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INTRODUCTION

Purpose

The work forthis task ordeiisto support the USACE Sacramento District by participating in HEC
6T model construct, debugging, calibration and verification activities. The model was based on-without
project conditions. USACE Sacramento District intémdse the malel, in future studiesto evaluate
the sedimentation effect®n proposed flood controhnd/or ecosystem restoratioalternatives.

Study Area

The studyarea is shown in Plate 1 and includes the Walnut Creek watershed. The focus area for
this analysiss the downstream 7.7 miles of Walnut Creek and its tributaries. At the mouth of Walnut
Creek, the watershed has an area of about 145.6 square nitlesations in the watershed range from
sea level to nearly 3300 feet on the edge of Mount Diablo. érfltiter areas of the watershed near
Walnut Creek, the study area is highly developed and includes a mix of residential, commercial, and
open land. Near Suisun Bay, there is a large oil refinery located on the right overbank of the creek.

Study Approah

The study approach was to develop a numerical model using thelonensional HEGT
model. This model has been applied successfully to evaluatddomgsedimentation responses to
various engineering projects in a variety of flood control projatthé United States. These
applications have included river responses to dredging, flow diversions, channel modification, and
changes in water and sediment inflows.

The historical sedimentation data available for this study include channel surveyseatyindy
records from which deposition quantities were calculated. Measured sediment inflow data, collected
during the period of measured deposition, is virtually rexstent. This makes it difficult to determine
the effects of temporal changes in sedinménflow on deposition during the historical simulation. The
model developed for this study can be used to make reliable assessments of the relative effects of
proposed flood controand other geometri@lternatives. However, there will be more uncertgin
attached to absolute quantitative predictions of sediment deposition.

It is recognized thatEGGT is designed to model riverine sedimentation processes andtibat
lower reaches of Walnut Creek are affected by tjlaicesses, whichre nd simulated in the HEGT



model.In their paper on the conceptual design and modeling of restored coastal wetlands, Odell, Hall
and Brooks, (2008) present an approach for designing tidal channels. Three significant parameters are
tidal hydraulics forces, marsh aetion rates and supply channel dimensions. These are associated with
normal hydrological events. The proposed use of-BIE&t Walnut Creek is for the analysis of plans

that will handle the low probability runoff events resulting from rainfall floodsthese cases, riverine
forces dominate the processes. Project designs that are currently being envisioned include cross
section geometries that include high berms on one or both sides of a low flow channel or on the side of
tidal marshes. These are grflooded during the extremely rare flood runoff events. They do not affect
the tidal prism. They will not change marsh accretion rates or volumes assowittetbrmal

hydrological eventsvhere liverine forces domiate tidal forces

Theconsequences of tidal processes that may be signifiséthtrespect tosedimentationare:
1) formation of a lowflow channel in the tidal prism, and 2) deposition anetlistribution of fine
sedimert during the tide cycle.These are associated Wwihormal hydrological events and are not
expected to be changed by the plans envisioned for protecting against the low probability runoff events.
Consequently, the low flow channel is not expected to change as the result of thbdrighplans for
flood protection.

Computational sedimentation studies fall into two general categories: 1) computational model
studies and 2) computational analysis studies (ASCE 2008). A study is considered to be a computational
model study when sufficient data are availabtectlibrate the model according to a set of folma
guidelines USACHIEC 1992). Often, available data are not sufficient to achieve a formal calibration,
but computational modeling is still the best method for analyzing the problem. In these cases, model
tests are devised and conducted to evaluate relative effects of various parameters so that engineering
judgment can be used to make decisions about project designs. These are called computational analysis
studies. Due to the scarcibf sediment data,lie Walnut Creek numerical sedimentation study falls into
the latter category.

Numerical Model Description

The HE®T onedimensional numerical sedimentation model was used in this study. Mr.
William A. Thomas initiated development of this computer pamgrat the U.S. Army Engineer District,
Little Rock, in 1967. Further development at the U.S. Army Engineer Hydrologic Engineering Center by
Mr. Thomas produced the widely used HiEGeneralized computer program for calculating scour and
deposition in rives and reservoirs. Additional modification and enhancement to the basic program by
Mr. Thomas and his associates at the U.S. Army Engineer Research and Development Center (ERDC) led
to the HEGW program. The HEET program used in this study is the puntl of additional
modification and enhancement conducted by Mr. Thomas at Mobile Boundary Hydraulics PLLC. Version
nine of the HE®T code was used to make calculations in this study. The model is proprietary and can
be obtained from Mobile Boundary Hyalilics.



The HE@T program produces a ortimensional model that simulates the response of the
riverbed profile to sediment inflow, bedhaterial gradation, and hydraulic parameters. The model
simulates a series of steadyate discharge events, their effts on the sediment transport capacity at
cross sections and the resulting degradation or aggradation. The program calculates hydraulic
parameters using a standasiep backwater method.

HEGET is a statef-the-art program for use in mobile bed chanselThe numerical model
computations account for all the basic processes of sedimentation: erosion, entrainment,
transportation, deposition, and compaction of the bed for the range of particle sizes foledlmut
Creek The model calculates aggradatimd degradation of the streambed profile over the course of a
hydrologic evenaind/or a longterm simulation It does noadequatelysimulate bank erosion or
natural adjustments in channel widths. When applied by experts using good engineering juddpaent,
HEGGT program will provide good insight into the behavior of mobile bed rivers
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NUMERICAL MODEL

Geometry

The hitial geometryused in the numerical model was developed fragbuilt drawingsthat
extended fromSuisurBay to Grayson Creek (StataB85 to 185+35)and from designchannel
dimensionghereafter. Cross section geometry for design conditiovese obtainedfrom the USACE
Sacramento District (SPHECRAS model LWCAsBuilt Unstdy 031920A. The limits of the Walnut
Creek HERAS antHEGST models are shown on Plate 2.

In the HEERASNodel,the Pacheco Creek geometig/based omlesignplansto Station 66+86
andon 2005survey dataupstream from that station

The adbuilt cross sections between Suisun Bay and Grayson Gaekgigriicant excavation
below the desigrchannelinvert. TheSeptember 1965urveyedcross section datavere extractedfrom
ten of the sedimentation transects showim Plate 3 and ithe documentDE4-4-137.pdf Theplotted
datawere converted taNAVD88 and to the correct XY locati@torresponding tdhe cross sections in
the SPKHEGRASNodel, which were subsequently converted into the HHGnodel. The HEIRAS
geometry file containing the 1965 #mlilt geometry isSediment Transects.g0F he invert elewations
from transect 15+00 (RAS 1605.88@)e used to otain elevations foHEGGT section®+35 and #59
since there was no way to interpolate the geometry to those sections. Similarly, the geometry for
transect 184+00 (RAS 184+18.0#s used to obtaithe invert geometnfor HEGGT section 18835
since it is only located about 100 feet away from the transect (upstream).

Model Network

The downstream boundary of the numerical mo@adt Suisun Bay. The first cross section
Walnut Creelis at Station 0+35. The upstreanboundary onWalnut Creeks at Station405+89,7.7
miles upstream angust downstream fromMonument Boulevard The HE®T modeincluded 1.4 miles
of Pacheco Creek, 3.0 miles of Grayson Creek, 0.8 miles of Clayton Valley Di@i@,naihes of Pine
Creek.The HE®T networkschemati¢ which identifies the location of model segments and control
points, is shown in Figure 1.

11
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Figurel. HEGT model schematic showing segments and control points.

12



Hydrographs

Discharges for the 196%005historical simulation were provided by thé¢SACEBacramento
District. Daily dischargewere provided in DSS fil&C_Daily.DS&hd hourly discharges for 92 high flow
periods were provided in DSS #éC_Hourly.DS8ouwndary discharges in thdEGST modelcame from
the DSS location¥Valnut Creek at Concoldefer to Plate 2)Pine Creek at Mouth, Clayton Valley Drain
at Mouth, Grayson Creek at Mouth, and Pacheco Creek at Maltlie.Walnut Creek at Concord gage is
located about onequarter mile upstream from the model boundary.

Two USACE approved models were used in tandem to calculate flows 8652005
simulationtime period. These werthe USDAsponsored Soil Water Assessment Tool (SWWdijsch,
Arnold, Kiniy andKing,2001a and 2001kgnd HECLL, a version of HEGIACE, HEC, 198t dified to
allow longterm simulation. The choice to use two models provided the most efficient use of available
resources for the project. An HEC1 model had been develop¢dddvalnut Creek watershed
previous studies for which single events had been the fottusonsistenty showed theability to mimic
watershed response at stdnily time steps for discrete eventsut significantcalibrationhas been
required for eactS ¥ ¥ 2 NI & CdzNI KSNX2NBX f AlGf @codgstrudtruioff 2 6y | 0 2
for multi-year periods.TheSWATprogramwas specifically developed for lotgrm simulation It
accountdfor the entire mass of water as it progresses throughgsbdaceand groundwater systems.
Therefore, it was decided that daily flow for the entire period of record would be calculated using SWAT,
while HEC1 could give sdhily definition to discrete events interspersed throughout the simulation
period. By scalipthe subdaily hydrographs to match the total daily volume generated by SWAT, the
results of the two models could then be brought into agreement.

The computations were made iwb parts: 1) a SWAT modelas developedor the entire
period of record ad 2) theHEC1 modekas used fobver 200single flood eventsMore detail on
development of the model hydrographs is provided in Appendix A.

Downstream water surface elevation

The downstreanboundaryof the HEEST model is located at Station 0+35 i tiidal flats just
upstream from SuisuBay. The watesurface elevation for each day during the numerical simulation
was assigned based on data obtained from the nearest NOAA tidewhigé is located at Port Chicago
(Station 9415144(refer to Platel for location) The historic tide data were taken from the NOAA web
site: http://tidesandcurrents.noaa.gov/ Hourly tide elevations were reported in ft NAVD, at local time.

In the HEGT simulation, compuaitional time steps between onday andsix minutesvere
used. Onéour time steps were used during periods of high flowke historical hourly watesurface
elevations at Port Chicago were used for drair computational time stepsSixminute time stefs
were used when numerical instability issues arose during model calibrdtiencorresponding average
hourly elevation was used for the giinute time steps.An average daily stage of 3.66 ft was used in
the model vhen mean daily discharges were usedhie HEET simulations

13
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The average daily stage was determined from first averaging all the hourly data for each day and
then averaging all the daily data for the year. This calculation was made for tweefivgeriods, 1965
1969 and 19941994. Theverage stage was 3.66 for all ten years. There was no indication-tefveta
rise. Average monthly stages were then determined for the twoy®ar periods. Average monthly
stages ranged between 3.47 and 3.85 ft. This difference is insignificantria of the numerical
calculations and the average annual stage was used for all mean daily computational time steps.
Calculations of averagdownstreamstages are in EXCEL B#hr196569R.xIsx

Temperature

Water temperature datdrom the USGS water qlity web site, for USGS gage 11183600,
Walnut Creek at Concord, Californensisted of temmeasurements Four of these measurements
were takenm 1970, one in 1977, and 5 in 198Bhese data were insufficient to develop temperature
data for the histoical hydrograph

Aregional analysis was adoptéa assign water temperaturim the HEG&T model [ata from
Alameda Creek near Niles and the Napa River near Wapawused in the regional analysiBaily
temperatures for the entire simulation period weeestimated from theeUSGS data. Daily data at the
Niles gage was given priority because it was the most complete. Gaps in the daily data were filled using
linear interpolation. Long periods of time without data were filled using average monthly temupesa
from the Napa and Concord gageemperatures from the gage data are shown in FigurBa&ily
temperature data were available frothe Alameda Creak near Nilgage for the following dates
October 1, 1964 September 30, 1973; 1 Oct €32 Feb 8; 6 Nov 99; 31 May 00and; 18 Aug 0@ 30
Sep 09.Daily temperature data were available from thk&SGS gage 11458000 Napa River near Mapa
the following dates1 Oct 76¢ 14 Apr 77; 21 Nov 7¢30 Sep 79; 20 Mar 8013 May 80and, 23 Sep 80
¢ 19 Oct81. Between 1976 and 1979 there were many days when mean daily flow data were reported
at both the Napa River and Alameda Creek gages. Correlation between the two gages is reasonable. It
is also reasonable to assume that temperatures in Walnut Creakhvidlocated between the Niles and
Napa gages, may be estimated using data ftheregionalanalysis Temperature data and calculations
are contained in Excel filEemperature.xIsx

14
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Figure 2. USGS reported water temperatures for Alameda Creek af Ndpa River at Napa, and Walnut Creek at
Concord. Solid lines are daily data, points are individual measurements.

Sediment Removalemplates

Sediment removalas simulated in the numerical model five times during the 12685
historical simulationRemovalwas simulated instantaneously in September of 1973, 1986, 1989, 1993,
and 1995.Removed sediment was assumed to be disposed of outside of thelrhiits. Sediment
removalis simulated irHEGGTby extracting channel sedimeabove a specified hiizontalelevation,
between specified lateral limits. Specified limits in the #EG@nodel were based on contract
specifications not on actual sedimergmoval surveys.

Sediment removalvas simulated in the model between Suisun Bay and the BNSFRR Bridge
(Stations0+35 and 138+00) in September 1973. Hesign sediment removéémplate for 1973 was the
originaldesign inverelevation with onefoot of overexcavatiorbetween Stations 0+35 artdD0+00.
BetweenSations 100+00 and 138+00 the ovexcavatiordepth was 2.Gt. Thedesigninvert elevation
washorizontal. In the HEG&GT model, the horizontal invewasreplacedwith a sloping invert and a
stepped channdbetweenchannelStations 0+35 and 138+00. The elevatifamghe complex shape
were setsothat the average elevation was the same as the design elevafitie invert This change
allowed fora channel more similar to the channel ttdgveloped naturally over the 4fear simulation
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period. As it turned out, calculated deposition in this obeof Walnut Creek, over the remaining 32
years of simulation, continued to be relatively uniform over the movable bed width. This is attributed to
the effect of the tide elevations which generally kept the entire movable bed wet.

Calculated cross sectiggeometryat Station 16+06at selected times during the historical
simulation are shown in Figure 3The1965as-built channel bottom is slightly lower than the design
geometry, which had a horizontal invert at elevatidm4 ft. The figure shows degsition of about two
feet by 1973. The sediment removal template used inHdE€ shown in Figure 3 as the orange line
f oSt SR a&wmdgT o CalcHaied eidsionavdziepbsttioh after the sediment removal are also
shown in the figure. Note that t#re was sligherosionat this cross section between 1973 and 1982
very large flood occurred in January 19&tween 1982 and 1995 and between 1995 and 2005,
deposition occurred.

=-mmmT < mrm
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& Subsections

Figure 3. Calculated cross section changes at Station 16+00

Sedinent removal was simulated in Walnut Creek between Clayton Valley Drain and Drop
Structure No. 1, Sten 215+37 to Stdon 356+73, in September 1986 and September 1989. In 1986,
sediment was removed only from the left side of the channel. Sediment wasved from the right
side in 1989. The sedimeremoval template extended down to the highest elevation of the design
OKIyyStQa atz2LAy3a AYy@SNI 4G GKFG ONRaa aSoOilizyo
cross section geometry at Stati@76+46, before and after dredging in 1986 and 1989, is shown in
Figure 4. This is typical of the 33 cross sections modeling the channel in this removal site.
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Figure 4. Calculated geometry before and after sediment removal in 1986 and 1989 at 3i&ticib.

Sediment removal was simulated in the model between Pine Creek and Drop Structure No. 1,
Staion 296+04 to 356+73, in September 1993 and September 1995. In 1993, sediment was removed
only from the right side of the channel. Sediment was removeah fitee left side in 1995. The
sedmentNBY2 @t GSYLX GS SEGSYRSR R2éy G2 (GKS t2S5ai
invert at that cross section. This elevation corresponds to the top elevation of the low flow channel.
Calculated cross section gaetry at Station 330+61, before and after dredging in 1993 and 1995, is
shown in Figure 5. This is typical of the 17 cross sections modeling this removal site.
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+ Deposition Limits 9-%5EC=133061T= 0.0000 Days 1993 After Rermoval ——- 1995 After Rermowval
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Figure5. Calculated geometry before and after sediment removal B3Ehd 1®5at Station 330+61
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Sediment Data / Characteristics of Deposit

In 2009, two sampling efforts were conducted in Walnut Creek in order to identify the
characteristics of the material which has deposited since construction of the Walnut Creek channel in
1964. The fst effort included obtaining 30 vibreore samples in the reach between Grayson Creek and
Suisun Bay (refer to Plate 3). The second effort included obtaining 34 grab samples of therfaear
material from Walnut Creek and the tributary channels (refePlate 4) From these samples, average
specific gravities anspecificweights of deposited silt and clay were determined by Testekppendix
B. Clay was assigned a specific gravity of 2.53 and a deposited specific weight of 30 Ibs/cu ft. Silt was
assgned a specific gravity of 2.53 and a deposited specific weight of 82 Ibs/cu ft. Sand was assigned a
specific gravity of 2.65 and a deposited specific weight of 90 Ibs/cu ft.

Sediment Datd Bed Material

Initial bed gradation data for the HEBT modelere taken from sample dat&ample
gradations were normalized to 0.008 mm in the HHUmodel. This is the size class that separates the
wash load from the bedhaterial load in this model. The actual bed material samples collected in
Segment 1 (SuisuBay to Pacheco Creek) are shown in Figur&he normalized gradations used as
initial conditions in the HEET model are shown in Figuréshrough9.

The initial bed gradation does not significantly affect calculated results because deposition is
the dominate process in Walnut Creek and composition of the bed is determined primarily by the
composition and quantity of the sediment inflovinitially, the initial bed sediment reservoir was set
nearzero at most cross sections in the HECmodel. Thisireasonable because most of the
constructed channel has parent material on the original bed and is relatively resistant to erBsiang
model calibration, the depth of the bed sediment reservoir was increased tdaatdn reaches where
sedimentremoval was calculated. This became necessary to reduce numerical instahdgt@sated
with the numerical algorithm at low discharges.
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Figure6. 2009 Bed material gradations between Suisun Bay and Pacheco Creek.
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Figure7. Initial bed material grad@ns used in HEGT model between Suisun Bay and Pacheco Creek normalized
to 0.008mm.
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Figure8. Initial bed material gradations used in HEICmodel between Pacheco Creek and Grayson Creek
normalized to 0.008mm.
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BedMaterial Transport Function

Thebed-materialtransport function in HEGT calculatesedimenttransportas a function of the
percentage of each size class in tieal sedinent reservoir The composition of the bed sediment
reservoir at each crossection control volume is continuously-calculated during the course of the
numerical simulation as a function of the composition of the sediment inflow and sediment outflow. In
most cases th bed sediment reservoaonsists of the sand and gravel size classes. However, in Walnut
Creek, the bed deposits contain significant percensagjehe silt size classes. The only sediment
transport function in HEGT that allows for transpo of silt as beematerial load in the Laursen
Copeland function. This is the function employed in this study to calculate sediment transport of fine silt
through very coarse gravel.

The LaurserCopeland function is a modification of the Laursen (19B8jnsent transport
function. The Laurse@opeland function incorporates more river and flume data in its development to
extend the applicability beyahthe original Laursen equation, and it changes the fundamental equation
for boundary shear from total slae to grain shear. The additional data extends the range of particle
size classes to includeth gravel and fine siltSediment transport is calculated using the following
equations

where:

C =the concentation in weight per unit volume
2=the unit weight of water
fi =the fraction of grain size class the bed
N =the number of grain sizes
d=the median size of size class
D =the meanwater depth
(fx the grain shear stress
(,=the critical shear stress for particle size
u-Y£ the grain shear velocity *-.'I._L

. i =the fall velocity of particle size
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f(u-¥ . ) =afunctionderived from a large set of measured flume and river data
S= Slope

" =the water density
V =the average velocity
d50=the median gain size

R,Q thE hydraulic radius due to grain roughness, which is calculated using the Limerinos equation

‘ ¢=the critical Shields parameter for grain sizmdvaries between 0.039 and 0.020
1si=the specific weight of sediment.

The function f(u-W¥ - ), is defined by the following equations within the specified limits:

U, uL
— < 005:f|— |=0.0
€y oy

‘1,.[" ‘1,.[" ‘1,.[" LAY
0.05 < — =< 0.225: f(—*j = 7.04E15 * (—)
i) (] i

u; u, 1
0225 = — <10:f|—|=40%|—
o €y by
Lig=d
U, U, U,
10==—=30:f|—|=40|—
by Ly oy
' ' ' LS9
ui-c ui-c u&
30=<—:fFf|l—|=10165 | —
by by Ly

Silt and Clay Transport Functions

The equation for silt and clay deposition used in 8EGs the Krone (1962) equation. The

required calibration coefficient ide critical bed shear stress below which deposition occurs. IRGHEC
this coefficient has a variable narbd Clfor clay andSLDT Sfor silt.

C — e—k’t
C:o
o(-7%,)
r_ Td
2.3D

where:
C = concentration at end of time step
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G = concentraon at beginning of time step
t = time =reach length / flow velocity
settling velocity of sediment particle
_b = bed shear stress

_q¢ = critical bed shear stress for depositi@TClandSLDTSL
D = water depth

Erosion in HEGT is calculated using the Parthenaides (1965) equation. It is the cohesive
properties of the clay that determine the erosion thresholds. For this reason, the same erosion
coefficients are used for silt and clay in HEHC Particle erosion is determined by:

C = Ml—Sa|:&_1:|+CO
Qyr |7

S

M; = erosion rate for particle scour (STME, STCD) / ERME
S, = surface area exposed to scour

Q = water discharge

_s = critical bed shear stress for particle scd8iCD)

1 = gpecific weight of water

As the bed shear stress increases, particle erosion gives way to mass erosion and the erosion
rate increases. Because the mass erosion can theoretimllyfinite, a characteristic timédy, is used.
With a computation time interval gi {ithe mass erosion becomes:

where:

M, = erosion rate for mass erosioERMC + ER2,¢{ ¢ a9 Yy npik ¢
T. = characteristic time of esion
n (= duration of time step

The relationships of erosion and deposition coefficients are shown in Fiumed Figurell.
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Silt and clay coefficients used in the numerical model were deternmayebeeter (2010)
(Appendix Busingprevious laboatory studies of dredged material from the San Francisco Bay area
(Teeter 1987). Composites of maintenance dredged material from the bay area were tested at the WES
Hydraulics Laboratory and by the University of Florida. Those tests, taken togetheateddh two
phase particle erosion where erosion is first initiated at a low level of shear stress and then increases

Y 2 NB

aKFNLIX &

KAIKSNI aKSIF N aiNBaao

¢tKNBakKz2f R

bay sedimentsIn the Walnut Crele model, the Parthenaides and Krone equations were only used for
sediments smaller than 0.008 mm (clay and viamg silt). Parameters usetbr cohesive materiah the
HEGGT model are shown in Tahle

Tablel. Silt and Clay Coefficients for Partlagses and Krone Equations

mass erosion

Variable Value in Units
Name in HEC-6T
Coefficient HEC-6T
Shear threshold for clay deposition DTCL .00125 Ibs/ft*
Shear threshold for silt deposition DTSL .00167 Ibs/ft*
Shear threshold for erosion of silt STCD .0209 Ibs/ft*
and clay particles
Shear threshold for mass erosion STME 0.2089 Ibs/ft*
Erosion rate at STME ERME 17.7 Ibs/ft’/hr
Slope of the erosion rate curve for ER2 60 1/hr
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Silt and Clay Mass

Erosion Rate \
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Erosion Rate

STCD

STME
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Figurel0: Erosion Rate Characteristics
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Clay Deposition Rate

Silt Deposition Rate
_—
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Figurell: Deposition ate characteristics
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Sediment Data / Inflow

Suspended sediment data were collected during the 183 vater years athe Walnut Creek at
Walnut CreekCaliforniagage Thegage was located at the Southern Pacific railroad bridge, 0.7 mile
downstream fronthe confluence of San Ramon and Las Trampas Creeks. Sediment samples were
collected for a discharge range between 1.0 and 2180 cfs. Samples were collected infrequently during
periods of low flow and frequently during periods of medium and high flowtidRasize distributios
were determined for nine selected samples to determine ffercentageof sand, silt, and clay
transported by Walnut Creek. A sedimdrdnsport rating curve was developed from these data and
presented il USGS reporPgrterfield 1972) The sedimetn transportrating curve was not considered
well defined becauseamples were collected on an infrequent basere insufficient to establish the
relationship between sediment concentration and streamflow for the entire rangereastflow.
Sediment discharge was assumed, however, to be soregble estimate.

During November and December of 197@yif samples of suspended sediment werdlected
at the Walnut Creek at Concoghge(3.8 miles downstream from the confluence of Sam&n and Las
Trampas Creeksyhese data were collected dischargesanging between 200 and 500 cf$he 1970
dataindicated that sedimentoncentrations, at least in th200 to 500 cfslischarge rangayere only 30
to 40 percent of the average conceations between 1957 and 1962. Porterfield concluded that the
1970 data do not prove that a significant change in sediment yield occurred because (1) four samples
are insufficient to be conclusive and (2) the data fall within the limits of the random icariat
concentrations sampled during the 195[062. However, he stated that the possibility should be
considered that a change in sediment yield has occurred, and that additional data should be obtained.

Porterfield noted that bank stabilization, fldacontrol measures, and laagse changes in the
Walnut Creek watershedfter 1962 may have affected the relationship betwestream flowand
sediment discharge.

5AaNB3IFNRAY3I t 2NISNFASE RQamehsBréngensidSagdRionalA 2y F 2 NJ
datawere collected. This lack of basic field data places the present study in the category of a
GO2YLdzi I GA2yFE ylfeaArasd NFYrIGKSNI GKFY | aO2YLMzil GA
model calibration is based more on circumstantial evidence amggheering judgment more than it is on
field measurement. A computational analysis is more dependable for comparing alternatives than it is
for predicting volumes of sediment.

Sediment inflow to the numerical model was determined using the7i&5Porterfeld data as a
base, but attempts to obtain the actual Porterfield measurements from the USGS were pesguwic
Sediment rating curves were scaled from Figure 2 in the Porterfield repdrare shown ifrigurel2in
this report Both the fine and sahsediment inflow curves for the HEBT model were developed from
two power regression equations; one for discharges less than 500 cfs and one for discharges greater
than 500 cfs. Although the maximum sediment measurement was made at a discharge 0ff,180 c
Porterfield extrapolated his sediment discharge curves to 5,000 cfs.isIHB®&T model, the curves
were extrapolatedevenfurther - to a discharge of 20,000 cf$he size class distribution of the sediment
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inflow was based on size class percentamethe Porterfield report. The size class dagaexcollected

in 19581962. There were nine samples taken with a discharge range between 242 and 2,180 cfs. The
data were insufficient to determine a trend with discharge so a straight average ofasaepercentage

was calculated from the nine samples and used for the entire digehange in the HEET model.

Sandardized sediment sampletgpically are not capable of measuring the total sedimkatd.
There is always a fraction of the load thadels at an elevation below the sampler nozzle. Porterfield
estimated the unmeasured sand load using the Modified Einstein equatioestimdatedit to be 23.5
percent of themeasured sand load. Porterfialibes not specify whether or nthe sand ratingurve in
hisreport includes thecorrection for unmeasured loacbut based on the methodhe used to calculate
sediment yield later in the report, wassumethat it does not Therefore, thesand sediment inflow
curves in HEGT were increased by 23.5 pert to account for unmeasured load. This constant
correction was made for all sand size classes at all discharges.

Be awarehat there is considerable uncertainty associated with assigned sediment iinfldvs
study. There is the uncertainty associatedth using data collected during a fiyear time period that
occurred five years before the 4@ar simulation periodThere is the uncertainty associated with
extrapolating the existing data beyond the range of the collected dathere is uncertait associated
with how accurate the sampling equient and sampling methodologluplicates the true sediment
load. For these reasons, sediment inflow is used as the primary calibration parameteminnierical
model.
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Figurel2. Sediment inflow on \&Inut Creek from Porterfield 1972 report. Total and sand load curves were scaled
from report. Sand size class data and Concord 1970 data are reported measurements.

Sediment Inflow/ Tributaries

There were no available sediment measurements from thautelkies of Walnut Creek. Sand
inflow could not be estimated by calculation, becausefully-alluvial supply reaches could be identified
on the tributaries. Consequently, the sediment inflow curves determined for Walnut Creelalgere
usedas the basedr the tributaries.

Porterfield assumed that the sediment yield, adjusted for drainage area, from tributary streams
drainingthe foothills and higher elevations were equal to that determined for Walnut Cré&gls
assumptiondoes not account for the fathat the tributary watersheds are typically steeper than
Walnut Creek at the Walnut Creek gagPrainageareas for Walnut Creek and its tributaries are shown
in Table 2.
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Table 2. Drainage Areas

Concentration Point Drainage Areg Square Miles
WalnutCreek at Concord 85.6

Pine Creek at Mouth 31.1

Clayton Valley Drain at Mouth 5.6

Grayson Creek 18.1

Pacheco Creek 4.0

Walnut Creek at Suisun Bay 144.1

Tributary inflows in the HEET model were adjusted to account for the expected increase in
sedment concentration with discharge. This was accomplished using output from the SWAT model.
Daily sediment yields for Walnut CreakConcordand the four tributaries were calculated for the 1965
2005 historical period using the SWAT model. The SWATImselethe Modified Universal Soil Loss
Equation (MUSLEWilliams 1975jo calculate sediment yield. The input variables for MUSLE were
already avdable in the SWAT input datdhe MUSLE equation is:

Y =95(Qq) "S5 K LSCP

where:

Y=single storm sediment yield in tons
Q=storm runoff volume in acrét

g =peak discharge in cfs

K= soiterodibility factor

LS= slope steepness and length factor
C= cover management factor

P= conservation practice factor

Power regression curves were developed in EXCEL for Walnut €@ekcard and for each
tributary using calculated sediment concentrations from the SWAT madkihg the regression curves,
ratios of tributary concentrations to Walnut Creek at Concord concentrations, for specific discharges,
were calculated and themised to adjust the sediment inflow curves from Walnut Creek to each
tributary. Ratios calculated at the maximum discharges in the SWAT model were held constant for
discharges in the sediment rating table outside the range of the SWAT Aaségned ratiosra listed in
Table3.

Table3. Ratio of Tributary Sediment Inflow Concentration talMit Creek at Concord Concentratio

Discharge CF{ 10 50 100 500 1,000 2,200 5,000 10,000
Pacheco 2.30 2.30 1.24 0.78 0.78 0.78 0.78 0.78
Grayson 4.08 3.70 3.44 2.05 1.40 1.40 1.40 1.40
Clayton Valley| 2.54 2.38 2.27 2.01 1.73 1.73 1.73 1.73
Pine 2.54 2.38 2.27 2.01 1.73 1.73 1.73 1.73
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MODEL CALIBRATION

Available data were not sufficient to certify this as a computational model. However, it is very
useful for conputational analysis. A computational analysis is made to compare one alternative versus
another because it will show trends in the parameters that were used in the confirmatina.c&mnot
be confident in the computed quantities of deposition or erosion

Sediment Inflow¢ USGSediment Load @ve

Initially, HEGST was run wittsediment inflow ratingurves based orPorterfieldd @972)rating
curvesandthe 19651970water dischargdnwydrograph in an attempt to duplicate the measuneslume
of sediment @positsin Walnut Creek downstream from the Grayson Creek confluembe.Porterfield
rating curves were extrapolated beyond the measured data using a power regression relationship.
Extrapolation was deemed more appropriate than arbitrarily assigningd@ancentrations at higher
discharges because the extrapolated curve provided more sediment, which was needed to duplicate
measured sediment deposition in Walnut Creek. Pbeerfieldrating curveswere adjustedo account
for unmeasured loadPaterfield hadused the Modified Einstein equation &stimatethe unmeasured
load, but did not include thiadjustmentin his published sediment rating curve&nnual sediment
inflow quantities varied significantly as a function of the annual hydrograph as sihdvigure 13. Years
with the highest sediment inflow were 1982, 1983 and 1986.

The volume of deposits Walnut Creek downstream from Grayson Creels calculated by
USACEacramento Districusing availablehannel surveysAs-built cross sectionsf this reach were
surveyed in 1965The reach was surveyedin April 1969jn April 1970, and in April 1972Additional
surveys were taken in 1995 and 20Beposition depths between 1965 and 1995, and between 1995
and 2005, calculated from these surgewre shown in Plate 5. The survey transects are shown in Plates
6-10

Bed material samples were also collected in April 1&Y® published in the Porterfield report
These bed material samples and ttadculated volume of deposits between 1965 dff0 were used
by Porterfieldto determine the composition of the deposited material in Lower Walnut Creek.
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The deposition calculateddm the surveys is compared to the deposition calculated by-1E=C
in Tabled. Also shown in the table is the calculated runoff during the same time peFiodpractical
purposes, August 1965 through NovembebIZonstitutes one water yeaNovember 187 through
April 19® constitutes two water years, April 1969 through ApgEiF0O constitutes one water year, and
April 1970 through April 1972 constitutes two water yeafgable5 compares the 1970 composition of
the depositedmaterial in the test reachas reported byPorterfield,with the compositiorcalculated by
HEGGT.
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Table4. Calculated Deposition and Runoff in Lower Walnut Creek downstream from Grayson (

HEGBT Calculations using USGS Sediment Inflow R@tinge 19651972

Deposition Deposition Runoff
Cubc Yards Cubic Yards AcreFeet
Calculated from Calculated from HEET | Fom HEGT Output
Surveys

Aug 65¢ Nov 67 660,000 138500 65,200

Nov 67¢ Apr 69 275,000 84400 63,300

Apr 69- Apr 70 125,000 88500 43,700

Apr 70¢ Apr 72 70,000 36,000 31,600

Table5. Calculated Size Class Percentages of Deposition in Lower WalnutApreéel970

| _sad_ | ___Sit_____| ___ Clay |

Calculated Size Class Percentages from USGS Data

Pacheco Creek to

Grayson Creek 69 14 18

Bay to Pacheco Creek 36 39 25
Calcudted Size Class Percentages from-dEC

Pacheco Creek to

Grayson Creek 8 20 2

Bay to Pacheco Creek 31 62 7

The calculdons provide hreesurprisesi) the observeddeposition calculated from thAugust
1965 and November 196Urvey data is much gager thanthe observeddeposition determinedor
subsequentime periods,2) the HEGBT calculated deposition is mutdssthan the observed
deposition and 3 the percentage of clay depositiam the calculateddeposit is lesthan theobserved
percentage

The undesprediction of depositiorby the modeiis directly related to the sediment inflow rating
curve. Using th@orterfieldsediment inflow curves, adjusted to include unmeasured load-61EC
calculates about 30 percent of thadserveddeposition through 1972. The discontinuity between
observeddeposition and sediment yield from measured sediment inflow concentrations was identified
in Porterfield (1972) report. Even employing assumptions that tended to provide more sediment for
deposition in Lower \Alnut Creekt 2 NIi S Nafchl&edsRdivientdepositioncame up short for sand.
Porterfield assumed that the contribution of sediment from the tributaries, primarily Pine Creek, would
be proportional to their drainage areas when compared to the WalmeekCdrainage area above the
Concord gage. The result of this assumption was that 72% of the sediment load came from Walnut
Creek, 22% from Pine Creek, 4% from Grayson Creek, and 2% from Pacheco Creek. In the Porterfield
sediment budget, this resulted increasing the sediment inflow to the reach below the Grayson Creek
confluenceby 39 percent.Porterfieldfurther assumed that all the sediment passing the gage at Walnut
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Creek anaill of the sedimentontributed by Pine Creek was transported to the dgiion zone
downstream from Grayson CreeKhesediment inflowof all size classesalculated by Porterfieldyas
828,000 tonsand thecalculated depositiofrom surveysn the test reactwas 750,100 tons. the

entire volume of depositedediment were supplied by the watershed, étrapping efficiencywould be

90 percent. The calculated weight of deposited sand was 333,150 tons, which is 44 percenotzithe
deposit. Using th®orterfieldsediment rating curve, with the adjustment for unmeasutedd, and
includingcontributions from the tributaries, only 263,960 tons of sand inflopravided by the

watershed Thus, even by increasing the sediment discharge at Concord by 39 percent to account for
tributary inflow, andby 23 percent to accounbf the unmeasured load, thanflowing sandloadwasstill

less than the measured saintthe deposits.

The hydrologic data from SWAT and HEfhalyesand the sediment budget calculated at the
boundaries in HEGT demonstrated that the contributions fno tributaries are oveestimated in the
Porterfield (1972) report. According to thydrologicmodel,conducted by USACE Sacramento District
for this study,75 percent of the water yield is supplied by the watershed upstream from the Concord
gage. Piner@ek supplies 17 percent, Clayton Valley Drain 1 percent, Grayson Creek 7 percent and less
than onepercent is supplied from Pacheco Creek. Sediment yield calculated ByTHEdficates that 84
percent of the total sediment yield and 91 percent of thedaield is supplied by the watershed
upstream from the Concord gag@ine Creek supplies 12 percent of the total sediment yield and 7
percentof the sand yieldGrayson Creek supplies 4 percent of the total sediment yield and 1 percent of
the sand yieldLesghan onepercent of the sediment yields are supplied from Clayton Valley Drain and
Pacheco Creek.

Calculations in HEET and historical evidence both indicate that deposition occurs in Walnut
Creek between the Concord gage and Grayson Creek. Simmgison of 100 percent sediment delivery
to the Grayson Creek confluence, used in the Porterfield sediment budget, is an over simplification.

Ninety percent trap efficiency for all sediment sizes supplied to Lower Walnut Creek is
unreasonable. HEET céculates trap efficiency based on the physical properties of individual size
classes and hydraulic conditions in the river. H8ECalculated an average trap efficiency of 42 percent
for all the supplied sediment. Trap efficiency for sand was 100 persitrh7 percent and clay 4
percent. HE®T does not adequately account for flocculation of cohesive sediments in the salt water
environment, the trap efficiencgalculated by HEGTfor clay may be too low.

There are several possible explanationsdtargerthan averageleposition during the first year
after channel construction.

1) Itis expected that more sediment will be transported into the deposition reach during years of
higher runoff. The August 1965 to November 1967 time period is the period thi highest
runoff. However, even though sediment transport and runoff are not directly correlated, it is
surprising that the sediment deposition differential is so much greater than the runoff differential.
HEGBT calculations account for the highedément transport rates at higher discharges, and these
calculations do not support the percent change in sediment deposition after November 1967.
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2) Itis expected that deposition rates will be higher immediately after construction because the
excavated chamel has created a natural sink for sediment. However, the magnitude of the
difference in deposition is unexpected. H&ICcalculations account for the lower sediment
transport potential in the excavated channel, and these calculations do not suppgpeticent
change in sediment deposition after November 1967.

3) Channel excavation was occurring in upstream reaches of Walnut Creek between 1965 and 1971.
Thecontractscheduls areshown in Tablé. It is likely that these construction activities provided
considerable sediment to downstream reactsagl the construction was downstream from the
sediment gage This conclusion was documenteyl the Corps of Enginesrindl_etter Supplement
to the Design Memorandut(USACBacramento District 1973t states,dThe removal of 49800
cubic yards is considered to be extraordinary maintenance due to constractigities by the
/ 2N1JQa O2y (NI OG2NR Ay (GKS aidNBlIY OKFyySf FyR Rdz
| NI IThishtéird explanation isie most reasonable anadlas accounted foin the HEGT
sediment inflow assignment &he upstream bounday.

HEGGT undefpredicts clay deposition, as shown in Tahleln the numerical model, clay
deposition is determined by the fall velocity of the cfayrticles and by the shear stress provided by the
riverine stream discharge. There are few times steps during the historical simulation when the
combination of clay concentration and riverine shear stresses are favorable for deposition. It can be
concluled that clay deposition in the lower reaches of Walnut Creek takes place primarily as a result of
the rising and falling tides. Clay deposition also will occur on the falling limb of hydrographs when water
depth on the channel berms becomes shallow aneles stresses are reduced. The afimensional
HEGST model uses only the channel hydraulic parameters to determine sediment transport potential
and therefore does not simulate deposition due to shallow flow over the berms. Once this clay is
deposited orthe prototype channel berm, it is difficult to #entrain due to cohesive properties and the
protection afforded by the grass cover and root mass. In order for@1BG reproduce measured
deposition, sand inflow must be increased to account forthe nio@®a Ayl oA f Ad& (2 &aAyYdz
deposition.
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Table6. Construction Contracts for Walnut Creek and Pine Creek Provided by Contra Costa C

Creek Limits Year Built
Walnut Creek Suisun Bay (Sta. 0+00) to Grayson Creek (Sta. 187+50) 1964
Walnut Creek Grayson Creek (Sta. 187+00) to Drop Structure #1 (Sta. 354+9 1965

Walnut Creek Drop Structure #1 (Sta. 353+90) to Drop Structure #2 (Sta. 46( 1966

Walnut Creek Drop Structure #2 (Sta. 459+25) to Geary Rd. (Sta. 497+70) | 1967
Walnut Creek WaterfrontRd. (Sta. 66+30) to Grayson Creek (Sta. 187+50) | 1967
Walnut Creek Treat Blvd. (Sta. 490+88) to School Foot Bridge (Sta. 562+80) | 1968

Walnut Creek School Foot Bridge (Sta.562+80) to SPRR Bridge (Sta. 585+0( 1970

Walnut Creek Mt. Diablo Blvd. (Sta. 4+2% Capwells Culvert (Sta. 18+50) 1971

Pine Creek Existing concrete lining to Walnut Creek 1978
Pine Creek Market St. (Sta. 36+00) to Monument Blvd. (Sta. 88+95) 1981
Pine Creek Monument Blvd. (Sta. 88+95) to Detroit Ave. (Sta. 135+71) 1982
GalindoCreek Detroit Ave. (Sta. 8+53) to Albert Ln. (Sta. 45+00) 1982
Upper Pine BART (Sta. 134+90) to Oak Grove Rd.(Sta. 279+30) 1989
Upper Pine Perada Dr. (Sta. 289+62) to Detention Basin (Sta. 305+62) 1990
San Ramon Creek Bypass 19851992

Sediment Iflow ¢ Adjusted Rating Curve

ThePorterfield sediment inflow rating curveadjusted for unmeasured sand loaahd
extrapolated beyondhe measured data usingpwer regression relationshpwere further adjusted to
account for undetprediction of clay dposition. Thesediment inflow of the sand size classes was
increased by 25 percentn addition, b partially account for the increase in sediment yield due to
channel construction on Walnut Creek, sediment inflow rates of all size classes were intrgased
factor of 2.2 between August 1965 and September 1970. Numerical instabilities occurred in the model
when a factor of 2.3 was used. After September 1970, sediment inflow rates of all size classes were
reduced by 50 percent, so that the sedimentandlratio was 1.1. The 2%ercent increase in sand
inflow was applied to the tributaries, but not the factor to account for construction. Calculated
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deposition and dredging are compared to deposition calculated from historical surveys and reported
dredgirg in Tabler. Calculated results shown in TaBBlare from computer runs that included channel
erosion and deposition adjustments discussed in the following paragraphs.

Table7. Comparison dburveyedand Calculated Deposition and Sediment Removal -POgk

Segment Reach Estimated from p_alculated w_ith Ca]culated with
surveys original USGS inflow  Adjusted Inflow
10¢ Drop 1 to Station 405+89 72,300 26500 52,100
9¢ Pineto Drop 1 151,000 122,700 158200
7- CVD to Pine 123,000 148900 133900
5- Grayson to CVD 22,000 9,900 55,700

1&3- Bay to Grayson

Aug 65¢ Nov 67 660,000 138500 302800
Nov 67¢ Apr 69 275,000 84400 189400
Apr 69 Apr 70 125,000 88500 238300
Apr 70¢ Apr 72 70,000 36,000 47300
1973- 1995 1,034,000 869,000 1,097100
1995- 2005 28,500 483,700 450900
1973¢ Bay to BNSFRR 750,000 220,100 545500
1986¢ CVD to Drop 1 138,000 135800 143900
1989¢ CVD to Drop 1 138,000 125900 140600
1993¢ Pine to Drop 1 38,000 30,800 38,000
1995¢ Pine to Drop 1 38,000 24 300 26500
Notes:

1. Results are from computer runs that include channel erosion and deposition adjustments.
2. Clayton Valley Drain (CVD)
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Deposition and Erosion Limits

Appropriate replication of deposition and sediment removal quantities could not be obtained by
adjustment of sediment inflow alone. Adjustment of the model deposition and erosion limits was also
required.

HEGGT is not a geomorphic modeNeither does thene-dimensional, steady state HEBT
model simulate the unsteady tidal effects directly. The model also uses average hydraulic parameters to
determine uniform depths of erosion and deposition in cross sections. The model can calculate either
erosion or d@osition at the same cross section at different time staps function othe current
hydraulic and sediment conditions at that time step. However, prototype conditions where both
deposition and erosion are occurring simultaneously at the same timeastap individual cross section
cannot be modeled.

The HE®T model does allow fatifferential change in cross section shape during a simulation.
One method for this change to occur is when sediment deposits at high flows and erodes at low flows.
Underthese conditions, at high flow when the water surface elevation is high, sediment deposits
uniformly across the movable channel bed. At lower flows, when erosion is occurring, some of the
crosssection points are not submerged and therefore do not hadeerease in elevation. Over a long
period of time a berm may develop in the cross section. This natural process is simulated WEEby
6T. ltallows for chanal narrowingas shown by the example cross section in Figure 14. This cross
sectionis loated on Segment 10 between Drop 1 and Station 405+89.
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CROSS SECTION 378+82
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Figureld. Calculated Change in cross section shape at Station 378+82 dusyegrddimulation.

The natural process where erosion and deposition are occurring simultaneously at a cross
section dueo significantly different hydraulic parameters occurring in different parts of the cross
section cannot be simulated by the model. However, the process can be approximated by restricting
erosion to a specified portion of the channel width. By spedfgtimited erosion width, deposition is
allowed to occur in a portion of the channel without ever being reduced in elevation. This is not an
unreasonable assignment in a channel where the berms are somewhat stabilized by a significant fraction
of cohesie material and are frequently covered by vegetatand its accompanying root mass. The
assigned erosion width is determined during the calibration of the model to historical data. In the
Walnut Creek model this assignment was only used in Segments%, aiich are between Clayton
Valley Drain and Droftructure 1 Figure 1 Sediment removalecords and the 2005 survey allowed for
temporal checks to the deposition quantities during the 12805 simulatiortime period. An example
cross section is shawin Figurels.
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CROSS SECTION 304+69
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Figurel5. Calculated Change in cross section shape at Station 304+69 duyegrddimulation.

Erosion and deposition limits were adjusted only in Segments 7 amti9 is the reach nere
sedimentwas removedn 1986, 1989, 1993 antb95. With these adjustments the final calibrated

GolasS GSaié¢ 61 a RSOSt 2 udfiRed odepositiorCadzt rémibv@lRre coyhpared” S I & dzN.

in Table8. Calculated and sampled bed material gradations are compared in9.able

This modeling teatique was used to move the pattern of cross section adjustments toward the
patterns observed in the surveyed cross sections of the prototype. It is coded into the water discharge
hydrograph that was used for calibration. Therefore, it is important fat dode to remain a part of the
testing hydrograph that will be used to compare plans of development for Walnut Creek.
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Table8. Comparison of Measured and Calculated Deposition and Dredging for Base Te200965

Deposition

MeasuredCubic Yards

Calculated Cubic Yards

Segment Reach

10¢ Drop 1 to Station 405+89 72,300 52,100
9¢ Pine to Drop 1 151,000 158200
7- CVD to Pine 123,000 133900
5- Grayson to CVD 22,000 55,700
1&3- Bay to Grayson

Aug 65¢ Nov 67 660,000 302800
Nov 67¢ Apr 69 275,000 189400
Apr 69 Apr 70 125,000 238300
Apr 70¢ Apr 72 70,000 47300
1973- 1995 1,034,000 1,097100
1995- 2005 28,500 450900

Sediment Removal

1973¢ Bay to BNSFRR 750,000 545500
1986¢ CVD to Drop 1 138,000 143900
1989¢ CVD to Drop 1 138,000 140600
1993¢ Pine to Drop 1 38,000 38,000
1995¢ Pine to Drop 1 38,000 26500
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Table9. Calculated Composition of Deposited Sediment
after 19652005 Simulatin (Percent by weight)

Segment Walnut Creek Reach Description| Percent Sanc Percent Silt  Percent Clay

Drop 1 to Walnut Creek Station
10| 405+89 9 4
9 Pine Creek to Drop 1 87 13
7 Clayton Valley Drain to Pine Creek 77 23
k to Claytafalley Drai
5 Grayson Creek to Clayt&alley Drain 100 0
3 Pacheco Creek to Grayson Creek 94 6
1 Bay to Pacheco Creek 74 23 3
Reach Averaged Bed Material Gradations from 2009 Samples
Drop 1 to Walnut Creek Station
10 405+89 75 11 14
9 Pine Creek to Drop 1 69 21 10
7 Clayton Vallg Drain to Pine Creek 54 20 26
5 Grayson Creek to Clayton Valley Dr;
3 Pacheco Creek to Grayson Creek 48 31 21
1 Bay to Pacheco Creek 22 48 30
USGS Average Bed Material Gradations 1970
3 Pacheco Creek to Grayson Creek 69 14 18
1 Bay to Pacheo Creek 36 39 25

Cross sections at Stations 0+35 and 7+59, which are located at the downstream end of the
model, initially were assignedovable bedwvidths within the design channel width'he design channel
width is about 450 feetThe two crossedions included wide overbanks that represent the tidal flats
adjacent to the channel as it flows intoiSin Bay. These wide overbanks allow flood flows to occupy
the tidal flats, reducing the flow in the channel. When the channel flow is reduced, sediraesport
potential is reduced inducing deposition. It is uncertain how much of the deposition would actually
deposit in the channel and how much would deposit in the tidal flatsere were no survey data
available to make this determination. Duritig initial calibration simulations the channel completely
filled with sediment during the 1982 flood event. In order to prevent this unreasonable outcome, the
movable bed limits at the two downstream cross sections were extended to include the ed#rdat
width during the peak of the flood on January 4 and882 This change in movable bed limits was
effective for 48 hours. With this model adjustment about one foot of deposition occurred on the
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overbanks at both cross sections. The overbamkthnat Station 0+35 was abo@¥00 feet and at
Station 7+59 it was abo@00 feet. This adjustmemiroduced reasonable, but unverifiable, amounts of
deposition in boththe channel and overbanks.

Future predictive studies that include major flood eventsidld also include tb expanded
movablebed widthadjustmentat stations 085 and 7+59 In this study, the February 1982 flood had a
peak discharge of 28,600 cfs and required the adjustment. The next highest peak discharge was 12,900
cfs, which occurreth March 1998, and the adjustment was not required. Whether or not the
adjustment is required for future floods can be identified when channel deposition completely fills the
designated channel.

Initially, during the 1962005 historic simulation, the chael at the downstream cross section
was full by 1992. In order to prevent numerical instabilities, a transmissive boundary condition was
inserted after October 1992. This prevented any furttleposition at cross sectiont@5. Future
predictive studieshat use a surveyed cross section at the downstream boundary with significant
deposition above the design chanreévationsshouldinclude a transmissive downstream boundary
assignment.

Sensitivity of Input Parameters

Computer runs were conducted togethe sensitivity of key model input parameters. Tested
were the effect of adjusting the erodible bed limits, the effect of removing the low flow channel set by
the project design, anthe effect ofchanging the sediment inflow. Comparisons of calculated
measured deposition and sediment removal are shown in THhIEThe base test column represents
the final calibration values discussed in the previous paragraphs. Calculated results in the other columns
were obtained from the base test model witimly the specified difference included. The column
entitedd 6 A RS S NRchritathy/restilts fvoi @ dddel where the deposition and erosion limits
were the same. The column entitléedNB Y2 @S 2 ¢ cohthils galcdted ses0I& foé the
condition where the low flow channel was removed from all the cross sections in Walnut Creek. This
change was included because, with the design low flow channel, erosion was calculated along the
channel invert at some cross sections even though the bed sedirasatvoir depth was assigned a
depth of 0.01 ft. The model assumes that the minimum elevation in the channel is the bottom of the
bed sediment reservoir so that elevations higher than the minimum elevation are subject to erosion.

The effect of decredsg the sediment inflow at the upstream boundary of Walnut Creek by 20
percent and increasing the sediment inflow at the upstream boundary by 10 pemcershown in Table
10, also. The upstream sediment inflow could not be increased by 20 percent bedanseced
numerical instabilities
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Segment Reach

Depositiong Cubic Yards

Base Test

Wide
Erosion
Limits

Remove Low Decrease

Flow
Channel

Tablel0 Sensitivity of Input Parameters,19@905

Concord
Inflow
20%

Increase
Concord
Inflow
10%

10¢ Drop 1 to Sta 405+89 52,100 52,300 18800 36,300 57,000
9¢Pine to Drop 1 158200 14,100 192300 139500 116,000
7- CVD to Pine 133900 120500 195200 111,000 150,000
5 - Grayson to CVD 55,700 76500 48,000 34300 70,200
1&3 - Bay to Grayso

Aug 65¢ Nov 67 302800 363600 297400 250800 327,700
Nov 67¢ Apr 69 189400 193900 177200 154400 207300
Apr 69- Apr 70 238300 249,700 222100 194900 264900
Apr 70¢ Apr 72 47300 47200 48200 40500 50,000
1973-1995 1,097,100 1,110600 1,143200 979,100 1,153500
1995- 2005 450900 478300 453500 426200 467200

Dredgingc Cubic Yards

1973¢ Bay to BNSFRR 545500 603600 521,100 422200 605900
1986¢ CVD to Drop 1 143900 42900 203000 113200 147200
1989¢ CVD to Drop 1 140600 46,000 192900 111400 149500
1993¢ Pine to Drop 1 38,000 19,700 19900 34900 26,500
1995¢ Pine to Drop 1 26500 14,700 16,600 27,600 21200
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DISCUSSIOAND CONCLUSIONS

Available data were not sufficient to certifiye HEZ-6T model developed during this studyg a
computational model However, it is very useful foomputational analysis Acomputational analysis
is made to compare one alternative versus another because it will show trends in the parameters that
were el in the confirmation. However, one aaot be confident in the computedolumesof
deposition or erosion.

Channel Stability

I O2YLI NR&A2Y 27T 2 Is§sédinns witthNdBcsrif Driegdevied thalitife O NP
design cross sections were not gemrphologically stable. Deposition rates were much more rapid
immediately after construction and after sediment removal. This occurs because the original channel
design is not as efficient, with respect to sediment delivery, as the smaller channel cbgatatural
deposition. During the time period between 1965 and 2005 the Walnut Creek channel has been
adjusting itself to better maintain sediment continuity through the study reach. However, it is
improbable that a state of equilibrium, in which aletsediment supplied from the watershed is
delivered to Suisun Bay, will be ever be reachatleast in engineering time. Deposition and delta
building are orgoing natural processes that are expected to continue where rivers and streams flow
into bays.

In the upstream reaches of the Walnut Creek study area, sediment has been depositing on both
sides of the design channel, forming berms, while retaining a smallefldwchannel in the center. In
contrast, sediment deposited relatively uniformly ass the channel invert in the downstream reaches
during the early years of channel evolution (198%/2). More recent surveys in the downstream
reaches (1995 and 2005) show a well developed low flow channel with berms on both sides with little
additionaldeposition. This suggests that tidal processes have become dominant, in the downstream
reaches, and that the existing channel is much closer to a stable channel than the original project design.
Future project designs should recognize this conditionarald making significant changes to the cross
section shape in the tidal reaches of Walnut Creek.

Model Performance

The adjusted HEET model was relatively successful in simulating 12&% reported
deposition upstream from Grayson Creek, but not assssful in simulating reported deposition
downstream from Grayson Creek. Between August 1965 and November 1967, the volume of deposits,
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downstream of Grayson Creek, calculated by 8EGwvas less than the reported volumes. Between
1967 and 1995, the conuped and reported volumes downstream from Grayson Creek agreed
reasonably well. Between 1995 and 2005, HE®verpredicted deposition downstream from Grayson
Creek.

The reported volume of deposition downstream from Grayson Creek, between August 1965 an
November 1967, was significantly higher than in subsequent years. This was the time period when the
Walnut Creek channel was being excavated between Grayson Creek and the USGS gage. Itis likely that
the source of a considerable quantity of the depedisediment was from that construction. In fact,

HEGBT calculations indicated that Walnut Creek cannot deliver a sufficient quantity of sand from the
watershed to the deposition area to create the reported volume of deposition. The upstream channel
would become clogged with sand deposits.

Between 1967 and 1995, the numerical model results and reported deposition determined from
surveys was reasonably consistent. The channel geometry in the tidal marsh was becoming more stable
during this time. Sediantation processes were the result of both tidal and riverine hydrodynamics, but
it is speculated that riverine processes were dominant.

After 1995, surveys suggest a relatively stable channel in the reach downstream from Grayson
Creek, whereas the HEBT model results show a deposition rate consistent with previous years. Itis
likely that tidal sedimentation processes have become dominant and have successfully maintained a
channel that is in dynamic equilibrium, whereas HHCwhich models only theverine hydrodynamics,
continues to compute a deposition rate that is consistent with the earlier years.

Boundary Condition Issues

Difficulties in matching historical observations are attributed to uncertainties related to
boundary conditions and to faita to account for tidal processes in the downstream reaches. The
boundary conditions affecting calculated deposition volumes include estimated sediment inflow,
selection of channel bed erosion limits, and the sediment removal template.

There is considelde uncertainty associated with predicting precise quantities of deposition
because of the serious deficit in sediment inflow information. Available sediment inflow data are sparse
and date back to 19582. Data for discharges above 2,200 cfs are comlylédcking. There is no
accounting for changes the watershe® sedment producing characteristiasor of channel
improvements that may have reduced sediment input from bank erosion. The adopted sediment inflow
for the HEEGT model represents an awwge estimate that produced a reasonable simulation of
historical deposition in the study reach.

The selection of channel bed erosion limits and sediment removal templates were based on
reported historical data. Erosion limits and sediment removal teepelevations were adjusted until
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the computed volumes of sediment removal matched the reported volumes in the reaches of Walnut
Creek above Grayson Creek. In these reaches, the adjusted model was relatively successful in
reproducing the volume of sediemt deposits as well as the volumes of sediment removal. However, it is
uncertain if the model, as adjusted for calibration, will adequately predict future-tenyg

sedimentation patterns. When the model deposition limits are wider than the erosiorslithiére is no
erosion of sediment outside the erosion limits. Over a long period of time it is possible that computed
berm heights will reach unreasonable elevations. When this model is used to project future deposition,
calculated results need to beredully evaluated for reasonablenesh.is recommended that the initial
channel geometry in the HEBT model be replaced with current cross section geometry to make future
predictions. With this change at the downstream boundary, a transmissive bournatanglition should

be assigned.

Movable bed limits at the downstream two cross sections3fand 7+59) were adjusted to
include the overbank tidal widths during the 1982 flood. When this model is used to simulated future
extreme flood events the erosidimits should be treated similarly.

Because of the uncertainty associated with theseindary conditionsusing the model to make
longterm predictions of sediment deposition volumes in the upstream reaches is limited. In the tidal
NBI OKX { K Sterivi predfstivedcapalfili®/ ¥ Bery limited due to the failure to account for tidal
processes.However, the model can be used to make reliabdative comparisons between different
plans, especially during flood events.

Model Application

It is recogried that HE®T is designed to model riverine sedimentation processes and that the
lower reaches of Walnut Creek are affected by tidal processes, which are not simulated in t6& HEC
model.In their paper on the conceptual design and modeling of restamastal wetlands, Odell, Hall
and Brooks, (2008) present an approach for designing tidal channels. Three significant parameters are
tidal hydraulics forces, marsh accretion rates and supply channel dimensions. These are associated with
normal hydrologichevents. The proposed use of H&EICat Walnut Creek is for the analysis of plans
that will handle the low probability runoff events resulting from rainfall floods. In these events, riverine
forces dominate the processes. Project designs that are milyrenvisionedutilize high berms on one
or both sides of a low flow channel or on the side of tidal marshes. These are only flooded during the
extremely rare flood runoff events. They do not affect the tidal prism. They will not change marsh
accretionrates or volumes associated with normal hydrological events where riverine forces dominate
tidal forces.

Theconsequences of tidal processes that may be signifiséthtrespect tosedimentationare:
1) formation of a lowflow channel in the tidal prisnand 2) deposition and rdistribution of fine
sedimert during the tide cycle.These are associated with daily tidal flows and are not expected to be
changed by the plans envisioned for protecting against the low probability runoff events. Consequently,
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the low flow channel is not expected to change as the result of thelmgim plans for flood protection.

This HE®T model can be used reliably to compare one such design with another. The long term
hydrology and tidal hydraulics forces that creatbé tlimensions of the existing low flow channel are

not expected to change in the future. Therefore, the model need not predict development of a low flow
channel.

Recommendations for Additional Data and Modeling

This model study demonstrates timeed for additional sediment data. It is clear that, without
additional measurements of sediment inflow, projected sedimentation patterns in Walnut Creek cannot
be reliably quantified with HEET (or any other model). Since 1962, the Walnut Creek wedrbas
experienced extensive urbanization and considerable channel stabilization work has been constructed.
It is recommended that a suspended sediment data collection program be reinstated at the Concord
gage. Equipment and gaging methodology shoelddequate to obtain samples at high discharges.
Sediment size class percentages should be determined in the laboratory analysis. Data should be
collected bimonthly with additional samples collected during floods. The data collection program
should cotinue for at least ten years (assuming that several flood events occur and are measured).

It is important that geometric data be collected in the deposition reaches in conjunction with
the sediment data. Surveyed cresection geometry before and aftenajor flood events is especially
ONRGAOIT @ ¢tKAAd AyOfdzZRSa YSIFadzaNBYSyda Ay GKS GARE
LIDAR data can be used for most of the cross section elevations, but it is important that these data be
supplementedoy hydrographic survey data. These data will confirm the relative importance of riverine
processes in the deposition and erosion cycle.

Tidal hydrodynamics and sediment processes are best simulated withnaehsional model. It
is not required that a logterm hydrograph be simulated or even a flood hydrograph. Tidal effects on
channel geometry are the result of the twice daily ebb and flood tides occurring over and over again. It
is also possible that increased sediment concentrations in Suisund@ayléods on the Sacramento
and San Joaquin Rivers significantly affect deposition in Walnut Creek-t&8hosimulations with a
two dimensional model should be sufficient to determine normal rates of sediment deposition and
erosion. The modeling effovtould necessarily include more than one set of geometry conditions in
Walnut Creek as deposition and erosion rates are expected to change as the delta elevations increase.

The additional sediment and geometric data described in the preceding paragrephsquired
to move the HE®T study from @omputational analysito a computational model Additional
calibration work would be required to account for the effects of tidal processes. Once the tidal
deposition/erosion rates are known, sediment rembkates and erosion limits can be set in the ene
dimensional model. This calibrated HECmodel would be considerably more reliable than the present
one for predicting future longerm maintenance.
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APPENDIX A: HYDROLOGY

Hydrographs for the 1963005 historical simulation were developed by Brian Walker of the
USACBacramento District and provided to Mobile Boundary Hydraulics as DSS files. Daily discharges
were provided in DSS fl&C_Daily.DS$hd hourly discharges for 92 high flow periods werevipited in
DSS filaWC_Hourly.DSShis appendixwhich describes the hydrologic studyas written by Brain
Walker.

Two USACE approved models were used in tandem to calculate flows for th@ @55
simulation time period. These were the USEpbnsored 8il Water Assessment Tool (SWANgi(sch,
Arnold, Kininand King, 2001a and 2001dmd HECL1L, a version of HEGIACE, HEC, 19a@)dified to
allow longterm simulation. The choice to use two models provided the most efficient use of available
resources for the project. An HEC1 model had been developed for the Walnut Creek watershed in
previous studies for which single events had been the focus. It consistently showed the ability to mimic
watershed response at stinily time steps for discrete eventayt significantcalibration has been
NEIljdzA NER FT2NJ SI OK STFF2NI @ CdzNI KSNXY2NBx> fAGGE S
for multi-year periods. The SWAT program was specifically developed faelongimulation. It
accounts for lhe entire mass of water as it progresses through the surface and groundwater systems.
Therefore, it was decided that daily flow for the entire period of record would be calculated using SWAT,
while HEC1 could give sdhily definition to discrete eventsterspersed throughout the simulation
period. By scaling the swdaily hydrographs to match the total daily volume generated by SWAT, the
results of the two models could then be brought into agreement.

The computations were made in two parts: 1) a SWhodel was developed for the entire
period of record and 2) the HEC1 model was used for over 200 single flood exaenésof which were
groupedtogether so that there wer®2 differenttime periods For each part of the effort, a slightly
different methodology was used for theeriod when Walnut Creek data were availa®651992) and
afterwards(19922009).

Daily Hydrologic Analyss

TheSWAT modeablas selected to simulate daily flowased orits extensive use in watersheds
for which little doserved data is availab{Borah and Bera, 2003). SWAT jsaressbased semk
distributed model specifically designed with the intent of simulating the effects of land management
decisions for continuous, mufjiear periods at a dailyrtie step (Arnoleet al., 1998). SWAT simulates
watershed hydrology with a mass balance representation of the water cycle, as expressed in Equation
Al
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SW = SV\6 + Z(Rday_ qurf - Ea - Wseep_ng) Equ

where SW is the soil water content at the end of time ste@B\\ is the soil water content at the
beginningof time-step t, Ry, is the precipitation for the dayQsis the surface runoff on dayH, is the
total water lost to evapotranspiration processes on daysie,is the flow from the shallow aquifer into
the overlying unsaturated zone, ai@j,, is thegroundwater flow.

GlSbased processing with useefined thresholds defines a watershed at three spatial levels (in
order of decreasing size): the overall basin, the-babin (here, subdivision of the basin that contributes
to a single stream segmengnd the hydrological response unit, a unique combination of land use and
soil type within each subasin. A digital elevation map (DEM) provides the primary means of
delineating the watershed and creating tharface water stream network in SWAT. Theruken
selects the minimum area contributing to dasegment of the stream networhesub-basin structure
can haveas few as oner as many as 200 stiasins For this studyhe maximumsub-basin areavas
limited to 42 hawhich resulted in the identifation of 100 sukbasinsin the SWAT model

Runoff generation begins at the/tirological response unit (HRU). Each subbasin is composed
of multiple hydrological response units (HRU). An HRU is a unique combination of land use and soil
type. Unlikesub I aAyas 1wl a R2y Qi KIF@S | LIKeaAOrt €20F 042,
percentage of total subbasin area dedicated to a combination of land use and soil type. The user may
exclude HRUs that do not encompass a minimum percentage of theskatkarea. For instance, a
threshold of 5% in a 20 ha subbasin would exclude all HRUs of less than 1 ha. For this model, the
threshold was set to 0%. Hence, all 1610 HRUs were used in calculating the watershed runoff.

A two-stage procedure routes runbfirst overland and then through the stream network. For
this study, the SCS curve number (CN) method was chiosente overland flow For each HRU, SWAT
determines a CN value based on the land cover, the hydraulic properties of the soil, and thedante
moisture condition. Since CN values are dynamically updated based on watershed conditions at the
time of the event, the CN value in this case may be utilized for multigjeevents. The total generated
runoff is summed for the sutvatershed ands then routed overland using a kinematiave model and
I Y2RATASR alyyAy3daQa Sldz A2y G2 RSa®bYAYS (KS (A
contributing runoff The total volume is then routed through the single stream segment in each sub
basin. Infiltrated water is tracked in the groundwater and shallow aquifer calculations and may reenter
the stream or exit the basin through evapotranspiration.

Model Inputs: SWAT required four basic inputs. Three of these were GIS layers used by SWAT
to derive physical parameters for the watershed: a digital elevation map (DEM), a map of land use, and a
digitized soil map. Furthermore,digitized stream network was imported into the model, which was
used to artificially decrease the elevations of the streaeus relative to the original DEM. The lowered
elevations increase the likelihood of reproducing the actual stream network and properly delineating
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the subbasinsDuring simulations the model required precipitation and temperature data, both of
which itread from separate text files. A description of each of these model inputs follows:

1. Digital Elevation Map: The representation of the watershed was derived from a 7.5 minute
USGS 30 m resolution DE®esch et al 2002: Gesch, 2007).

2. Land use and lancbeer: he 1992National Land Cover Dataset (NLCD) of the entire United
Statespreparedby the USGS provided information on land {s®gelmann et al., 2001)

3. STATSGO: For consistency with the land use map fromth@9tate Soil Geographic
(STATSGWata set published i6994by the National Cooperative Soil Survegs usedSoil
Survey Staff, 2009)

4. Digital Stream Network: The high resolution National Hydrography Dataset (NHD) is the
product of a cooperative effort between the USEPA and the W&@8duce a featurébased
representation of the surface water network in the United States. The NHD for Contra Costa
County was imported and digitized within the model to lower local elevations near streams in
order to aid SWAT in predicting the natustleam network(USGS, 2009)

5. Dalily Precipitation and Temperature Data: The National Climate Data Center provided daily
rainfall and temperature values for three sites within the watershed, which are shown in

TableAl.
TableAl. Daily rainfall and temperature available for NOAA
Precipitation Temperature
Gauge Name COOP ID Start End Start End
Martinez Waste Treatment Plant 045378  11/1/1945 = 3/31/2009 2/1/1970 3/31/2009
Mt. Diablo Junction 045915 4/1/1952  3/31/2009 4/1/1952 3/31/2009
St. Mary's College 047661  12/1/1942  6/30/2005  12/1/1942 7/31/1981

Subdaily Hydrologic Analysis

TheHECYUSACE, HEC 19at)del usedor the 2005 Walnut CreekdasibilityStudyprovided
the basic structure for which unigue event parameters (precipitation and statiaseflow) were then
altered For the 2005 study hie delineation of suibasins and computation of their watershed
parameters forcontemporary land useonditions was performed using GIS data and the-BEGHMS
computer program SACE, HEC 2008he HECIY 2 RSf RS @St 2LJSR F¥2NJ 4 KS DNJ & &
Creeks Feasibility Study $ACE, SPK 2008s sed for the Graysoa dZNRSNBNDRa / NBS1a 02y
this study. Run prior to the Walnut Creek model, the GraysazZNR S NBE ND & Y2 RSt 2 dzi LJdzi
as input at its confluence with Walnut Creek for each event.

Basic unit hydrograph procedures developed by the U.S. Army Corps of Engineers, Los Angeles
District, were used for computing the sdiasin unit hydrograph@JSACE SPL, 1962n both models,
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the exponential loss ratevas used to model storm losse$She exponential loss rate is an empirical
method which relates loss rate to rainfall intensity and accumulated losses. Accumulated losses are
representative of the soil moisture storag&stimates oflte parameters of the exponential loss

function can be obtained by employing the HEC1 parameter optimization option.

Routing parameters for two detention basins, located in the upper reaches of Pine Creek basin,
were included in theHECInodel. Pine Creeldam, the more upstream of the two structures, was built
in 1955 and therefore had an impact for the entire period of study. The lower structure Pine Creek
Detention Dam was completed by the SCS in 1981; however, results indicate that routing through the
lower detention basin had no major difference with results from models for which no detention basin
was in place for the same event. For ease of assembling the 92 separate models, the decision was made
to keep both structures in place, as both were ineéddn the 2005 model.

Selection of individual events for sulaily modeling was made by screening the daily results for
events that produced a minimum of 2,000 cfs at the watershed outlet. This criterion resulted in the
need for modeling 211 events. Whéhe lag between some events was not long enough to allow for a
return to baseflow conditions, the events were combined into a single simulation period. Combination
of events created 92 separate simulations and models. There were 60 events that toeklpiang the
gauged period (before WY 1993) and 32 after.
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APPENDIX:BSediment Data Analysis and Suggested Sediment Model
Parameters

Allen Teeter, CHT 15 August 2010

Project Setting

The Walnut Creek basin drains an ared4% square miles in California and empties into Suisun
Bay. The flood control project at the downstream end of the Walnut Creek was constructed in 1965. By
1970, the downstream 3.5 miles had filled in with approximately 1,060,086ffthe-grained sednent.
Although the operation and maintenance manual required the project sponsor, CCCFC&WCD, to remove
excess sediments from this reach of the channel, the Corps conductedtam@ndredge of the lower
2.7 miles of the newly constructed channel in 19%3nce the 1973 dredging, the local sponsor has not
been able to secure the necessary environmental approvals to conduct additional dredging operations
to maintain the advertised capacity of the channel.

As part otthe general redesign of the project, tinty sediment cores were collected in October
2009 and analyzed to characterized the sediment material which has deposited in the project and to
provide information for a model study. The data developed from those sediment cores are summarized
here, analged, and sediment model parameters suggested.

Walnut Creek empties into Suisun Bay which causes the lower reach to beeatgaly of the
San Francisco Bay system. Water samples from Sept and Oct 2007 confirmed elevated salinity (specific
conductanceyalues at some downstream locations. Appreciable estuarine sedimentation can occur as
the result of sediment transport from seaward, gravitational circulation, and asymmetric tidal transport.
Estuarine areas are also generally efficient traps for fimknsents entering from upland.

The magnitude of the suspended load of Walnut Creek is large and may account for the bulk of
the shoaling in the project. However, even without a riverine sediment source, appreciable shoaling
would occur in the lower reaabf this project setting as the result of estuarine sedimentation.

Therefore, some background on local estuarine sedimentation is provided below.

Estuarine Aspects of the System

The following paragraphs describe local estuarine and sedimentation camslit8uisun Bay is
located in northern San Francisco Bay, where freshwater from the Sacrarf®atoJoaquin Delta
meets saline water from the Pacific Ocean. Suisun Bay is the furthest landwaedhbalyment of San

'Ganju, N.K., Schoellhamer, D.H., andscakesiuarins, B. A. (200
geomorphic model foBuisun Bay, California: calibration, validation, and idealizedt#tme e ppi ng, 6 Uni v. o f
Water Resources Center, Techn. Completion Report, Univ. of California.
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Francisco Bay, and is therefore most @sgive to freshwater flow. Most probably, recent water
withdrawals from the Delta have caused salinities to increase. Channels in Suisun Bay areldbout 9
deep. Carquinez Strait is a narrow channel about 18 m deep that connects Suisun Bay tod&BayRabl

to the rest of San Francisco Bay, and to the Pacific Ocean. Tides are mixed diurnal and semidiurnal and
the tidal range varies from about 0.6 m during the weakest neap tides to 1.8 m during the strongest
spring tides. Freshwater inflow typicallyst encounters saltwater in the lower rivers, Suisun Bay, and
Carquinez Strait. The salinity range in this area is ab@% @pt and depends on freshwater inflow.

Suisun Bay consists of two smaller subbayments, Grizzly and Honker Bays. See Fgjlire

Suspended and bed sediment in Suisun Bay is predominately fine and cohesive, except for sandy
bed sediment in some of the deeper channels. The typical suspesatiohent concentration (SSC)
range in northern San Francisco Bay is abot8A@mg/L ad sometimes up to about 1,000 mg/L in an
estuarine turbidity maximum (ETM). In Suisun Bay, ETMs are located near sills and sometimes near a
salinity of 2 ppt, depending on tidal phasedathe spring/neap tidal cycle.

An annual cycle of sediment deliveapd redistribution begins with large influx of sediment
during winter (delivery), primarily from the Central Valley. Much of this new sediment deposits in San
Pablo and Suisun Bays. Stronger westerly winds during spring and summer causavend
resuspasion of bottom sediment in these shallow waters and increase SSC. The ability of wind to
increase SSC is greatest early in the spring, when unconsolidated fine sediments can easily be
resuspended. As the fine sediments are winnowed from the bed, howiaeeremaining sediments
become progressively coarser and less erodible. Thus, tides and wind redistribute the annual pulse of
new sediment throughout the Bay. Since 1850, alterations in the watershed and estuary have changed
the bathymetry of Suisun Bggee Figurd-2).

Recentlydeposited sediment beds have been described for Suisuri Bavity cores obtained
in 19901991 and 1999 were analyzed to delineate depositional environments and sedimentation
patterns in Suisun Bay. Major depositional enmir@nts include: tidal channel (stitalal), tidal channel
banks (suHidal), tidal flat (intertidal to sukiidal), and bay mouth (sutidal). The tidal channel
environment includes both large and small channels in Suisun Bay as well as the tidal sl@wghar&li
Montezuma Sloughs. The coarsest sediment, usually sand or muddy sand, characterize this environment
and water depths range from 2 to 11 m.

Thin (32 mm) and discontinuous silt and clay laminae are common. Suisun and Montezuma
Sloughs are the exctpn to this pattern in that they consist of massive, intensely bioturbated muds.
Tidal channel banks (both "cut" and "accretionary" channel margins), particularly accretionary banks,
are characterized by lowo-moderate bioturbation and sandy mud to mugidand lithology. Typically
alternating sand and mud beds-§1lcm thick) are present; both types of beds consist of 1 mmto 1 cm
thick subhorizontal to inclined laminae. Laminae composed of organic detritus are also present. Where
this environment is trasitional with the tidal flat environment water depths range fron82n. Tidal flat
environments include the "sand" shoals present on bathymetry charts, and are typically a bioturbated

’Chin, J.L., Orzech, K., Ani ma, R. , a nmduisuaBay, e , B. (2002
Californiao, American Geophsical Uni on, Fal l Meeting 2
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muddy sand to sandy mud. Sand and mud beekcin thick, are often chacterized by very fine-2

mm thick silt and mud laminae. Water depths range from 2 to 4.5 m where these laminated tidal flat
sediments occur.
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FigureB-2. Historical sedimentation patterns in Suisun Bay.
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Bay mouth environments occur only in the distal portions of Grizzly and Honker Bays, sub
embayments of Suisun Bay proper. This environment is transitional with both tidal channel bank and
tidal flat envionments and shares characteristics with each. Massive to interbedded mud is the most
common lithology, although sandy mud to muddy sand also occurs. Centimeters thick sand and mud
beds typically alternate vertically. Bioturbation is low to moderate. Wdtpths over this evironment
range from 2 to 3 m.

Depositional environments present in Suisun Bay are the result of a full range of tidal and fluvial
processes as shown by the lithologies and alternating sediment stratigraphic patterns observed.in cores
Very thin beds and intense bioturbation evidence intervals of very slow to negligible sedimentation.
Rapid deposition and/or resuspension are evidenced by thick sediment intervals and by laminae that are
continuousand apparently unbioturbated.

USGS remarchers summarized Suisun Bay historical sedimentation patterns as follows

W Between 1867 and 1887, approximately 115 million cubic meters of sediment was
deposited in the Suisun Bay area. This is equivalent to about 2.5 cm/yr
accumulation over all of Sa1in Bay. Almost tw¢hirds of Suisun Bay was
depositional during this period. Most of this is debris from hydraulic gold mining in
the Sierra Nevada, and is likely contaminated with mercury which was used to
extract gold from tailings.

[N Hydraulic mining cesed in 1884, while water distribution and flood control projects
increased during the 20th century. These factors decreased the input of sediment
to the Bay, and from 1887 to 1990 Suisun Bay was erosional.

W On average, Suisun Bay deepened during the stedpg. From 1867 to 1990, Suisun Bay
lost more than 100 million cubic meters of sediment. This is equivalent to a loss of
74 cm over the entire Suisun Bay area.

W Changes in sedimentation in Suisun Bay affected its ecosystem in many ways. For example,
the area of tidal flat, rich habitat, and sources of sediment to the wetlands
increased by approximately 10 square km from 1867 to 1887 due to the input of
hydraulic mining debris. From 1887 to 1990, however, tidal flat area decreased
from 52 square km to 12 sque km.

There are numerous tidal creeks near the local project area in Suisun Bay which drain tidal
marshes. These tidal creeks are expected to be stable with inlet areas balanced by tidal prisms. If this
local relationship were known it might be usemirhake some simple estimates of estuarine shoaling in
systems where the inlet is initigllarger than the stable size.

3Cappiella, K., Mal zone, c., Smith, R. E. , and Jaf fe, B.
1867-1990, 0 Uie Report@pe563n
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There are constructed canals on the south side of Suisun Bay at Port Chicago (or Bay Point?) east
of the arsenal. These might providase studies of the extent of estuarine shoaling. CCCFC&WMD
conducted surveys in Lower Walnut Creek but only typical sections were plotted in COE drading DE
137. Water years 1966 and 1968 were {bawv and very low sediment yield years on Walnut Crelék.
more detailed survey information were available, an estimate of estuarine shoaling might be made using
volume differences between 1967 ad968 or 1965 and 1966 surveys.

Selenium is a waste product from numerous refineries along Suisun Bay anch€zargnait.
Most Se attaches to fine sediment particles and to their organic coatings. About 90 percent of selenium
directly input to a constructed wetland was trappédubsequently, about 10 to 30 percent was found
to be volatilized by wetland plantsThe vertical distributions of elevated Se in wetland sediments at
Martinez Regional and Benicia State Parks were determined to be fairly uniform by Zawislanskt et al.
might be possible to use Se as a tracer to determine the extent of estuaringrghivalL.ower Walnut
Creek if no refinery effluent was input there at least since 1965, and if the magnitude of dissolved Se flux
to sediments could be determined.

Some Field Observations

Allen Teeter accompanied the field crew on 20 and 21 October 20@9ey collected most of the
recent core samples. Both Kinnetic Laboratory and Hultikis Engineers personnel were well
experienced and efficient at this work. Few if any fine laminae were observed in the cores at the
sampling sites. Some rekaly fine interbedding was observed near the bottoms of cores VC14 and
VC15 that resembled bottom sets. These core$lieeds as thin as about 0.1 ft.

Active wetland sedimentation was observed on marsh surface in the lower reach. On the west
side of theLower Walnut Creek reach from Suisun Bay to Waterfront Road (baweer Walnut Creek)
fringing marsh about 1000 ft wide is present. This marsh appears to tidally flood and ebb through
lower-Lower Walnut Creek. Perhaps this is responsible for the higmosition along the fringing
marsh as compared to the east side of the channel. Rivdwimiéng channel bars were observed in the
middle reach between Waterfront Road and theT. & S. F. Railroad bridge.

Hydrocarbon smells and color were evidensame lowefreach cores. Jerrold Hanson indicated
that some large spills had occurred in the past and had been used to madatndore layers in some
cases.

It appeared that the recently excavated area in the upper reach (near VC20) had been overlain
with 0.25 to 0.75 ft of finggrained deposits. Some graxgted material was observed in this area which

* Hansen, D., Dd a , P.J., Zayed, A., and Terry, N. (1998.) nSel e
bi ol ogi cal BnwrdnaScii Techrola82, ppo595H%7
®Zawi slanski, P.T., Mountford, H.S., Gadniamdistifiutiod. , Mc Gr a

and fluxes in intertidal weltofEmvircdhsQual S0app. 168l@h.ci sco Bay,
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was very angular and appeared-weathered. It was suggested that a local aggregate plant might be
the source of this material.
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Summary of Core Séadent Data

Kinnetic Laboratories collected 30 cores along Lower Walnut Creek, HulijiefEngineers
(HTE) logged and siampled the corésand sent selected samples to Soil Control Lab for analyses.
Eighty suksamples were collected in the field afaity samples were analyzed. Results are summarized
in TableB-2.

Sediment Size Classifications

A combination of sieve and hydrometer was used to determine the complete grain size
distributions of the samples. A triangular graph of the sand, silt,cday fractions of samples is
presented in Figur8-3. Colofcoded points represent lower, middle and upper Lower Walnut Creek
reaches as defined on the figure title. As can be seen, all three reaches are represented across the
dimensions of the figureOnly sand was well sorted and clay and silt occurred in roughly equivalent
proportions. When plotted as individual distributions, as in Fidge silt and clay contents are
normally distributed while sand content is logrmally distributed. (This miiy suggest that silt and clay
occur randomly together and sand occurs as the result of hydrodynamic processes or other processes
that result in lognormal distributions.)

Twenty percent of the samples analyzed had sand content greater than 50 percamevét,
these were not truly random samples as some were selected as representative of certain observed bed
classifications. Peats were not selected for analysis because of the difficulties they bring to analyses.
The lower reach was sampled much moraritthe others. Statistics on core sample sand content by
project reach is included in Talieb.

A description of the size distribution statistics is presented later.

Sand and Peat Extent in Core Logs

Some 179.4 it of length in 30 cores were visueligsified in the field. Those classified as sand
or peat beds are summarized in TaBl& by length in the core logs. Statistical distributions (al log
normal) of all, sand and peat beds are presented in FiBt&e The trend is that sand content ieaises
from downstream to upstreamas supported by the sample data.

Atterberg Limits

Results of these twenty four analyses covered the same range as recorded in the visual
classifications: lean to fat clays. Most samples were lean clays with ligutlbehow 50 percent.
Scatter plots of Atterberg limits and clay content are presented in Figére As can be seen, clay
content correlates well with these parameters. Plasticity index and liquid limit are also plotted in Figure
B-7 in the geotechnidananner suggested by Casagrande and others. These data indicate a
comparatively high resistance to erosion (medium to high plasticity). Liquid limit and plasticity index
correlate well to clay content (FiguR6) but no spatial difference suggestingiference in clay type
could be detected in the data.

Derived Sediment Concentration Parameters

6HuItgren-Ti l'lis Engineers. (Nov 2009.) fASedi ment core sampl
Costa Count vy, tteReparttodcCOPWEC&IWCD, Martinez, California.
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Various sediment parameters were measured on forty coresaroples. These data were used
to derive other parameters as described in this section.

The sanple bulk wet densitBWDOw/v) =Cvpg+ (1- CY p; wherepj is the liquid density (w/v),
Cv is volume concentration (v/v), apdis the particle density (w/v). Other concentration measures are

concentration by weight Cw and unit dry weight (or dry dsner dry solids content) Cs. Conversions
between parameters include the following:

Cv=Cs pgand Cw =pgCv/BWD.

The average patrticle density was estimated for a mixture of organic and mineral grains as

1 Of (1_01“)

= -
’OS 1050 2650

where Q is the organic fractionrad 1050 and 2650 kg/cu m are the assumed organic and particle

densities, respectively. Sample organic fraction varied between 0.6 and 4.1 percent (median of 3.05
percent). Average particle densities varied accordingly between 2494 and 2626 kg/cu m(2&tia
kg/cu m).

Pore fluid densities were estimated using the method of Knudsen (1901) assuming that the
determinations of pore fluid total dissolved solids (w/v) were equivalent to salinity (w/w). This
assumption and since carbonate, bromine andrniedvere not separately determined, introduced a
aYlFLfttf SNNBNJI 2y GKS 2NRSNI 2F nodm Ldbdhkbrinity vafiodsR a Sy Q a
1.80655 and the method is third order in chlorinity and temperature. A temperature of 22 degrees was
assumed. Pore fluid total dissolved solid3Sraried between 4.4 and 19.0 g/l (median of 12.0 g/l) and
estimated pore fluid density ranged from 1001.2 to 1012.2 kg/cu m (median of 1006.9 kg/cu m).

SampleCwwas estimated by Soil Control Lab from muoistcontentw determinations. Since
w = (Wsat Ws) / Ws(whereWsatis the saturated weight and/sis solids weight in the sample),
Cw=1/(w+1) TheBWD = ps pl / (psCw (ps pl)) using the parameters calculated earlier. Then
Cs =Cw BWD

Core data was used to estimate representative values of unit dry weights foiSgasilt S| and
clayCasuch thatl / Cs(total) = Ca(w/w) / Cs(ca) + Sl(w/w) / Cs(sl) + Sa(w/w) / @d(sew/w is the
weight fraction andCs(ca,sl,sagre the componentsf total unit dry weightCs(total) General linear
model and least squares fits were attempted but finally an-ev@mber/trial and error method was
used to fit the data. (Problems arouse apparently because clay and silt unit weights were inversely
related to their percentage values while sand was directly related to it.) The result is presented in Figure
B-8 suggesting representative dry unit weights for cTar 484, siliSI= 1314, and san8a= 1811 kg/cu
Y @ It SIENBR2YyQa O2deNddl unif driy2avgightd andl antesdtidateS of total ikt drg
weight based on the combination of clay, silt, and sand unit dry weights was 0.90. The regression forced
through 0.60.0 yielded an R= 0.98 and a standard error of estimate of about 2.2 petce
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TableB-2 presents a summary of measured and derived parameters. Scatter plots of
concentration parameters and clay, silt, and sand contents are presented in Agy@rasdB-10.

Sediment Size Distributions

Cumulative grain size distributions ¢ samples were determined by Soil Control Lab, as
previously described, and presented in graphical form. Those plots were digitized at the 16, 31, 50, 69,
and 84 percentiles leghan as phi valuesl¢g2(diameter, mm)). Then statistical methods simita
those of Folk (but generalized to include five points instead of three) were used to estimate mean,
sorting (standard deviation), and skewness of distributions. Basing statistics on phi values makes these
statistics similar to geometric statisticsmfan, etc. On many digitized curves, the 16th percentile lay
below the measured points. In most cases the necessary extrapolation was a relatively short interval
and was facilitated by the last three measured values. In a couple of cases, extrapokaiorore
appreciable, almost to the end of the plotted size range.

Size distribution statistics are presented in FigBtEL plotted against channels station. Mean
sizes there were converted from phi units back to millimeters. Positive skewnegsisl tilve fine end
of the distribution. Over Lower Walnut Creek, sediments in the reach between the mouth (channel
station 0+00 or 0.0 in the plot) and 100 (100+00 ft or ft/100) were finer than the remainder of the
samples (95% confidence levelyglue=n ®nHc X YR YSIya 2F 1dp YR HH®DC
Differences in sorting and skewness were small and not significant.

Within the sediment cores, size distribution means (mm) decreased with depth into the
sediment (pvalue = 0.119), more significantgcreased with water depth at the sampling sitevigdue
= 0.025) and most significantly with depth in sediment plus water deptlalpe = 0.007). This could
indicate that sediments are upward coarsening with respect to the sediment column and the
constucted project base (since cores were designed to cover the sediment thickness to the constructed
base). This could also reflect that the (coarser) sediments sampled upstream are at a higher elevation
(often water depth = 0.0 ft) than the downstream sedim® Scatter plots are presented in Figig&2.

Though there is a clear upstream coarsening, there is also considerable variability in the grain
size statistics among the three reaches bounded by Waterfront Road and the A.T. & S. F. Railroad bridge.
All three reaches contain some coarse, well sorted, positively skewed samples. Se8ERure
Likewise they also contain fine, poedgrted, and more negatively skewed sediments. The former are
lag deposits and at channel station 0+00 likely origiddrom windwave transport along the Suisun
Bay shoreline.

There are eight combinations of mean, sorting, and skewness when each is considered to either
increase or decrease (2*2*2). Of these eight, two combinations have been used to infer trapesibart
in directions of deposition and erosion. To apply this method, many surficial bed samples are usually
collected along lines from material that is or recently has been in transport at the sediment surface. In
the case of the Lower Walnut Creek sansplieend in statistics were examined along channel stations.
Sediments in the lower reach appear to fine in the upstream direction although the trend is weak (p
value = 0.29). If the three coarsest (and vselited and positively skewed) samples are deaitfrom
the analysis, the upstream fining trend improvesvglue = 0.18) and upstream sorting improves
(decreases) (walue = 0.32) and upstream skewness is more negatival(e = 0.09).
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Upstream estuarine transport might be indicated for the loviewer Walnut Creek but, as
indicated, the trends in sediment statistics are somewhat weak (about 80% confidence level). Statistics
and trends are plotted in Figu®14 and an example hypothetical series of differential grain size
distributions with thesame trend is presented in FiguBel5.

61



100

o
="

'y & & & i
100 B4 64 50 31

FERCENT SAND

FigureB-3. Triangular graph of sand, silt and clay content of Walnut Creek corsasoples.

Note: Read percentages 30 degrees to left of normals to axes as indicated by arrows. Red dots are from below
Waterfront Road (HTE, Plate 1), blue dots are between Waterfront Road and A.T. & S. F. Railroad Bridge, and light
blue dots are from above the bridge (blue circle with cross in the bottom left corner had gravel content added to

sand content).
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FigureB-4. @mulative frequency distributions (by quantiles of standard deviation or standard normals about the
median) for sand, silt, and clay.

Note that only the PercerBand ordinate is log scale and implies the sand distributionisdagal while silt and
claydistributions are normal (gaussian).
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TABLB-1. Sand and Peat Bed Extent Based on Core Logs and Sand Content of -Core
Samples

Lower Walnut Creek Reach

All Lower Middle Upper
Percent Sand Beds 8.3 6.7 8.1 21.3
Percent Peat Beds 10.5 7.1 29.1 3.6
Other 81.2 86.2 62.8 75.1
Total Core Length, ft 179.4 131.6 31 16.9
Number of Sub-Samples 40 21 10 9
Percent w/ > 50% Sand 20 14.3 20 33.3
Mean Sand in Samples 24.3 16.7 28.7 37.3
Median Sand Sampled 13.8 7 16.6 32
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FigureB-6. Scatter plots of Atterberg liquid limit (LL), plastic limit (PL) and plasticity index{PL)Lparameters,
and clay fraction.

Note: Color coding is by suteach as described in Figus-1.
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FigureB-7. Plasticity graph of Atterberg data (dots) and dataset median values (maroon diamond) in relation with
/ I & 3 NJligeRngicating high resistance to erosion.

Note: Color coding of dots is by channel s@ach as described in faige B1.
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TABLB-2. Summary of Measured and Derived Sediment Parameters

Parameter Mean Median 16th Percentile | 84th Percentile
Cw, % 57.4 56 49 69

Of, % 2.9 3 2.3 3.6

Pl, % 23 24 17.7 27.6
PL, % 21.6 22 18 26

LL, % 44.3 46 35 53
TDS g/l 12.1 12 9.9 14.8
Clay, % 34.1 34.4 15.9 52.2
Silt, % 41.3 441 30.6 55.1
Sand, % 24.4 13.8 1.9 50.5
Gravel, % 0.25 0 0 0
Medi an [15.9 10.8 4.6 76.5
Mean D, |11.7 7.7 3.1 50.6
Sorting,0.141 0.14 0.09 0.185
Skewness -0.233 -0.23 -0.013 -0.362
BWD, kg/cu m | 1556.6 1517.6 1426.6 1729.3
Cs kg/lcum 910.1 849.9 699.1 1194.3
Moisturew, % 79.2 78.6 44.9 104.1
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FigureB-8. Unit dry weight measurements and estimates from clay Ca, silt SI, and sand Sa grain mixes.

Note that the red point in top right corner was computed from raw sand content while the blue point is the same
sample computed by adding the gravehtent (about 10 percent) to the sand.
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FigureB-9. Scatter plots of concentration parameters and clay fraction.
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FigureB-10. Scatter plots of clay, silt, and sand percentages and unit dry weight (solids content, kg/cu m).
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FigureB-11. Grairsize distribution statistics plotted by channel station.

Color coding is as described for FigBre.
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FigureB-12. Scatter plots of mean grain size in-phits (small values are larger sized), channel station (ft/100),
and sample elevatiorft( mtl).

Note: Color coding is as for FiguBel andB-11.
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FigureB-15. An example series of hypothetical diffetial grainsize distributions which become finer, more well
sorted, and more skewed in the larger direction along a depositional path from black to blue to pink.
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Sediment Transport Parameters

Sediment parameters were estimated based on previousrkboy studies of dredged material
from the San Francisco Bay ate€omposites of maintenance dredged material from the bay area were
tested by the WES Hydraulics Laboratory (POC Teeter) and by the University of Florida (POC Mehta).
Those tests, takerogether, indicated a twgphase particle erosion where erosion is first initiated at a
low level of shear stress (Type I/ll) and then increases more sharply at higher shear stress (Type ).
These threshold stresses and erosion rate estimates were usset active and inactive layers. Mass
erosion occurs when the sediment matrix yields (the yield point) and increases sharply with clay solids
content. A value was selected here (10 Pa) that is probably on the low side for this sediment column
type and desity. However, the mass erosion threshold for freshly deposited clay material would be
SELISOGSR G2 06S 62dzi ¢ tl® ¢KNBakK2fR &aKSI N adiNBa
sediments.

HEG6 card fields are presented in the two tables thalldw first in SI and metric units and then
in HEGS units. The special 12 cards will have to be repeated after the I3 card. Thus, silt and clay will be
transported together.

TABLB-3. HE Card Fields in S| Units
Field | Card 12 Card 12 Spec. Card 12 Spec. CARD 13
Active layer Inactive layer Silt
2 MTCL =2 1 2 MTCL=2
3 ICS=1 DTCL=0.06 Pa |DTCL=0.06 Pa [IASL=1
4 LCS=1 STCD=1.0 Pa STCD=1.0 Pa LASL=4
5 SPGC=2.53 STME=10 Pa STME=10 Pa SPGC=2.53
6 DTCL=0.06 Pa ERME=0.144 ERME=0.144 DTSL=0.08 Pa
g/cm?/min g/cm?/min
7 - ER2=60 ER2=60 -
8 PUCD=484 kg/m® PUSD=1314 kg/m?®
9 UWCL=484 kg/m® UWSL=1314 kg/m®
10 CCCD=0 CCSD=0
"Teeter, A.M. (1987.) fAlcatraz di spelsardzdisppsalsitei nvesti ga
erodi bility,-81NBEACE,Wattrasgyebxp. $tdtion, Vicksburg, MS
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Conversions: 1 kg/n? = 0.06243 Ibs/ft
1 Pa = 1 N/rh= 0.02089 Ibs/ft
1 g/cnf/min = 122.918 Ibs/fthr

TABLB-4. HE-6 Card Fields in Required English Units
Field | Card 12 Card 12 Spec. Card 12 Spec. CARD I3
Active layer Inactive layer Silt
2 MTCL =2 1 2 MTCL=2
3 ICS=1 DTCL=0.00125 | DTCL=0.00125 IASL=1
Ibs/ft* Ibs/ft*
4 LCS=1 STCD=0.0209 STCD=0.0209 LASL=4
Ibs/ft* Ibs/ft*
5 SPGC=2.53 STME=0.2089 | STME=0.2089 SPGC=2.53
Ibs/ft* Ibs/ft*
6 DTCL=0.00125 ERME=17.70 ERME=17.70 DTSL=0.00167
Ibs/ft* Ibs/ft*/hr Ibs/ft*/hr Ibs/ft®
7 - ER2=60 ER2=60 -
8 PUCD=30.2 lbs/ft® PUSD=82.0 Ibs/ft®
9 UWCL =30.2 Ibs/ft? UWSL=82.0 Ibs/ft®
10 CCCD=0 CCSD=0
TheHE@ & GFYRFNR LI NIAOES FlLit @St20A0G@& F2NJ |
is estimated to be 0.00762 mm/sec (2-5dps) using the FISC method (report 12, 1957). The grain size
determinations and solids content included materiaba¥ I t £ a n®dp >Y 2NJ f Saa
GKS OtlF@& YFOISNAIE RSGSNXAYIFI(GA2ya A& GKSNBFT2NB
Specifying a fall velocity for clay particles is made difficult by the fact that even in fresh water
they exist in floccules of many partictegshough not as large and dense as in seawater. The clay

minerals in the Sacramentdan Joaquin river system and Suisun Bay are a mix of illite and
montmorillonite’ which have a very high surfaeeea to volume atio due to their platy, sheetlike

8Chase, RR. P.

Kne

bel , H. J

(1979,
. Conomos, T.
the San Francisco Bay system, Californih Sedim. Petrolog

) ASettling
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J-minerabvaridbilit@ in therseispended sedimentsdf 1 97 7 . )
WA7:1, pp. 22236.
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particle configuration. Such flocs are fragile and difficult to study because their size and density depend
on concentration, fluid shear rate in the water column, the presence of organic material, salinity, etc.

PNSE@A2dza 102N G2NE GSada 2y 5SGNRAG wAOSNI aSR;
freshwater (with varied concentration and fluid shear rate) indicated an overall median floc fall speed of
about 0.07 mm/sec at 20C°. Laboratory tests of resuspeed Atchafalaya Bay channel deposits with a
YSRAFY RAFYSGSNI 2F 62dzi u >Y AYRAOFGSR | WSRALY
The same study performed 30 field settling tests on bay water suspensions-atifoent sites and
found thatsediment settling speed deceased away from the river mouth. The median setting speed was
0.04 mm/sec (25 and 75 percentile values were 0.009 and 0.07 mm/sec, respectively).

Based on representative observed clay fall speeds, a flocculation facted isf i@commended
to be applied to the HEE clay fraction fall speed. Some model sensitivity tests with factors in this
range might be appropriate.

Burban, PY.,, Xu,Y-O. , McNeil, J., and Lick, W. (1990.) fASett]!i
of Geophys. Res., 95:C10, pp. 18,218 220.
“Teeter, A.M., and Pank alaya RiVér Del(alRe®1@ 2 Field datahSectight2:c h a f

Settling characteristics 0-82-1b BSACE, HS, Wicksbirg M® Tec hn. Rpt .
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