

defines the flow that maintains stable channel geometry could be associa ted with
obankfull flowd6 and/ or oeffective dischargeodo, w
to represent the discharge stage and hydraulic geometry associated with the

formation of a floodplain bench identified in the field.

This report presents the re  sults of the first phase of data analysis covered under
this grant that satisfies (and in fact exceeds) the requirements of the original EPA

grant that partially funded this study. These requirements include regional curve

plots of bankfull width, depth an d cross -sectional area as a function of drainage
area. In addition, to these plots, we have included several other plots of various

data parameters along with our initial interpretation of the results. Subsequent

phases of data analysis will include a more in -depth stratification and analysis of
the data to look for statistically meaningful correlations of other watershed and
channel data parameters to provide greater insi
stable channel geometry. This next phase of data a nalysis will depend upon future
funding but will include statistical analyses of the influences of upstream channel
network length, precipitation, geology, Rosgen Stream Class, and geomorphic

setting.

1.1  Background to Bankfull Channel Dimensions

The concept of stable or dbankfull 6flow and dimension is based upon observations
and measurements that  natural stream channels are cre  ated and maintained by
moderate, frequent flow events  because these events move the most sediment over
time and thus do the most wo  rk to form the creek channel dimensions (i.e. width,
depth, area and planform) . These flow events were defined by Dunne and Leopold
( 1 9 7 8he banldull stage corresponds to the discharge at which channel
maintenance is the most effective, that is, the di scharge at which moving sediment,
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forming or removing bars, forming or changing bends and meanders, and generally
doing work that results in the average morphologic char acteristics of channels . 0

As measured in the field , bankfull stage defines the bounda  ry between the active
channel and its floodplain. Over the long  -term, bankfull flow carries the bulk of
the systems sediment supply and forms the equilibrium channel dimensions in
alluvial channels (i.e. channel free to adjust their bed and banks). The ban kfull
flow is commonly associated with recurrence intervals between 1.2 and 1.8 years.
Lesser discharges occur more often but lack the shear forces to move enough
sediment over time to define the channel morphology and higher flood flows may

have greater s tream power to move sediment, yet they do not occur with sufficient
frequency to define and maintain channel geometry.

The floodplain feature , when one is present, is a relatively flat bench or plain at the
level of bankfull that  carries floods, which a re flows that exceed bankfull stage.
Higher alluvial benches above the floodplain elevation, referred to as terraces, are
abandoned floodplains. Some terraces may still be floodprone while others are not.
When a floodplain is present,  energy of the flood i s dissipated as water and
sediment are spread across the feature. When one is not present, flood flows

remain confined and consequently, larger shear forces arise along the channel
boundary (bed and banks) and there is a greater probability of stream erosi on and
increased bedload transport. Channel stability represents the central tendency of a
channel to maintain its bankfull cross sectional area (bankfull width times mean
bankfull depth) and its floodplain. Although it may laterally migrate, a stable

chan nel in an alluvial valley will transport its water and sediment load and develop
pattern and profile that maintains bankfull cross sectional area without

abandoning its floodplain.

Bankfull discharge is the flow commonly used for restoration design (Figure 1). In
stable channels it is very close to or very slightly smaller than ceffective discharge 6
which is the flow responsible for  mobiliz ing most all the sediment load. We expect
that as a channel become more entrenched as it is incising, effective disch arge
becomes increasingly closer to bankfull flow. Although stream systems are not
static over time, they can be in  quasi -equilibrium stable condition within a time
frame of importance to human activity. The importance of bankfull flow has been

well recogn ized since the 1960s and verified through numerous field and academic
studies. Figure 2 s hows a natural river just below the bankfull stage. Figure 3

shows the schematic cross -section showing bankfull stage and floodprone area.

Bankfull dimensions of as table channel reflect the conditions of local rainfall,

geology, sediment load, vegetation, and hydrology. Stable channels develop a
configuration that is considered to be in equilibrium with their water and
sediment supply, however changes in one of these parameters or in the

vegetation conditions along the banks or supply of large woody debris can
initiate a cycle of instability and adjustment that results in floodplain




abandonment. In the San Francisco Bay Area many channels have adjusted to
legacy and m odern land use practices by increasing their peak flows, incising

their streambeds, and abandoning their floodplains. Incised alluvial channels

have a central tendency to form a new inner bench floodplain within their

terrace banks. During large floods, su ch incised natural channels will generally
not achieve long -term stability until sufficient floodprone width (above the level

of the floodplain) has been gained through terrace and bank erosion. Although
different definitions of floodprone width are possib le, the definition used here is
the quantitative expression used by Rosgen (1996): the width measured at

twice the maximum bankfull depth

An additional channel metric that is important to understand when evaluating
channel stability is the entrenchment ra tio. It is the ratio of floodprone width to
bankfull width. It is used as by Rosgen in his Stream Classification System
where channel s that are slightly entrenched have an entrenchment ratio of 2.2,
moderately entrenched have a ratio of 1.4 to 2.2, and hig hly entrenched
channels have a ratio less than 1.4 (Rosgen, 1996). Rosgen considers that

highly entrenched channels on valley floors with stream gradients less than 4

percent tend to be unstable. These channel types are called F and G channels
depending pr imarily upon their entrenchment ratio and width/depth ratios. A
graphic example of the Rosgen Stream Classification system is located in the
Appendix B.

It is important to note that an incised channel is not necessarily highly
entrenched or unstable. A ¢ hannel can be deeply incised into its valley floor but
still have developed sufficient floodprone and bankfull width to attain stability.

Within incised channel s, the inner floodplain bench may only be a relatively short -

term feature until sufficient adju stments in hydraulic geometry have been

achieved to create a broad enough o0fl oodprone w
without continued adjustment. This is why the floodprone width, not just bankfull

width, is an essential design parameter for stream res toration. There may also by

cycles of channel adjustment due to episodic events of very high recurrence

interval floods that exceed the elevation of floodprone width, such as from EI Nino

events, or have very high sediment loading from landslide producing storms. The

amount of time required for a channel to attain stability , Where a very large flood

wondt cause a change in cross sectional area or
considerable , inthe tens to hundreds of years. Given current influences of lan d

use impacts and a changing climatic regime, we suggest that floodprone width

should be considered in all restoration and channel stability evaluation S.
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1
Bankfull discharge ~ —p i I «— effective discharge

2

Discharge

Figure 1: Graph of f lood frequency and sediment discharge showing
effective and bankfull discharge. From Wolman and Miller, 1960.

Figure 2: A natural river at bankfull flow.




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

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.

4. Subtract the "2x Max. Depth" value from the "Step 1 Rod Reading" for the
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.

l_ SURVEYOR'S ROD

+—FLOOD-PRONE AREA

{ ‘;E_AMKF_ungJA_qL—i@ 5
MAX DEPTH

O e T o e e g .-

5. Mark the Flood-Prone Area locations on each bank. Measure the DISTANCE
between the two "FPA" locations.

6. Determine the DISTANCE between the two BANKFULL Stage locations.

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

Figure 3: Schematic cross -section of a river showing bankfull depth (from Rosgen 1996)

1.2 Background to Hydraulic Geometry and Regional Curve Analysis

Consistent and accurate identification of bankfull stage in the field is an

im portant

tool for managers, land owner s, and stream practitioners  involved in restoration

design and bank stabilization projects. It was therefore the primary focu
field study. Regional curves are a power law curve fit for plots of measured
estimates of bankfull width, depth, cross sectional area, and often discharge

s of this

plotted against drainage area. Drainage area can be easily measured from maps to

predict on e or more of these parameters.

Figure 4 shows an example of hydraulic geometry curves for various western
regions including the San Francisco Bay Area curve developed by Dunne and
Leopold (1978). Dr. Leopold and his collaborators developed and published
regional curve data in the 1960s and 1970s for a variety of locations around the
United States. Regional curve plots for bankfull flow, width, depth and cross
sectional area were plotted against drainage area for several locations including

the San Francis co Bay Area curve for 30 -inches of rainfall. Figure 4 indicates that

variations in stable channel dimensions exist regionally, but because we cannot

see the data points it is not possible to view the range of variation of local streams

forasingleregion. Leopol dds single Bay Area
scatter of data about the trend line or stratify the data to account for the wide

regional

Cc

u

r
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variability in rainfall and geology. For the original Leopold expression of hydraulic
geometry sees Appendix A.

Based upon some original data tables that Leopold used for developing several

curves we have been able to determine that his technique for determining bankfull
parameters was based upon flood frequency analyses of USGS gage sites and not
based upon field s urveys of floodplain benches. It appears that for the San
Francisco Bay Area regional curve, Dr. Leopold selected the 1.5 year recurrence
interval to establish  the expected bankfull discharge and hydraulic geometry
parameters . Our approach differed intha twe developed our regional curves based
on determining bankfull parameters from field surveys . We believe this to be a
better approach for developing regional curves intended for use in creek
restoration design project s that rely on bankfull geometry rath  er th an on flood
frequency estimates. We also expect that field conditions should reflect possible
changes in discharge that have been brought about by legacy and modern land

use practices. We do not know which specific streams or how many sites were
used by Leopold , but the label on his  curve is for an average rainfall of 30 inches.
From reviewing the data tables we surmise that 30 inches was the average amount
from all the gage sites he analyzed.

Regional curves are central to the ecological restoration design process, as well as
sustainable channel management. A number of approaches to creek assessment
and restoration design have been developed that utilize regional curves as integral
to channel design to foster natural creek functions that provide for s table and
therefore relatively sustainable sediment transport, flood conveyance, aquatic

habitat, and riparian development . The regional design curves provided under this
project provide hydraulic geometry design curves from channels that were sought

to re present a variety of field conditions. Although not all channels had stable

sites, an effort was made to seek reaches with the least amount of active erosion

and perform enough reconnaissance to identify various bankfull stage indicators
representing the f loodplain bench or its incipient formation. Identifying inner
floodplain benches within unstable channels is challenging at the best, but with

regional curves as an additional tool, we believe that this information will help

guide other engineers, geomorph  ologists, landscape architects and planners
involved in creek restoration design or stream network analyses. We additionally
used the Rosgen Stream Classification system , described in applied River
Morphology (Rosgen, 1996) , to identify the stream stabilit  y classes of our survey
sites . This information provides an independent but additional evaluation tool to

assess the status of the sites that we used to construct the regional curves.

10
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drainage area (reprinted from Rosgen 1996). The San Francisco Bay Area curve is shown
as line A'in blue.
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In our experience, m any poorly functioning or failed restoration projects are

caused by failure to build appropriate channel dimensions, especially for both the
bankfull and floodprone width. Floodprone width might be one of the most
overlooked co mponents in hydraulic geometry analys es and restoration design.
Poor choices in channel dimensions in the design of restoration projects can lead
to a cycle of unanticipated channel adjustments that can lead to landscape

instability, costly repairs, and pr oblems of excessive sedimentation or erosion, as
well as diminished water quality and aquatic habitat. By focusing data collection

in two counties with similar hydro -geomorphic provinces, this project attempts to
expand and improve upon the original San Fr ancisco Bay Area Regional Curve
developed by Dr. Luna Leopold prior to the 1970s.

Regional curves are being developed around the country. Examples of other areas
conducting regional curves projects can be found at the NRCS website:
http://wmc.ar.nrcs.usda.gov/technical/HHSWR/Geomorphic/index.html

1.3  Study Limitations

The bankfull regional curves presented in this report are applicable to the field
identification of bankfull geometry and discharge in non  -tidal reaches of streams
within Marin and Sonoma Counties. The impacts of urbanization and land -use
activities over the last two centuries have altered the natural geometry and

channel equilibrium in many of these streams. In deed, most of the channels
located at USGS stream gage sites have water impoundments and diversion

operations upstream of the gage sites. These counties have sufficient open space

areas and relatively low density development that we were able to access and

survey adjustable alluvial channels that under a variety of geology, topography,

and adjacent land use practices. The factors that influence creek channel
morphology have not been fully evaluated in Bay Area streams. Bankfull discharge
and its hydraulic g eometry environment should not necessarily be considered

static. It should be periodically reassessed through field surveys that will reflect a
complex, dynamic and potentially changing relationship of a stream working to

develop equilibrium with its impos ed hydrology and bedload transport

requirements. Typically , our large to moderate sized watersheds have constant
perturbations imposed by modern land use. Constraints such as these should be
considered when assessing the applicability of the se regional cur ves. These curves
cannot replace the need to collect original data at any stream restoration project.

Streams included in this study varied greatly in how easily identifiable the

bankfull characteristics were in the field. Many of our creeks are actively incising,
creating episodic cycles of incision often initiated by moderate to large flood events

and probably associated with both land use and climate change. When performing
geomorphic field surveys within incised creeks, bankfull elevation can often be

difficult to identify if a floodplain bench is not present. Therefore , additional field

12
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indicators and lines of evidence of bankfull parameters were used wherever
possible. These limitation s are discussed in further detail below.

2.0 DATA COLLECTIONMETHODS

2.1 Site Selection Methods

An initial goal of the project was to collect data at a range of stable creek sites

across the two Counties. Given that many (if not most) creeks in these areas are in

the process of adjusting  their hydraulic geometry to land use changes, it was often
difficult to find stable sites in places where access was assured . Once a stream
area was selected, reconnaissance could often take half a day to just find a site
that had a minimal amount of active erosion, no structural impacts, and where
bankfull could be estimated . Although we tried to pick the mo st stable site within
the available stream reach, not all sites could be considered  to represent long -term
stab ility . Because the Rosgen Stream Classification was used, we could apply the
guanti tative metrics of this classification system to identify which stream sites

would be considered most stable  within the classification scheme . Whether or not
this system is used by others, the metrics are reproducible quantitative measures

that can i mprove our understanding of channel conditions.

Field s ites were selected by identifying reaches with the following characteristics:

o Sites showing channel characteristics that had stable conditions ~ wherever
possible , but in their absence , sitesthathadt he least evidence of active
erosion from incision or bank widening within the reconnaissance area.

Public lands or sites where permission to access was obtain  able.
Non-tidal conditions , no structural influences unless at a n actively
operating USGS stream gage site.

0 A stream reach exhibiting consistent bankfull elevation relative to the
stream bed over a length of approximately  seven bankfull channel widths.

Data was collected over a range of elevation, stream order, and mean annual
precipitation, and geom orphic conditions. Figures 5 and 6 show the location of
field sites in Marin and Sonoma Counties, respectively.

2.2. Field Data Collection Methods

Fieldwork involved completion of a field data form (developed specifically for the
project), survey of at  least one cross section, survey of the longitudinal profile
through the cross section , a pebble count and measurement of protrusion heights

of large cobbles or boulders, if warranted at each cross section. Field data were

13
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collected between 200 9 and 20 11 for the purpose of computing bankfull geometry
and discharge.

A reconnaissance survey was performed at each site until a suitable cross section

and longitudinal profile site could be found. Because these computations are

based on the relative elevation of t  he bankfull channel, data collection was focused

on identification and surveying of bankfull features. Before surveying, but after the
reconnaissance survey to selecta  reach to survey, the field team often re -walked
the reach of interest a distance of at least 5 to 7 times the estimated bankfull

width , upstream or downstream from the cross section site , to identify potential

morphological features representing bankfull stage. This distance represented the
minimum distance of all the longitudinal profile su rveys.

When bankfull conditions were difficult to determine at one cross section or when
two sites presented differing condit  ions of width/depth ratio and entrenchment

ratio (floodprone width divided by bankfull width), but had obvious bankfull

indicators , an additional cross section would also be surveyed. The width/depth
ratio and entrenchment ratio are also the primary metrics used in the Rosgen

Stream classification system for identifying stable and/unstable conditions. For
surveying the cross sections  and profiles and conducting the pebble counts, we
generally foll owed the methods outl i efesethicei n t he

Sites: An lllustrated G  uide to Field Techniques (Harrelson, Rawlins and
Potygundy, 1994) .Specific field surveys conducted incl  ude the following:

1 Bankfull Stage Longitudinal Survey & A survey of field indicators for
bankfull stage was conducted at each location for at least the length of 5
to 7 bankfull widths . The field indicators of bankful | stage typically
included the followi ng and all were used in tandem to represent lines of
evidence of bankfull elevation

o Deposition al features that can sometimes represent the
floodplain , including adjacent relatively flat bench that
has consistency on either side of the channel, topographi ¢
breaks in the bank, top of  point bars and /or short,
alternating lateral bars with consistent elevational
gradient along the reach;

o Consisten cy of bankfull stream gradient with surface water gradient
along the length of the reach . When available, knowled ge of the last
peak discharge and the high water mark was used to establish
whether it was above or below bankfull stage to help establish the
bankfull elevation ;

14



o Changes in particle size along the cross section . Commonly
smaller particles deposited from suspension are found on the
floodplain than in the channel bed or banks, but special
circumstances can produce the opposite; and

o Consisten cy of riparian elevation, h  owever, some species can
often grow below bankfull stage.

Thalweg and Water Surface Longi tudinal Survey & The elevation of the
streambed thalweg that best defined the sequences of riffles, runs, pools

and glides, as well as water surface, high water marks , and bankfull were
surveyed to establish the riffle head features and to best determinet he
bankfull stream gradient from estimates of both the bankfull stage

survey and the riffle head to riffle head gradient from the thalweg survey

Cross-Section Survey s - One to two cross -sections were surveyed by level
at locations along the profile wher e the creek showed the best -defined
bankfull characteristics  and the greatest stability relative to site

conditions . Cross section surveys were extend ed above the floodprone
width wherever possible to exceed the floodprone height

Pebble Counts & Wolman pebble counts were conducted at each cross -
section and plotted to develop the various particle size distributions for

the bed surface at each section  as well as noting the largest particle in
the cross section . In particular, the d50 and d84 particle sizes were
developed and tracked per cross section.

Average Protrusion Height - In boulder -influenced streams, we measured
the average protrusion height  to refine estimates of hydraulic roughness
using empirical formulas.

Miscellaneous Other Observations & Numerous other observations and
measurements were collected and recorded and will be used at the next
phase of data analysis. These observations include the p ercent fines (<2
mm) in the channel banks  (visually estimated ) as well as n otes to the
following:

0 Bank strength (as noted above the percent of silt -clay [cohesion] in
channel banks/bed (visual estimation))

o Percent of vegetation density and classes

0 Assessment and measurement of large woody debris in the channel
(especially important in wood dominated systems)

o Historical land use influences

0 Local geology

15
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Bed morphology
Qualitative a ssessment of current dom inant sediment source to reach

Visual est imate of dom inant bed sediment class

© O o o

Dominant geomorphic setting i.e., alluvial fan, narrow alluvial valley
floor, low gradient wide alluvial valleys, narrow colluvial valley floor,
generally high gradient canyons dominated by bedrock control in
channel bed

o Historical changes in Rosgen Stream Classes
o Observations of the amount of  historical incision occurring

All field data were entered into an Excel spread sheets to develop a matrix of all
stream parameters.

2.3 Data Analyss GIS Methods

Some parameters were not measurable in the field and were measure d by using a
Geographic Information System (GIS) database. Staff at the San Francisco Estuary
Institute (SFEI) madet hese measurements by using  ArcGIS 10.0 . Many of t hese
values may be used in future  Phase 2 analyses that will involve stratifying the
regional curves Dby different parameters.

The measurements includ ed the follows items:

91 Drainage Area (square miles) 0 Drainage areas were calculated in ArcGIS
using the BAARI streams and NHD flowline  databases brought into a
10m D igital Elevation Model (DEM) by first calculat ing flow direction and
flow accumulation, sn  apping the pour pointto the cell of highest flow
accumulation, r unning the GIS watershed tool, and calculat ing total
watershed area .

1 Upstream Drainage Network Length (feet) 8 SFEI used BAARI streams
upstream of point (using watershed boundary) and calcu lated sum of
length . This analysis include d mapped culverts. The flow lengths are
summed lengths of all BAARI streams within the modeled watershed
area. SFEI calculated the percentage of lines within drainage areas that
were classified as culverts, andi twas typically very small (~0.5%).

9 Drainage Density (miles /square mile) & Drainage density is the linear feet
of channel network as determined by GIS measurements described above
divided by the watershed drainage area. It is a measure of the degree of
channelization in the watershed and therefore reflects natural variation
caused by different geologic and climatic settings. It can also provide an
indirect measure of changes from urbanization when ditches and storm
drains are included in the analysis.
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1 Drainage Area above Dams for USGS gage sites (square miles) o SFEI
used drainage area procedure at dam points to develop the drainage
areas above the dams. These areas were subtracted from the total
drainage areato provide a better estimate of contributi ng drainage area
for bankfull f low at the surveyed gage sites.

1 Impervious Surface (percentimpervious) - National Land Cover Database
(NLCD) Impervious Surface grid for year 2006 was used to perform Zonal
Statistic al analyse s.

1 Precipitation (inches) - The precipitation was based on the Oregon State
PRISM average precipitation for  the period of 1981 -2010 to develop the

mean annual precipitation (MAP) values at each specific survey sites.

Note that the PRISM is generated at a fairly coarse scale using availa ble
rainfall data (but certainly not all rainfall data) and applying statistical

methods. The MAP results may not be as accurate as specific site -specific

rain gage data (if available) , but for consistency PRISM MAP values were
used for data analysis at all sites.

Vegetation Acreage ( square meters) 6 The CalVeg dataset (USFS) 2002
and 2003 was used and a clip on each drainage area  was performed to
develop vegetation acreages.

2.4  Bankfull Discharge Calculation Methods

To calculate bankfull discharge, measure d field parameters were entered into a
spreadsheet called STREAMS (Mecklenburg 2006) , which was specifically
developed for analysis of fluvial -geomorphic data. Estimates of bankfull discharge
assisted us in determining whether we had picked a reasonable el evation for
bankfull stage, as well as providing us the opportunity to plot a regional curve of
bankfull flow . Various hydraulic parameters were calculated from riffle slopes

plotted independently in excel spreadsheets . Width/depth and Entrenchment

ratios , pebble counts, and stream gradient were also used to classify channel
stability as per the Rosgen Stream Classification system (Rosgen, 1996) and to

stratify the data pe r stream class at a later Phase 2 of the project. For each data
collection site, except for the USGS gage sites where recurrence intervals could be
determined, the following parameters were  used in the STREAMS spreadsheet to
calculate bankfull discharge

1 Mean bankfull depths (Doxks)

1 Maximum bankfull depth (D  max) (to determine height to mea sure
floodprone width)

9 Channel slope (Swki) (bankfull gradient determined from thalweg
longitudinal profile from riffle head to riffle head and/or bankfull stage
survey )
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{1 Bankfull width  (Whkf)
1 Floodprone width  (Wipa) (measured at twice maximum bankfull d epth)

1 Bankfull flow  (Qbkf=Vpki*Abkf) (calculated from measurem ent of stream
slope and equations for Manning & nvalues) (Ais area =W pkf Dokf)

1 Wetted perimeter (P) ~2 +Dpkf + Wpkf (used to determine hydraulic radius)
1 Hydraulic radius  (R) = Apki/P (P= wetted perimeter)

T Roughness/ friction fvaleesundelbstkfallilown g 6
conditions = RY6 /(U/U*) g2 (where U/U* = relative roughness and g
gravitational acceleration ]

S n

1 Velocity pkf (estimated from Ma n n i requation Vpki =1.4895 R23 Sl2/n)
1 Bed sediment sizes (d50/d 84) from pebble counts

1 Various Rosgen stream typing parameters including the following:
o Width/ depthratio (Wpkf/D bkf)

o Entrenchmentratio  (Wpki/W fpa)

Bankfull Flow Recurrence Interval - At field sites located near a USGS stream gage
station, the longitudinal profiles and cross -section bankfull elevations were used to
select or evaluate the bankfull stage at the streamflow -gauging station. In some
cases the gage elevation was tied into the survey allowing the bankfull elevation to

be compared to the stage -discharge relation developed by USGS for the gage site.
At other sites we developed a flood frequency relationship and looked for

indications o f the rate of increase in discharge slowing as flow spilled onto a

bankfull bench and used this value to determine which inner bench represented
bankfull discharge at some of the more difficult sites that were influenced by

upstream dams. The recurrence interval of each bankfull discharge was

determined from a frequency distribution of annual pe ak discharges foll owing
methods described in Bulletin 17B

3.0 RESULTS

3.1 Field Site Characteristics

This section summarizes the broad characteristics of the survey sites. There were
atotal of 5 7 cross sections surveyed at 45 differen t field sites. Marin had 32 sites
and Sonoma had 13. Many parameters could be used to characterize the various
survey sites, but the following f  ive were selected as readily available and easily
understood metrics to provide a basis for expressing the range of site conditions.
Figure 5 and 6 show the locations of the field sites in Marin and Sonoma Counties.
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Figure 5: Location of Marin County Survey Sites. San Antonio Creek straddles the Marin
and Sonoma County lin  e.
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