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CONVERSION FACTORS, U. . CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

u. S.
follows:

Multiply

acre

acre-ft (acre-foot)

cfs-days

Fahrenheit degrees

ft (foot)

ft/s (foot per second)

ft3/s (cubic foot per
second)

inch

mi (mile)

mi2 (square mile)

pounds

ton (short)

ton/d (ton per day)

ton/miZ. (ton per square
mile)

(ton/mi2)/yr (ton per
square mile per year)

ton/yr (ton per vear)
d3 (cubic yard)

yd /yr (cubic yard per
year)

.’”,Bﬁ_;wl

0.004047
0.001233

0.3048
103048
0.2832

N

o Cic>C>¢>h>hau

. 609
.590
.45359 .
.9072 -
.9072
.3503

.3503

o

.9072

0.7646
0.7646

customary units of measurement can. be converted to metr1c (QI) units as

i""To.ostai‘a o

~-km2 (square k110meter)
_-hm3 (cubic hectometer)
. m3 (cubic. meter) .
- Ce1s1us degrees orke1v1ns*
S m. (meter)
. m/s (meter per second)

m /s (cubic meter per.
second) C

o mm (m1111meter)

km (kllometer) .
km2 (square kllometer)

- Kilograms: (mass)

.+ Mg (megagram)-
-Mg/d (megagram . per day)
;mg/kmz

(megagram: per
square kilometer).

(Mg/km2/yr -(megagram;. -
per square kllometer
per vyear) .

Mg/yr (megagram_ per
year)

m3 (cubic meter)

m3/yr (cubic meter
per year)

¥ To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use the following formula:

readings, use:

viii

= (5/9)(F - 32).
= (5/9)(F - 32) + 273.15.

To obtain Kelvin (K)




SFLTION I - INTRODUCTION

1. . Pugpgge Th1s append1x reports the results oF the sed1ment transport ‘and
related studies conducted as part_oF,the,Sacramento River and Tributaries .
Bank Protection and Erosion Control Investigation. zThe,investigation was:- .. -
authorized by a resolution adopted:.in December 1970 by the Committee on-
Public Works of the House of Representatives. = Among other -objectives, it was
to determine the Federal interest in and responsibility for additional bank
protection and. erosion .control on:the. Sacramento River; and the:.lower :reaches
of :major tribytaries.. As.a part of .the .overall -investigation, studies. were: -
conductedtto;determine»thewpotential_effects_relative1tossedﬂment~transportv
that: might ‘be -induced: by implementing the -proposed -comprehensive channel
stab1l1zat1on plan 1he obJect1ves oF these studles were to evaluate

P

rfé_ what reduct1ons w111 be produced by 1mplementat1on oF the plan in-
the rates oF sed1ment del1very to the main stream oF the r1ver at var1ous
locat1ons ; o L . e : oo

’lzl(l) byfreachesf: 5;
(2)- to.the bypasses:
4(3) at Sacramento

;b~ what as the t1me response of the r1ver system to reduct1ons dn: the
sediment input: rates along.its upper. reaches? : In other.words, how much: time:
will elapse before:reductions in.bank eresion: rates. can' be: expected tozreduce
the  sediment. del1very past Sacramento to the downstream nav1gat1on channelsﬂ

'fé, what w111 be the eFFects ~if. any, of the reduct1on or curta1lment oF'
the bank erosion sediment:source on the:channel- bed of the iriver? i
qpec1F1cally, wlll obJectlonable bed degradat1on occur? > :

qacramento Dlstr1ct x;ﬁsl1st oF the pr1nc1pal study 1nvest1gatorw@'g,.:own\on'
page 60. . These studies:were conducted with the-assistance:and guidance:of . .:
several. consult1ng engineers, 1nclud1ng Dr. John F. Kennedy (Director; -
Institute of Hydraulic Research, University of Iowa), William A. Thomas
(Research Hydraulic Engineer, .U.S. Army Engineer:Waterways:Experiment.
Station), and Pr.:Mito.A. Vanoni- (Professor Emeritus,-Retired; Cal1Forn1a
Institute of: TechnoIOgy) ‘These consultants wére tasked: withsreviewing: andga
suggestlng improvements. to the District"s sediment: mon1tor1ng ‘Program whlchj;
was being implemented by the U.S. Geological Survey (USGS):.:Further; they! =
provided guidance in the development of mathematical sediment models of the
river and in the -initiation and -analysis of the results of other component

studies. These.consultants. were.engaged.at the initiative of. the: Hydraul1c~i

Des1gn Sectlon who . was respon31ble For coord1nat1on w1th them

Acknowledgement is also g1ven to the Follow1ng For the1r ass1stance
throughout the course of the. study: Dr. A. Jacob Odgaard, University oF_
Towa; Jim Blodgett, Dallas Childers and*JerrytHarmonrwu;S;.Geological‘Survey;
Sacramento, .California; Al Montalvo, Drs. Michael Gee and Robert Macnrthurir
U.S. Army Corps of Eng1neers Hydrologic Engineering Center, DaJsis; B
California; and Ronald Heath and David Williams, U.S. Army Eng1neer waterways'

Experiment Station, Vicksburg, Mississippi:



2. Description of Sacramento River Basin The Sacramento River Basin, with

a length of about 250 miles and a width of about 140 miles, comprises an area

of about 26,000 square miles, as shown ‘in Figure 1. The basin is bounded by
mountains on three sidés with the -Coast Ranges on the west, the Trinity
Mountains and Mount Shasta on the north, and the Sierra -Nevada Mountalns on
the .east; on the south is the Sacramento San Joaqu1n Delta

The Sacramento R1ver or1glnat1ng at Mount Shasta,-Flows generally
southward eover 350 river miles to Colllnsv111e where  the Sacramento and ‘San
Joaquin ‘Rivers join and flow into Suisun Bay. - Average -annual runoff amounts-
to about 22 million acre-feet.  Shasta Dam, about 9 miles north of Reddlng,
provides considerable  reduction in winter floodflows and increases in summer
flows. From Redding to Red Bluff the river flows through foothill terrain;
below:Red Bluff the river:enters :the Sacramento Valley: proper:and:meéanders
through alluvial flood plains. Between Red Bluff and Ord Ferry: the river =
regularly overflows its banks during storms in the winter and spring:seasons’
flooding low-lying basins to the east and west. Below Ord Ferry the river is
contained by levees adjacent to both banks, and an extensive system. of weirs
and bypass channels diverts enough water to prevent floodflows: from.
overtopping the levees. Moulton and Colusa weirs divert Sacramento:River
flood water to the Butte Basin. Tisdale Weir diverts flood water into the
Sutter-Bypass. : The Sutter Bypass. originates at.the outlet of:Butte Basin
near. the :Sutter Buttes, conveys flows:diverted from the river-:déwn the:: = =
Sacramento Valley:on the East:side of the river and terminates at the -
Sutter=Yolo complex below Knight's Landing. Here, the floodflows merge with-
the Sacramento and Feather River flows. Exiting from this complex are the
continuation of the"Sacramento: River towards Satramehto and at floodstage,
the Fremont Weir which diverts FloodFlows into - the Yolo- Bypass ‘The Yolo
Bypass follows a southerly course west of: the: River and:parallel to it and’
joins the river at river mile (RM*) 14 via Cache Slough near .Rio Vista.
Downstream: of' the Fremont Weir: thé:Sacramento River continues-towards: the
belta ‘with diversions- into the Yoleo Bypass at: the Sacramento’ Weir ‘above

Sacramento- durlng floods and:-inflows ‘from the American River at- Sacramento‘t-[

(See Figure’ 2 Bas1n Flow Dlagram and Flgure 3 Schematlc of Malnstem ChanneI
Capac1t1es ) LA i proaabuEmon b

Bank erosion along the Sacramento R1ver and 1ts maJor trlbutarlee has

caused ‘loss.of berm areasbetween the - ‘riverbank and ex1st1ng levees; loss ‘of

agricultural <lands - ‘being used for production of dry land:grains and: orichards;.
loss of roads, . bridges; and" res1dences and-ldss~OF~va1uablenriparianihabitat
and: assoc1ated wlldllfe g A A S A ST

The mechan1cs oF bank erosion are: complex process dependent on the _
geometrlc hydraulic and ‘geologic characteristcs.of the stream. . The concave:

banks of meanders are/very susceptible to ‘erosion due to thefhigh~velocitiee?

and turbulence near them. In general, causes of streambank erosion include:
rapid -fluctuation  in water levels, high velocities during floodflows,
sustained high:flows, debris and vegetation in the river which directs Flowsf
toward the banks, wind generatéd waves,;:or waves from commercial and . |
recreational craft. ‘'On the Sacramento R1ver erosion oF the toe oF a bank is
a maJor cause oF bank Fa11ure o : o ‘

*R1ver m11es are shown in boxes in Flgure 1.

.,~.-'.;
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Major streambank erosioh problem areas are scattered from Shasta Dam to
Collinsville. Along the upper reach, between Keswick Dam and Red Bluff, much
of the-river is confined to a Canyon area. This reach is relatively stable
although significant bank eroslon 1s occurr1ng at a few s1tes between Redd1ng
and - Red BluFF oo

Between Red BluFF and Ord Ferry, erosion problems become qu1te
significant due to the meandering ‘nature-of ‘the river. As part of ‘the
Sacramento River Chico-Landing to ‘Red 'Bluff Bank: Protect1on pro;ect ‘there
were eight sites where ‘barnk protection was beihg placed "itv '1978.  ‘The rate’at
which erosion was occurr1ng at these eight sites was estimated to be 203,500
cubic yards per ‘vear.” ‘A portion of the sediment eroded: from the banks passes
downstream and deposits ‘in flood control and navigation channels -and must be’
removed. At River' Mile 184.0 (Ord Ferry), ‘the Sacramento- Flood ‘Control’
Project levees start and continue downstream past: Sacramento For most oF
th1s reach the levees closely border the r1verbanks ; &

3’. Component Stud1es | SR | . ' (, : , . _

As part oF the overall 1nvest1gat1on, several component stud1es were "
performed to provide the necessary data and analyses in assessing the
hydraulic and- sediment transport’characteristics of the Sacramento R1ver and
Bypasses. These include:

a. *Data“ﬂcquisition~Program This program.was conducted by the 7
Sacramento Subdistrict Office of the USGS‘Under contract to’ the Sacramento
District and is described in Section III of this report. This was to provide
basic data on water and ‘sediment discharge: relat1onsh1ps in the River system
for verification of the mathematlcal sed1ment models and development of the
river bhudget (item b below). o

‘b.  Sediment Budget Studies ‘Sources of- sed1ment 1n the River and Bypass
system were identified and sediment Vields Ffrom:them were" est1mated’ ‘A data
base was developed by the Sacramento Subdistrict Office of the United States-
Geologlcal Survey (U.S5.G.S.) under contract to the District. Sediment yields
from major tributaries and at" ma1nstem river-stations: ‘were- computed for a 19

" year period. From this; a’sedimeht bldget was expanded to’include: bank

eroded and bar depositional quantities corresponding to preproject cond1t1ons
and to cond1t1ons anticipated- after the eroding- banks have been stab1112ed
The net'‘bank“eroded material”has been routed through the bas1n Th1s 1s ‘? k
described in Section II of this report. S

c. 'Bank Erosioh and Bar DepositionalﬂQuantitiesf*Inithe'study‘reach

‘between Red Bluff and Colusa the quantities of sediment eroded from banks and

deposited in point bars were estimated in two analyses by Invest1gat10ns
Section A, Sacramento District and Sacramento Subdistrict Office, USGS.
These data were used in the Budget Study and mathemat1cal model analyses _
Development of ‘these data ‘are described in the main Feasibility ‘report.

d. Mathematical Sediment Models A fine grid HEC6 model of the mainstem
of the upper Sacramento River from Bend Bridge to Hamilton City and a coarse
grid model from Hamilton City to Sacramento were developed by Hydraulic
Design Section, Sacramento District. These models simulate both hydraulic.
and sediment transport conditions 1n the ma1nstem river, and are described in
Section III of th1s report.




e. Sed1ment Transport Capacity of Sacramento River This study was
perFormed by the Institute of Hydraulic Research,. .(IHR), Un1vers1ty of Towa,
Towa City, Iowa under contract to the Sacramento District. The purpose.of
this analysis was to evaluate the applicability of various sediment transport
formulae to Sacramento River transport conditions. In addition the. analyses
was to determine if the River is "sediment - starved." Prototype data of
hydraulic -and sediment transport conditions.at Colusa and Butte City were

provided by USGS. :Results:.of this analys1s -were used. to verify..the -
- mathematical sed1ment models and provide: further 1ns1ght to, the R1ver
Sed1ment Budget study , Results oF the analyses are reported in ref 5

F.‘ Unsteady Flow Model oF Sutter. Bypass Th1s model was developed by
the Hydrolog1c Engineering Center, U.S. -Army . Corps of Engineers, .Davis, - -
Cal1Forn1a using the National. Neather,Serv1ce Computer. Program;. DNOPER (reF
1). . This model s1mulates hydraul1c cond1t1ons in the Sutter Bypass from the.
outlet of the Butte Basin. near. Yuba City to Sutter Bypass hear Nicolaus. The
purpose of this model is to estimate velocities within the Sutter Bypass to
help in assess1ng transport of sediment through the Bypass. - Model - '
development is discussed in detail in ref., 2. Model results are 1ncorporated
into. assessment of..the River Sed1ment Budget in Section II.. --!‘ e

Lo 9. Bend Stud;i
summarized as follows:

The obJectaves oF th1s Un1vers1ty oF Iowa study may be :

(1) To.verify for appl1cat1on to Sacramento. River bends the
Follow1ng recently publ1shed mathemat1cal models oF r1ver—bend flow:,

. ‘{/ﬁ,- Engelund . (Techn1cal Un1vers1ty oF Denmark)
. Bu K1kkawa S et al (Kyoto: University, Japan)
C. Falcon's (University oF Towa - UI): :

g (2)..To develop guidelines for.applicatiom: to the. Sacramento River
bends oF the mathemat1cal model, adJusted or-modified:-as. needed “found to.-be.
most re11ab1e e;, S T R T A ,k_gxﬁﬂn_ i e

) (3) To develop From the. model pred1ctors For d1str1but1ons oF depth
and streamw1se ve1001ty across and around Sacramento River bends -

_____

(4) To exam1ne the eFfects oF bank slope espec1ally sloped JUE
r1p—rapped ‘banks, on the velocity - d1str1but1ons .and transverse bed profiles .
(espec1a11y near the concave banks) ' CL B O S

.The U.S. Geological Survey, under: contract to the Sacramento D1str1ct
was. respons1ble for. collect1on of the F1eld data . S

The F1rst set oF bend Flow data was collected on the bend near R1ver .
Mile 189.in April-May. 1979, and the second set.in March 1980. The data
obtained include. the Follow1ng for each of several cross- sect1ons nearly
uniformly placed around the bend:

(1) Vert1cal d1str1but1on of veloc1ty (magn1tude and d1rect1on)
over several . vert1cals , _

(2 _Transverse,Channel bed"slope and channel geometry.

?




e b

snienes BN covonos: SO

“spacing of bank protection (training structures) around channel

valuable results that have come to llght 1n thls study are

e oMo mmoEm

'1(3), A bed mater1a1 sample at ‘each vert1ca1

A1l data from both F1e1d measurement campalgns were supp11ed to the _
‘University of Iowa (UI) by the USGS in July 1980 and are reported in reF 26
The data analysls and evaluation of the various river-bend models are- '
reported in ref 6. Cooperative funding for this component study was provided
under the Streambank Erosion Control- Evaluatlon ‘and Demonstratlon Act of 1974
(“Section 32n program) by ‘the U:S. Army- Eng1neer Naterways Experlment A
Station, V1cksburg, M1ss1ss1pp1 “and by the Hydrologlc Englneerlng Center
Corps oF Eng1neers, Dav1s Ca11Forn1a ‘

h. Channel Changes in Sacramento R1ver A study of this subJect was
performed jointly by the Sacramento Subdistrict Office, USGS and ’
Investlgatlon Section A, Sacramento District. The purpose of th1s analysis
was to identify channe1 ‘change trends 1nc1ud1ng channel 1ength 51nuos1ty,
cross-sectional ‘area, etc. These Feésults are repérted in the main
Feasibility Report..

i. Criteria for Placemént of Protection on Bends ~This ‘stidy is a
component of the bend study (Item g, above). A mathematical model. was
utilized to’ develop cr1ter1a for” the requ1red longltudlnal extents_and also

Calculations were carried out to investigate the potent1a1 eFFectlveness of -
bank- -protection measures other than conventional rock. rip-rapping. In
part1cu1ar submerged structures which, loca11y counteract the: secondary -
currents responsible for the large déepths and attendant high velocities near
concave channel banks, and which also prov1de a measure of stab1112atlon for

“the’ bank mater1a1 were 1nvestlgated

A recently pub11shed report, "Observations of Sacramento R1ver Bank
Erosion, '1977-79" (Reference 13) presents "some very 1nterest1ng‘and useful
data on measured surface rates of bank erosion at six Sacramento River~ ~
bends. These data have been utilized by the Dlstr1ct to examine the
development oF & power—law Form of a” mathematlcal pred1ctor For bank—er051on

\

rate as a Functlon ‘of ‘river”® dlscharge \ Two 1ntrlgu1ng and,pote t1a11y

(1) Bank erosion becomes s1gn1F1cant ‘and ‘increases” exponent1a11y
above certain critical river discharges. For most of the six
bends included in this study, the critical discharge appears to
be about 90,000 cfs,

(2) Bank erosion occurs at higher rates during the early stages of
the high-discharge period, and then slows markedly. This may
be due to exposure of bank material that is less weathered and
therefore more erosion-resistant; to toe protection by the bank
material that earlier sloughed into the channel; or to other
causes.

Both of these findings warrant further investigation analytically and in the
field. The mathematically~ based bend study conducted by the University of
Iowa (see Item g, above) investigated the question of bank-erosion potential
as a function of river discharge, to extend the Corps analysis.

i
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wh1le many of these studies will .be d1scussed in detail .by their
principal authors, in separate references, some of their results were
instrumental in the . development of the studies performed by the Hydraulic
Des1gn Section. ﬂccord1ngly the brief d1scuss1on above of these studies was
included in this report for 1nFormat1on purposes , _ .

4, Descr1pt10n of Analyses Used in the Sed1ment Transport Studles The

Sed1ment Transport Studies were conducted utilizing mathemat1ca1 models and
results. oF other, component stud1es (Sect1on 1,. paragraph 3) as taols in
analyzing hydraulic, hydrologic and sed1ment transport cond1t1ons in, the ..
Sacramento River. The study progressed in several phases descrlbed below

Data acqu1s1t1on

j'szf Development oF a Sed1ment Budget of the R1ver/Bypass System for

'prepro;ect and pro]ect cond1t1ons and a Net Bank Mater1a1 Rout1ng

,,,,,,

¢.  Development of mathematical models to simulate hydraul1c and
sed1ment transport. cond1t1ons For two reaches of, the r1ver _

(1) The upper reach or. Upper Sacramento USAC model From B'nd
Bridge (R1ver Mile 258) at the. upstream end to Ham11ton C1ty (R1ver M
at the downstream end : B . ,

(2) The lower reach or Lower Sacramento—LSAC model From Ham11ton'
C1ty (R1ver M1le 199) to Sacramento (R1ver M11e 60) .

d. Analys1s oF the 1mpacts of the comprehenslve bank protect1on program
on the sediment transport regime in the river system above Sacramento. ’

ﬁmei 9na1ys1s oF pro;ect 1mpacts on depos1t1on 1n downstream Flood
control and nav1gat1on channels C . e _

. . ..The development of. the Sed1ment Budget 1s d1scussed_1n deta11 1n Se_ n
II D1scuss1on on. development of,. ca11brat10n/ver1f1cat1on oF the sed1ment
models and analysis of project 1mpacts .in the upper. and . lower reaches 1s;;;,
discussed in. Sections III and IV, respect1vely ’ ﬁnalys1s oF overall project
1mpacts is discussed in. Sect1on M. . . _— ,




Pa oo

ey T Em

(E

e e

ases |

(Sacramento subdlstrlct) developed a data base ‘for. ths’ sediment b .
‘«con51st1ng of’ monthly and, yearly sed1ment and water contribut1ons to_m'
river for a nineteeh year per1od 1961~ 1979 which includes two wet-dry

 SECTION II - SEDIMENT BUDGET STUDY

5;_ﬁ Purpos - To. ga1n a better understandlng oF the sed1ment transport
regime of the Sacramento River and its Flood Control bypasses, the.

-consultants recommended that a sed1ment "budget" be developed. . The purposes

of this budget are to 1dent1Fy and quantify_sources of sediment and its’
movement through the system. under both preprOJect (ex1st1ng)“and prOJect .
(with bank protection) conditions. ~In the budget the’ total annUal sed1ment
input to the system from tributaries, ungauged watersheds, bark drosion and
bed degradation or aggradatlon is balanced aga1nst sediment delivered to the
bypasses and carr1ed .into the bay by the ma1nstem Ut1112at1on of th1s
budget allows the assessment of the relative 1mportance ‘of various ‘sources;
identifies river reaches where the river's sediment transport capacity
exceeds or .conversely is 1nadequate to transport the imposed load and

;1dent1ﬁ1es deF1c1enc1es in the water and sediment data bases. .Evaluation of

the budget study data’ together with results from the mathematical sediment
models of the river and bypasses provides a comprehensive view of both o
spatial and temporal .response of the riyer_system tomproieot:conditions;

The Sacramento.River}ﬁudget’anaiysis'proéeededhindseveraiﬁsteps:

a. Collection'and analysis of available water and sedfment'data‘on the
~mainstem and major tributaries -

b. Estimation of sediment contribution from ungauged ﬁaterShed areas.
-ch,fDetermlnatlon of bank eroslon and bar dep051tlon rates 1n the
project” reach. : CL , .

d. Integration of data into sediment budgets under existing
(preproject) and. project conditions .and .a routing of the sed1mentl
- .eroded. from sites to be stablllzed under the c”mp” Vg :
_protectlon program ' L Lo

6; Data Base For the Budget Study

| aQH _QMQlQEmgnE At the request oF the Sacramento Dlstr1ct ‘t:°

hydrolog1c cycles.. Due to. the spareness of ‘the’ data the' data base’is L;‘
considered’ pre11m1nary by the USGS, espec1a11y when” compared aga1nst the

_precision of their regular published data.

The F1rst step was comp11at1on of a llst oF every tr1butary area and N
inflow/diversion point to the Sacramento River from Keswick Dam to -
Sacramento . (See Figure 4.) From this list, 21 tr1butary 1nflow/d1mer31on
points and malnstem stations were chosen to be included in ‘the data base.
These represented major diversions and/or sediment contributors for which
some water and sediment data were available or could be developed. (See
Figure 5.)



The principal source of data was the data acquisition program conducted by
the USGS for the Sacramento District. This program was initiated in Water
Year (WY) 1977 and terminated after WY 1980. Data at all program stations
included waterard suspended load d1scharge data with some "‘measured" bedload
discharge. However,_not all stations were operated for the full- ‘program -

‘period. (See paragraph 12b for further details.) All statlons included in

the USGS data base had water d1scharge data wh11e most had at least some
suspended sed1ment data. A few e1ther ‘had no sed1ment data or only ‘"d
Fragmentary records j;_'d_i_ e T ,f'{

The USGS ut1112ed the1r computer program Hals to compute ‘the™ 19 years
(1961 1979) of total sed1ment d1scharge for the 21 stat1ons selected

Input “for program H418 For each stat1on was

- uDa11y water d;scharges us1ng the standard USGS da11y d1scharge F11e
and” oo T : ; .

- Sed1ment dlscharge rat1ng table (water d1scharge
in Ft /sec s, sed1ment d1scharge 1thons/day)

_ Output _,._,mc‘lt,!d,es :

- Daily values of water and sed1ment discharge for the period
“_requested :

- Summary tables presenting monthly, yearly, and total period water
and sediment discharges as‘well as total and average monthly and
total period water and sediment discharges for“the périod:
requested (See F1gure 6)

USGS Computer program H410."was used to generate water d1scharge and
sediment ‘discharge duration tables, numbers which erved as coord1nates for
total load sediment discharge ratings to serve as input’ for “computer program
H418. Input for program H410 is a bedload rating table for each respectlve
stream. The program applies this bedload-rating to da11y water d1scharges
retrieved from the daily records computer file, and adds the daily bedloads
thus computed to “the da11y suspended sediment’ d1scharges *also retr1eved from
the da11y records v;le The resultant. da11y total Jloads are outputted 1n“‘=
table Format Also the da11y water dlscharges are grouped For Flow duratlon
S)
and . outputted as a pa1red Flow durat1on table Th1s 1s the equ1va1ent to a
total load rating. y ‘

Figure 5 shows, by station, the water and sediment data ava11ab1e and
any assumptlons made in development of data “The H418 program does not
perform sed1ment transport calculatlons ‘ It determ1nes total sed1ment loads
by app1y1ng a.mean daily water d1scharge to'a given ‘total load rat1ng curve
It then stores accummulates and outputs requested 1nFormat1on ‘ :
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. Figure :7 summarizes the USGS data base’ results shown:are average

<annual-water discharge (in second-foot-days) and the developed total sediment

discharge (in tons) at each :station for the 19 year period, 1961-1979.
Included also is an estimate by the Sacramento District- of-sediment discharge
of the fine sediments (clays and silts, sizes less than 0.062 mm in diameter)
and the-coarse“sediments*(sandsfand'gravels; sizes from-0.062 to-64 mn 'in
diameter). These estimates are. based primarily on size distributions--f‘
developed for: input ‘to the HEG6 -computer models. = In general these-
distribution estimates are sediment discharge: we1ghted averages developed

" from measured data of the Data Acquisition Program.’. These:general size

classes were chosen to roughly correspond with their primary mode of . .
transport, i.e., the fines by suspended load and availability while the
coarse Fractions represent bed  material: d1scharge which is a: Function of
channel hydraulics

_b. Discus51on ,

The river was d1v1ded 1nto 7 reaches d1ctated by the location oF -QH;.
mainstem river.gaging stations: Keswick to Bend Bridge (42 miles), Bend

‘Bridge. to Hamilton:City (61 miles); Hamilten City to: Butte:City~(31: miles),

Butte City - to Colusa (25 miles):: Colusa totKnights;Landing (53 miles) and -
Knights Landing to Sacramento: (30.miles). Shown.onfFigureﬂ7?arexthe sum of
the -inflows and.-the -outflow in each reach.  Im. addition;’ the “differerice® ..

between .the inflow and outflow in:each reach is:shown.: A positive value for

~the. "difference" 1nd1cates erosion in: the reach and a: negative value
'1nd1cates dep051tion 2. B TP TUN P - e

(1) Evaluation oF Data The USGS data baee Was: evaluated For

overall-as well-as reach byireach. consistency. and for:comparison with” data

from other sources. Based on this evaluation, it was determined- that: thet~f
data at the Sacramento River at Verona was not representative. This station

‘islocated -immed iately: downstream:of:the” juhetion. of : Sutter«Bypass, Yolo
_Bypass and “the: main:stem:Sacramento- River (See:Figure 8):: 1 Inflowing: to: this

complex are:the Sacramento’ and Feather Rivers:and duringﬂflood seventsiithe:.:
Sutter Bypass. -Outflowing:is' the Sacramento: R1ver and-duringhigh flows~ thev
Fremont: Weir spills flow-into:the:Yolo Bypass.=:Information:fromthe- Veroha:
Station wasidésired:since.it 1nd1catesqthe portions.oF_the ‘basin:flow which:

is transpOrted by theSacramento. River and by the:.Yolo:Bypass. i:Unfortunately

the record-at this station is too: short to be- 31gniF1cant and thereFor had:,
to be disregarded for. the present - lw==v".nnp,a ; ‘ IR :

Evaluation oF the USGS data base assumes that the total load values are

-reasonable - It.was later decided to modify the.sediment ‘discharges of the .,

€olusa Weir for reasons which will be discussed in paragraph.7.a.l..  However
it is recognized that natural phenomena which are subject to the var1at10ns
of nature, demonstrate more wvariance when records are short than:when long
periods of record are'available. . The 1 or.2.years:of sediment data on which
much of the 19 years of ‘the data base were .generated is.a very short record
and consequent variance oF +20% 1s not unexpected ' S



-.(2) Implications .of "Differences" Obviously it was impractical to
measure . all sediment sources which-resulted. in the “Differences" shown in.the
USGS data base, Figure 7. Even if it were possible to do so, it dis unlikely
the inflows of sediment would balance with the outflow due to the rivers -
—-natural behavior to scour or .aggrade its bed and/or banks. Scour would
result in a-source of sediment which would be measured.at a downstream
mainstem river station while aggradation is a sink for sediment which would-
not be measured. . Also, the possibility exists:that portions of the.data or.
the assumptions used were inadequate, inaccurate or:not representative..
Regardless, -an attempt was. made to: reconc11e these dlfferences dn. the
Followlng stud1es : - . S

7. Sacramento R1ver Sedlment Budget (Ex1st1ng or . PreprOJect Cond1t10n)

a. evelopment The stations used in the USGS data base 1nc1ude only
the mainstem river stations and major tributaries. Contributions to the
system from other sources (such as from ungauged watershed areas, bank
erosion, bed degradation, etc.). and:-diversions: from the system:(such as bed,
-bar and. overbank deposition, :irrigation:canals and:pumps, natural-overflows;
streambed and: pointbar mining, etc.): are not:directly. represented in: the- USGS
data base: but can be:-inferred.from the "difference” value on:Figurei7. .In:
addition, . possible uncertainties in the USGS "measured" values are also
lumped::into. the “difference". value. Finally, as will be shown in: paragraph
7.a.4, an imbalance: value: represent1ng an. unexplainable: quant1ty of :material
necessary to-balance the inflows/Zoutflows from each. reach is also included in
"this value. These contributions/uncertainties were identified and quantified
as explained below and incorporated with the USGS data base to develop a
comprehensive: Sediment Budget of:the: Sacramento River: Bas1n, -Figure 10. As
with:the USGS:data: base the r1ver WAS: d1v1ded 1nto 7 reaches between Keswlck
Dam and Sacramento . o b S : e
: (1) ﬁdJusted Colusa we1r Sed1ment Load a m1nor ad]ustment was made
‘to-the USGS.data for: Colusa Weir. The USGS:used-the: assumptlon that-the: .vx
suspended load measured-at these weirs-was:the total load.. ~However; data- .-
developed during -thei.course of:the various sediment- transport studies -7
indicatesan .average:annual:deposition of gravels- (2mm'to 64mm in; d1ameter)
- in:the ColusaWeir. Bypass-and:settling. basin.-of approxlmately 1;000:T/yr::

The suspended sampleidataiused to develop. the:total: load is mot- sufflclent_to s

account ‘for - the measured ‘volume:of. gravel.deposits. downstream:from: the weir..
Based on the historical depositional quantities~and assuming that all the -
coarse fractions would be deposited before the flows exit the Colusa Bypass,
the total load at the weir was increased by adding the above bed material, as
a load, tothe "measured":suspended load. This amounts:to.an increase in-the
gravel load of less than one percent o [ P

(2) Ungauged Tr1butary areas Thevsedimentfcontribution from -

unéauged watershed :areas were estimated using unit production rates:(tons per

square mile per ‘'year). Where possible, the unit production rates were.
established using gauged area data. The use of supplementary data from
published reports was also necessary. It was found that the tributary
watersheds can be placed into two groups based on unit production rates
alone: western tributaries, 300 tons per square mile per year; and eastern
tributaries and bottom-land, 50 to 100 tons per square mile per year (See
Figure 7). The proportions of the ungauged area sediment contribution that
are wash and bed material load are based on selected gauged area proportions.
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*(3) - Bank_Erosion and Bar Deposition Volumes The development of the

“bank erosion and bar deposition volumes in the unleveed and/or unprotected-

reach between Red Bluff (RM-242) and Colusa (RM 143) is explained in the main
Feasibility report.  Shown in Figure 9-are these volumes groUped;by*river
reach. The breakdown into wash and bed material load fractions is based on
data obta1ned From bank and bar mater1a1 samples and is- shown 1n Table 1
below

' Table I

BANK EROSION 'AND BAR DEPOSITION VOLUMES
RED BLUFF TO' COLUSA 2/

River ' B R _Sediment Volumes 1/
Reach. Type Fines Coarse - Total
- Lo «0.062 mm) ¢0.062mm)
240+ to 199 " Erosion 275 1,995 2,270
' Deposition ) ©320 - o TL,618 177650 -
199 to 168 Erosion C 1,088 - 72,402 - 3,450
o Deposition o 251 2,259 2,510
168 to 143 ~ Erosion 937 . 863 ° - - 1,800
: Deposition - 130 01,170 1,300
Total Erosion | 2,260 5,260 7,520
Deposition 423 5,047 5,460
Notes: b

‘1. 1In 1,000's tons per year.

2. R1ver Mile 243 to 143

(4) Imbalance Values The major contr1butors/d1vers1ons have been
identified and quantified (estimated) shown in the Sediment Budget,’ Figure *
10. Imbalance values are shown ih figure 10 for each river reach between -
mainstem stations. In figure 10 the sum of the imbalances and the inflows to
each reach- equals the sum of the ‘outflows from each reach.: This " 1mba1ance
value represents a varlety of factors including: ' possible aggraddtion/
degradation,” uncertainty in mainstem or tr1butary inflow/diversion values,"
due to''shortness: of the: record and/or uncertainty ‘in the estimate of sed1ment
contributions from ungauged areas. ~After evaluation ‘of these factors on &-
reach by reach basis, the imbalances were left-in the project budget as there
was insufficient ev1dence to warrant changing of the other inflow/outflow
values ‘to decrease or eliminate the imbalance values. In addition, the
magnitude of these imbalances indicates that the overall budget values fall
well within the level of accuracy typically experienced and normally
acceptable in sediment transport evaluations.

11



- (5) Basin Inflows/Outflows . Table II-below. glves & summary of the
total magnltudes of sources and s1nks of the materlal in. the system which are -
shown. in deta11 in figure 10.. Of the 12.7 million. tons of total sediment
1nF10w to the system, 7.5 m11110n comes from bank erosion along. the

Sacramento Rlver Channel Moreover, the total load passing .any., of . the

malnstem gaging. statlons doesn t exceed. 4.3, m11110n tons. per. year (see Flgure
10). This indicates massive deposition in the system and historical records
show that much of this eroded material is placed into system "sinks" such as

~ bar'deposits and is also diverted over the weirs into the system bypasses.

- TABLE: II: o
SACRQNENTO RIVER BASIN
SUMMARY OF INFLONS/OUTFLONSI/
(Ex1st1ng and Project Conditions)

PreprOJect o
(Existing) : Project
 Sediment Sourcesg(éasin Inflows) L S
.. Sacramento River at Keswick 240 . : 240 -
- Bank Erosioen. - e 7,520 . S : 0
Gaged Tributary Areas \ 3,860 : 3,860
~Ungaged Tributary Areas. 470 . y 470 -
. Other (Sutter Bypass Return) 610 . . : 376
Sed1ment Slnks (Bas1n OutFlows)
“Bar Depos1t10n ' B 5,460 : )
Diversions , 2,597 A 1,424
Sacramento River at Sacramento 3,250 T ouT ‘ 2,129
~ (Imbalance) (1, 393) A (1 393)
12,700 12,700 &~ 4’",’94"6 4,986

: b Dlscus51on The Sacramento R1ver Basln Sed1ment Budgetiund@ngg
ex1sting or: preprOJect cond1t1ons, 1nc1ud1ng all major trlbuta > Uge
area contributions and diversions: is: presented in Flgure 10.° The values:;--
preSented are average annual quantities under existing . preprOJect (w1thout a-
comprehen51ve bank. .protection .program): cond1t10ns The ‘Budget. presented in
Figure 10 is- annotated. with the. assumptlons used in its development. To -

-assist in tracing the bank eroded material through the system, a prOJect

(with bank protection) sediment budget and_ a net bank mater1a1 routlng were
developed (see paragraphs 8 and 9) L — e .
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8. Sacramento R1ver Sed1ment Budget (Project Cond1t1ons)

.'a.* Development and Assumpt1ons The sed1ment budget study developed For
“project conditions" shows the effects of stabilizing the banks of the -
Sacramento River in the project reach (Red Bluff to Colusa). The.

‘comprehens1ve bank protect1on program was assumed to be 100 percent eFFect1ve

(i.e., no. hank -erosion) “and the immediate 1mpact would be the el1m1nat1on of
bar depos1t1on _ These assumpt1ons «create a limiting cond1t1on Further the
"1mbalance" values developed in the: prepro]ect sed1ment budget were assumed
to be the same for the project condition budget. To recount, these

© "imbalance" values account for any inaccuracies in the measured and est1mated

sediment. loads, for uncertainies such as bed aggradation and degradation and
for other. factors not expl1c1tly 1ncluded in the "bank erosion" and "bar
deposition" values. o S I

The overall trap efficiency of the Butte Basin and Sutter Bypass was
also. assumed to remain the same under prOJect cond1t1ons as h1stor1cally .
Ut1l1z1ng data from the USGS data base "the trap eFF1c1ency For prepro;ect o
cond1t1ons was computed as shown below 1n Table III: o S,

TABLE III
BUTTE BASIN & SUTTER BYPASS TRAP EFFICIENCY

Sed1ment Transport QS 1/

Inflows (To Butte Basin and Sutter Bypass): Fines Coarse e ':Total"
- , . _ €<0 062 mm) 60 062 mm)

'”JfNatural OverFlow . : Ei': j: 1205,

" "Moulton Weir B 142;;1?4.,g”j]'
Colusa Weir : 659 " 348
R T R
R R v W
Trap Efficiency: . O 0.542 0960

1/ Sediment transport in 1,000 Tons per Year
2/ Sutter Bypass at H1ghway 113 Br1dge '

- One difficulty with.this computation is that it.does not account for
sed1ment contributions to Butte Basin and Sutter Bypass from tributaries to
the east. In the overall sediment budget (figure 10) this was part1ally
included by assuming an effective delivery rate for the ungauged areas.

These tributaries originate in mountains of volcanic origin and are not large
sediment producers. They discharge into the Butte Basin which traps all of

13



the coarse size fractions. While the computed trap. efficiencies are adequate
for this stage of the study and are probably conservative, the sediment
contribution from the eastern tr1butar1es and their effect on the computed
trap eFF1c1enc1es should be 1nvestlgated 1n Future work

_ An estimate of the trap eFF1c1ency of Yolo Bypass is also needed
However, to make such an est1mate, information is requ1red on“sediment “inflow
to the Yolo Bypass (such as from' ‘Cache ‘and Putah Creeks) and outflow (Cache
‘Slough). Since there was’ 1nsuFF1c1ent data at- these locations, the tiap
efficiency oF the Yolo Bypass was assumed to be the same as For the Sutter

' Bypass ‘
b. “Discussion The ProJect Cond1tlon Sedlment Budget is presented i ;
Figure 10 including assumptions used in its development - To re1terate, th1s
budget represents the limiting case of bank protection.

Exam1n1ng the dlfferences between’ the preproJect and proJect budgets
provides an 1ns1ght into the d1spos1tlon of the ‘eroded bank mater1a1 These
represent ‘the reduction ‘in sed1ment deposition in “the system oF de11very of
sediment to the Bay-Delta system and of silts and clays borne by irrigation
waters which could be expected under the assumed conditions. These
reductions which are bhased on the sed1ment budgets shown on Figure 10 are
discussed in paragraph 9 below , . _

Table IT above glves a summary of the total magnitudes of sources and
sinks of ‘the materials in the system under both preproject (existing) and
proJect condltlons - ) :

9. Net Barnk Material Routlng In this component of the study the eroded
bank material was routed through the system. Although the influences of the.
system are not d1rect1y shown’ on this routing, their 1nF1uenc ¢ Cimplicit in
the development oF the rout1ng : 3

“The net bank material available for transport in each reach’ is defined
as.. the bank erosion value less the bar deposltlon value (see Figure 9). This
assumes that bars in a river reach are formed from the eroded bank mater1a1
-from the same reach. -As can be seen in Figure 9 under the "breakdown' by -
washload (silt & clay) and bed material load (sands & gravels), the bank.
erosion in some reaches is less than the quantity of ‘sediment" depos1t1ng on "’
‘the bars. The difference is made up- from sediment transport inte the- reach
from upstream sources or from tributaries. Due to this complicating factor
when considering the budget by size class, the Net Bank Material Rout1ng is -
~presented by total load as well as by size class. .

The Net Bank Mater1a1 Routing, presented in Flgure 11, shows the
disposition of the eroded bank material under existing conditions as it is
transported downstream through the river and bypass system.

Us1ng the Net Bank Mater1a1 Routlng, ‘the overall dlspos1t1on of the bank

eroded. sediments under exlstlng (preprOJect) cond1tlons can be determ1ned as‘
shown 1n Table IV , _

14
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Assuming the bank protection project is 100% effective, these values in
Table IV bhecome the reductions in bank eroded sediment attributable to the
project. Table V details the distribution of reduced deposition in the
rivers overflow area. It shows that about one-half of the material (all
sizes) deposited in the Yolo Bypass and the Colusa Weir Bypass and Settling
Basin is bank eroded material as is about one-third of the deposition in the
Sutter Bypass. Due to inadequate data, estimates cannot be made of
deposition rates in the Butte Basin. The bank eroded material d1verted from
- the river at the various flood control weirs and agrlcultural diversion and

_input to the river at the downstream end of the Sutter Bypass was estimated
as the difference between the existing and project sed1ment budget values
(from Figure 10). Deposition within the Sutter Bypass was estimated using
reach by reach trap efficiencies based on historical data (see Figure 12).
Due to a paucity of historical deposition data, deposition within the Yolo
Bypass was based on the overall trap efficiency of the Butte Basin/Sutter
Bypass of 54.22% for-fines and 95.95% for coarse sediments: (from Table III).
Deposition values w1th1n the Butte Basin were based on balanc1ng of sediment
inflows and outflows From the Bas1n :

10. Project Reductions in Sedlment Deposition and Transport A preprOJect
sediment budget (existing condition) of the Sacramento River has: heer
developed (see Flgure 10). This budget identifies all major sed1ment inflows
and outflows to the river system as well as estimates the river's average
annual sediment d1scharge at key locations along the river. :

In addition, a proJect budget (with a comprehen31ve bank protectlon
program) has been developed which presents the sediment d1scharge ‘throughout
the river system assuming 100 percent bank protection. Based on the
preproject and project sediment budgets and historical data on depo 1tlon
within the flood control bypasses a net bank material routing was=developed
(see Figure 11). This routing traces the bank eroded materialithrough the
river and bypass system and identifies the location and estlmated reductlon
in deposition of bank eroded sediments. (see Table V)., -

The sed1ment budgets and the net bank materlal rout1ng shows the effect
‘the project (bank protection) will have on the sediment transport regime of
the river system. Table VI shows a comparison of the sediment load at
various river stations versus that portion of the sediment load which is bank
eroded material: Up to one-half of the total load at Colusa and Knights
Landing and 1/3 of that at Sacramento is bank eroded material. Also, about

two-thirds of the wash load (fine material, up to 2mm in size) at Colusa and

Knights Landing.and one half at Sacramento is bank eroded material. Thus,
with- holdlng of these bank eroded materials under project conditions would
result in a substantial reductlon in sedlment load

Table VI also shows that below Colusa, bank ‘eroded sediments are not a

significant portion of the coarse Fractlon (mater1als greater than 0.062mm in
d1ameter) of the rivers sedlment load.
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From the net bank material routing, the location and amounts of
deposition of the bank eroded materials can be identified (see Table V). Of
the 770,000 tons per year of bank eroded sediments (total load) that deposit
in the rivers flood control bypasses and natural overflow areas (i.e. Butte
Basin), about 40% deposit in the Sutter Bypass, 25% in the Yolo Bypass and
20% in the Butte Basin. Of the 2,060,000 tons per year (total load) of net
bank eroded material that is input to the river system (see Table 1IV), about
37% is desposited in the rivers flood control bypasses while 63% continues on
into the Sacramento Delta via the Sacramento River and the Yolo Bypass of
the 213,000 tons per year of coarse bank eroded sediments, almost all is
deposited in the Butte Basin/Sutter Bypass system. Finally, of the 1,847,000
tons per year of fine bank eroded sediments, about 30% is deposited in the
Butte Basin/Sutter Bypass system and 70% continues on into the Delta.
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SECTION III - -UPPER SACRAMENTO RlVER MODEL

11, Purpose To evaluate the downstream effects of the proposed bank
stabilization project on the streambed and sediment transport regime of the
Sacramento River; a mathematical model utilizing computer program HEC6 was -
developed to simulate both hydraulic and sediment. transport conditions in the
river.  Due to the. length of. the study, reach, the river was modeled in two
separate models: the Upper Sacramento River model, extending-from Bend
Bridge (RM 259) downstream to Hamilton City (RM 199) (discussed below); and
the Lower:Sacramento River Model, extending from Hamilton City. (RM -199)
downstream. to- Sacramento (RM 60) (d1scussed in Sect1on IV oF th1s append1x)

The mathemat1cal model analys1s oF the Upper Sacramento R1ver model
proceeded in several-steps: = - B L : S

Collect1on and cod1ng oF data 1nput
. Model Cal1brat1on and Ver1F1catlon

Numer1cal experlments w1th the models to evaluate eFFects oF proposed .
bank stab1l1zat1on e : , : : . s

. Analys1s of Model Results .

12. Mathemat1cal Model Computer program HEC6 "Scour and Depos1t10n 1n
Rivers and Reservoirs, -LGR-CTWD (Lower: Granite: Reservoir. -.Cottorwood Creek)
Version" was .utilized.. This version was developed.-at the. U S Army Corps of
Engineers, Hydrologic Engineering:Center, Davis, California-with . N
modifications. for-this study:incorporated by the Y:Si Army Eng1neer waterways
Experiment. Stat1on,_V1cksburg, Mississippizand: Hydraul1c Design Section;. U S

“Army Engireer. District, .Sacraimento;: Cal1Forn1a +The modified: programiis:

known as the "SACBANK" uersion. of: HEC6. . This" part1cularzvers1on ofHECS. was
used because of the District's recent successFul experience with its use on
the Cottonwood: Creek, -California Study (ref.-21) and" because some--of 1ts
un1que Features were: needed in: the current study, 1nclud1ng ---- P

vCalculatlon oF bedload transport capac1ty For both sand and gravel s1zes
- using the: ToFFalet1 -and Schoklltsch equat1ons (see paragraph 12 b below),_

K Restart capability enabl1ng user to stop calculat1ons and restart u51ng
bed elevatlons and gradat1ons From end of . prev1ous run, AT

‘"Graph1cs capab1l1ty For d1splay oF output data
. Streaml1ned summary tables oF output data and '
Compatability of output records to:the U:.S. Army Engineer Waterways

‘Experiment Station Utility Program, SUMTAB, which edits the output
records and d1splays them in user-spec1F1ed Format : '
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The Followlng is a-discussion of the three major data sets necessary to
run the computer model o

a. Geometr1c Data This is a numerical description of ‘the channel and
overbank geometry. of the Sacramento River. Data requirements include cross
“‘sections, reach lengths and Manning's-"n" values' similar to those rieeded ‘for
water surface profile calculat1ons‘“iIn*addition; the ‘movable bed portion of
each cross. sect1on is spec1F1ed _= ' rj‘“* ‘T““”‘ - '-::*f‘ 'u;'§§i~

A total oF 31 cross sect1ons were’ used, spaced approx1mate1y two miles
apart.--From River Mile 199.1 (downstream model boundary at Hamilton City) to
242 .0 (just below Red BluFF Diversion Weir), recent (1978) USGS measured
cross-sections were used.” From River Mile’242.9 ‘(Red" Bluff weir): to about
River Mile 250 (Iron Canyon) U.S. Bureau of Reclamation cross-sections’ from
the early 1960's were used. From River Mile 250 to 258.7 (upstream model
boundary at Bend Bridge), California Iepartment of Water Resources
cross-sections from the early 1970's were used. (Throughout this appendlx,
the terms “"river mile" and "section" are used ihterchangeably. to denote a
location along the study reach.) Overbank flow areas were added to all
sections ‘based on USGS* 7-1/2 minute quadrangle: maps: Natlonal ‘Géodetic
Vertical Datum (N.G.V.D.) elevations were used throughout." Mann1ngs npw
values were initially assumed to be those values estimated by the USGS who
developed the cross-section data and were later adjusted’ during - the hydraulic
model ca11brat1on . Reach 1engths along the main channel between
cross-sections.were assumed as the actual ‘meandering channel: length. .

Overbank distances are the. overbankstréamline flow:lengths: “Movable bed?u*
widths were set within the left and right bank:stationing: and*were‘based on -
examination of. cross-séction. plots and aerial photographs. :The limits of the
‘bed:represent: the actual active streambed limits.except.for those sections
discussed in paragraph 13. -Highwater marks dnd.associated flows were -
available:for: several floods including-those:of:=January 1970: and“L974 These
were used in ca11brat10n of “n" values along the study reach SRR SR

'b. Sed1ment Data Th1s port1on oF the model s data 1nput isiar :
numerical description.of sediment properties and the sediment sources_%w:"
available along the Sacramento River. Data requirements include grain size

“distribution’ of the materialiin 'the streambed. at each cross-section; -the
gradation and: amount of total: inflowing:sediment load -as-a function of water
d1scharge and the F1u1d and sed1ment propert1es

The HEC6 model iis: capable oF ca1cu1at1ng transport oF sed1ment
subdivided into as many as 15 size classes ranging, from Clay (less than
0.004. mm in diameter) up to Very Coarse Gravel (maximum 64mm in diameter).
These 15 size classes follow the established American Geophys1ca1 Un1on (AGY)
scale shown in Figure 13. All.15 sizes were used-in this study:. - :

‘Bed -material gradations were available for the reach from River ::
Mile 199.1 to- 242.0 (Red Bluff) -and at:Bend Bridge from a recent USGS survey
conducted for this study. From River Mile 242.0: upstream to Bend Bridge,
gradations were available from a Bureau of Reclamation survey of the early
1970's. The bed material gradations used in the model are "width-averaged"
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and -are based on several samples across each river section including both
bed-, ‘low and high terrace ‘surface samples The width-averaged gradations are
based on the follow1ng formula B » : R '

N ' LN
(Pi'j _* W,"J)

o L i
i W,
Where Pi = Width - averaged pereentage.ln.the cross section of size class i
i = Size Class Number, ranging From 1 (Clay) to 15 (Very Coarse Gravel)
j = Varies from 1 to N number of, bed mater1al samples in- cross section
Wi = Total Active Bed w1dth of Cross Section Act1ve Bed
"Pl,j ; Percentage of sample J in size class i 1 |
,Ni;i = Port1on of total w1dth in wh1ch sample J 1s typ1cal """

Fig. 14 is a plot. oF the AGU size.classes- of .the median bed. sediment size and
the geometr1c standard deviation of sizes at each cross-section of the study
reach. . . . L ,

..The HEC6 program. requ1res as data input the total 1nflow1ng sediment
load and load gradation at the ypstream end. of . the . study reach (in this case,
Bend Bridge). In- add1t1on, the program user may- 1nput major tr1butary
sediment and water inflows along the study reach.. Elder, Mill, Thomes and
Deer Creeks were 1ncorporated into .the- model as sed1ment ‘and. water:. 1nflow
points. . (See:Figure 15).. Two:other. inflow po1nts were used one. above the
four tr1butar1es, and-one. near the downstream end:. for. mass.-balance of water;
into and-out of the:river- reach : These 1nflow po1nts wills be d1scussed in. |
paragraph 12c¢. S e g ol B o R

o a:sediment-monitoringjprogramcwas conducted Forgthis;study¢byitheﬁUSGS.
The measuring statiens, the kind-of measurements. made and:the:periods of .
measurements ‘are shown on.figure 16. .-The purpose of -this: program was o

' gather water and -sediment-inf low: data for the..study reach:: Four . tr1butar1es

in the reach were identified as.major: sed1ment contr1butors based on- i
historical  experience and were gaged under: thlspprogram Elder Mill, Thomes

 and.:Deer:Creeks .(See Figure 16).. In addition; the. Sacramento River at Bend
Bridge- and at Hamilton, City was- gaged ‘The Hamilton.City:gage is. a . -. .-
“cooperative" stream gage operated by the California Department oF Water -

Resources. Although individual stations were monitored. for varying periods -
of time (starting in Water Year 77), water flow and suspended;sediment load
were. measured at-all sites. Bedload was reported for Bend Bridge,: Hamilton
City and Thomes Creek gages, only. The bedload rate is actually.an _
"indirect! measurement calculated by the USGS. Bed material samples were’
collected. at each site.  The bed load discharge values reported by .the USGS
were calculated with the Meyer Peter-Muller formula based ‘on the size
distribution of these bed sediments. Some inflowing sediment and water data
were. also available from previous monitoring programs in the basin for
Sacramento River at Bend Bridge, Elder and Thomes Creeks from the late 1960°'s
and early 1970's.
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. Initial data on suspended load d1scharge at each inflow were developed

for each gage based on linear regression of the ava1lable data from a recent.

(1977-80) monitoring program and from prev1ous mon1tor1ng programs . . :
Suspended load gradations were developed using a sediment discharge- welghted
averaging procedure, which is calculated by:

o
AR
i
Jgi : (QSJ)

i

Where Pi = Sediment - d1scharge weighted average percentage of ‘sediment load
in s1ze class 1

i = Size class number rang1ng From 1 (Clay) to 15 (Very Coarse Gravel)

j = Varies From 1 to N - Number of Suspended Sed1ment Sample Gradat1ons
used

Qsj Suspended Sed1ment D1scharge (T/Day) oF Sample ] ifﬁ
Pi,j = Percentage of suspended sediment sample, j, in size class, 1

It was assumed that the suspended load gradation would not vary with
water d1scharge - Fifteen grain slzes were used ranging from ‘clay (.004: mm)
through very ‘coarse gravel (64 mm in diameter). Bed’ load ratés were - e
developed from the USGS data and’ supplemented ‘with calculated ‘bedload rates .
usirg the: Schoklitsch Function’ based ‘on bad material samples c6llected by
District personnel in March 1980 Dur1ng ‘¢alibration of the: model ‘the -
1nflow1ng load” curves. were adJusted to. 1mprove model: perFormance “This:
process will-be discussed in paragraph13.: (Sée Figure 17 for -a plot oF '
total sediment load curves at each inflow p01nt)

The‘originalfHECSﬁmodel,”when*UsingﬂtherToﬁfaletiTtransporthUnctiOn,
greatly underestimated gravel movement in Cottonwood Creek (see ref.:«2l).: -
The Schoklitsch bedload ‘equation was incorporated into the LGR-CTWD.Version «
of -thé HEC6 model to:calculate: gravel (from 2.0 to’ 64mm ‘material)” transport
The SACBANK version of HEC6 was modified to ¢alculate bedload transport

capacity for each sand and"gravel size (.062 to-64mm) Using both the" 'f“*

Toffaleti and Schoklitsch equation and to select the larger of ‘the’ tuo values
as bedload transport. Results of computer Funs utilizing the HEC6 program =
with this algorithm reflect a more reasonable rate of transport of the sand
and-gravel sizes moving as bedload than was ‘being - caléulated -using the
Toffaleti function solely whén-compared ‘with the values estimated by USGS.
Suspended load, : from" clays up to sand sizes of 2. Omm in d1ameter (very coarse
sand), 1s calculated us1ng the Toffalet1 funct1on

“The appl1cab1l1ty oF the Toffaleti and Schokl1tsch Formulae as well as
several other formulae in est1mat1ng sediment transport rates in the - ‘
Sacramento River was evaluated in a study performed by the Institute of
Hydraulic Research (IHR), University of Iowa (Ref. 5). In th1s study, IHR
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obtained field data from the USGS for two locations on.the: Sacramento River,
Colusa and Butte:City. Using each water discharge for which-a measured
sediment d1scharge was ‘available; the total: (both suspended and bed) load at

-edch station was calculated using the Toffaleti formula and compared to the.

measured- value: S1m11ar1y, bedload was also calculated u91ng ‘the: Schok11tsch
Formula: T B = S _ . o

‘At ‘both the Colusa and Butte C1ty stat1ons the Toffalet1 Formula
produced estimates &f suspended load comparable ‘to those measured ‘at water
discharges ‘below about 20,000 cfs. -Above 20,000 cfs, ‘the Toffaleti Formula
consistently underestimated suspended load at both stations. Although no
measured bedload data were available, the estimated Toffaleti- valuesaappeared
to be too low. In-addition; the bedload estimates using the ‘Schoklitsch -
Formula appéar more reasonable and produce con31stent data between the Colusa
and’ Butte C1ty statlons ; : s .

In summary, the IHR report concludes that several of the Formulae ,
including ‘the Toffaleti and-Schoklitseh Formulae, ‘produce fairly reasonable
transport estimates at low to 1ntermed1ate dlscharges a@nd tend to - Ve iR
uriderestimate athigher:dischardges. One reéason for this underest1mat1on is
the fact that these formulae yield an average type sediment vs.water ¥
discharge:‘relationship, whereas ‘at high-flows, -very lardeiquantities of -
sediment are moved into and down:the river system This underestimating
effect can on1y be manually compensated For in the HECS6 - model at model 1nflow
polnts ~ - , S R

C. Hydrologlc Data : Thls is ‘the numerical descr1pt1on .of the water
d1scharge hydrograph ‘on which .sediment: calculations are: to beibased. . .This -

‘hydrograph. is ‘input as a flow histogram, a series of discrete: steadyvflow

events ‘of a magnitude and duration such that the total 'sediment iand: water -
volume passed by the histogram :is equal to that-passed by the- Flow&hydrograph ’
it is simulating. In addition, a water temperature for each water inflow and
a stage-d1scharge rat1ng curve For the downstream boundary are 1nput in th1s
portion of ‘the data set. : - S St
Mean daily historical flows at Vina Br1dge and Bend Br1dge were
ava11ab1e from a District HEC3 study- of ‘the Sacramento ‘River from Shasta’ Dam
to' Butte C1ty perFormed -earlier for the Cottonwood Creek;, Ca11Forn1a study
(Ref. 21). These flows were available for flood flow periods’ that' vary in
length but Tarnge roughly durlng the ‘high  flow periods from: November through
April for every water year from 1945 through 1978 (see Figiire 18): - After
discussions with the engineering consultants, it was decided to utilize these
flows only,: rather -than include the lower summer flows. --This: was- feasible .
since:most of the sediment transport and erosive'activity in the river,
part1cu1ar1y of' the larger sediment sizes, occurs during these higher Flow
per1ods As the Hamilton City gage was installed" only recently,- it was
assumed that" the V1na Br1dge “(RM 218) flows would be an adequate
representation: of flows at Hamilton C1ty (RM"199) as thére are no major

 tributaries between the two locations. ' The Vina Bridge flows are total

"latitude" flows which include ‘both main channel and overbank flows.
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Mean:-daily flow data for the tributary inflows were available from the USGS

WATSTORE computerized data base (Ref 3). The Elder and Thomes Creeks' gages

in the current monitoring. program are downstream.of the gages on:these
streams for which the long-term records were available. Local tributary area
.between the old and new gage locations account for roughly 33% of the-
downstream or new gage location. Thus, the flow data for the old gage . .-
locations were increased by 25% to account for local tributary inflow
unmeasured by the old tributary gage. .(This lower. percentage—increasq value
was used as. the ungaged tributary -area-is. much- lower in relief.than the.upper
gaged area and rains do not runoff as. qu1ckly as in the upper area. ) e

For mass. balance of water into. or out of the study reach two
hypothet1cal inflow/diversion. po1nts were- added to the model (see :
Figure 15). :When the: sum of the water inflows during.a-given time- per1od
from the tr1butar1es and Bend Bridge is less than the Hamilton City .outflow,
water is added at the inflow/diversion points to make up the deficit. No
sediment -inflow is added, -however.'. Thus,.the added water volume. is a -
"clear-water" inflow. when this same.sum is. greater than. the Ham11ton City
outflow, water and sediment are diverted.in the amount of the.excess: waten
volume. Sediment, also is diverted in the same concentrat1on as,that .in. the
main stem up-to the:.very coarse sand-VCS. size -(2mm). - No gravels are -
diverted. . The. need for. such.a mass balancing of water volume is due .to.
channelvroutingfand!off— and. on-channel storage ‘effects. * Assuming an average
chanriel -velocity of. 4 feet.per second, it:would take .about one day.for water
to traverse the study reach. However, there are many overflow areas in the,
reach where the water "detours" and re-enters the channel and it may take
more than one day for a water "molecule" to traverse the study reach, or
less, in an indirect manner, if more. water: “molecules" come.out-iof: off/on. .
channel storage than go: in. : During diversion of water, much. of the: suspended
material will probably depos1t in:the off-channel areas .and: the. return1ng
waters would ‘tend to be relat1vely "clear water. ";5\.’,1 RS -

S

A year—round water temperature of 50 degrees Fahrenhe1t (lo‘degrees
Cels1us) was assumed in the river and on each tributary. (based on. ava1lable
data).

SR stage~d1scharge rat1ng curve was used to descr1be the downstream
boundary conditions of the model..: This rating was obta1ned From the USGS For
the Cal1Forn1a Department of water Resources streamgage at Ham1lton C1ty,.and
was adjusted .to represent an estimated Full Mlatitude! d1scharge across both
the main channel. of. the Sacramento R1ver and: its. overbank areas. T

13 Mathematlcal Model Callbrat1on Cal1brat1on cons1sts of compar1son of
calculated vs. "measured".prototype.data and of ad]ust1ng or fine-tuning.
parameters within the model input until the. model adequately simulates R
prototype conditions. The mathematical model was first adjusted to simulate
the hydraulic conditions such as the water surface elevations, flow and .
velocity d1str1but1ons across cross-sections, '"n" values,.etc ; then it was -
adjusted: to simulate the sediment transport conditions,. total sediment. load
and sediment load- by gradat1on bed material gradations, bed elevation .
changes etc,
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a. ;Model'Calihration:oF*HydrauIic‘Conditions}

In this phase of the model calibration, the model is run in the
“fixed-bed" mode. That is, no sediment is input and the model channel bed is
not permitted to aggrade or degrade. In this mode, the model acts as'a =~
hydraulic model only and perForms water surFace computat1ons ut11121ng the
Standard Step method

o Ca11brat10n of th1s mode1 requ1red cons1derat10n of several prototype f
character1st1cs '

1.) Match1ng water surface e1evat1ons of measured Flood h1gh water marks
(HWM) along the r1ver and of water surface (stage) rat1ng curves at several
locatlons _

2.) Dup11cat1ng divisions of Flow (i.e. main channel vs. overbank flows)
at Ham11ton C1ty, at Noodson (V1na) Br1dge and at the Red BlufF D1vers10n Dam,

3.). Ma1nta1n1ng the’ Flow 1n ‘the' ma1n channel unt11 the Flow exceeds the
bankful capac1ty of’ roughly 100 000 cfs - )

4¢)“S;mu1at1ng~the‘operatlon‘of the;geq1519ff,biy§ksjohjoaﬁ.
Each item‘reduired mutual‘correlation tO'caIibrate'the‘modeI'hydraulicaily;"

In general the ca11brat10n process proceeded ‘as’ Follows In1t1a1"' ,
roughngss factors, Mann1ngs “n" values, derived from data developed by the
USGS for Data ncqu1s1t1on Program were used in the model along w1th;the mean;’
daily flows for the 1970 flood. As ‘the’ backwater computat ns’ using th1s B
scheme were inadequate both in stage and division of flow' relationships, the
water surface was forced to dup11cate the 1970 high water.marks by adJust1ng
the. roughness Factors Wh11e the flow d1v191ons ‘were- st111 1ncorrect
average roughness factors’ were ass1gned to- s reaches us1ng th1s‘ DR
1nformat10n Follow1ng th1s, channel and ovirbank'roughness va e T:“'

Ca11bratlon to measured Flood h1gh water marks was accomp11shed us1ng
data for the’ January 1970 flood. . The only data ava11ab1e on flow d1v1s10ns L
at” Ham11ton C1ty and at Woodson (V1na) Br1dge Was For the 1970 flood, Stagef“
rating curves of water surface elevation Versus water discharge were
available for the river at Ham11ton Clty, woodson (Vina) Br1dge 1mmed1ate1y )
downstream and upstream of the Red Bluff Diversion Dam, and at Bend Bridge.
The rating curve at Hamilton C1ty was utilized as the models downstream -
boundary condition of the model wh11e the. others were used to measure the

“models performance

Bankful capacity of this river reach is approximately 100,000 cfs. The
model was adjusted to contain all flows less than this in the main channel,
allow1ng overbank flow only when 100, 000 cfs is exceeded ~ This was
accomp11shed w1th the "encroachment optlon“ of HECE6 . S
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When the flow at the Red Bluff Diversion Dam exceeds.approximately
97,000 cfs, flow in the bypass channels east of the dam commences. This
relationship is shown in Figure 19.. Releases from.the dam are controlled by
eleven 60' x 18' sluice gates; the r1ght most gate looking downstream, : _
operates automatically to maintain a constant.pool. During. the 1rr1gat1on -
season, .April 15 to November. 15, .the. pool is maintained at elevation 252.5 .
feet, while for the rest of the year, the pool is held at elevat1on .251.5.
feet. During floodflows when the flow at Bend Bridge is 50,000 cfs and
rising, the gates are raised slowly over a 2 hour period until the. gates are
clear of thé water. On the recession when the flow at Bend Bridge is 50, 000
cfs and falling, the gates are lowered until the pool water surface is
restored to elevation 251.5 feet.  Since the HEC6 -model cannot be time
dependent, an average water surface e1evat1on of 252.0. Feet was. set in the-
model. Although the gate operation was not fully s1mu1ated a good . ..
approximation was obtained by never allowing the pool elevation to be less
than 252.0 feet. _

‘During floodflows, the river ovérFlows'1ts“bahks'upstream of the Woodson
(Vina) Bridge, RM 218, and a portion of the flow is. bypassed. to the east. .
Flows less than 100,000 cfs are generally confined to the main channel. -The
magnitude and stage at which overbank flow occurs is influenced by levees
constructed along the rivers east bank upstream of the bridge to. the mouth of
Deer Creek. In the flood of January 1970, this levee was overtopped and
partially destroyed. This. produced a loop rating curve for stage and .
overbank flows. Data ‘on the main channel and overbank flow of the 21-30°
January 1970. flood was taken by the California Department. of Water Resources;
the Sacramento, D1str1ct in. the Hydrology Design Memorandum for. Cottonwood

Creek’ Project (ReF 19) developed total lat1tude and channel only Flows For .»-r
‘Woodson. (Vina) Br1dge and at Ham11ton C1ty These relat1onsh1ps are ;

1llustrated in F1gure 19.

The results oF the callbrat1on are shown 1n F1gure 19 The computed
flow divisions are well within the. probab1l1ty of .error of the F1e1d
measurements. and the. computed water surface elevat1on showed a good S
comparison w1th observed data, w1th1n + 3, 0"' Of more s1gn1f1cance is the .
division of flow between.the ma1n,channel ‘and overbanks as the sediment i .
transport ‘algorithm in HEC6 uses the main channel veloc1ty to. determ1ne wh;ch¥
size sediments will be transported and at what rates of’ transport Since
there are locations where up to 40 percent of the latitude flow is in. the
overbanks dur1ng h1gh flow events, the sens1t1v1ty of " the main channel .
velocities to var1at1ons oF the main: channel discharge was: 1nvest1gated I
was determined that.an error in the main channel discharge of 10 percent ;
would produce a change in the main channel velocity of less than 10 percent
Howevér, flows greater than bankful capacity of 100,000 cfs are exceeded -ifi- -
the mean da11y flow record From 1949 to 1978 less than 1. percent of the t1me '
(roughly 40 events) Thus it was concluded a model calibrated to reasonably.
simulate the Flow divisions was entlrely adequate. o

b, model Calibration of Sediment Transport Conditions.

(1) Calibration Process Cal1brat1on oF the model 1nput data to
simulate the sediment transport characteristics such as total sediment load,
sediment load by gradation, bed material gradations, bed elevation changes,’
etc. of the river is a complex and time consuming process of adjusting or

>
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fine-tunihg parameters within the model input. These parameters 1nc1ude ‘
among‘others: (1) ‘the total inflowing sediment load relationships (i.e.; Qs
vs. Qu'rating) at all’ inflow/outflow points, (2) the sediment load gradatlon .
at these“same inflow/outflow points, (3) bed ‘material gradations at each
cross section, (4)-“movable -bed width at each cross section, /(5) cross: sectlon

‘spacing, (6) SPI‘'value (which'is‘a mathematlcal modeling parameter deF1ned

below), (7) d1scharge ‘evenit duration, and (8) flow distribution, et¢.

Var1atlon of “any. one of: ‘the ‘above- parameters ‘can ‘affect ‘more than' one of

the transport characteristics at’ any ‘one "cross” section as” ‘well &s at other'

cross-sections throughout the study ‘reach: For example a-decrease in”
parameter (1) total” 1nflow1ng sediment load ‘at the upstream-end - of the study

- reach 'will ‘cause changes in‘the sediment® load and perhaps bed mater1a1

gradatlon and elevatlon at ‘the most' upstream cross section as well as’ ‘for ‘at
least several cross sect1ons downstream, depend1ng on the sed1ment transport
and hydrau11c character1st1cs oF the reach '

' Often variation of' tuo or more parameters s1mu1taneous1y 1§ necessary to
fine-tune the model; ‘For example, the’ dlscharge ‘event duration (7) ‘and SPI
value (6) are closely assoc1ated in the proper Funct1on1ng of "the “model. “The
SPI value is the* number ‘of ‘times ‘during a given’ d1scharge ‘event “the sed1ment
transport conditions are’” recalculated. “Sélection of too ‘small an SPI_value
may cause ‘oscillations in sediment load “bed ‘material gradat1on and :
elevations throughout the’ study reach. Too 1arge of ‘an ‘$PT value causes the
program to iterate ‘through ‘all ‘sediment transport ‘calculations many more
times than necessary resulting in excessive use of costly computer time ‘and
resources. Selection of an event duration of less than the time of travel of
water through the study’ reath will not s1mu1ate the correct -volume of ‘water
and” sediment carr1ed through the system ‘Too large’ oF an event durat1on may
a1so cause the same osc111at10ns descrlbed above ' ‘

G

AdJustment oF some hydrau11c model data 1nput may also “be’ necessary in’
calibration® of the sed1ment model.’ “For” example the proper f1low d1str1but10n
at each cross sectlon (ie., portlon of flow in main’ ‘channel and n “n
overbanks) must be" krnown as sediment transport calculations are’ based only on
the" main’ channel hydrau11c characterlstlcs and not the overbank o
characteristics. '

L e

In summary, there are many parameters in the model input, 1nc1ud1ng some
not. exCIUslvely consldered sed1ment model 1nput that alone or- 1n comblnatlon
prototype sediment transport conditions. Calibration of HEC6" models is "
d1scussed at 1ength 1n reFerence 16

. (2) ‘calibration Data At the t1me oF the sedlment model
ca11brat1on, only ‘those sediment data collected in Water Year (WY) 77 and 78
(including daily suspended and some bedload discharges and gradatlons) were‘_
availablé. WY 77 data was sparse as it was near the end of a long drought
period. WY. 78 data could be termed "good". However, because it was a higher
than normal water flow year directly after a prolonged low flow period, it
probably had s11ght1y hlgher than normal sediment discharges. ' This would
tend to cause a sediment discharge vs. water discharge relationship based on’
these data to be somewhat "on the high side." However, as WY's 77 and 78




were the only two water years at the time for which. detailed sediment data
were available- for each inflow.and outflow point:in the study reach, .these .
data were used in the cal1brat1on runs, with the analyses- "tempered" to::
reflect the fact: that WY's 77 and 78 represent very low and slightly h1gher
than- normal water (Qw) and- sediment. (Qs) discharge flow. years, respectively..
Suspended and. bedload. rating curves developed by the USGS for Bend. Br1dge and
the major tributaries were used in the initial cal1brat1on runs.

~In addition, to the detailed data available from the.data acqu1s1t1on
program,,general data were ava1lable from the December 1980 USGS-data base .of
the Sacramento River Basin comp1led for th1s study These. data cons1sted of
total. sedlment load and water d1scharge by month (for the . per1od 1961~ 1979)
for several ma]or "control“ points -along the ma1nstem and  for . .some major .
tr1butar1es (See. F1gure 5 for all stations.) In the study reach these .
stations included. Sacramento River at Bend Br1dge .and at Hamilton City, and. -
on the four tributaries, Elder, Mill, Thomes and, Deer Creeks However:,
unlike the data from the data acquisition: program the USGS data base
information are. not “"measured" but.rather calculated utilizing ane total load
curve . (Qs vs. Quw) for each stat1on based pr1nc1pally on Water, Year, 1978 data.
From the data acqu1s1t1on program and supplemented by 1nFormat1on from, ,ux,,
previous bas1n monitoring programs. Then, ) computer program was used to
determ1ne the sediment d1scharge based on a given water d1scharge (From the .
given Qs vs. Qu. curve) and to. arrange these data in a conven1ent tabular '
form. . For stations with. missing or. 1ncomp1ete water records another
computer program was. developed to "generate" the mlss1ng data (See
paragraph 6.a).. . . .

For the. cal1brat1on runs,..mean da1ly Flows for. the h1gh Flow per;ods oF
Wy s 74 through 78 were passed through the model w1th a4, day "warmup"vflow
of 75,000 cfs (three quarters of: the. bank full’ Flow) preced1ng the . ... -
hydrograph. The calculated results were compared with the "measured" data o
from the USGS data base

h1ghest 1nstantaneous Flow oF record oF 238 000 ch at lat1tude Ham1lton
City). The peak mean da1ly d1scharge in the WY 74. record is. 142”000 ch
The peak 1nstantaneous discharge For WY 74 was. about 190, ,000 cﬁs \i
were drought years;  as prev1ous1y mentioned, WY 78 was a h1gher than normaln,
discharge year. )

3y Results The Follow1ng 1s a d1scuss1on oF cal1brat1on run Lo
results in three. parts _ sed1ment d1scharge bed elevat1on changes and bed
gradat1on changes . ‘ L _

Vid o,

(a) Sediment Discharge Since the time of the calibration of

this model, the USGS has revised downward its estimate of the average annual
total load at Bend Br1dge (BBR) and revised upward its estimate at Hamilton
City (HC) Discussion on the 1mpact of this change on model results will be
presented 1n paragraph 13c. : ‘

Figure 20 shows . the total amount of sed1ment calculated by HEC6 Vs

“measured" by USGS (from USGS data base). These values are total loads
summed for each water year (1974 78) at each control po1nt Looklng at the.
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average total load values by station, the calculated values compare favorably

with the USGS values except for Deer Creek. Here, the calculated value is
one order of maghitude less than the USGS value. This could be due to the
fact that the Deer Creek gage was operated only during WY 77, a drought
period during which minimal data were collected. Any total load curve based

on these data would be subject to a wide range of variation. - Although the
average calculated Hamilton’ C1ty total load' is about 25 percent greater than
the "measured" value, this is within the accuracy of sediment transport
technology. ‘Note: that ‘the ‘25 percent discrepancy is due’ in large” part- to WY
74 values. Examination of: the other water year values’ shows close agreement
even for the h1gh flow year of 1978 ‘

Exam1nat1on of calculated Vs "measured" values by stat1on and by ‘water

~ year, in figure 20, shows generally good agreement (within the 25 percent

range). During the drought years of WY 76=77 some of the tr1butary values™
fall out of line but this is probably due to the- erratic behavior of sed1ment
flows at extremely low water discharges. These differences do not appear to
substant1ally affect calculation of: sediment d1scharges dur1ng the” high" flow
WY 78 period.  In‘addition, it appears the USGS data base’ value for Ham1lton
City WY 74, is either low or else the transport of ‘sediment was'decreased by
several million tons due to channel or overbank depos1ts The HECG values at
the 1nflow/outflow po1nts appear reasonable T

F1nally, some’ of the h1gh sediment y1eld in WY 74 and low y1e1d in Wy 77
can possibly be expla1ned by the variation in- runoff between- the tWwo- years
In WY 74, it is possible that‘the -high: runoff was able to move sediments 6"
the watershed not available to lesser flows at a high delivery rate to the
River. In WY 77 the low flows probably found- much of the' watershed denuded .
of" ava1lable ‘sediments wh1ch were swept out’ by the h1gh flow years of 1974
and ‘197% and thus had a lower- del1very rate t0" the River.

Figure 21 shows calculated vs "measured" (from USGS mon1tor1ng program
data) total ‘load values by month for WY's 77 and 78, ‘Note ‘that some stat1ons
were not in operat1on inWYy 77 or 78 or did not have measurable’ sediment -
discharge. "As WY 77 was a ‘drought year ‘and had &’ pauc1ty ‘'of data’ due’'to the
drought ‘and absence of some stat1ons, d1scuss1ons w111 be centered on NY 78 o
data only S FARREE

Compar1son of calculated Vs measured values for the four- 1nflow1ng
tributaries in figure 21 shows no unusually' large ‘differences. “Total loads" -
calculated by the HEC6 model at Bend’ Bridge ‘and ‘Hamilton City underest1mated
in January 1978, roughly equaled the measured values in February 1978 and -
pverestimated in March 1978 This' trend at Ham1lton C1ty is d1rectly due to
routing of mater1al as it ‘follows the same trend as at Bend Bridge. In
addition, it's theorized’ that this trend may also be due to the use of three
different total load curves by the USGS in development of the1r total load
values for this time period (See Figure 22.)

Because for the most part,’ clays and silts are ‘carried through the reach
as wash load, the component of the total load that actually takes part in the
continual aggradat1on/degradat1on process are the sand and gravel mater1als
ranging from .062mm to 64mm in diameter. Thus, transport of these sizes
bears closer examination.
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.. Figure 23 shows. sand and gravel load on the Sacramento River for WY 78
from Bend Bridge to Hamilton City. WY 77 data are not shown since it was a
drought year during which little of this coarse size material was ‘
transported. . As with.the total load, the sand and gravel discharges for the
tributaries, except Deer Creek-gage which was discontinued at the-end of WY .
77, are on-the order of- the USGS “measured" values. - The "measured"-.values
shown on Figure 23- were calculated by mutiplying the total sediment: loads -
published -by the USGS by the average fraction of the. total loads wh1ch are
sands: and - gravels : This average. fraction was. calculated using the sed1ment _
d1scharge we;ghted.averag1ng“procedure_prev1ously described, based on all
available suspended and bedload gradation data. -Thus, the "measured" USGS
data is not actually based on sediment load samples collected by the USGS but
should be a.reasonable est1mate . s . :

Overall the Bend Br1dge and Ham1lton C1ty calculated total values also are
on the order oF the USGS values; however as. expected _they exhibit, as.. .
expected the same under- and overest1mat1ng trends exh1b1ted by the total
load- values. prev1ously described above. In. add1t1on no major. osc1llat1on 1n
ed1ment d1scharge is_ observed through the reach, although the model reacts
read1ly to sed1ment 1nFlow at maJor control po1nts , :

The Ham1lton City sed1ment d1scharge 1s dependent on d1scharge From the
inflow points, rout1ng of the sediment to Hamilton City and any aggradation
or degradation in the reach.  Thus, . adJustment of the .inflow guantities from
Bend Br1dge and the four- maJor tributaries .is a key Factor 1n.cal1brat1ng the
Ham1lton C1ty sed1ment d1scharge character1st1cs . s :

Tr1butary 1nF10ws were adJusted pr1nc1pally by translat1on oF the total
load curves. The 1nFlow1ng load discharges were, varied w1th water d1scharge ‘
to reflect the 1n1t1at1on of mot1on of coarser: part1cles as water d1scharge
increased.

The Bend Br1dge (BBR) 1nF10w was more d1ff1cu1t to adJust The USGS
used several different sediment. concentration and water d1scharge '
relat1onsh1ps reflect1ng seasonal var1at1ons (See Figure 22 ) an ﬁmvg»
unsuccessful attempt was made to adJust the, Bend Br1dge 1nflow1ng sand .
discharge to assure a closer mass balance between daily accumulat1on and =
normal yield values. However, the Hamilton City outflows in initial computer
runs seemed to be underestimating bed material discharge by about 33
percent. This trend. of underest1mat1ng sed1ment discharge agrees with the. .
findings of the study perFormed by the Iowa Institute, of. Hydraulic Research
(see- paragraph 12b) .which showed that the ToFFalet1 Transport Funct1on s
consistently underest1mates sed1ment ‘discharge at higher flow rates. Thus,
the Bend Br1dge sand. (.062 to 2mm mater1al) inflow was 1ncreased by 20
percent which resulted in a Hamilton City outflow comparable to the USGS
measurements. Due to the lack of "measured" data, the assumption of a s1ngle'
curve for. all seasons will be used for develop1ng long term trends

Since the average travel time of lower flows could equal or exceed the
d1scharge event duration of one day, it is believed that routing eFfects
could affect sed1ment d1scharge from the reach. In addition, the major
tr1butar1es used in the model accounted for only one-third of the local
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dra1nage area between Bend Bridge and Hamilton C1ty F1nally, volume of bank

erosion material from the study reach is included in the "measured" Hamilton

City data. Thus, " increasing ‘the Bend Br1dge sand inflow curve will account

for the routing efFects ‘the unmeasured tributaries and the bank erosion ‘-
contributions inclided in the Hamilton C1ty “measured" data. F1gure 17 shows
the final total-load sediment d1scharge curves For the F1ve maJor 1nFlow e
po1nts in the cal1brated model ' , : : T

- - (b) Bed Elevat1on Changes F1gure 24 is a plot oF the 1n1t1al
and F1nal channel profile.after passage of the wr 74-78 flows-through the -
model. Figure 25 shows a plot of bed change Vs t1me at Sect1ons 215 3
224.1, 226 O and 219 5 ' o : ; : - =

Cons1der1ng the magn1tude of the d1scharges analyzed w1th the model
there are'-no-major oscillations in bed elevaticns. ‘As’ observed in F1gure 25
most.major bed changes occurred by the end of WY 74, which was a major -flow -
vear. These major changes are probably due to model "warmup'l changes and due
to the’ magn1tude of- the 1974 flows Dur1ng "the" very low flow per1od’of
drought' years 1975-77, little or no bed: ‘movement ‘occurred. Movable_,ed'7 B
widths on Sections 215.3,- 224 1, and 252.2" were w1dened to try ‘to' limit the-"
deposition-at these sect1ons “These sections are’ ‘at or ‘near present or
former bar areéas. The depos1t1on at Section 25 .2fwas ‘reduced by ‘less’ than
one” foot; at the other two sections, by about 2 feet. " These two:depos tion -
sites-are probably due to channel grade changes and the result1ng change in
energy gradel1ne - This perhaps could be remed1ed by an‘artificial charige’ in
the seé¢tion geometry or by* the addition of crdssisections to make ‘the: grade
change more gradual: Sediment transport rates below these problem sections
are somewhat sensitive to changes 1n‘the widths adopted for the movable bed
l1m1ts at’ the problem cross ‘sections. - Th1s 1mp11es that the‘prob"em sect1ons
are act1ng as: "se' 'nt controls“. ) g

over the 5-year per1od
further ‘reinforced” by the i
shown'in the USGS data- base and by the USGS Studyaf1nd1ngs presented '
main Feas1b111ty report-. As ‘there is' little différence betwéen the 1h1t1a1 ‘
and f1na1 channel proF11e F1gure 24 presents only the 1n1t1al proF11e' -

R (c) Bed Gradat1on Changes ‘At the t1me oF the ca11brat1onw- -
runs, the HECG program and “its ‘auxiliary utility codes produced gradat1ons e
for - the combined active andinactive 1ayer gradat1ons instedad “of - the~
important active layer gradation, only. - However, examinationiof ‘the

available data showed the model perFormed well and produced results

consistent with prototype conditions. ‘Starting with the 1n1t1a1  "*mixed" bed
material’ gradat1ons, ‘the riverbed generally became -coarser and armored at’
many locations as in the prototype.’ At those sections where depos1t1on_
occurred, the bed generally became finer with accumulation of the sand

sizes. At those sections where scour occurred, the bed became coarser as the
finer (i.e., , sand) sizes were removed From the bed leaving the coarser
(gravel) s1zes to armor the bed.
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. c. Summary of Ca11brat10n Process - An_HEC6 model of the Sacramento
River .from Hamilton City (RM 199.1) to Bend Br1dge (RM 258.7) has been
establ1shed The model was calibrated: to simulate river hydraulic conditions
based on measured. high water marks, discharges and flow divisions of the 1970

" flood as well as on rating curves at Woodson (Vina) Bridge, below and above.

Red Bluff Diversion Dam and.at -Bend Br1dge . Cross sect1ona1 and bhed mater1a1'

gradation data used in the model were obtained from the USGS, California
Department of Water Resources, and Bureau of Reclamation. Inflowing sed1ment
load and load gradation data were obtained: from-the recent USGS sed1ment
mon1tor1ng program (WY 77- 78) and from previous.: programs in the bas1n

Mean da11 Flows for the h1gh Flow per1ods oF WY 74- 78 were - passed
through the sédiment model. WY 77-78 sediment data from the current .
monitoring program was used in calibration of the model. - Due to the paucity
of even this data, the cal1brat10n efforts concentrated ma1nly on the WY, 78 .
period. : , ‘ . . oL e

Cons1der1ng the amount oF data ava11able For th1s ca11brat1on process, o
it is believed that with. Few except1ons the, model is adequately model1ng both
hydraul1c cond1t1ons and the sediment transport processes- 1nclud1ng transport

rates .of bed, material, bed elevat1ons and, bed. gradations in the study: reach...:
It is. not be11eved that total load - (by size fraction) movement has been Fully'

modelled F1na11y, overest1mat1ng _the sediment d1scharge during the dry WY -
77 1nd1cates the. model. probably -is not fully tuned for "low-flow" (below

10 000 cfs) calculat1ons and- additional field data.will be requ1red to do

so. This. d1FF1culty is bel1eved to.be due. to. the variation. From the norm oF
the sediment delivery rates to the R1ver dur1ng the drought years. .

: The USGS changed the total load est1mates on the Sacramento R1ver at
Bend Bridge (downwards from 3.3 to 2.0 million- tons..per . year) and- at. Ham11ton
City (upwards from 3.6 to 3.9 million tons per year) subsequent to this
calibration.. It is not believed that this would radically affect.the . ..

: model1ng approach Followed That is, there are bas1cally five sed1ment )

-inflow: sources to. the. reach -the. upstream end (Bend Br1dge) _the. four.. L
tributaries, the. r1verbed ungaged tr1butary area and the. r1verbank ;The‘,_u
first.two sources. can be 1nput to.the model.. -The . next.is. essent1ally -
calculated by.- the model - The., latter wo must be est1mated and -input to the
model. This was done in th1s model1ng effort by increasing the sediment
inflow at Bend-Bridge. = Although this.increase.caused. the.model to transport
an art1F1c1ally higher sed1ment load through the upper, study reach, the model
performed. well. .and did. so with no abnormal oscillations in bed- elevat1ons,.~b
gradat1ons or.sediment. transport rates. R R :

The upward est1mate at Hamllton C1ty would, in fact Force an even
greater art1F1c1a1 increase in the model inflow at Bend Bridge in order to
account for the increase at the downstream end (or add1t1on of 1nflow po1nts
in the downstream reach).. :

The "ca11brated" model s1mu1ates prototype cond1t1ons reasonably well -

and is expected to yield dependable qua11tat1ve results and reasonable
quantitative results.
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14. Mathematical Model Verification Model verification is the process of
passing through the model a hydrograph(s) different from those used in the
calibration process, and comparing calculated (model) results versus ‘
prototype ("measured") data. (See paragraph 13.) Although there was a
paucity of data for the:calibration process, WY 77-78 flows were used to
calibrate the model with WY 74-76 flows used as‘a "warmup" period. “Warmup"
is needed” to-adjust the channel bed ‘and river transport characteristics from
its initial input:state to-that (in:the model) equivalent:to what ex1sted in -
the prototype at the beg1nn1ng oF the ca11brat1on peraod (wY 77) .

Ver1F1cat1on oF the model was: accompllshed through observ1ng general

‘model :performance vs: known.prototype behavior primarily in the following

river system chacteristics:. - bed elevation and bed gradationuchangesyiand*~~

' total“andasandtandﬂgravel*(5062464mm¢in*size) load: by:cross-section, all . -

parameters versus time. This method of verification where little or no -
prototype-data are available forcalibration or verification has been used . -
successfully in previous studies performed by the District including the: -
Cache Creek and Cottornwood Creek Sediment Studies. (References 18 and 21,
respectively.) The verification process was encompassed within long term .
51mu1at10n ‘runs whlch w111 be descrlbed 1n paragraph 15 below o ‘

15. Numer1ca1 Exper1ments The eFFects oF the pro;ect (a comprehens1ve bank
protectlon ‘program) -were’ evaluated by several numerical experiments’ suggested
by the’ enginéering consultants’ u51ng the- ca11brated HEC6 model of the: river
as one of the analytical tools in this process: ‘‘The§e: exper1ments 1nc1uded
long-term and steady state simulation runs discussed below.- The results’ of"
the former runs offer some idea of the long-term behavior of the river
system, whereas the latter runs provide indications of the project effects
(i.e. bank protection) on the sediment transport characteristics of the
river. Results of both ser1es'oF : mputer runs w 11vbe integrated with
results from other analyses in Sect10n V below. ~

Long Term ‘Simulation Runs

S (1) escr1pt1o ‘At the recommendation of the eng1neer1ng
consultants “the WY .74-78 hydrology was passed through. the.model .three. t1mes
"back-to-back" . ‘(ie. successively.) Run 2 would be started with the same bed
elevations and bed gradat1ons as at the end of Run 1. Similarly, Run 3 would .
be started with conditions existing at the end of Run 2. The purpose oF th1s
3-part run is actually two-fold: the results when compared to known
prototype behavior would provide verification of the model's performance,,and
the results would offer some idea of the long-term behavior of the river

.system (and thus these runs are called the long-term simulation -LTS- runs).

- As described in paragraph 12 above, the WY 74-78 time period contains 2
years (WY 74 and 78) of relatively high sediment (Qs) and water (Gw)
d1scharges and 3 years of very low discharges. Overall, the average annual
Qs and -Gw for this time per1od is probably less than the long-term average.
Thus, it was felt.-that running this data thrice through the HEC6 model would
produce a closer-to-the-long-term average picture of bed elevation and
gradation changes than a single passage of these flows.
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o - . (2) Results. The following is a discussion of LTS run results in
three -parts: sediment discharge, bed_elevation changes and bed gradation»-»
changes. ‘ : : N e : ;

(a) Sed1ment D1scharge Table VII shows calculated total: and
the sand and gravel discharge at Hamilton City:at the end of .each of the °
three runs, including averages.. Note .the modest reduction in sediment. -
outflow bhetween Runs-1 and 2 and-a more gradual reduction between: Runs.2 and
3. For sand and'gravel -only, the reduction is 20:percent and.5 percent,
respectively. This is evidence that the model is achieving the same
stability (of sediment discharge) exhibited: by. the: prototype. . The"average
total load past:Hamilton City calculated by. the model-is.5.3:millioen tons per
. year:, compared- to- the recently updated: Budget Study estimate-of 3.9.million -
tons. - This discrepancy-is due to. the fact that total load discharge-in’the-
model is-not fully . calibrated as stated in:paragraph 12 above; and the fact:-
that: total load inflow: From Thomes Creek 1nput to the model contlnues ‘to be
gomewhat hlgh . . . . . ‘ E

S (b) Bed Elevat1on Chanqes F1gure 26 1s a bed elevat1on change'
“prof1le“ along the. study reach. It is readily: apparent that-two river:-
reaches are relatively stable, don't aggrade or degrade. One reach From
downstream. of the Red Bluﬁﬁmweir,‘Rn 242.0 to around:-RM. 231, .is -just.upstream
~of the four major tributaries, - The other reach is just downstream-of ‘the -
section at RM 215.3 (location.of sediment control);downstream to around::RM -
201,- near the downstream-end of the study reach . See,; Figure. 24 for the .. .
initial channel proF1le : . gt Pl el

, TQBLE VII ;
. USQC LONG TERM. SIMULATION RUNS A
HAMILTON CITY- SEDIMENT DISCHQRGES NG e
Qs Sed1ment D1scharge1/

(x 105Tons)

T e o o Sand and Grayel . Total_
Rt o M I S s DY e s, R R . . . (0.(:)62"““) ° P ek

Run #3 oo e e 53 T g 07
Average (x108 Tons/Yr) 2/ o s d g 05,33

Notes : o o R :

““Sediment d1scharge past Hamilton- C1ty , ‘

2. ‘Averages may not be ‘indicative of actual long- term averages as they
result from repetitive running of WY 74-78 hydrology. The average
Qw for this time period is less than the long-term-average. R
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- The 'section:at RM”199 1, the Hamilton City gage; is degrading an
abnormally"large amount: ' However, this is a terminal section; and prev1ous
experience has shown that calculated results at terminal sections of a = =~
mathematical model should be treated with caution. The sectioh at RM 215.3
is aggrading and, as will be shown in the Steady State (SST) runs, acts as a
"sediment control™ - (that ‘is, ‘greatly influences the sediment- transport
characteristics of the ‘river downstream of 1t) part1cular1y at h1gher B
sediment and-watér d1scharges ' D

The degradation From RM 229 3 to 226 0 at F1rst glance seems
contradictory ‘as- this is ‘within the: tr1butary 1nflow area’ where - 1nflow1ng
sediments ‘could possibly counteract this trend. Addltlonal sed1ment data
will be necessary to ‘¢larify" ‘the ' processes involved in: that reéach. S

- The-deposition’ reach upstream ‘of the Red ‘Bluff Diversion Dam and weir
(RM 242.:96) -to around RM 250 was expected as ‘this is -the backwater ‘area oF
the weir. The large deposit at Section 252.2 is probably’ the Tresult of
material removed from the uppermost reaches depos1t1ng 1nto the “s1nk" at
thisisectiomn (see proF11e F1gure 24) S N :

Bed elevat1on change Vs, t1me at selected Cross- sectlons where
deposition’ occurred s’ plotted in Figure’ 27 while degradat1on=at ‘séTected
sections' is plotted in’ ‘Figure '28. The' influence of "the h1gh?wY‘74‘Flows is
apparént. The greatest bed" change occurred during WY 74°, & h1gh ‘Flow year'
with'little or none during’ the” other vears (which were drought years). ‘Note
that at RM 217.2 (Figure 27) some scour occurred after each WY 74 flow period
and at the end of each run (WY 78 flows), with &n overall trend of gradual
degradation, although the bed elevation change plot (F1gure 27) shows the
aggradat1on occurred at th1s sect1on R

(c) Bed Gradat1on Changes F1gure 29 is an’ Cact1ve layer) bed

1mater1a1 gradat1on “proflle“ “at*the- beg1nn1ng and” at the' end of long ‘term
simulation Run No. Plotted is the“size proF11e expresse 1

terms” of AGU
Size ‘class “(see’ F1gure 13) ranging from-VFS,: -Very: Fine# ‘sand ‘(minimum®” 062
to “SC, ‘'small Cobble(maximum 128mm); -Note. that the ' size is" not shown as’ an
exact diameter~but rather as: Fa111ng w1th1n &'‘certain size rangei " For 7
instance, 'if the size is 'showWn as VFS] Very Fihe Sand, the actual size” Falls
within the range of 0.062 to 0.125mm in diameter. The end of run particle~
size profiles are for a water discharge of 50, 000 cfs to produce a su1tab1e
size act1ve layer depth and’ gradat1on DA :

)

The upper port1on of ‘the study area, From ‘RM” 258 7 to RM 247 rema1ns
fairly coarse.  The:backwatér reach:ofthe Red Bluff weir from aboUt RM 247 -

- to RM 242.96 seems to be filling with sand (See Figure 26, Bed Elevation
Change Profile). The: reach from ‘the weir to Hamilton: C1ty RM 199, has

apparently ‘produced an armor - layer ‘of MG, and VCG sizes.' This is"
part1cu1arly evident "in the:tributary 1nFlow reach (RM 217 230),: p0331b1y due
to inflow of gravels from tributaries. ‘The shoirt reach between the weiriand
RM 230 which has a‘relatively stable ‘bed elevation also ‘has a fairly stable
bed gradat1on after Run 1 with an average DSO in that reach border1ng in the
VCS- VFG range ' :



. (3) :Summary of Long Term Simulation Runs and Model. Ver1F1cat1on
The. total load and sand and gravel load discharge past Hamilton City-. - |
decreases with. each successive computer run, 1nd1cat1ng some stab1112at10n of
the river model.. ‘ e ; ,

The computed average annual total sed1ment load routed to Ham11ton C1ty
is about 25. percent above .the USGS data. base estlmate This -may be due t0.
prev1ous1y described problems with the data base 1nFormatlon .and. to-
overestimating the sed1ment d1scharge From Thomes Creek.

. Bed elevat1on changes are modest g1ven the t1me perlod oF 15 years
involved. However,. the:river system:is sensitive to h1gh flows, as_ev;dent_
by major bed elevatlon changes- during the WY .74 periods.. : N

There is a. tendency for :sand to depos1t in the backwater. reaches of the
Red Bluff- weir, with- relatively cons1stent increase -in bed elevat1on vs. ‘time
after the 1n1t1a1 WY .74 period . k‘--"-‘ S 4,5ﬂ,, IS R

u Except For a short reach between Elder and M111 Creeks absoiutesyalues
of bed change vs. time decrease as the hydrograph is passed

Some. stablllzatlon of the r1ver system model: 1s ev1dent g1ven a | -
suFF1c1ent length of time for the river to "settle.down". The initial NY 74
flood flows should be- cons1dered a.-"warmup® period. for the model and- thus..

Runs 2 and 3 may be more. 1nd1cat1ve of. long term response of the river: system.

‘-,‘.bl, Steady State S1mu1atlon Runs

(1) Descrlptlon The purpose oF the steady state runs was to o
determine the effect of the project on the sediment transport character1st1cs
of the.river reach. -This: experiment.was designed: to-help determine the t1me
required . for the. sediment. discharge at.the louwer: end . of.the.model (River
199 ~ Ham11ton C1ty) to, respond. to. changes in the. sed1ment 1nflow t
study reach - To accompllsh th1s, the input data Was: s1mp11f1ed to.produce ‘&
pure. rout1ng model with.an. inflow po1nt at. the upstream end ‘and anaoutflow =
point at downstream end with a11 1ntermed1ate 1nflow1ng sed1ment andﬁwate ’

inflow polnts removed Only the Bend Br1dge sed1ment and water 1nflow po t-

was used

Two steady Flows were analyzed a-relatively high;flow;OFf7QkOOQfCFSj%'
(three-quarters of bankful flow), and a low flow of 10,000 cfs (that is

exceeded at least 50 percent of the time at.Vina. Bridge). --In addltlon For
each . steady Flow, two -computer runs, Runs ‘A and B, were executed :

In Run A, the Bend Brldge sed1ment 1nflow was boosted by 33 percent to
account for. the quantity of tributary sediment inflow being ellmlnated and. -
.run. for 1,348 days to determine when-sand and gravel discharge.atLHamilton
City would equal the inflow at Bend :Bridge.: Run A was -then stopped; Run B
was.. started - (using the HEC6. "restart" opt1on) with the same bed e1evatlon and
bed gradation conditions as at the end of Run A. Run B-utilizes the
unchanged or original Bend Bridge sediment inflow load curve to simulate
withholding sediment from the bank source and the results were compared to
Run A results. Run B continued for a sufficiently long period of time to
determine when the outflow in amount and size composition at Hamilton City
equalled that at Bend Bridge.
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qee F1gure 30 for a summary of computer run ‘sequencing.

The following is a discussion of the steady state s1mu1at1on (SST) runs in
five parts (sediment discharge, bed elevation, bed gradation changes, active
force and armor layer stability- coeFF1c1ent) For each water d1scharge and a
summary oF results .

[

» (2) Steady State Slmulat1on For Qw 70 000 ch

‘(a) -“Sediment D1scharge “'Run-4A is ‘a 70,000 cfs steady Flow
run w1th ‘Bend Br1dge ‘sediment inflow boosted” (increased by) 33 percent - Each
discharge event in the input: hydrograph is 30 days in length; total =~
hydrograph-length ‘is 1,348 days. The increased sand and ‘gravel discharge -
corresporiding to a 70,000 cfs d1scharge is 61,600 tons/day (4/3 x 46,400
T/day), ‘with a + 5 percent range of 64,700 to 58,500 tons/day. After 148
days .the computed sand and gravel discharge has’ responded to the Bend Bridge
inflow, within + 5 percent down to Sec 215.3 (See Figure 31). Section 215.3
is a major sediment control, anhd 988 days of steady flows are required for
the sand . and gravel d1scharge at - Ham11ton C1ty tov approx1mate the Bend Br1dge
inflow.

Run- 4B is a 70,000 c¢fs’ steady ‘state . run’ started with the#same*bedv« pe
elevations and gradations as at the end of Run 4A. Each discharge event is
one day in length - with the ending ‘event 1,544 days after the start of Run
4. Sand and gravel discharge at 70,000 cfs" ut111z1ng the original 1nF10w a
load: curve is 46; 400 tons/day with a 15 percént range of 48, 700 to '44,100"
tons/day. After only 7 days (on day 1,355, Seée ‘Figure 31) of Run 4B, the -
sand and gravel discharge increases 'in‘the downstream direction from a Bend "
Bridge inflow of about 46,000 tons/day to a d1scharge past Section 217.2 of
about 57,000 ‘tons/day. Agaln, ‘Section 215,3 dcts as a'major 1nF1uence on
sediment transport rates in the river dowhstream of this section. ¥ In this
case, the sand and gravel discharge 1ncreased from 67, 000 tons/day at Section
215.3 to 77,000 tons/day at Hamilton City.. Forty-two days into Run 4B (day
1,390) the river system reaches a computed equilibrium such that the sand and
gravel dlscharge throughout the study reach approx1mate the Bend Br1dge
1nF10w rate ‘ ,

(b) 'Bed E1ebat1dn'changes A sustalned 70 000 ch Flow or »»»»
greater is impossible for the time period analyzed: 6f 1,390 days oF 46 "
months. Thus, it was anticipated that some massive bed elevation changes
would occur. However, the bed ‘elévation changes were minor; poss1b1y due to
readJustment oF the bed mater1a1 gradat1ons by the hlgh Flows

" The aggradat1on and degradat1on patterns coincided with those From the
Long Term Simulation runs with large deposition at Sections 215.3 and 252.2,
and scour at Sections 229.3 and 255.6. (See Figure 32.) In the Steady State
Simulation run; deposition in the Red Bluff Weir backwater is similar to that
in the Long Term Simulation runs. However, at and just below the Red Bluff
Weir, the bed tends to degrade more in the Steady State run than in the Long
Term run. Th1s may: be due partially to the removal of the X5 Weir card in
the SST run. (The X5 card acted to hold the pool level behind the weir-at an
artificially higher elevation than free flow conditions, simulating gate
regulation of flow and pool levels in the Red Bluff weir pool.) 1In addition
the scour experienced at Section 229.3 is somewhat less than in the LTS runs.

?
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(¢) Bed Material-Gradation Changes  Figures 33 and: 34 show
D50 profiles for days O and 148, and 148 and 1,390, respectively. At day 148
(see Figure 33), the hed. upstream. from the Red Bluff Weir has become finer

‘with much.more of- the FS-CS sizes, even without. the X5 Weir card in. place

Downstream of the.weir, there is a general_read]ustment of. the bed, almost to
a point of a virtual shifting of the alternating sand and gravel bed pattern
by several sections. It's apparent from this shift and the large bhed
elevation changes within the first 148 days of the run that this is the
"warmup" flow period wheréin the river is trying to achieve a more stable
channel and. bed-gradation profile, much like the initial WY74 period of the

LTS runs. At Section 215.3, a major sed1ment control p01nt -the initial

coarse gravel (CG) bed is replaced by a fine: sand (FS) bed that preva11s;,:_
through the rema1nder of the run. These same. trends are. carr1ed through -to
Day 988 (not shown), when outFlow at Ham11ton City approx1mates inflow at .
Bend. Bridge. The bed below the Red Bluff Weir has become slightly :finer than
at Day 148 (except at RM - 228) and also F1ner in the. scour area around Sectlon

nt Day 1, 355 (not shown) 7 days 1nto the reduced Bend Br1dge sed1ment
1nflow run, the bed upstream of the Red Bluff Weir has coarsened cons1derab1y
with CG material. Below the Red Bluff Weir, the trend is also towards :
coarsening. except at and 1mmed1ate1y downstream oF Section 215.3. :

F1na11y by Day 1 1390 (see F1gure 34), when outflow at Ham11ton Clty
equals inflow at. Bend Br1dge under the: reduced sed1ment 1nflow, ‘the Flnes
have returned to ‘the bed upstream of the Red. Bluff Weir at many of .the. same. .
locations - (except the upper reaches of .the Red BluFF backwater) ‘and to the'
same . extent as at Day Zero . (1n1t1a1 condltlons) o e

S (d) Tract1ve Force s, T1me F1gure 35 1s a plot oF Tracti e,'
Force vs. Rlver D1stance vs. t1me for.a flow oF 70 000 efs. s e

cY RS

Changes 1n the tract1ve Force proF11e would be 1nd1cat1ve oF the changes'
in the rivers ability to move material. Such changes in the tractive. Force
would be dependent upon changes in the hydraulic parameters R (hydraulic =
radius) and S (friction slope), and thus can.also, be related back to the )

d1scuss10ns oF .bed- elevatlon changes above

Tract1ve Force 1s g1ven by 7V

. The data plotted ‘on F1gure 35 1nd1cates a decrease in tract1ve Force 1n
the upper most reaches of: the study reach (Iron Canyon area) a general
increase in the vicinity of the Red Bluff Weir and Section 215.3, and a
stable. (unchanged) reach. just .downstream of the weir. Note also a general
decrease in tractlve Force in downstream d1rect1on — .

. (e) Armor Layer Stab111ty CoeFF1c1ent At the request of the
engineering consultants the armor layer stability coeFF1c1ent “proflle" Vs,
time is also furnished. on. Figure 35.. This coefficient or factor is an
indication of the probability .of. movement of the larger sizes. Development
of and. theory beh1nd this coeFF1c1ent is: der1ved in Exhibit.3 of the HEC6
User's Manual. (Reference 14 ) o _ ,
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‘Thearmor 1ayer stability coefficient ‘is actually a weighted probability
of armor: layer ‘movement. The smaller the coefflclent the greater the
probability of “movement. - Comparing Figure 32, Bed Chahge: Profile to
Figure 35, the areas of deposltlon around Section 252.2, Red Bluff Weir
backwater, and 215.3 have larger stability coeFf1c1ents ‘whereas areas oF :
degradation, ‘Section 255.6, Red Bluff Weir and Hamilton City -have T
significantly lower coeFF1c1ents There is & significant dip-in‘the -
coefficient at Section 217.2 but no correspondlng large scour hole but this
dip may"be due to the Section 215.3 acting as a major sed1ment “control "o
Also, the’ c¢ited reference suggests a stab111ty coefflclent oF 0 65 or greater
for deslgn of a stable armored channe1 :

:(2){ Steady State Slmulatlon For Qw 10 OOO cfs 751""

' (a) Sedlment Discharge. Ruh 6A is a10, OOO cfs steady Flow
ron w1th Bend Bridge sediment inflow boosted: 33 percent.” Each d1scharge'”
event in the input hydrograph is 30 days ‘in-length; ‘total hydrograph length
is 1,348 days. Sand and gravel discharge at 10, 000 cfs 1s 250 tons per day
w1th a+ 5 percent range of 265 to 235 tons/day BT

At Day: 28 (Flgure 36) the sand and gravel d1scharge increases From 250
tons/day  inflow at: Bend Brldge ‘downstream to a@lmost 15,000 tohs/day -above
Section 217.2. Again this river reach is acting as ‘a major sediment control
a1though "control" has now shifted upstream from River Mile 215.3 to 217.2.
The sand and® ‘gravel d1scharge drops to about 7-,000 tons/day “below: this":
point. - The*major increase in-the discharge’ through the reach-is part of the:
model*s "warmup" period as it readjusts the bed mater1a1 gradatlons

At Day 508, the sand and gravel d1scharge ‘is still 1ncrea51ng to over
1,100 tons/day at the downstream end" It is tak1ng ‘much’ longer’For the ‘model
to stabilize" “than the ser1es 4 runs® because of the lower.w 'r di%charge of -
10, 000 cfs : R N PR R

After about 988 days the sand and gravel outflow at Ham11ton ci
approximatés the’Bénd” Brldge 1nflow ‘which" 1s “the’ same ‘amount’ of’tlme for .
70,000 cfs to achieve this“same’condition. *'However, it took“only 148 days at
70,000 cfs for the sand and gravel d1scharge above River Mile 215.3 to equal
inflow at Berid’ Br1dge, whereas “at 10, 000 ¢fs’ 1t “takes between 508 and 988
days for this to occur. “Again, gth1s may be due ‘to the" mode1 try1ng to :
“warmup". At 70,000 cfs it takes a much" shorter perlod of time to’ readJust
the bed material gradations and e1evat10ns than at 10,000 cfs due to the
exponential re1at10nsh1p of sed1ment vs water d1scharge

~ Run 6B is a’10; 000 cfs steady flow run’ w1th Bend Brldge sed1ment 1nflow
changed ‘to the orlglnal 1nflow load curve and restarted ‘with the same’ ‘bed ’
elevations and gradatlons as ‘day’ ‘1348 at the end of Run 6A. ‘Each discharge
event is 30 days in length, with the ending event 2,696 days after the start
of Run 6A. "~ Sand’ “and ‘gravel d1scharge at 10, 000 cfs is 185 tons/day w1th a +5
percent range of 195 175 tons/day

After on1y 28 days (on day 1,376, F1gure 36, first day with available
computer printout), the sand and gravel outflow at Hamilton City-equals the
Bend Bridge inflow. The fast response of the model to the reduced sediment .
inflow is not unexpected as the absolute magnitude of the reduction of Bend
Bridge inflow is small, compared to that during the 70,000 cfs run.

?
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_ (b) Bed Elevation:Changes. A mean daily flow of 10,000 cfs is
that flow which is exceeded 50 percent of the time at Vina Bridge located

~about 1/3 the study.reach length above Hamilton City. A sustained low flow
of exactly 10,000 cfs.for 1,348 days is probably infrequent, although

somewhat shorter time periods are possible during drought conditions such as

experlenced dur1ng 1976-77. .This flow was used -herein for purposes oF
illustrating river response to susta1ned low flow conditions .,

As expected the magn1tude of the bed changes computed for 10 000 ch'
flows shown in figure 37 is. genera11y less than those, for. the 70, 000..cfs .-
flows, shown on figure 32. Large bed changes do occur at. RM 217 2 For the
flow oF 10,000 cfs run as shown in figure 37. No large change in bed i
elevation at this station was shown for the higher flow. Both flows were
fully loaded although the 10,000 cfs flow was carrying the lesser
concentration of sediment, This may result from removing the finer material
from the bed with the "clearer" water passing. over. thls sect1on at 10,000 cfs
than. under the 70, 000 cfs cond1t10n Ce e e : & o “

The a1ternat1ng scour/deposltlon pattern seen downstream oF the Red
Bluff Weir, RM 242, is not in phase with the pattern computed for the 70, OOO
cfs flow. Again, .this may be attributable to the widely.different.potential
and actual sediment transport rates oF the two Flows and the resu1t1ng eFFect
on the bed: mater1a1 gradatlon - . N

The sma11 amount oF dep051t1ng mater1a1 accumulatlng upstream of the Red
Bluff Weir-is due. to the reduced sediment: discharge. of 250 tens/day at 10,000
cfs vs. 61,600 tons/day at: 70,000 cfs or a 99 percent reductlon in 1nflow1ng
sand and gravel load.

Calculatlons show that even though the 1nflow1ng sed1ment d1scharge Js
reduced the. rlver reach near . Rlver Mile: 217 2 st111 acts as a: ma]or sed1ment
control due to material brought by the flow from upstream ‘bed SOuUrces. .- G
Assuming a constant 250 tons/day inflow at Bend Bridge and 100 percent trap
efficiency for, 1,376 days, deposition would be about 0.6 feet. .Since the
calculated amount of deposition at . this. sect1on is. almost 3, Feet the source -
of this add1t1ona1 mater1a1 must be the upstream bed s o

_ (c) Bed Gradatlon Chang_g : Flgures 38 and 39 show med1an bed '
.sedlment s12es in the river for days 0, and . 588 and 988 and 1, 376 e
respectlvely, in the steady state. runs w1th 10, ooo ch Flows

At Day 588 (see F1gure 38) when the sand and gravel d1scharge 1s
approaching equilibrium through the study reach, the alternating
scour—deposltlon pattern between River Miles 235 and 219 shows up as an
alternating coarse-fine bed pattern. Generally the bed is much coarser than
prev1ous1y now even.at RM 217.2, wh1ch is a major deposition . p01nt

. At Day 988 (see F1gure 39), sect1ons oF the bed .which were coarse beFore
remain coarse; Sections which were fine bed became s11ght1y finer. .A notable
exception is the reach of bed betweem RM 211.5 and RM 207.5 which became much
finer. , ‘ : . _ _ .
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At Day 1,376 with the reduced Bend Bridge sed1ment inflow, the bed
upstream of the Red Bluff Weir RM 242 is deF1n1te1y coarser be1ng in the
MG-CG ranges Below the Weir, the bed is re1at1ve1y unchanged

(d) Tractive Force vs. Time. Figure 40 shows a plot of
tractive force vs. river distance vs. time for the 10,000 ch runs,

" AS expected ‘the magnltude of the tract1ve Force is 1ess than that For
70,000 ¢fs, due t6 decreased’ hydrau11c rad1us ‘At best, for the 10,000 cfs.
runs there is on1y a slight decrease in tractive force in the downstream
direction. The same alternating hlgh/low pattern observed in bed elevatlon'
change figure 37, and bed gradatlons is evident in the tract1ve force plot

~of figure 40 below the Red Bluff Weir. Note that the tractlve Force is very

low at Sectlon 217. 2 where a large sand depos1t ex1sts

(e) Armor Layer Stab111ty CoeFF1c1ent Flgure 40 also shows a
plot oF the calculated armor layer stab111ty coefficient profile for the bed
at the end of the 10,000 cfs runs. It is somewhat higher and more stable
than that for the 70,000 ch runs, Flgure 35 _

(4) Summary oF Results - Steady State Slmulatlon Runs

(a) At 70, 000 ch it takes 1ess than 2 months for sand and
gravel d1scharge at Hamilton Clty to respond to the reduced sed1ment 1nF10w
conditions that might be exper1enced with bank protection (Run B results).

(b) similarly, at 10,000 cfs, it takes }ess‘thanzlfmonth,

(¢c) As in the long-terin simulation runs, the ﬁé&éh'frdm'km
215.3 to RM 217.2continues to act as a major influence (or "sed1ment
control") on sed1ment transport downstream of . th1s sectlon o

d) Bed‘elevatlon changes in the”70'000 cfs’ runs‘are"up'to ten
times greater in magnitude than those at 10,000 cfs. However, considering '
the magnitude of this high flow and the Fact it was susta1ned for such a long
period of time in these runs. (oF almost Four equ1va1ent years) ‘the magnitude
of the largest scour or deposition point is surprisingly small (less than 10
feet). In addition, a number of the bed elevation changes under;.the two Flow
cond1tlons in the reach between RM 217 and 242 are of . oppos1te slgn

(e) The magnltude oF bed elevatlon changes at Flows oF 10 000

cfs are pract1ca11y negllglble except at RM 217.2. (deposltlon) and RM 238.1

{scour).

. .(f) The final median bed sediment size class profile under
both flow conditions is much coarser than the initial proF11e particularly
in the ten mile reach downstream of the Red Bluff weir. In add1t10n the
fine bed sections at the end of .the 10,000 cfs run appear “finer" than at the
end’ of the 70,000 ch run. . s . v :

- (9). The tract1ve force under both flow cond1tlons tends to
diminish in the downstream ‘direction, with the average at 70,000 cfs being
about twice that at 10,000 cfs. Changes in tractive force vs. time are more
pronounced (at some sections) at 70,000 cfs than at 10,000 cfs.

2
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‘ (h) The armor layer stab111ty coefficient at 70,000 cfs
exhibits great fluctuation but averages about 0.70. At 10,000 c¢fs it )
fluctuates very little and averages 0.90. Under both Flows the coeFF1c1ent
does not vary appreciably with time.

c. Summary of Results - Numerical Experiments

~ The existing sediment transport regime of the Sacramento River and that
under project (a comprehens1ve bank protection, program) conditions has been
evaluated through ‘several numer1ca1 experiments utilizing the computer
program HEC6 General patterns of aggradat1on and degradat1on in this r1ver
reach for bath cond1t10ns have béen identified. also the temporal. respdu
of the River's sediment transport regime to the pro;ect has been evaluated
Evaluations and conclusions from the numerical experiments are made in 11ght
of the component studies previously described, espec1a11y the River Budget -
Study, R summary oF results oF these exper1ments is presented below:

(1) Channel Response

(a) Preproject (Exlsting”Condltions)

The patterns of aggradation/degradation in'the reach will be
dependent on antecedent channel geometry, bed elevation, and bed material
cond1t1ons,_locat1on and complet1on time of bank protect1on sequencing of .
'hydrolog1c events, etc and are descr1bed here1n on a reach—by reach ba31s

. Bend Bridge, (RM, 258) to Iron Canyon (RM 254): Based on all .
available data and field observations, this reach is fairly stable
vw1th perhaps some modest degradat1on dur1ng very. h1gh Flows

. Iron’ Canyon (RM 254) to. Red Bluff welr (RM 242) ' ﬂggradat1on X.\_
pattern in this ‘reach dué to backwater effects of ‘Red BIUff Weir. '
) _nmount calculated 1s small ~about 1. 5 feet over 15 years..

. Red Bluff. we1r (RM 242) to RM 230: The stab1l1ty ‘of - th1s reach "
. is due to a comb1natlon ‘of the relat1vely coarse (armored based on_
o ff1e1d observatlon) streambed and & m11d channel slope in the reach;

. RM 230 to ‘RM- 220% Sl1ght degradat1on due to a comb1nat1on oF av

relatively ‘steep stream slope and the addition of tributary water =

(and sed1ment) 1nflows wh1ch may tend to cause Flush1ng

.fRM 217"to RM 215: ﬂggradatlon due to ‘change From steep slope’ ;
to mild slope and relatively wide sections (bend area).

. RM 212 “to 'RM 199 (Ham1lton C1ty) Stable dueito:coarse'bed
and m1ld slope ‘ R

Overall, the reachis relatlvely stable due to the coarse bed (armored);

nature of stream. Bed elevation changes are modest, given the 15-year time
period. The bed does react to high flow periods of Water Years 1974 and
1978, lower Flows oF Nater Years 1976 77 produce few or smaller bed changes
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There is little historical data on stability of this reach. However,
based on. field observations, nature of streambed and channel characteristics,
HEC6 model results appear reasonable.

(b) Project Conditions

Reaches in which degradation occurs under preprOJect conditions exhibit
the same trend under project conditions with no increase or decrease in rate
of degradation. Most of the study reach is an armored coarse bed 'stream
which lends to its stability. Two key indicators of bed stability, tractive
force and armor layer stability, show little or no change at degrading
sections from preproject to project conditions.

Reaches in which aggradation occurs under preproject conditions exhibit
a lower rate of aggradation for a period of time after project completion
until the sediment transport regime of the river has adJusted to the
reduction in available bank sediments. This conclusion is based upon a
slight increase in armor layver stability coeFF1c1ent at aggrading sections
between preproject and project conditions.

(2) Temporal Response and Sediment Delivery Rates

(a) Wash Load The effect on the transport of clay and silt
sizes (less than 0.062 mm in diameter) would be immediate as these sizes:
generally move with the water velocity. The decrease in transport of these
sizes would correspond to the volume of these size materials withheld by bank
protection.

(b) Bed Material Load Evaluation of the project impact on
transport of the bed material load (greater than 0.062 mm) is complex as the
river will attempt to achieve.a new transport regime by adjusting the bed
elevation by scour or deposition, bed material gradation, bed form
(roughness), width, sinuosity, etc.

The effect of bank protection will be a gradual decrease in transport of
these sizes. Under normal conditions of flow the full effect of the
transport decrease would be felt at Hamilton City within a few months. Some
minor degradation of the bed may occur immediately after placement of the
project as the transport stream attempts to recover from the r1verbed the
material wlthheld by bank protection.
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SECTION Iv - LONER SACRHMENTO RIVER MODEL

16. Mathematlcal Model. The SACBANK version of HECG was also used to
evaluate project impacts on the sediment transport regime of the lower :
Sacramento River between Ham11ton City- (RM 199) -and: the C1ty of Sacrament0~
(RM:59). : : : . _ . Lo

It bhecame apparent during model development and calibration that this
reach of the river has highly:complex water: and sediment discharge . . - :
characteristics which could not be modeled in detail using the current
version of the HEC6 program.. Therefore, the engineering.consultants
recommended that a coarse gr1d model be developed ‘of this .reach-i.e., a: model
that would give a reasonably adequate but not necessarily detailed -
representat1on of the hydrau11c and: sed1ment transport character1st1cs of the
reach. - . S oo Lo R

The Lower R1ver system is shown in F1gures 41 and 42, In this river
reach there are five weirs plus. a natural overflow area.which:divert: Flow and
sediment. from the main channel to adjacent but separate overflow:channels and
three major. inflows which contribute: flow and:-sediment to the: ma1n channel.
This creates a-variation in the main-channel. flows .illustrated: by the. Flood
flows of January 1978 listed in Figure:43:which show flows ranging-from a low
of 30,000 cfs to a high of 120,000¥cfs;=-The~channe1ﬁCapacities“of_the,~»a
various reachés.are as shown in Figure 3.: :The complexity-of:modeling this:-
system is obvious.  Flow and sediment is: passed out of the ma1n channel and
returned later, s1mu1taneous1y w1th other 1nflows B AR

The stations 1nc1uded 1n the model were 11m1ted to those 11sted below 1n
Table VIII : : . e

TABLE VIII

" LOWER SACRAMENTO RIVER.
- "CONTROL :POINTS

. -Station5 R fn v et USGS Stat1on Number ;

Y

Sacramento’ River atfHamilton City e “%r;?»~;.11383800=

Sacramento River-at Ord:Ferry-: - - <% & = = ".11388700i -
Sacramento River at: Butte City -~~~ - . S 11389000 o
Colusa Weir Spill = ° S St 113894707
Tisdale Weir :Spill-. -~ - = = LT - .+ 11390480
Sacramento River at Knights- Land1ng o L - 11391000
Sacramento River at Verona 1/ ' 11425500 . -
Sacramento River at Sacramento 11447500
NOTE

1/ Deleted as a model control po1nt dur1ng study
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Data was available at other ‘locales ‘hut the version of the HEC6 program used
was limited to seven tributary/diversion points. This enabled the model to
be composed of .eight flow reaches: which allowed a reasonable simulation of
the flows and sediment transport by reach and by inflow/outflow point. These
reaches are indicated in figure 41. Using mean daily flow records it was
possible to reconstruct the flow events on a mean daily basis. The procedure
For developlng reach d1scharges is 111ustrated Flgure 43,

The followlng 1s a d1scuss1on of the three ma]or data sets of th1s model

a. Geometr1c Data A total of 45 cross- sectlons were used, spaced at
various intervals-depending on:-the data source. From RM.(River Mile) 59 to -
RM 143 (Colusa Weir), Corps. of Engineers.! cross section. surveys of the low ..
water: channel. taken at various times and spaced about ten miles apart were
used, From RM 143 to 199 (Hamilton City), cross sections measured by the
USGS in 1974 spaced at various intervals were used. Below RM 168 (Butte
City)., the river is confined: between levees. -Overbank.flow areas within the

reach: between RM: .168-and 199 were.added. to-all:sections based on 7-1/2 minute
USGS quadrangle maps. ~ National: Geodetic Vertical Datum (N.G.V:D.) is used: . :

throughout. Manning's "n" values were initially assumed.to. be those: values: .
estimated by the sources: of.‘the cross=section data,. and/or: were: taken from .-
estimates’ at the-USGS river stream.gage: stations.. -These "n" values: were.
later adjusted: during the modelvcalibration~of-hydraulic‘conditiens."Reach-~
1engths along:the main channel between cross-sections were assumed-as the-
actual meandering: channel length:. Overbank . dlstances where river.:flows are
not confined within levees are-the:overbank:streamline.flow lengths. . Movable
bed widths were set within the left and right bank statlonlng based on

-examinhation of cross section plots and aerial photographs.. The: limits.

theoretically represent the actual active streambed limits. nghwater markS-
and associated flows were available for the 1970 flood. These were used in

- calibration of "n" values along the study reach from RM 199 at Hamilton City

to RM 59.5 at Sacramento. See Figure 44 for the initial channel profile.

b.  Sediment Data Bed:material:gradations were available for the reach
from RM 143 to 199 from the recent USGS.survey conducted for this study. As
in the upper river model, these sample gradations were "width- averaged" and
are based on: several samples across each river section including both bed,
low and high terrace surface samples. Between RM 59 and 143, bed material
gradations were available only at the USGS river streamgage stations at RM 59
(Sacramento), RM 79 (Verona), RM 90 (Knight's Landing) and RM 143 (Colusa).
For sections between these locations, gradations were estimated based-on. -
straight line interpolation of data available at:the mainstem gage stations:-
All of the above gradations were used in the initial. setup of - the- model but-
some were later 'changed during the calibration of sediment transport .=
conditions (see.paragraph 17). See Figure 45 for a plot of the- D50 or. med1an
diameter size material assumed (after the callbratlon process) at each cross
section along the study reach. o B :

fAs in the upper river, data on the lower river reach s water and

sediment discharge were collected under a program conducted for this study by

the USGS. The periods in which-data on water and sediment discharges were
observed at the various river stations are shown in Figure 16. Although
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individual stations. were monitored for varying periods of time, flow and
suspended loads were measured at all sites. Bedload was also "measured" for
the river gage stations at Hamilton City, Butte City, Colusa, Knight's
Landing; Sacramento and for the gage on the Feather River at Nicolaus. Water
and' suspended ‘sediment discharges diverted at Colusa and T1sda1e Weirs "and
within- the Sutter Bypass at Highway 113 ‘and Yolo: Bypass at Woodland were also
measured: - Although these stations do not gage aly 1nflows or’ diversions from
the r1ver/bypass system of ‘the ‘lower ‘river, the measurements taken at these
stations represent discharges at major '"“control po1nts"?w1th1n the ‘system
From wh1ch d1scharges at other locat1ons w1th1n the system can be 1nFerred

Initial suspended load data at each 1nF10w po1nt wére’ developed based on
linear regression of the available data from :the recent USGS monitoring
program and from prev1ous monitoring programs. Suspended load gradat1ons
were developed using a sediment d1scharge welghted averaging procedure ‘as
previously ‘described: in paragraph 12. - It was initially assumed that the
suspehded: part1c1e size distribution-would not vary with water d1scharge

- Fifteen grain sizes were used ranging from clay through to veryicoarse gravel

(VCG) or up to 64mm in diameter. Bed load rates where bedload exists were
developed' from the USGS data. It was also 1n1t1a11y assumed that sediments

up to VFS (very fine:sand or  .125 mm ih d1ameter) would ‘be" diverted at

diversion- pointssat: 1.2 times the concentration ‘of ‘the “sédiment material in
the mainstem at. the diversion point. Dur1ng calqbratlon ‘of ‘the mode1 the
inflowing-load curves were adjusted to improve model performance: This
process will be discussed in paragraph 17b. See F1gure 46 For plot of the
tota1 sedlment load curve at Ham11ton Clty e

The Follow1ng 1s a br1eF d1scuss10n oF development oF both water andh’ “

boundary

T 1) Downstream Boundary, Sacramento R1ver at Sacramento -

- -dis’charge) -and: Qsup" (suspended load) were“based” on measur

ﬁ*From the gage-at the same location. 'GQbed (bedload) est1ma ed

- USGS-data and” supplemented: w1th manual calculatlons us1ng ’
Schok11tsch equation. - TS

2) Control*Point (C.P.) 1, American River (InFlow) Actually accounts
~* for American River:inflow'less Sacramento” Weitr outflow:: Weir Flows
~‘obtained from-California DWR stage: -gage. ‘American River flows? i
-~ inferred-from Sacramento:River at Verona and ‘at ‘Sacramento: gages and
- from Sacramento ‘Weir -outflow records.  “Sediment: “inflows: from :
‘American-River and ‘diversions at”the Sacramento Weir were 1nFerred :
Cr From Sacramento R1ver oF Sacramento sed1ment concentrat1ons e

3) .C.P: 2 Fremont we1r Accounts For Sutter Bypass and Feather R1ver g
~inflow and Fremont Weir outflow.  Water aid suspended ‘load (no*"" "
'-bedload) ‘at ‘Hwy. 113in Sutter- Bypass ‘and“total ‘load on the Feather

 River at:Nicolaus were available. The Fremont Weir watér outflow is

" inferred from:the Yolo Bypass at Woodland gage and alsc from mass
balancing of 1nflows/outflows From the r1ver reach between Kn1ght S
-Landing -and Verona. ‘ S , :
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4) C P. 3, Tisdale Weir Flow and Sedlment Data Information came.
d1rectly from. mon1tor1ng program gage. .

5) C P. 4, Colusa Ne1r Flow and Sed1ment Data InFormat1on came , :
d1rectly from.-monitoring program data. Recently acqu1red data From
a DWR-source revealed that - some gravels were Found in the . connector
. channel (between ‘the Weir and Sutter Bypass) which means that
q_although the -USGS is. "measur1ng" suspended load only over: the we1r,
_some bedload 1is pass1ng also. Coa o _

6) C.P. 5 Moulton we1r water D1scharge was obta1ned from State stage
gage on weir. Suspended. load.concentrations assumed. s1m11ar to
Vthose on Sacramento River at Butte C1ty R

: 7)l‘C P 6 "Local" Th1s is, ‘an art1f1c1al 1nFlow/d1vers1on po1nt For
L MASS balanc1ng ‘of water and sediment discharge between Colusa- and -
. Butte C1ty, and also helps to account. For rout1ng eFFects 1n th1s

x reach S L e v S N

_8)‘vaP~J7, 9Q!K“A Thrsgalso{is;an artiFicial»controlspointvfornmasSy»sw

balancing of water and:.sediment discharge: in..the River reach:between

. Butte -and Hamilton: City.:. This. inflow/diversion accounts for:Stony: =

. Creek. inflow,. natural overflow to Butte Basin (this: is an. unleveed‘:
“reach) and rout1ng eFFects between the two ma1nstem stat1ons

c. Hydrolog1c Data Mean da1ly Flows were ava1lable For all the
monitoring program stations for various time periods as well as from previous
monitoring programs. -However:, only.during, the.January 1978 flood were-both
adequate. water .and-:sediment.discharge data:available. which included: spills:. .
over the diversion weirs. Thus, January 1978 data was used in the - -
calibration of the sediment transport conditions. Examination. of h1stor1cal
records: showed various:time periods:when.weir. sp1lls occurred: b @fewer_or no
time, per1ods when s1multaneous sediment.. data were ava1lab1e"’ wever,
another series of flows was. needed  to: ver1fy the, hydrolog1c model.: Mean
daily flows For the- month, of February 1969-were. used in this- process as
substantial flows occurred in both the River and. bypasses -Thus,<this time
per1od was cons1dered a good test of the model.

Some d1scuss1on oF the 1nFlow/d1vers1on po1nts 1n the model has already
been presented in. paragraph 16a. above - For mass balance.of water into or out
of:the upper portion (above RM.168) oF the model; two inflow/diversion points
were added to the model (Figure 41). -Unlike.the .upper Sacramente River
model,_ the inflows from these points are not "clear-water" but.rather
sed1ment_laden using concentration data: from the Butte City gage. - -This
accounts for some river waters leaving the mainstem and reentering the
mainstem some distance downstream.: In addition, someof the inflow/diversion
points downstream have ‘been. adJusted at various time per1ods to account for
routing effects through the: reach.. ﬂssumlng a mean water veloc1ty of 4
ft/sec, travel time. through .the reach is about 2 days.  Thus the magnitude of
the model 1nflows/d1vers1ons may differ sl1ghtly From prototype cond1t1ons

n year round water temperature oF 55 degrees Farenhe1t (12 8 degrees
Celsius) was assumed in the river.
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A stage-discharge rating curve was used to describe the downstream-
boundary conditions of the model. This rating was obtained for the USGS
streamgage at the "I" Street Bridge in Sacramento. As high flow periods,
only, were evaluated, tidal eFFects on th1s rat1ng curve are cons1dered

_negl1g1ble

-17. MatheMat1cal Model Cal1brat1on & Ver1f1cat1on

‘a. Model Cal1brat1on of Hydraulic. Conditions The bas1s of the HEC6
model of the river from Sacramento to Hamilton 'City was-an 'HEC2 backwater
model developed by Sacramento D1str1ct Invest1gat1ons Sect1on A." The" HEC2
model was developed to simulate the r1ver hydraul1cs from Sacramento to
Woodson (Vina) ‘Bridge; “only -the" port1on below Hamilton City was ut111zed in
the HEC6 model. The basic HEC2 backwater model was’ cal1brated to NY 1978 -
flows and associated high water marks. -

Calibration of the HEC6 model hydraulics was made using the HEC2 model
computed water surface elevations. With the HEC6 -model - operat1ng in‘afixed
bed mode; “the computed water surface elevations showed a- good comparison; - ‘the
water surface elevat1ons var1ed from + 2.5 feet to -0.7 feet. In general the
HEC6 model elevations were somewhat ‘higher but later ‘moveable bed runs’ -
demonstrated comparable water surfaces w1th1n a couple of tenths of a foot

: bﬁd Model Cal1brat1on oF Sed1ment Transport Cond1t1ons o

(1) calibration Data ‘Ais prev1ously ment1oned in paragraph 12 a
data acqu1s1t1on program for collection of water and sediment data was =
initiated: in Water Year (WY) 77. ‘At the time of ‘the model calibration, only
those sediment data collected in WY 77 and 78 including‘daily ‘suspended: ‘and :
some. bed load d1scharges and gradations were available.: However, only WY 78
data included”weir spills. “Because WY 78 ‘was ‘& ‘higher ‘than normal water flow
year follow1ng ‘a prolonged ‘Tow flow per1od, 1t may ‘have ‘had  slight jhi
than normal ‘sediment” d1scharges As NY 78 was the only ‘water year a
time for which detailed sediment data Were ava1lable for each ‘inflow and
outflow p01nt in the study reach these data (Jan 78) were used for th
cal1brat1on runs -

In add1t1on to the deta1led data ava1lable from the data acqu1s1t1on s
program, general data were available from USGS data base of the Sacramento
River Basin. These data consisted of total sediment.load’ and water discharge
by month for the period 1961-1979 for several major “"control" po1nts along
the ma1nstem and for some ma]or tr1butar1es (See Flgure 5 ) L

(2) Cal1brat1on Results 1'-‘ =

For the cal1brat1on run, mean daily Flows for the h1gh flow per1od of
January 1978 were passed through the model. A 30 day “warmup" flow of 3000
cfs, approximate channel capacity between Tisdale ahd Fremont we1rs,‘preceded
the hydrograph - The calculated sediment transport rates were then compared:
with the "measured" data. ' The total duration of the hydrograph was 61 days.
The January 1978 flow period had a peak mean daily discharge of 116,000 cfs -

-atButte City which corresponds to a peak instantaneous d1scharge oF 120, 000

cfs. In the model, only mean daily d1scharges were: used.

49



Follow1ng initial adjustment of the inflowing load curve at Hamilton
City to reproduce measured data, F1ve computer runs were made using the
January 1978 hydrology. In. these runs, 1dent1F1ed as. 00- through 04, the
tributary sediment 1nflow/outflow load curves-were. adjusted in an attempt to
reproduce prototype behavior throughout the system. Figure 47 illustrates
the adjustments made to load curves and Figure 48 presents their results. 1In
the latter the available measured:sediment discharges at eight locales in the
system are listed along with ‘the ratio of “the computed to measured loads In
general, the model overestimates the loads above Colusa and. underest1mates
the .loads. below Colusa It apparently reproduced the load at Verona -
extremely well but underestlmated the load by 50 - percent at Qacramento only
20 m1les downstream Dur1ng ‘the. cal1brat1on process. ‘this. was . very. puzzl1ng,
it was later determ1ned dur1ng the sediment’ budget stud1es that. the data at
Verona must be. 1naccurate (ReFerence paragraph 6.b.1). . After d1scard1ng
the Verona data, the model showed a consistent trend of underest1mat1on in.

the lower reaches,

s Due to the 11m1tat1ons oF the sed1ment data For t1me per1ods dur1ng )
,wh1ch weir. sp1lls occurred ~and. the complex1ty of . the water and. sed1ment '
discharge. characterlst1cs of the .reach, the engineering. consultants
recommended that emphas1s .be .placed.on- cal1brat1ng, ver1Fy1ng and. runn1ng oF
the . Upper River Sediment. Model and that deta1led‘work on, the Lower River .
Sediment Model be deferred until future studies. However, it was felt that
some qualitative results could. be gleaned. from the ‘partially- calibrated. lower
model, particularly in regaids to response time of the system to reductions
in inflowing:-sediment :load, as would :occur with bank protection. - Thus,
further. cal1brat1on/ver1f1cat1on work . beyond that presented above was
discontinued and- mod1F1ed "product1on"'runs oF steady state . and long term
s1mu1at1ons .were. made T S e

.18 Numer1cal Exper1ments ‘The eFFects oF the pro;ect (1,ew bank g,}f
prot taon) were. v~1uated by several numer1cal exper1ments Sugge tedmby

descr1bed prev1ous1y For the Upper Sacramento R1ver model Results ofﬂhoth
series of computer runs w1ll be 1ntegrated with results from other analyses
in Sect1on V below L L L L o

Long Term S1mulat1on Runs

. (1) Descr1pt1on These runs were made to develop some 1dea oF the

long term sediment transport characteristics of the Lower River reach. Mean
daily flows for the three month period from January through March 1978 were
passed through the model three times. Although flows in this period are
higher than. normal-and should yield: somewhat higher than normal sediment
discharges, it is.the only period for which the detailed historical data were
available.. As this is a partially cal1brated model, results presented herein
do-not. represent long or short term. trends but do 1nd1cate some qualitative
trends in the prototype and. performance of the model. _For this model, all .
control points were operative as per. paragraph 16 above. This run was also
made to determine if the observed trends of the one month run would contlnue
or if they were only a un1que function of January.- hydrology
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(2) Results
Presented in Figure 49 are the sands and gravel (VFS to VCG 0.062 to
6amm diameter) discharge and total load discharge over the first thiee month
period, respectively, at various control points-as compared to that 2
“measured” by the USGS. The "méasured" USGS sand and gravel load shown-on"
Figure 49 is the product of -published USGS" calculated total load times- the
sediment-discharge’ we1ghted average percentage oF sands and gravels 1n

'per1od1c samples collected by USGS.

Above Colusa the model cons1stently overest1mates both sand and gravel
and total load at each river station.: In addition with each sticceeding month
in the first 3-month time per1od the ratio of model transport rates to USGS
measured values increases.- It is unknown whether this is-due to" hydrolog1c
sequeficing, “overloading oF sed1ment ‘inflow, model adJustment etc SR

At Colusa, the model appears to hit a "sed1ment control" po1nt ,The

‘model fails to reproduce the measured values in: terms oF total load

Below Colusa to Kn1ghts Land1ng the calculated sed1ment loads are less
than USGS values ~ SRS SO

Below Kn1ghts Land1ng, the model does not appear to’ route the ‘sand’ and
gravel or total load through the- Sutter/Yolo/Sacramento River complex {Figure
8) very well.  This could possibly -be-due 'to the: deF1c1ency the-flow: already
suffers -from: the ‘Colusa "control' and ‘due: to the merg1ng “of the Sutter :
Outflow/Yolo Inflow Load Curves:at Control Point 2 in‘the model.: This is a
situation that:merits a: F1ner grid :model “than is availdble and a much more"
detailed" 1nvest1gat1on Dué to'model and data: constra1nts this complex was
modeled: with enly ‘i control point. ‘Within this complex, it ‘seem that the
sand d1scharge suffers the most ‘while the total lead appears*t =] h
through “This was'expected - since ‘the total load ig- composed maanLy oF”F1ner
material which is ‘carried through as-washload. Underest1mat1on oF sarid
discharge through this reach is consistent w1th time. noetd B

The bed change proF1le Figure 50, and bhed change at selected cross

‘sections, Figures 51%and 52, ‘indicate: cornsistent trends'w1th t1me “Those

sections that are aggrading do so -at a relativély: constant rate‘and Jikewisé
for degrad1ng sections. Even though the 3 times 3 months of flow run through
the ‘model represents an extremely unl1kely and h1gh Flow event the observed
model aggradat1on/degradat1on trends are not severe: It is not Tikely: that

these trends would actually occur with prototype hydrology,'1t has “been

observed in nature that locales that ‘degrade dur1ng ‘a ‘high- ‘Flow tend to
aggrade on ‘the recession of the ‘event. - Further observations, model -
calibration ‘and long term ‘model simulations will be required in Future

fstud1es beFore deF1n1t1ve conclus1ons can be made From th1s model

b, Steady State S1mulat1on Runs

(1) Descr1pt1on © The steady state runs were: made to determ1ne the
effects of the project on the sediment transport characteristics of the river
reach and the time of response of the sediment discharge at the lower end of
the model (River-Mile 59, Sacramento). - Changes of sediment inflow to the
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study reach would occur with the project (i.e., withholding-of bank eroded
sediments by bank protection). To accomplish this, the model input data was
modified to perform as a quasi-routing model. Control points one (American
River), two (Fremont. Weir), five (Moulton Weir), six (“local”) and seven =
("OVR") were removed from the model. Control points three and.four (Tisdale
and Colusa Weirs, respectively) were not removed as they are at.critical
locations along the mainstem where the River channel capac1ty (within the -
levees) changes. Below T1sdale we1r the channel capacity. is about 30,000 .
cfs. Between Tisdale and Colusad Weirs, it is about 42,000 cfs.. Above" Colusa
Weir to Butte City, it is about 70,000 cfs. Above Butte City, the River is
unleveed and has natural overflow areas. However, the channel capacity also
is in.the range of 70, 000 cfs. (See F1gure 3. ) ‘ o ;

~ Only the Ham11ton C1ty (HC) 1nflow po1nt at the upstream end of the
" model was used to input sediment, but.the Colusa and Tisdale Weir control
points were perm1tted to divert sediments and flows.

The 1n1t1al runs demonstrated that a hypothet1ca1 base Flow was requ1red
to develop an 1n1t1al condltlon for the steady state tests

S1x years of 30 000 cfs flows with unmod1f1ed sed1ment 1nflow at
Hamilton City were passed through the model as a warmup flow. This is
channel capacity flow:below .Tisdale Weir. - A long "warmup" .period was -
-necessary. for -the model's .sediment . outflow at-Sacramento -to equal the inflow.
at Hamilton City. -This water-discharge was selected: because it is«the- .

, max1mumnflow uh1chgcanapass~thnoughethe‘prototypenwithoutnspilling;atathe~;g
diversion weirs.. -The bed conditions, gradation and,elevation-at\the‘endiof,l
this - run were considered ‘to be a-base condition.. . -Then, six months ofn70,090
cfs flows ‘with sediment :inflow-at Hamilton.City 1ncreased :by.-33% over.:the -
h1stor1cal sed-iment load for this flow for preproject: cond1tlons was passed
through the model: Th1s was :intended. to:simulate.preproject.sediment . ;.
transport cond1t1ons under. ‘a: ‘relatively . hlgh flow. -This was: Followedfwlth
six months of 70,000 c¢fs flows with unmodified sed1ment inflow. o -simuy. i
project (with bank protectlon),sed1ment.transport cond1t1ons (See Figure. :
53.)

Some problems w1th the part1a11y ca11brated model became apparent dur1ng

the steady state s1mulat10n .runs,. 1nc1ud1ng S T ia
L (a) An art1F1c1ally large sed1ment control p01nt occurs at

Colusa and ‘at several cross. sect1ons upstream of th1s sect10n ‘to :about. RM
170. These locatlons reduced.. the sand d1scharge passing these locat1ons and
created art1f1c1a11y large depos1ts (See Figure 54. ) Although there is a
large existing sandbar.in the v1c1n1ty ‘of Colusa we1r the model was show1ng
an abnormally large and rapid bar development (F1gure 55) At th1s location
and the others, the thrott11ng was: caused partially by selectlon of . too small
a movable bed width. Widening the movable bed caused the model to calculate
a more reasonable rate of sand discharge and bed.elevation movement:
However, the Colusa section continued to act as a major sediment control and
further calibration runs will be necessary to ver1fy the model results
aga1nst prototype data R :

. (b) Sharp peaks occurred in the sand d1scharge at sect1onsf
between Hamilton City and Butte City at higher water discharges which could
not be verified.

2
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(¢) 1Initial “sweepout," i.e. a large spike in the sand
discharge occurred, immediately after reducing the Hamilton City inflow from
133% to 100%. Whether this actually occurs in the prototype or is only a
numerical occurrence in the model cannot be discerned without add1t1ona1
field data.

(2) Results

Qualitative results and observations from the steady state
simulation runs of the lower Sacramento River model are as follows:

(a) Within the six year warmup period, it took about 3 months

~ for the sand discharge down to RM 90 to equal the inflow at Hamilton City.

By the end of the warmup period (six years), the outflow at Sacramento
equalled the inflow at Hamilton City (See Figure 54.)

(b) At the higher water discharge of 70,000 cfs, under both
133% and 100% Hamilton City sediment inflow conditions, the sand discharge
was gradually throttled down from a high at the upstream end to a lower value
at the downstream end. This occurred even though no sediments were permitted
to spill over the weirs. Although this effect should be checked in more
future studies, this gradual reduction is-probably due to:

. The varying nature, pr1mar11y width, of the channel geometry, which in
turn causes -

. A reduction in potential and actual channel sediment transport capacity
in the downstream direction.

. Possible improper selection of movable bed width at some cross sections.
. Need for refinement oF bed gradation data in this réach

(¢) The response time to reductions in sediment inflow of the
reach between Hamilton City and Colusa is on the order of several months.
The upper river response time was a matter of weeks. In addition, no firm
conclusions can be made at this time of the response time below Colusa due to
the complexity of the River Bypass scheme not precisely modeled in this
Feasibility Study.
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SECTION V - PROJECT IMPACTS

19. Dlscusslon A study has been conducted to determ1ne the potent1a1
eFFects on sediment transport that might be-induced: by the implementation of
a comprehensive channel stabilization plan:between Colusa (River Mile 143)
and Red. Bluff" (R1ver M11e 242) The?objectives of this study were to: . ..
evaluate - I N R Coot L
”The prolect 1mpacts on sed1ment de11very rates along the ma1nstem oF

.the . River to the flood- control bypasses and the- downsteam sh1p 2
channels.: : . . : I Co cor

-~ Time-response of the river to:reductions in sed1ment 1nput due to
. withholding oF ‘hank mater1a1 by the prOJect : .

PrOJects 1mpacts on- channel morphology (aggradat1on or degradatlon of
dmmwlbw) : . Lo , S Coag e

*eAs ‘part of the overall study, several adJunct stud1es were performed to

-prov1de the necessary data and-analyses. in assessing the hydraulic-.and .

sediment transport characteristics of the Sacramento River and- 1ts,Flood
Control Bypasses. Two of these studies which have been described in this
text, are: (1) the Sediment Budget Study of the River and Bypasses, and
(2) the (HEC6) mathematical sediment 'models of the River.

The Sediment Budget Study was: used to identify and quantify sources of
sediment in the River and Bypass:system. . A.data base identifying major
tributary contributions and mainstem station quantities was developed by the
USGS: " To this:data base, the Sacramento District added estimated bank eroded
and bar depositional:guantities. . Using these data, a Net Bank Material
Routing was developed which traces the net bank eroded material through the
basin. This analysis was used to determine project impacts on sedimerit:. !
delivery rates to various locations throughout the bas1n as well as prov1de
ver1F1cat10n data for the mathematlcal sed iment ‘models. R T C L BN PP RSt

The HEC6 mathemat1cal sed1ment models were used to:assess’ ex1stIng
cond1t10ns, and the project impact on the channel bed profile (whether
objectionable aggradat1on or degradat1on would occur) and on the:time of ::
response of the river to the projects.  Two models were developed. A
calibrated fine grid model of the wpper river from.Bend ; ;Bridge (RM 258) to
Hamilton City (RM 199) which reasonably simulates the hydraulic .and :sediment
transport conditions in this reach; and a partially calibrated coarse. grid
model of the lower-model from Hamilton City to Sacramento (RM 59) which was
used to provide some qualitative trends to river response in this reach

20. Sediment De11very Rates Project bank protection will produce a
reduction in the- rates of sediment delivery of bank eroded material to the
mainstream of the River, the flood control bypasses, and downstream
navigation and delta channels.

“Utilizing two methods, the deposition and/or transport of bank eroded
material was traced from its source to the Delta. The downstream terminus of
the study was: considered to be the Sacramento River at Sacramento and the
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Yolo Bypass at Cache Slough. ' In ohe method, a river budget detailing all
possible sources and sinks of sediment such as tributary inflows, diversions,
bank erosion, etc. was developed for existing (preproject) conditions and for
project. conditions: Project conditions ‘were assumed to involve a degree of
bank protection which would eliminate -all: bank erosion.and- its corollary
deposition. In the other method:, entitled “Net Bank Material. Routing,"-only
the difference between the bank eroded and the bar depositional materials
were routed down the river system and bypasses. This method was dependent
upon the first method in that:the various diversions into. the -bypasses were
based on this methodology.: This: procedure indicates directly the disposition
(deposition and/or transport to the Delta) of the bank eroded materials.

X The results are presented as-the amount of bank eroded material that
would deposit within the bypasses and: that transported to the Delta. :The
amounts in tons per year according to two general size classes were
estimated: “fines" consisting of clays:and silts, and "coarse" material
consisting of material larger than very fine sand, .062 mm in.diameter. The
general sizes were chosen to roughly correspond to their mode of transport:
fines as:wash load- and: coarse material .as "bed-sediment load". - The reduction
in bank -eroded: material depos1ts through the R1ver and Bypass system 1s g1ven
in Table IX below : S : a i

TABLE. IX

tPROJECT REDUCTIONS' IN: DEPOSITION
(IN 1000 TONS/YEAR)

T F1nes . ‘t‘ édarsé=ls .ﬂwfdtalf

_(<;0.062mmr -‘".(=ﬁ04062mm)i.;.‘. T

Butte Bas1n L FEE ’ ﬂ.xwr

Natural Overflow to Long Br1dge'4 o0 ;:fj[__mi I
Colusa Weir Basin 56 97 153
(Total - Butte Bas1n) oL e (B6) - s o (106). o -+(162)

.Sutter Bypass o g o T e o e

Long: Brldge to T1sda1e Ne1r :--:"'. -u:16;~»lu e iG'37 hy’uvv“'f53>

T1sda1e Weir Basin - e e 200 REVRES FL I ¢ SRR o0
Tisdale ‘Weir to Hwy : 113 Lol s 1920 o 68 260:
(Total - Sutter Bypass) - (228) , . (105) ' - (333)
Yolo Bygas | ' l |

Fremont we1r to Sacramento Delta' C@96) . (0 (196)

Other | ‘ ”‘,“” ' . | .
Agr1cu1tura1 D1vers1ons- . : (79) L (0) (79)
Total Reduction . - .-589 . 211 . 770
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Project reductions in de11very of sediment to the Sacramento River delta are shown
in Tab1e X below , S

TABLE x S ~

_REDUCTION IN SEDIMENT TRQNSPORT
TO THE SACRQMENTO DELTA

F1nes | Coarse- .Totaif‘
6 (=< 0.062mm) (> 0.062mm) L
. Sacramento River at Sacramento . 1123 - 2011125
Yolo Bypass S __1__6_§ -' . y._' o - 165
R Total'Reduction 'i. ‘.‘. 128§i‘r'o o h'. eZ ' %;J:~ ~12§6;"aa

21. Temporal Response The t1me response oF the river system to reduct1ons
in the sediment input rates is d1scussed bélow. .- : N S

a: ‘Wash Load The effects on ‘the transport of the clay and silt sizes
(up to 0.062 mm in diameter) would bhe immediate as these sizes:generally move
as ‘wash: lead.” Thus, withholding of these size materials by bank protection
would cause-a corresponding and -immediate decrease in the clay:<and "silt load"
in the adjacent river reach equivalent to the amount of withheld material. .- -
The time of response in the lower leveed reaches ‘below RM 168 would--be almost -
immediate, within a matter of a few days. However, the response time for
flows diverted at weirs and return1ng v1a bypasses would be greater than For
flows rema1n1ng in: the r1ver ' : S . RSN

A

b. Bed Mater1a1 Load Evaluat1on -of" the project 1mpact 0N - transport oF,ﬁ

- the bed material load (sand and gravel sizes 0.062 mm and greater) is more

complex' as” the river under project-conditions will attempt to achieve a new
transport regime by adjusting one-or more: of ‘the following: the bed ;

elevation, by “scour or: depos1t1on ‘bed -material: gradat1on bed:> form - :

(roughness) ‘¢channel length, ‘width;, sinuosity, etc. The’ mathemat1ca1 models BE
of the river indicate the bank protect1on will cause a slow decrease im " i
. _ transport of the sand-and gravel sizes through- the upper reach between Red
Bluff (RM-242) and Hamilton Clty (RM.199): - If the project: were to be:: ;
ki instantaneously put into’place,” the full:effect of ‘the transport: decrease“'
would be: felt at Hamilton City within a few months. .Some minor degradation
of 'the bed may occur immediately after placement of the project as the stream
attempts to recover from the river bed the material withheld by bank
protection. The HEC6 model does not predict changes in bed form, channel
length, width and simuosity.

In the lower river reach, evaluation of project effects was complicated
because the mathematical model is only partially calibrated due to the
complex nature of the diversions/inflows to this reach. However, the model
did provide some insight into general trends that occur in this reach. Like
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the upper river,. the effect of the project will be a slow decrease in

transport of the sands and gravels through the ‘reach. If the project were to’

be instantaneously put into place, the full effect of the transport decrease
at Colusa would not be felt for several months and at Sacramento possibly for
several years. The river model also indicates that the reach between
Hamilton City and Ord Ferry may degrade some with the project as the river
attempts to recover from:the river. bed some of the transport material
withheld by bank protection.. -The magnitude and specific location of this
degradat1on cannot be determ1ned From the partially calibrated model.

22. Channel Response

a. Upper River, Bend Bridge to Hamilton City - Bed elevation changes may-

be inferred from the long term simulation runs of preproject conditions, the
steady -state simulation runs (i.e., the “numerical experiments"), and: the.
Sediment Budget. The patterns of aggradat1on/degradat1on in the reach will
be dependent on antecedent channel geometry, bed elevation, and bed material
conditions, location and completion time of bank pkotection, sequencing of

hydrologic events, etc. The river reach under project conditions will Follow _

the :same general pattern of: aggradat10n/degradat1on under prepro;ect
conditions except to a more modest ‘degree. P e

In areas where degradation occurs under preproject conditions, these

areas will exhibit the same trend under project: conditions with no difference
in the rate. of .degradation. Most of the study reach is an armored coarse bed. .

stream which lends.'to its stability. Two key-indicators:of bed. stability,

tractive force and armor layer stability factor, show little or no change at '

degrad1ng sect1ons From preprOJect to prOJect cond1t10ns

In areas where aggradat1on occurs under prepro;ect cond1t1ons, these;”fe
areas 'will exhibit a lower rate of aggradat1on for a period-of: time after :..-

project completion until the sediment transport regime of the river has
adjusted to the reductlon in: avallable bank sed1ments - e

vbﬁ1 Lower R1ver - Ham11ton C1ty to Sacramento Because the numer1ca1

model of the:-lower Sacramentor River is-only. part1a11y ca11brated enlyfq;x,ﬂ,;;

qualitative trends. can. be: derived from.ithis:model. . As the streambed i

lower -reach is .sandy and on a mild slope, the: r1ver bed responds.. read11y to

high flow events. . In the unleveed. reach from Hamilton City:(RM 199). to Butte;;
City (RM 168), the: numerical model.lndlcates_a trend'tpuards”degradat1on S
Below Colusa, the:main channel flows are kept:relatively low (belownahout e
45,000 cfs) due to: flood control diversion weirs and thus this river reach.is

relatively stable. Under project conditions,. ‘the lower. r1ver w111 Follow
roughly the same aggradat1on/degradat10n pattern o : :
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SACRAMENTO RIVER BASIN

TRIBUTARY AREA LIST

DRA INAGE

STATION NUMBER
| - STATION NAME gw | RIVER AREA o x
—— MILE S 103 SFD.
MAINSTEM | TRIBUTARY ‘Sq. Mi.) |
11370500 Sacramento River at Keswick Dam 302.0 - 6,468 3,718
Rock Creek W 301.9 6
Middle Creek W 301.0 4
Salt Creek W 300.8 3
Local Area W 300.5 3 .
Local Area E 300.4 | '
Jenny Creek : L 299.5 2
Anderson-Cottonwood Canal W 298.6 -~ =~0.2
Sulphur Creek E | 297.6 5
‘Local Area E 297.0 5
Local Area w 294.5 4
" .Canyon Hollow L3 293.6 3
Oregon Gulch L 293.1 6
Local Area E 291.0 2
Local Area w 290.0 4
Olney Creek L] -289.5 (R4
11372000 Clear Creek W 289.3 228
Local Area E 287.5 6
Local Area w 287.0 |
Spanish Canyon L] 285.5. i
11372060 Churn Creek E 284.6 12
Clover Creek * E 282.6 8
Stillwater Creek E 2581.0 67
Local Area E- 280.2 10
1 1374000 Cow Creek E 280.1 425 249
Local Area w 279.0 I
(1374500 | Bear Creek E 277.5 76
: ‘Ash Creek E | 277.1 32
Local Area W 275. 4 5
Buenaventura Creek W 275.0° 2 .
Anderson Creek LE 273.8 21
Local Area E 273.5 2 ST
11376000 Cottonwood Creek W 273.4% 927 308 -
11376500 Battle Creek E 271.3 357 82
Local Area E 270.0 §
Frazier Creek L] 267.8 2
Local Area w 267.5 5
Local Area E 266.8 I
Table Mountain Tributary W - 266.1 3
Onks Creek E 264.6 27
Local Area LJ 264. 1 o
East Tributary No. | E 263.5 4
Local Area E 262.5 2
11377100 Sacramento River above Bend Bridge 260.3 8,900 %,696
: Local Area L] 259.0 6
Lookout Mountain Tributary W 258.9 4
Local Area E 258.0 2
11377200 Sacramento River at Bend
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SACRAMENTO RIVER BASIN

TRIBUTARY AREA LIST
(Continued)

STATION NUMBER

DRAINAGE -

STATION NAME e | SR AREA mQ; "
MAINSTEM | TRIBUTARY: sy. mi.y | 107 SFO
Spring Creek - W 257.6 §
11377500 | Paynes Creek E 253.0 93 26
Local Area E 252.8 6
Local Area L 252.6 |
East Tributary No. 2 E 252.3 3
Local Area w 251.5 t
Seven Mile Creek E .250.8 7
Blue Tent Creek _ W 247.7 17
11373000 - Sacramento River near Red Bluff
Dibble Creek ' W 246. 6 32
Local Area W - 245.6 8
Local Area . E 245.6 3
11378500 Sacramento River at Red Bluff
Reeds Creek w.| 2u4.8 74
Local Area E 244.0 6
11378800 Red Bank Creek w -243.2 90 50
Corning Canal 242.9 -0.03
Salt Creek E 240. | :
Craig Creek E 239. 4
Local Area E 238.0 i
11379000 | Antelope Creek E 234.6 123 88
Dye Creek E 234.0 54
‘ Oat Creek W 232.9 69
11380500 Elder Creek W 230.3 : 33
- 11381595 | Mill Creek E 1 229.9 133 N
Local Area E 229.0 2
Champlin Slough E 227.5 I8
McClure Creek W 226.4 ']
11382090 Thomes Creek’ w 225.2 284 135
Toomes Creek E 223.0 62 '
Local Area E 221.6 5
Local Area W 221.5 4 15
" 11383600 | Deer Creek E 219.6 210
Kopta Slough W 218.4 .27
11383730 Sacramento River at Vina Bridge 218.2 10,930 5,438
Local Area L 217.0 4
. Local Area E 216.5 3
Jewett Creek w 215.2 5
Hoag Slough 213.7 6
Local Area E 213.0 2
Local Area ‘ w 212.0 4
Foster Island Tributary 209.6 10
Burch Creek w 207.3 159
Local Area E 206.0 2
Glenn-Colusa Canal W 205.5 - -1.0i
Wilson Landing Tributary 203.0 I
11383800 Sacramento River at Hamilton City 199.3 {1,060 4,921
Pine Creek E 207

196.5
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SACRAMENTO RIVER BAS

IN

TRIBUTARY AREA LIST

(Continued)

STATION NUMBER DRA INAGE
STATION NAME ew | RIVER AREA 9 x
MILE ., | 103 sEp
MAINSTEM | TRIBUTARY (Sq. Mi.)
11384000 Big Chico Creek E 193.0 72
Mud Creek ' E 193.1 ug
Linda Channel
11388500 Stoney Creek W 190.1 - 773
11388700 Sacramento River at Ord Bend E 184.2 12,480
' Left Bank Overflow W 184-176 - -0
Right Bank Levee Starts E 182.0 -
Left Bank Levee Starts 176.0 -
11389000 Sacramento River at Butte City 168.5 12,075 5,100
11389350 Moulton Weir E 'I58.3_ - .63
11389470 | Colusa Weir E 146.0 - ugs -
11389500 Sacramento River at Colusa . 143.6 12,090 4,464
II$90370 Butte Creek Qutfall Gates E 138.2
1 1390400 ) Sacramento River at Meridian
11390480 Tisdale Weir ' _ E 118.7 - =310
11390500 Sacramento River below Wilkins Slough
11390970 Colusa Drain OQutflow W -89.8
11391000 Sacramento River at Knights Landing 89.6 14,535 4,282
11391021 Fremont Weir {Yolo Bypass) W 82.6 - 1,134
11391050 Sutter Bypass at Hwy. 113 Outflow E 82.0 - 1,188
11425000 |. Feather River E 79.8 5,921 2,873
11425500 Sacramento River at Verona 78.8 21,251 7,397
11426000 | Sacramento Weir W 63.3 - -58
. t 1446500 | American River E 60.2 1,936 1,298
11447500 . Sacramento River at Sacramento _ 59.6 23,502 8,605
BUTTE BASIN-SUTTER BYPASS - INFLOW/OUTFLOW POINTS
Overbank Inflow from Sacramento River | i84-176 - 10
o Cherokee Canal -—
11389350 Moulton Weir 158.3 .63 -
11389470 Colusa Weir : 146.0. - - ugs5 .
11390370 Butte Creek Outfall Gates 138.2 - Co
: Butte Creek at Hwy. 20
Wadsworth Canal : _ .
11390480 Tisdale Weir 118.7 310
i Sutter Bypass at Hwy. (i3 - 82.0 -1,188 -
YOLO BYPASS INFLOW/OUTFLOW POINTS
11391021 Fremont Weir . 82.6 1,134
Knights Landing Ridgecut Canal
Cache Creek
Yolo Bypass at 1-5
11426000 Sacramento Weir 63.3 58
Putah Creek
Yolo Bypass Inflow to Cache Slough

INTERPRETIVE NOTES:

1, 5
2.
3. w*

’

~Tributary area to east of the Sacramento River.
-Water discharge in second-foot-days (SFD).
-Tributary area to west of the Sacramento River.
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SACRAMENTO RIVER BASIN

flows may be for
in-channel flows
only.

U.S.G.S. DATA BASE STATIONS
STATION STREAMFLOW SEDIMENT
' ' RECORD RECORD COMMENTS
NUMBER NAME
11370500 Sacramento River at 19 years (1961- 1 year periodic Assumed suspended 1oad
Keswick ‘ 1979). suspended sedi- equals total load.
ment load (1978).
11374000 | Cow Creek near 19 years (1961- 1 year daily Used prcgram H410 to gen-
Millville 1979) (1978). total load. erate sediment rating.
11376000 | Cottonwood. Creek near | 19 years (1961~ 2 years daily Used program H410 to gen-—
. Cottonwood 1979) (1978-1979) total load. erate sediment rating.
11376550 Battle Creek below 18 years at pres— | 9 years periodic Total load derived by ad-
Coleman Fish Hatchery | ent site (1962~ suspended load ding daily suspended .load
1979); 1 year 0.6 (1962-1970). rating at this station to
miles upstream daily bedload rating of
(1961). Cow Creek (1137uooo?.
113771400 | Sacramento River 11 years at pres— | 3 years daili : Used program H410 to gen-—
above Bend Bridge ent site (1969- total load (1971- | erate sediment rating.
: 1979); 9 years 1979]).
10.1 miles down-
stream (1961~
1968} .
11380500 | Elder Creek at Gerber | 12 years at pres— | 3 years daily Bedload rating developed
ent site (1961- suspended load from calculations of bed-
1969, 1977-1979); | (1977-1979). load by the Meyer—-Peter-
7 years at site ‘ ‘ Muller formula (MPM) for
20 miles upstream nine cases.
(Sta. 11379500,
1970-1976) pro-
~ jected by hydro-
graphic compari-
son of overlap—-
‘ ping records.
11381595 | Mill Creek at 3 years at pres-— 3 years daily Bedload rating developed
Sherwood Bridge ent site (1977- suspended load from 5 MPM bedload asti-
1979); 16 years (1977-1979). mates; daily total load
at site 4 miles rating generated by com-—
uistream (Sta. puter program HU410.
11381500, 1961~ _
1976) projected
by hydrographic
comparison of
overlapping
records.
11382090 | Thomes Creek at 3 years at pres-— 2 years dail{ Daily total load rating
Rawson Road Bridge ent site (1977- total load {1978-| generated ba computer
1979); 16 years 1979]). program H410.,
at site 20 miles
upstream (Sta.
11382000, 1961-
1976) projected
by hydrographic
comparison of
overlapping
records.
11383600 | Deer Creek at Red 1 year at pres- 1 year daily Bedload rating based on 1
Bridge ent site (1977 suspended load. MPM bedload estimate,
a drought year’; shape of the bedload
18 years at site curve from Cow Creek and
5 miles upstream judgment. Suspended load
{Sta. 11383500, rating based on 140% of
. 1961-1978) pro- suspended load rating at
jected by hydro- Mi1l Creek. Daily total
graphic compari- rating is the summation
son of overlap- of the two.
ping records.
11383800 Sacramento River near | 19 years (1961~ 3 years dail{ Program H410 used to gen-
. Hamilton City 1979) provided total load (1977-| erate sediment load ra
by DWR. High 1979}. rating.
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SACRAMENTO RIVER BASIN
DATA BASE STATIONS

SEDIMENT
RECORD

COMMENTS

2 years daily
total load (1978—
1979).

7 years daily
total load (1973~
1979).

7 years daili
total load (1973-
1976, and 1977-
1979 from 1 Nov
to 30 May only).

2 years dail {
total load (1978-

1979).

1 year daily sus~
pended load
(1980) .

‘1 year

total load (1980)

1 year dail

. total load (1980).

3 years daili
total load (1977~
1979).

1 .year da

U.S.G.S.
(Continued)
STAT1ION STREAMFLOW
" ORD
- NUMBER NAME REC
( 11389000 | Sacramento River at 19 £ears {1961-
) Butte City 1979).
of 11389350 | Moulton Weir Spill to | 18 years (1961-
= Butte Basin 1978) provided by
- DWR.
11389470 | Colusa Weir Spill to 19 years (1961-
Butte Basin 1979) provided by
DWR.
11389500 | Sacramento River at 19 years (1961-
Colusa 1979).
11390480 | Tisdale Weir Spill to gears (1961~
Sutter Bypass 197 ) provided by
DWR. .
- 11391000 | Sacramento River at 19 years (1961~
[} . . Knights Landing 1979).
]
11391050 | Sutter B gass at No data; used
- Highway { combination of
B daily flows from
- Stations 11390480
i plus Station
_ 11390425, 1979;
. L 11390395, 1967—
o 1978; 11390390,
2 1961-1966 to
< yield equ:valent
flow for 1961—
. 1979 at Highway
) 113,
Lo 11425000 | Feather River near 19 ;ears (1961-
- Nicolaus 1979).
11425500 | Sacramento River at 19 years (1961~
) . Verona 1979).
i 114137500 Sacramento River at 19 5ears (1961~
Sacramento : 1979).
B
! 11453000 | Yolo Bypass near 19 years (1961-
L. Woodland 1975). :

total load (1980).

Program HU10 used to gen-
erate sediment load rat-

ing.

See ref. for devel-
opment of sediment rec—
ords. \

Sediment ratnng derived
from the mean plot of all
daily loads for the per:od,
spill occurred onl

iears {1973-1975, {978 and
979) Assumed suspended
load equals total load.

Ratlng derived from HU10
using 1977-1979 data only.

Sediment rating drawn
through mean of daily sus-
pended load plots. As-
sumed suspended load
equals total load.

Used computer program HU10
to generate sediment
rating.

Derived sediment tranSBOrt
curve from plot of 198
daily suspended loads.
Assumed suspended load
equals total load.

Two bedload ratings were

‘developed, one for open

water conditions and the
other for backwater; these
two ratings were applied
separately. to program H410
to derive total load rat-
ings. An average curve
was then constructed for
use in this study.

Computer program H410 used
to generate total load
rating.

Compu ter program'Hulo used
to generate total load
rating.

.Plotted 1980 daily valuyes

to develop a rating curve.
Assumed suspended load
equals total load.
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SACRAMENTO RIVER BASIN
U.S.G.S. SEDIMENT DATA BASE

Q, x 103 TONS/YEAR

DRA I NAGE
RIVER MA INSTEM el AREA 0y X UNIT PRODUCTION
MILE TR{BUTARY (sq. Mi.)| 106 SFD CLgyl'L?ND saggvéto ToTAL | (Tons/¥r./Sq. Mi.)
302 | Keswick 6,428 | 3.718 223 17 240 35
280 Cow Creek E 425 | 0.249 163 57 220 518
273 Cottonwood Creek| W 927 '0.308 551 359 90 982
271 | Battle Creek E 357 | 0.182 28 12 40 112
Z inflow | 965 ws [ 1,410 |
Difference 723 | (0.239)| (715) | <-115>| (600)
260 | Bend Bridge 8,900 | 4.696 | 1,680 330 | 2,010 226
230 Elder Creek W 136 0.033 98 32 130 956
230 | Mill Creek E 133 | o0.111 43 27 70 526
225 Thomes Creek W 284 | 0.135 513 317 830 2,923
- 219 Deer Creek E 200 | 0.115 138 92 230 1,095
Z Inflow ‘ 2,472 798 3,270
Difference 1,170 | (0.169) | (u09) (241) (650)
199 | Hamilton City 10,835 | 4.921 | 2,88l 1,089 | 3,920 | 362
Z Inflow 2,88l 1,039 | 3,920
Difference 1,242 | (0.179) | (s88) | <-188> | (400)
168 | Butte City . 12,075 | 5.100 | 3,469 851 4,320 358
158 Moulton Weir -~ | -0.063 -142 -8 -150
146 Colusa Weir - -0.485 775 -231 | -1,006
Z Inflow 2,552 612 3,164
Difference 15 [<-0.088> | <-110> <o | L-13w
143 | Colusa 12,000 | t.ueh | 2,442 588 | 3,030 | 25i
18 Tisdale Weir -- -0.310 | -382 -68 450
| Z Inflow 2,059 520 | 2,580
Difference 2,445 | (0.128)] <-u3> (s3).| (10)
90 | Knights Landing 14,535 | w282 | 2,007 573 | 2,590 178
82 Sutter Bypass. - 1.188 | 604 6 | 610
82 Yolo Bypass 1,225 ~1.134 -552 -28 -580
80 | Feather River | E | 5,921 2.873 553 837 1,390 235
79 | Verona 21,251 7.397 - - -- 122
Z Inflow : 2,622 1,388 4,010
Difference 2,251 | (1.396)| <-u96> | <26 | <7600
60 | Sacramento 23,502 8.605 | 2,126 1,124 | 3,250 138

INTERPRETIVE COMMENTS:

1. Negative sign indicates:
a.

b.

c.

t1. Positive sign indicates:
a.

b.
c.

Inflow greater than outflow load.
Material going into storage (depositicn).
Material leaving system (sink).

Inflow less than outflow load.
Material coming out of storage (scour).
Material entering system {source).

11i. Size fraction distributions taken from HEC—6 runs (generally sediment weighted averages]), unless noted
otherwise.

IV. Difference due to general bed aggradation or degradation, uncertainties of contributions from ungaged
tributary areas, ppssible errors in gaged tributary contributions, and other unknowns.

V. Data developed by Sacramento Subdistrict Office, United States Geological Survey.
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Sacramanto
Feather

“Latitude _
-Knights Landing'

Sutter/Yolo/Sacramento
River Complex

Frampnt

Sacramento Weir Diversions

American River

Yolo Bypass
Sacramento River

“Latitude —— /3§F°5d'ﬁpﬂ . - /!RSaEramenio )
-Sacramento” W/ S . Y/ ‘
. To Bay To Bay
) . v and Delta J and Delta

SACRAMENTO RIVER AND TRIBUTARIES
BANK PROTECTION AND EROSION CONTROL
INVESTIGATION, CALIFORNIA

| SACRAMENTO RIVER
( BELOW LATITUDE —KNIGHTS LANDING

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
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SACRAMENTO RIVER

RED BLUFF TO COLUSA

BANK EROSION AND BAR DEPOSITIONAL QUANTITIES?/

2/5eqiments
Sediments
Sediments
5 Sedimen ts

?ort for assumptions on develo
deposition rates; Red Bluff {RM 243+} to Colusa (RM 1

less than 0.004 mm in size.
ranging from 0.004 to 0.0625 mm in size.
ranging from 0.0625 to 2.0 mm in size.
ranging from 2.0 to 64 mm in size.

STREAM EROSION OR DEPOSITION RATES
REACH TYPE ( x1,000 Tons per Year)

(River Miles) cLAY2] siLt3/] sawp®*/| GrRAVELS] .ToTAL
: Erosion 23 156 660 311 1,110
242.9/218.7

Deposition () 16 392 392 800

Erosion 18 88 505 239 850
218.7/206.3

Deposition 0 12 304 304 620

Erosion 6 25 176 oY 310
206.3/199.3

Deposition 0. 4 113 113 230

Erosion 57 102 255 166 580
199.3/194.2 -

'‘Deposition . 0 43 206 181 430

Erosion 136 214 408 292 1,130
194.2/184.3 ‘

Deposition 0 82 394 34y 820
, Erosion 208 331 752 449 1,740
184.3/168.5 - — ‘

Deposition 0 126 605 529 1,260

Erosion 147 217 199 - 137 700
168.5/158.1

Deposition 0 51 245 21y, 510

Erosion 206 304 278 192 980
i58.1/146.0 — : ,
: Deposition 0 70 336 294 700

Erosion 25 38 34 23 120
146.0/143.3

Deposition 0 9 43 38 90

Erosion 825 1,485 | 3,347 1,913 7,520

TOTALS

Deposition 0 413 | 2,638 2,409 5,460

NOTES:
1/See Main Feasibility Re

Rg:?t of erosion/

FIGURE 9
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REFERENCE NOTES:

1.

11.
12,
13.

14,

15,

16.

SEDIMENT BUDGET - EXISTING (PREPROJECT)

For ungaged tributary area seciment contributions: ]

a. Due to mountainous terrain, used 500 Tons/sq. mi./year for lands west of river, and 200 Tons/sq. mi./
year for lands east of river and in the valley.

b. Used 300, 100, and 100 Tons/sq. mi./year for lands west, cast, and in the valley, respectively.

c. Used 50 Tons/sq. mi./year for the "effective” delivery to the river; during major flows, the creeks
from the east are captured by the Butte Basin and diverted down the Sutter Bypass.

Size fraction distribution per Clear Creek; ref: USGS Water Supply Paper 1798-J, 1972, "Sediment Transport

in the Western Tributaries of the Sacramento River, California.” .

Ref: WRPB "Bank Erosion Volumes,” dated April 1981.
Ref: WRPB "Depositional Volumes," dated April 1981.

Water volume for "natural overflow" taken from Chart 24 of COE Office Report dated February 1976 on "Chico
Landing to Red Bluff Project, Determination of Erosion and Sedimentation Benefits.” Preproject sediment
load by size class is the product of the preproject Hamilton City sediment load times the ratio of the pre-
project Butte City and Moulton Weir sediment loads.

Size fraction distribution -per Stony Creek; ref: USGS Water Supply Paper 1798-4, 1972, "Sediment Transport
in the Western Tributaries of .the Sacramento River, California.” ' o .

Colusa Weir preproject sed|ment discharge increased by 1,000 Tons/year over that estimated by USGS. This
load was assumed to be & "bedload" whoreas the USGS data were for a suspended load. There are data that

1,000 Tons/year of gravels, 1968-1983, are being deposited in the Colusa Bypass and Sediment Basin.

For the area tributary to the Yolo Bypass; ref: USGS Water Resources Paper 80-64.
For Sacramento Weir and Ameriean River, the water volume is from USGS WATSTORE “records.

Sediment loads for:
a. Sacramento Weir; ref: USGS Water Resources Paper 80-6%.
b. :gggisen River; ref: SCS, "Reservoir Sedimentation in Sac-San Joaquin Dreigege_ﬂasins. California,

Used Sacramento River at Sacramento size fraction distribution.
Size fraction distribution estimated.

"Diversions” sediment quantity, below Knnghts Landung, developed as the load at Knights Landung tnmes the
ratio of the duverted water volume to the water volume at Knights Landing.

imbalance for this reach includes en estnmated dverage 220,000 Tons/year of material dredged from nesr -the
weirs over a 10-year period. Approx:metely 20,000 tons of this material was clays and silts. It is be-
l;ev:d the majority of this mater:al is coming from the Feether River, ana 1ts removal will be necessary in_
the future. .

Size fractnon distribution per Red Bank Creek; ref: USGS Water Supply Paper 1798-J 1972, "Sediment Trans—
port in the Western Tributaries of the Sacramento aner, California.” .

'Prepro;ect sediment inflows to Butte Basin -and Sutter Bypass (below) used to develop trap effncnency which

was -used in the project sediment budgets.

-FINES | COARSE | TOTAL

Natural Overfiow - 120 10 130
Moulton Weir 142 8 150
Colusa Weir ‘ 659 | . 348 1,007
Tisdale Weir 372 78 | 450

Total Inflow 1,293 | uuu 1,737

Trap Efficiency .5%? 960 -
De i ted 701 326 1,127
| 5utf|g\v 597 18 610 ]

'SHEET 3 OF 4 FIGURE 10
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SEDIMENT.BUDGET - PROJECT

REFERENCE NOTES:

1.

For ungaged tributary area sediment contributions:

a. Due to mountainous terrain, used 500 Tons/sq. mi./year for lancs west of river, anc 200 Tons/sq. mi./
year for lands east of river and in the valley.
Used 300, 100, and 100 Tons/sq. mi./year for lands west, east, and in the valley, respectively.

Used 50 Tons/sq. mi./year for the "effective” delivery to the river; during major flows, the creeks
from the east are captured by the Butte Basin and diverted down the Sutter Bypass.

Size fraction distribution per Clear Creek; ref: USGS Water Supply Paper 1798-J, 1972, "Sediment Transport
in the Western Tributaries of the Sacramento River, California."

Ref: WRPB "Bank Erosion Volumes," dated April 1981.

q, Réf: WRPB "Depositional Volumes,” dated April 1981,

10.

11,

12,

13.

1y,

15,
16.

17,

18.

19,

20,

21,

22,

23,

Water volume for "natural overflow” taken from Chart 24 of COE Office Report dated February 1976 on "Chico
Landing to Red Bluff Project, Determination of Erosion and Sedimentation Benefits." Preproject sediment
load by size class is the product of the preproject Hamilton City sediment load times the ratio of the pre-
project Butte City and Moulton Weir sediment loads. Project sediment load is similar.

Size fraction distribution per Stony Creek; ref: USGS Water Supply Paper 1798-), 1972, "Sediment Transport
in the Western Tributaries of the Sacramento River, California.”

Colusa Weir preproject sediment discharge incrgaﬁed by 1,000 Tons/year over that estimated by the USGS.
This load was assumed to be a "bedload" whereas the USGS data were for a suspended load. There are data
that 1,000 Tons/year of gravels, 196351980, are being deposited in the Colusa Bypass and Sediment Basin.

For the area tributary to the Yolo Bypass; ref: USGS Water Resources Paper 80-6U.
For Sacramento Weir and American River, the water volume is from USGS WATSTORE records.
Sediment loads for:

a. Sacramento Weir; ref: USGS Water Resources Paper 80-64.

b. :merican River; ref: SCS, “Reservoir Sedimentation in Sac-San Joaquin Drainage Basins, California,
947." i . .

Used Sacramento River at Sacramento size fraction distribution.
Size fraction distribution estimated.

"Diversions” sediment quantity, below Knights Landing, developed as the load at Knights Landing times the
ratio of the diverted water volume to the water volume at Knights Landing.

Imbalance for this reach includes an estimated nverage.ZZO.QOO-Tons/year of material dredged from near tﬁe

weirs over a-10-year period. Approximately 20,000 tons of this material was. clays and silts. It is be- -

l;eved the majority of this material is coming from the Feather River, and its. removal will be necessary in
the future. T ’ :

Size fraction distribution per Red Bank Creek; ref: USGS Water Supply Paper 1798-J, 1972, "Sediment Trﬁns— )
port in the Western Tributaries of the Sacramento River, California.” ' : :

Held "imbalance” constant (i.e., same values for Existing and Project Sediment Budgets) due. to unknown .-
cause(s) of it. . : . . t _

Banks assumed to be 100%'protected (i.e.,vthevlimitind case).

Project sediment 1oad is the ratio of preproject. Moulton Weir times project to preprojéct Butte City sedi~ .

- ment loads by size class.

-Pro{ect sediment load is the ratio of preproject Colusa Weir times project to preproject Butte City less -

Moulton Weir sediment loads by size class.

Project sediment load is the ratio of preproject Tisdale Weir times project to preproject Colusa sediment
loads by size class."

Flows to Butte Basin and Sutter Bypass {below) used to develop trap efficiency which was used in the projecti
sediment budgets. '

FINES | COARSE | TOTAL
Natural Overfiow 120 10 130
Moulton Weir 1342 8 150
Colusa Weir 659 348 1,007
Tisdale Weir 372 78 450
Total Inflow 1,293 By 1,737
Trap Efficiency -982 .960 -
Deposited 701 426 1,127
[ Oytfiow 592 18 | 610

Proéect sediment load is the ratio of preproject Yolo Bypass times ratio of project to preproject Knights
Landing plus Sutter Bypass sediment loads by size class.

Project sediment load i3 the ratio of preproject Sacramento Weir times project to preproject Knights Landirg
plus Sutter Bypass less Yolo Bypass plus Feather River sediment loads by size class,

SHEET 4 OF 4 FIGURE |0



COMPUTATION OF SEDIMENT DISCHARG£ lN SUTTER BYPASS:

—~ START WITH KNOWN OUTFLOW AT HWY 113 (LOCATION #1)°
— PROCEED UPSTREAM ADDING KNOWN DEPOSITION AND INFLOW QUANTITIES

— COMPUTE REACH TRAP EFFICIENCIES

e

!

iy

SEDIMENT DISCHARGES-/ IN SUTTER. BYPASS
(EXISTING CONDITION)

| LOCATION || { | Fmes¥ | coarse¥ | ToTaL
I SUTTER BYPASS AT HWY I3 ' S| se2 | s 810
_+ DEPOSITION FROM HWY 1i3 TO TISDALE BYPAss. | 546 |* 137 | ‘683
2. SUTTER BYPASS BELOW TISDALE BYPASS ‘ o n3e } 155 | 1203
" Z'INFLOW FROM TISDALE BYPASS b | oze2 | 28 | 370
‘3. SUTTER BYPASS ABOVE TISDALE BYPASS . |79 | 27 | o923
| | +DEPOSITION FROM TISDALE BYPASS TOJLONG BRIDGE | - 74 | 6l [ 135
1 a SUTTER BYPASS AT LONG BRIDGE t o }iero | 188 - | 1058

SUTTER BYPAS S,
TRAP EFFICIENCIE"S

{
!
(
7] T
{ COARSE ~ TOTAL.
HWY ||3 TO TISDALE BYPASS (A) " ( AR I
INFLOW ‘ | 1ss . 1203
OUTFLOW | I8 60
TRAP EFFICIENCYY { 0.88 = #
L  TISDALE BYPASS TO LONG BRIDGE (B) s R :
83 . INFLOW " 1ee .| 1058
.2 OUTFLOW 12T 923
5 TRAP EFFICIENCY 0.324 —
-
_ . S -/IN 1000'S TONS PER YEAR
SUTTER BYPASS: ¢ YSEDIMENTS LESS THAN 0.062 MM IN SIZE _*
FLOW DIAGRAM - = | . " ¥SEDIMENTS GREATER THAN 0.062 MM _IN SIZE ‘
o B '-ﬂ/TRAP EFFICIENCY = 30 |
i SACRAMENTO RIVER AND TRIBUTARIES
, BANK PROTECTION AND EROSION CONTROL
(INVESTIGATION, CALIFORNTA
| SEDIMENT DISCHARGES IN
A : SUTTER BYPASS
o ' (EXISTING CONDITION)
'CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
l | _ : AUGUST 1983 : _ §
T | i | | FIGURE 12 |



A.G,U?’GRAlN S1ZE CLASSES

SEDIMENT

GRAIN DI

AMETER

GEOMETRIC MEAN

VATER [AL CLASSIFICATION Com) DIAMETER

: (mm)

1. Clay (Clay) .004 --

2. Very Fine Silt 1,004 - .008 --

3. Fine Silt .008 - .016 --

4. Medium Silt .016 - 032 --

5. Coarse Silt 5632 - .0625 -
6. Very Fine Sand (VFS) 0.0625 - 0.125 .088
7. Fine Sand (Fs) 0.125 - 0.250 .176
8. Medium Sand (MS) 0.250 - 0.500 .353
9. Coarse Sand (Cs) 0.500 - 1.000 .707
10. Very Coarse Sand (VCS)‘ 1.000 - 2.000 1.4y
Il. Very Fine Gravel (VFG) 2.000 - 4.000 2.828
12, Fine Gravel (FG) '4.000 - 8.000 5.656
I3. Medium Gravel (M6) 8.000 - 1'6. 000 11.318
14, Coarse Gravel (€6) 16.000 - 32,000 22.627
15, Very Coarse Gravel (vee) 32.000 - 64%.000 45.254

1/American Geophysical Union.

FIGURE 13




24.83
. VCG
2/(45.25)

CG e
(22.62)[C — T T T A II \

O.

0

(o]

T
e
N

N——D50"

S anf

1.85

ELDER CREEK

- MILL CREEK

THOMES CREEK

DEER CREEK

 GEOMETRIC STANDARD DEVIATION OF BED SEDIMENT (Yg)

~2||.5  . 2075 199.1

58.7 2556 2522 - 2489 = 2454 242.98 2420

~/ AT START OF HEC 6 (BOTH LONG TERM. AND STEADY
' - 'STATE SIMULATION) COMPUTER RUNS

%/ GEOME TRIC MEAN DIAME TER OF SIZE CLASS IN MM,

238,1 2325

RIVER MILE
(NOT TO SCALE)

229.3

226.0

RIT.2

~SACRAMENTO RIVER AND TRIBUTARIES
BANK PROTECTION AND EROSION CONTROL
mvesncnlon CALIFORNIA

UPPER SACRAMENTO RIVER
D50 AND \g PROFILE!

CORPS OF ENGINEERS, SACRAMENTO. CALIFORNlA

"AUGUST 1983

FiANRAT I




-~
Y

- ) : R.M. 258.7 ‘Bend Bridge (BBR)

Inflow/Diversion (CW)

- 235.6
Elder Creek (ELD)

231.2
: Mill Creek (MIL)

229. ¥
Thomes Creek (THD)

- 228. 0
Inflow/Diversion (CW)

222.1 / :
Deer Creek (DER) .

AN

219.5

_ 199. 1 Hamilton City (HC)

5 |

= ) . v SACRAMENTO RIVER AND TRIBUTARIES

g BANK PROTECTION AND EROSION CONTROL
INVESTIGATFON, CALIFORNIA

’ () - HEC-B Model UPPER SACRAMENTO RIVER

5 Abbreviations STREAM NETWORK

] Not to scale

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
T | AUGUST 1983 |
(W . ' . FIGURE 15



SEDIMENT ‘DI SCHARGE (TONS/DAY)

7
Iu : ) 1 T TI'III T T T |||||I i ] ] ||l|r| 1 1 1 l'r"l { 1 1 llll'-_

i Efder Cr— il
1081 —

[ ]
105 -
104 ~
108 -
102 1 i 1 I|||'I L 1 il Illlll 1 1 1 IIIII 1 L L llllll 1 [] I_Illll

100

102 ST L o104 108 108
WATER D1SCHARGE (CFS) ) | -

SACRAMENTO RIVER AND TRIBUTARIES
BANK PROTECTION AND:- EROSION CONTROL
INVESTIGATION, CALIFORNIA

TOTAL SEDIMENT LOAD CURVES

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
AUGUST 1983
FIGURE 17



UPPER SACRAMENTO RIVER
AVAILABLE MAINSTEM HYDROLOGY*

WATER NUMBER
P
YEAR TIME PER10D OF DAYS
1945 22 Jan -28 Feb 38
1946 I Dec -31 Jan 62
1947 | Feb-15 Apr 74
1oug | Jan -15 May 136
1949 15 Feb =30 Apr 75
1950 I Jan ~30 Apr 120
1951 20 Oct - 15 Mar’ 147
1952 20 Nov -30 Apr 163
1953 1 Dec -30.Apr 151
1954 -1 Jan -30 Apr - 120
1955 | Nov -30 Apr 181
1956 I Dec =30 Apr 152 .
1957 | Feb =31 Mar 59
1958 20 Dec - 30 Apr 132
1959 I Jan -15 Apr 105
1960 20 ‘Jan - 31 Mar 72
1961 ‘15 Nov =3} Mar 137
1962 20 Nov -30 Apr 162
1963 ] O0ct -30 Apr 212
1964 I Jan -31 Mar 91
1965 25 Nov -30 Apr 157
1966 25 Dec - 30 Apr 127
1967 10 Nov =30. Apr 172
1968 | Jan -31 Mar 9l
1969 10 Dec f30-Apr_ IHZ
1970 10 Dec -31 Mar nz
1971 15 Nov =15 Apr 152
1972 25 Jan -30 Apr 97
1973 | Dec ~30 Apr 151
1974 | Nov =30 Apr 181
1975 | Feb-30 Apr 89
1976 I "dan e30_'Apr 121
1977 | Dec -31 Mar 121
1978 | Jan =31 Mar 90
*NOTES:
1. From HEC-3 Basin Model for Cottonwood Creek, CA, Study

2.

{ref:

Available hydrology are mean daily flows for Sacramento

21).

- River at Bend Bridge and at Vina Bridge.

)
FIGURE 18



- SACRAMENTO

RIVER

Q x
103 CFS

VINA BRIDGE (R.M. 218.3)

U/S RED BLUFF DIVERSION.

DAM (R.M. 243.0)

BEND BRIDGE (R.M. 258%)

COMPUTED W.s.2/

DI FFERENCE

GAUGE

R.M. 217.2

R.M. 218.3

PplOR”-AFTER”/

GAUGE

COMPUTED

DIFF.=
CoMP. -
GAUGE

GAUGE

COMPUTED

‘DhFF
CoMp. -

éAUGE

C179.9 |
oaste |
i ;E;,iQZ;I‘ ‘
s |
1 orewo |
i‘;;lsu 9.

161.7
165.7
170.8
1741
176.9
179.2

162.5
166. 8
172.1
175.8
179.1
181.5

182.5.

‘;f8347k

T N
ags.e |

1868

87,3 |

-2.8

-0.9
-0.6

-0.8

-2.8
.8 | -1.8
U I
0.9
20.6-
-0.8
,;1_1]
{ =17
‘”JG-ES

0.6

|-256.6
0.9 -

236.5 | 23
239.0 | 238
242.6 | 2y
2u5.3 | 2y
47,7 |
250.0 | 251
251.9 | 25
263.5 |
'254.8 | 256
255.8| 2860

2574 | 258

247.9

286.5 |
.9 | 260.0 |

263.2 |

239.8 252.5
241.8

245.0 252.6

250. | 259. |

252.3
254.5
258.0 | - 258.2

261.5

253.7
255.4
256. 6

259.0 -
_259;7 '
260.4.
260.7"

1.8
1.4
0.9
0.1
0.2

-1.8

o |

2.8 -

283.3
£ 286.9

295.1
298.2
300.9

305.8.
' 308 3

291.5 |

303.3| -304.8 i1

. 306.5

310.5.|
312.8
315.0 |
317.3 |

3108

31y

283.9
287.4
292.3

297.1
299.7

302.7 e

308.3

312.1
313.3

fi_I85 6 |

SACRAMENTO

RI V E R

;_‘?;:%9;3;;.j;f;;GfEf

- 257

FLow Dl

L2645 |

r‘a»Q{'xF I
- 10? ch

HAMILTON CITY (R M. I99.[)

| 'RED BLUFF DIV. DAM (R.M. 242

PER 8
RATINGT

rcoﬁPUTso

DIFFER CE

PER RATING

i Pnuoa3/

AFTER“/

AVERlcel

R.M. 217.2 |

R-M. 218 3;
- AVERAGEf

| RATING

" PER -

~ COMPUTED

DI FFEREN

COMPUTEL
- OBSERY

BT
200

| 20
1" 238.8

78.9.

- 73.8

69.5

65.6

-11.3°
6.8
-2.3

0.9

-5:2°

8.8 - |

"EIQQ:QC
] 100.0°

100.0
100.0
100.0

93.0°

82.4
76.8 °

| 100.0 |

87.7 |

4t

fﬁ[QO-D,ZE
{106;07
100.0
100.0
100.0
100.0 |
'97.2
;93;21fG
8.0 |
8.3
77.9
7#;8]
ComE

10040 |,
1000 |
1 100.0

100.0

100.0
100.0
- 98.6 |
958 |
9.5
Ces0 |
80.2
758

100.0
100.0
100.0
95.0

82.1
.79.7
77.5

100.0
-100.0
100.0

- 87.8
8.9

9.7

U 90:5
87.8
85.4
83.0

8.0
79.1

49
5.3
-2.8
0.4
2.8
5.2
5. 1

| 100.0 |

~100.0

96
88.3
8.5

100.0 |
100.0
100. 0

99.9
96.7 |

'82.7

100:0
100.0
100.0
100.0

11000
~100.0

96.5
95. |
92.1
906
89.0
87.4
87.0

12.2

7.0

IEBO.BG'

NOTES (for both tables):

1/pt seléctedflocations.'

2/"Computed' water surfaces and flow
divisions are from HEC6 model.

3/Prlor to 1970 levee break upstream
‘of Vina Bridge.

u/After 1970 levee break upstream of
Vina Bridge.

5/Percent of total flow in maln
channel. :

SACRAHENTO RlVER AND: TRlBUTARIES
- BANK'PROTECTION "AND "EROS.1 ON CONTROL
’ INVESTIGATION CALIFORNIA a

UPPER SACRAMENTO RIVER MODEL
: CALIBRATION OF
‘HYDRAULIC CCNDITIONS

CORPS OF ENGINEERS SACRAMENTO, CALIFORNIA

AUGUST 1983

Gll-_ .lll!-\~/!ll—l_-;|-!."jx

FIGURE |9




UPPER SACRAMENTO RIVER MODEL
CALIBRATION OF SEDIMENT TRANSPORT CONDITIONS
TOTAL SEDIMENT LOAD BY WATER YEAR?Y/

MODEL 1INFLOWS

MODEL OUTFLOW

N _ T ER i
SACRAMENTO RIVER| - ELDER |  MILL - THOMES DEER | SACRAMENTO RIVER] -
AT BEND BRIDGE CREEK CREEK CREEK CREEK | AT HAMILTON CITY
0-18I 15,997,000%/ | 607,000 | 305,000 | 3,299,000 56,000 20,393,000
(WY 1974) (13,784,000)%/ | (313,000) | (256,000) | (2,880,000) | (808,000) |  (12,240,000)
182 - 270 1,963,000 | 210,000 | 11,000 { 457,000 [ 9,000 [ 2,814,000
(WY 1975) (2,253,000) | (118,000 | (35,000) | (667,000) |- (91,000) | ~ (2,716,000)-
- 271 -39 108,000 1,000 1,000 5,000 | 1,000 136,000
(WY 1976) (105,000) (50)| (3,000)]  (14,000)[ ~(2,000) (151,000)
1392 - 512 29,000 300 20 -- 50’ 85,000
(WY 1977) (31,000) (100) (150) (400)|  (2,000) (41,000
513-602 - 2,704,000 4,111,000
(WY 1978) (3,256,000) (u 5|9 ooo)
Average Annial 5| 4,160,000 | 250,000 | 73,000 | 871,000 | 17,000 | 5,508,000 |
: Sed|ment D|scharge . (3 886 000) CISZ;OQD)?:1(75;090),;_j(891,009),f(2§3apr)g -(8,938;000) .. f . -

NoTEs~
1/

\
'Time period in

‘HEC6 model.

3 Total sediment load computed by HECS.
u/Total sediment load "measured” by U.5.G.S.
Average annual sediment discharge (total load) in tons per year for tume pernods shown.

In. tons for HEC6 model inflow/outflow points for time peruods shown.

shown in parentheses {

).

FIGURE 20



. UPPER SACRAMENTO RIVER MODEL
s CALIBRATION OF SEDIMENT TRANSPORT CONDITIONS
G TOTAL SEDIMENT LOAD BY MONTH!/
‘ (WATER YEARS 1977-1978)

MODEL INFLOWS “MODEL OUTFLOW
SACRAMENTO RIVER |  ELDER MILL THOMES | DEER | SACRAMENTO RIVER
AT BEND BRIDGE |  CREEK CREEK | CREEK | CREEK | AT HAMILTON CITY
WATER YEAR 1977
© 392 -422 - 2,900 * S * 10 68,000
(Dec- 1976) - -- - -- -- - --
w23 -us3. | 10,0008/ | 50 | - *x O 10| 8,000
(Jan 1977) | (3,000)*/ -- (s0) | -~ | (s0) - {1,000)
US4 481 7,000 - | o |2 20 " 4,000
(Feb 1977) | (4,000) - (10) -- (50) - (5,000}
482 - 512 9,000 300 6 * 20 | 4,000
(Mar 1977) '('9,'_.000) _ -- '(5_) -- © 0 (30) (8,000)
| Total Sediment | 28,000 g0 | 20| * | .0l . 85,000
|o i's,cha'_r-'g"e'_-"/ ] - (I7 000) S N (80)(_. -— (I00) S (13,000)
si3-s43 | 985,000 _'3ot;QOo- " 26,000 | uss,000 | 10,000 1,884,000
* (Jan 1978) (| 790 ooo) | (299;000) | (28,000) | ‘(469,000) | -~ | (2,250,000)
swesn | @i2,000 | 6,000 | 4,000 7sooosooo . 586,000 |
- (Feb 1978) | (390,000) | (69,000) | {(%,000) | (99,000} | == | (82l ooo)s-
| s12-602 1,407,000 64,000 | 17,000 | 87,000 | 7,000 1,690,000
. (Mar 1978) |  (597,000) (50,000) | (18,000) | (54,000) | -- (1,380,000)
Total Sediment 2,704,000 431,000 | 47,000 | 594,000 | 20,000 | 4,111,000
Discharge5/ (2,776,000) (417,000) | (49,000) | (622,000) [  -- (4,451,000)
| NOTES: _
ﬁj 1/|n tons for HEC6 model |nflow/outflow points for time periods shown.
. /Tnme period in HEC6 model.

3/Total sediment load computed by HEC6

' %/ total sediment load "measured” by U.S.G.S. shown in parentheses { ). "Measured" total load"
I not available at Bend Bridge and Deer Creek stations for December 1976, at Elder and Thomes .
v Creeks stations for Water Year 1977, and at Deer Creek for Water Year 1978.

5/70tal sediment discharge for water year (time period shown)] in tons.

*Computed load was negligible. : _ 7 : FIGURE.ZI
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UPPER SACRAMENTO RIVER MODEL

CALIBRATION OF SEDIMENT TRANSPORT CONDITIONS

SAND AND GRAVEL LOAD?Y/

(WATER YEAR 1978)

MODEL INFLOWS

\MODEL CUTFLOW

:1/In tons for HEC6 model |nflow/outflow pounts for tnme perlods shown

2/ Time perlod in HEC6 model

3 Sedlment 1oad. computed by HEC6

Sednment load: measured" by u.

'S. G.S.. shown in parentheses (
’5 "Sum of sedlment loeds for tume perlod ehown ’

oyl L - B o ‘ _ ‘
SACRAMENTO RIVER ELDER MILL THOMES. | DEER | SACRAMENTO RIVER
AT BEND BRIDGE CREEK CREEK CREEK | CREEK | AT HAMILTON CITY |
513 - 543 162, ooo3/ 75,000 9,000 66,000 | 4,000 229,000
(Jan 1978) (245,000)%/ (74,000) | (11,000) | (179,000) | (N/A) (588,000) .
544 - 671 51,000 16,000 | 1,000 | 28,000 | 1,000 | 181,000
(Feb 1978) (53,000) | (17,000) | (25000) | ~(38,000) | (N/A) (215,000)
572 - 602 231,000 16,000 | 6,000 | 33,000 | 3,000 412,000
(Mar 1978) (82,000) (12,000) | (6,000) | (21,000) | (N/A) (361,000)
Total Sedinent 444,000 107,000 | 17,000 | 127,000 | 8,000 822,000
Discharge® (380,000) (tow,000) | (19,000) | (237,000) | (N/A) (1,163,000)
NOTES:

); not evejlebievfof Deer'Creek.

FIGURE 23



ELEVATION (FEET ABOVE MSL)

2001
100 |

ol

o 1 e
e
;
~
W
o
a
[+ <
m 3
[a] .
=4 ;
|- ©oul I
300 o :
250 |~

255.6
2542
2522 i
251, ——
2489 -
.247.0
2454

" ELDER CREEK
MILL CREEK

4
4
239.6 -
238.1 ——
235.6
232.5
231.2
2293 —
2285

._THOMES CREEK

- DEER CREEK

HAMILTON CITY

199.1

ol
.35

L/CROSS SECTION LOC

-. 250

RIVER DISTANCE X103 FEET

_MILE SHOWN

200 . 150 -

(FROM- HAMILTON CITY)

\

i
4
)

"SACRAMENTO RIVER AND TRIBUTARIES
BANK PROTECTION AND EROSION CONTROL
" INVESTIGATION, CALIFORNIA

UPPER SACRAMENTO RIVER
INITIAL CHANNEL PROFILE

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
AUGUST 1983

B RS __;;ﬂ;;;ﬂ?}73=;}21;ﬁ§‘

cionbe an




= Section 215.3
l
[T .
=
& 2
—
-t
o o>
L ud — —
o o | )
& v
) [—]
l
o @
N l
- e
] = 11 .
B = _ Section 218.5
[N (A

- -2
I
L
I ] ]
f > > > > >
= = - == = =
w w h- Y h= Y w
(Y] (77 L] i (77
o _4 - 1 .J’ 1 1 _ 1 )
0 - 100 200 300 400 500 600
. . TIME (DAYS) | :

; SACRAMENTO RIVER AND TRIBUTARIES
“Based USAC Nodel BANK PROTECTION AND EROSION CONTROL
ases oo oue INVESTIGATION, CALIFORNIA

Calibration Runs
BED ELEVATION CHANGE vs. TIME*

CORPS DF ENGINEERS, SACRAMENTO, bALIFURNIA
' , | AUGUST 1983
tl | | FIGURE 25




i
T

el - e
.
N
1

Hamilton City

Elder Cr
Will Cr
Thomes Cr
Deer Cr

CH

I
1

CHANGE [N BED ELEVATION (FEET)

‘Day 802 - End'R

———=~——— Day 1204 - End}

———————= Day 1806 - End

. ;
226.0 222,71 .

' ' 5 2075

T 7315 R

ER MILES (NTS)

7793

748.8  245.4  742.88

"SACRAMENTO RIVER AND TRIBUTARIES
'BANK PROTECTION AND EROSION CONTROL
INVESTIGATION, CALIFORNIA

BED ELEVATION CHANGE PROFILE
LONG TERM SIMULATION*

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
AUGUST 1983

Note: Does not shhw fluctuation (+/f) between timaéperlods.

UL i S A S A LTS
)
—
—
N
N
—
—

*Series of 3 - WY 74-78 Hydrblogy'Runs.

FIGURE 26




| - _ @«
| '
{
- |
Fi |
A I [~ >]
( - I 3 42
| o~ | )
e | o~ | = )
I . = | o
L | o Q I sm— [—
. w - amd =
- ©
o~ = \ {/ = / a=
= @ )
o @« a N S o
= \
© \\ - N
®» \ P~
2]
-
i \ \ ==
\ \ _
} 3 e
|
[ ! !
i
I |
o | o~
L2 I . ~~
ey ' : o~ ; o —
IS >
I"-,:";- I g o™~ o
553 I -: = -
- 5 -
l | i o &= a
" - | bt ~
L \ ” =
U ‘ T =
< —
P~
>=.
L=
7 e
o \ )
| \
i \
L)
i] =
{
=
- =
\, o
i \,
\
e
Py ) X : o
[:::.: N -3
i : ~
e =y
=
L [l i l =)
A Ty ] -t o : ] ' — : [=-} —
: I

(£334) NOILYAITI 038 NI 3JINVH

i ' SACRAMENTO RIVER AND TRIBUTARIES
R . BANK PROTECTION AND EROSION CONTROL
INVESTIGATION, CALIFORNIA

BED ELEVATION CHANGE VS. TIME*
*At selected aggrading (LONG TERM SIMULATION RUNS)

cross sections

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
i AUGUST 1983 .
gi - '  FIGURE 27



Section 229.3

18

16

Run 3

14

S WY 74

12

10

Run 2
8
TINE (DAYS X 102)

WY 74

Nl
1
]

Section 255.6

N
Runp 1

¥Y 74

(| L [ o

*At selected degrading
cress sections

r

i
— o~ @ - o)
§

. | |
(1334) NOILYA3T3 039 NI IONVHI

SACRAMENTO RIVER AND TRIBUTARIES
BANK PROTECTION AND EROSION CONTROL
INVESTIGATION, CALIFORNIA

BED ELEVATION CHANGE VS. TIME*
(LONG TERM SIMULATION RUNS)

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA

AUGUST 1983
FIGURE 28



SC

R ViAo

g . VCG
2/(45.25)

THOMES CREEK

ce - - S
(22.62) |~ N , = //‘

MG = N

(30|

BEND BRIDGE
— ELDER' CREEK

ﬂ?{(bso)'

DEER CREEK

- DAY 602 —1

T T T =~ — e ____ .  -HAMLTONCITY |

e
Lu,
w
o
-

T

2

5

L INITIAL

o SACRAMENTO RIVER AND- TRIBUTARIES - %
BANK ‘PROTECTION AND EROSION' CONTROL %
o 1 .INVESTIGA'I.’ION’ “CALIFORNIA

| e leTme - L] - ‘UPPER SACRAMENTO RIVER
1 [ | — L ——— » LONG TERM S IMULATION RUN -
‘2381 232.5 - 2293 2260 2227 ' DSO PROFILE _/

%0 (NOT TO SCALE) o : F : : :
o o - o R % - |CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
S  AUGUST 1983

it =

| (008)2587' 2556 2522 2489 2454 24208 2420

JDAY 602, END OF LONG TERM, SIMULATION RUN :
-/GEOMETRIC MEAN DIAMETER OF SIZE CLASS ‘IN MM

p ( : cLaMnr An



70,000
CFS

RUN

(RUN 4A) Qw
Qs

70,000 CFsY
61,600 TONS PER DAY¥

(RUN 4B) Qw
QS

70,000 CFS
46,400 TONS PER DAY

/AT BEND :BRIDGE:
ED BY 33%

ART. RUNS WITH

DAY 148

e
-

SEDIMENT QUTFLOW =
ABOVE SECTION 215,3

INFLOW -

Q

SEDIMENT OUTFLOW = INFLOY
THROUGHOUT REACH?P-/ '

>l.
-1 .

'oAY}i‘iso -

SEDIMENT OUTFLOW =
THROUGHOUT REACH

INFLOW.

-..'('R;U‘N _;fSA-),. ' QW

RUN .

‘10, OOG

[0S =

CFS—’

250 TONS PER DAY

(RUN 6B) QW

IO OOO CFS
185 TONS PER DAY

P

' SEDIMENT OUTFLOW = INF
 THROUGHOUT REACH '

>
<
0

SEDIMENT OUTFLOW
THROUG HOUT REACH-_

INFLOW. .

20

. WATER INFLOW AT BEND BRIDGE
. SAND AND GRAVEL (062 TO 64MM

DIAM! TER SEDIMENT) lNFLOW AT .
BEN BRIDGE

. DOWNSTREAM BOUNDARY AT

HAM TON CITY _'

SACRAHENTO RIVER AND TRIBUTARIES
BANK PROTECTION AND EROSION CONTROL
: INVESTIGATION CALIFORNIA ,

U__PPER SACRAMENTO RI-YER
STEADY STATE §IMULATION
RUN SEQUENCING

AUGUST 1983

FIGURE 30

CORPS OF ENGINEERS SACRAMENTO, CALIFORNIA|




‘80

BEND BRIDGE SEDIMENT INFLOW—/
INCREASED. BY 33%, NO TRIBUTARIES

(DAY O TO 1348)

64.7% TONS/JAY (+5%)

DAY 988

61.6% TONS/0f

60|

DAYI48

TONS/DAY) -
- (ALTERNATE 'SCALE)

'SAND AND. GRAVEL DISCHARGE (QS-I0® TONS/DAY)

BEND BRIDGE SEDIMENT INFLOW .
. UNCHANGED, NO TRIBUTARIES L
(DAY I349 T0 l390)

DAY 355 ——

—
— — —

| HAMILTON CITY)

2075
199.]

-~ SACRAMENTO- RIVER AND TRIBUTARlES
: “PROTECTION AND -EROSION: CONTROL
IN ESTIGATION CALIFORNIA :

UPPER SACRAMENTO RIVER
STEADY ‘STATE SIMULATION RUN
. SAND AND GRAVEL DISCHARGE- PROFILE
(70,000 CFs FLOW)

CORPS OF ‘ENGINEERS, SACRAMENTO, CALIFORNIA
AUGUST 1983 '

2260
2227

-/SEDIMENT SIZES FROM 0.062 TO 64MM  (NOT TO SCALE)

» —/"'5°/o TOLERANCE ON SEDIMENT INFLOWS SHOWN

SRS 1T :

| o - FIGURE 3l
| |



6 ) ’
‘NOTE:
NO TRIBUTARY INFLOW _
DAY O TO [348, BEND BRIDGE SEDIMENT INFLOW INCREASED
‘ . DAY 1349 TO 1390, BEND' BRIDGE SEDIMENT INFLOW UNCHANGED
41 & '
\ )
[T C . >
. : ;
O : s
O L '
@ o/ 2
o <\ S
A 1 N =
_/\ . .
DAY 1390— .
" ] | |-
{ ~ 2 K a
| o o Y -—
. - v 4 .. SACRAMENTO RIVER AND TRIBUTARIES
| l 1 | | ' "BANK PROTECTION AND EROSION CONTROL’
© o 0 0 o ~ : 1 : INVESTIGATION, CALIFORNIA
Q. o o (o)) [0} o
N < . [ 84 [\ o [4V ] i
g OB DR AP o o o i UPPER SACRAMENTO RIVER
 RIVER MILE [ STEADY STATE SIMULATION RUN
(NOT TO SCALE) ‘\ BED ELEVATION CHANGE PROFILE
, S ; (70,000 CFS FLOW)
|CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
, AUGUST 1983 ‘
) "~
!

FIGURE 32




T TR T AT - UL . K . . l

P

|
L

YACTIVE LAYER GRADATION COMPUTED BY HEC 6

i !

!

DAY ZERO

|
}
{
i

g
4 o
.’g I
5 .

DAY |48 °

| BEDMENT BIZE (D50)

3/GEOMETRIC MEAN LE)IAMETER OF SIZE CLASS IN MM

|
~
~

N

"21.5

19911

|
=
o

242.98 |-
2227 f

"RIVER MILE
(NOT TO SCALE)

SACRAMENTO RIVER AND TRIBUTARIES
BANK ‘PROTECTION AND EROSION- CONTROL
INVESTIGATION, CALIFORNIA

_ UPPER SACRAMENTO RIVER
STEADY STATE SIMULATION RUN

D50 PROFILE
DAYS ZERO AND

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA

207.5 -

fus

(AUGUST 1983

FIGIIRF k3 .




Wy

P

RUN A - BEND BRIDGE SEDIMENT INFLOW INCREASED 33%
Qs = 250 TONS/DAY AT 0,000 CFS WITH
+5% RANGE OF 265 TO 235 TONS/DAY
(DAY O TO DAY [348)
RUN B-BEND BRIDGE SEDIMENT INFLOW UNCHANGED
Qs = 185 TONS/DAY WITH _* 5% RANGE
OF 195 TO 175 TONS/DAY (DAY {349 TO END)

- (USE SCALE AT LEFT)

| o
DAY 28 -

I\-.DAY 28

, 1717 TONS/DAY
4 /

(USE' SCALE AT RIGHT)

RUNA

— a—"

Qs = 250 TONS/DAY '

L

|
]
103 TONS/DAY)

—HAMILTON CITY

——

28T 2556

. MSEDIMENT SIZES FROM 0.062 TO 64 MM

24298

2” 5 207._5 199.1

. SACRAMENTO RIVER AND TRIBUTARIES
BANK ‘PROTECT ON AND -EROS:ON CONTROL
INVESTIGATION CALIFORNIA '

. UPPER SACRAMENTO RIVER
- . 'STEADY' STATE SIMULATION RUN
SAND AND GRAVEL DISCHARGE PROFILE
- (10,000 CFS FLOW)

CORPS OF ENGINEERS SACRAMENTO, CALIFORNIA
AUGUST -1983

“FIGURE 36




DAY 28
" DAY 508 -

l99l - -HA‘MlLTON GJTY ,

. SACRAMENTO RIVER AND TRlBUTARIES
) : BANK PROTECTION AND. EROS 10N ‘CONTROL
ST © INVESTIGATION, CALIFORNIA
LEGEND: - . L | | S ' "UPPER SACRAMENTO RIVER
~—— oDAY28 R e ~ STEADY STATE SIMULATION RUN
~-—_ DAY 508 : S ; ' BT ' ' : _ ,‘j BED ELEVATION CHANGE PROFILE
; — " DAY 988 - . L - ‘ o 1 (10, 000 CFS FLOW) _
- T DAY '~’.37§ , S e ' ‘ o CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA i

AUGUST 1983

. L ' o  FIGURE 37




|
|
|

¢ f | :
_/(4‘§C§5) B | DAY ZERO — Y/ ACTIVE LAYER GRADATION COMPUTED BY HEC 6
! . ' 2/GEOMETRIC MEAN DIAMETER OF SIZE CLAS? IN MM
. . —l'
; !
ﬂ . c6 \ 4
= R (22.62) = I _ -
g ' i
i o — . j
!!-: 0. {
: L 0 '
=1 ;_ ‘
w !
% “oav s08 R R . - !
2z
o 0 0 =
~ - ~
~ & S 2

: SACRAMENTO RlVER AND.. TRIBUTARIES
" BANK "PROTECTION AND ERQSION CONTROL
INVESTIGATION, CALIFORNIA

~ UPPER SACRAMENTO RIVER
' STEADY STATE- SIMULATION RUN -
- D50 PROFILEL
DAY ZERO AND ‘DAY 508
| | . | (10,000 CFS FLOW) |
. ‘ ) o .f-' : CORPS OF ENGINEERS SACRAMENTO CALIFORNIA :f
_ IR , _ AueusT 1983 g

2260
222.7 |-

R '  FIGURE 38




VCG
[ 2/45.25)

3ED SEDIMENT SIZE (D50)

N SACRAMENTO RIVER AND TRIBUTARIES : .
iR BANK PROTECTION AND .EROS{ON. CONTROL g
: lNVESTlGATlON CALIFORNIA ST
~ UPPER SACRAMENTO RIVER"
STEADY - STATE SIMULAT ON RUN
D50 PROF I LEL
DAY 988 AND DAY 1376
- (10,000 CFS FLOW) -
: CORPS or ENGINEERS, SACRAMENTO, CALIFORNIA B
L o ' Aucusrnaa' S N}

2293 frme
2260

: —/ACTIVE LAYER GRADATION COMPUTED BY HEC 6 _
JGEOMETRIC MEAN DlAMETER OF SIZE CLASS IN.MM

AL FIGuRE 89




=3

IVE FORCE (LBS/FT?)

DAY 1348

—BEND BRIDGE

~—DAY ZERO

DAY 1348

DAY: 1390

-HAMILTON. CITY
55 R
o
-]

s

-

06

M 0.4

2489 -
245.4 —

“_DAY ZERO TO I348 BEND BRIDGE SEDIMENT
INFLOW INCREASED 33°/o

DAY 1349 T0. 1390 - BEND EBERIDGE SEDIMENT
INFLOW' UNCHANGED )

2420 f

/ER” MILE
“TO SCALE)

25|

LEGEND

" DAY ZERO

DAY 1348 - END OF _
DAY 1390 - END OF 1

4A
48

215 |-
207.5 |-
“199.1 L

SACRAMENTO "RIVER AND: TRIBUTARIES
: BANK ‘PROTECTION AND EROSION ‘CONTROL
- ) INVESTIGATION, CALIFORNIA S
UPPER SACRAMENTO RIVER
_ STEADY STATE SIMULATION RUN -
TRACTIVE FORCE AND ARMOR LAYER
STABILITY COEFFICIENT PROFILE
(70,000 CFS FLOW)

CORPS OF ENGINEERS, SACRAMENTO CALIFORNIA B

AUGUST 1983

FIGURE 35




.0 1.0

— - 0.8
[ ]

n

< DAY ZERO i

g |

=2 —os
LJ

(&)

o

o
s S

w DAY-I_348 & ?376 —40.4
Q

o

o 4

DAY ZERO TO 1348 BEND BRIDGE SEDIMENT

" INFLOW " INCREASED 33%

- DAY 1349 TO" END BEND BRIDGE SEDIMENT

INFLOW- UNCHANGED

N u.
- . (&)

. ol >
ui ; ,
a : Rt =

E -3 : =
@ 2 o
o ) <
2 , s (lr—)
g LEGEND' ‘ T <04

DAY N <

- DAY 13488 1376 e

, ; , o

S —1°2 .5
{1 a8
o <
| L 1 RA | | o

3 © ~ X 0 o =
g & N = = 5 :
‘N o o N o Q- =

SACRAMENTO RIVER AND TRIBUTARIES
BANK PROTECTION AND. EROSION CONTROL
" INVESTIGATION, CALIFORN.IA

" UPPER SACRAMENTO RIVER
STEADY STATE ‘SIMULATION RUN
TRACTIVE FORCE AND ARMOR LAYER
STABILITY COEFFICIENT PROFILE
(10,000 CFS PROFILE)

CORPS OF -ENGINEERS, 'SACRAMENTO, CALIFORNIA
AUGUST 1983

FIGURE 40



SIS
Fit
S
PRt
-

f) Hamilton City (HC) R.M. 199.1 Inflow/Diversion (UVR)

189.4

Inflow/Biversion (LOC)

168.5 .
Moulton Weir (MOU)

' 158.7
colusa Welr (BUL)

- 145.9°

Tisdalée Weir-(TIS)

AN

120.7

Fremont Weir (FRE)

80.5

American River (AMR)

\ \

3 1.5
7y City of Sacramento 59.5
i ' \ SACRAMENTO RIVER AND TRIBUTARIES
g BANK PROTECTION AND EROSION CONTROL
INVESTIGATION, CALIFORNIA
g ‘ LOWER SACRAMENTO RIVER
- ( ) - MWEC-6 Model - STREAM NETWORK
p Abbreviations * :
5 ' _ CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
- | | AUGUST 1983

FIGURE 4|




58.5

®

200.0

201.1 Ilton City
189.4 1 )

& ~-180.0

Mouiton Weir

158.7 - o
0 } 50. 0 \‘\‘\\‘“'l’h""tllﬂ"';

3 ‘\\‘\\ . R “r
Colusa Weir .. (& sutter %
145.95 = '}

§

2 Buttes
I"’ . Ly

o
o

Tisdale Weir
120.7

o \so.d
Knights\Landing 9' k

™y 800 Verona

)

<

e, , Ql”“

Icap,

SACRAMENTO

. 'F reeport ‘
. SACRAMENTO RIVER AND TRIBUTARIES
' : ‘ BANK PROTECTION AND EROSION CONTROL
INVESTIGATION, CALIFORNIA

River Mile LOWER SACRAMENTO RIVER SYSTEM

Reach Number -

LSAC MODEL

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA

AUGUST 1983
FIGURE 42



~

FORMULATION LOWER SACRAMENTO RIVER MODEL (LSAC)

15 JAN 8I REACH
‘REACH LOCATION OF FLOW LIMITS REACH Q [CONTROL
NUMBER GAUGE STATION RECORD (c.f.s.) POINT
(c.f.s.) FROM T0
! Sacramento River at Sacramento 64,500 59.5~ 61.5 64,500 --
2 | Sacramento River at Verona. 60,900 |. GI.S;_ 80.5 60,900 AMR
3 Sacfameﬁto Rfver at'Knights Landing 26,200"' 80.5 .|20;7 26,200 FRE
4 T‘isdale Weir Spill 12,000 . | 120.7 145.95 38,2001‘/ TIS
5 Colusa Weir Spill 31,300 | 145.95 | 158.7 69,5002/ | coL
6 " Sacramento River at Butte City 85,000 | 158.7 | 168.5 85,000 MOU
7 Sacramento River at Ord Ferry 109, 000 168.5 189.4 109,000 Loc
8 Sacramento River at Hamilton City 113,000 189.4 201 .1 ”.3’000 OVR
N i
1/ (26,200 +12,000)

2/ {26,200 +12,000 +31,300)

Utilization of the scheme has several implications:

1,

The Fremont Weir spill to the Yolo Bypass and the inflows of the Sutter Bypass and the
Feather River are combined into one inflow/outflow point. .

The outflows of the Tisdale and Colusa Weirs are their actuval values.

The Moulton Weir spill is inferred through the difference in the discharges of Reaches

FIGURE 43

5 and 6
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WATER DISCHARGE

I. SAND AND GRAVEL (.062 TO 64MM IN
DIAMETER SEDIMENT) INFLOW AT
HAMILTON CITY

2. RM-RIVER MILE

BY REACH
TIME PERIOD _
(DAYS) 0-20i16 | 2017-2196 | 2197-2376
QsY INFLow AT | 8,740 T/0 73,000 T/0 | 55,000 T/D
Y miToN HAMILTON CITY | (WwaRM UP) | (133 HC) | (1.00 H.C)
RMZi9g . HAMILTON CITY ‘ :
\
30,000 CF$ | 70,000 cFs | 70,000 CFs
> . y
AM 145 | COLUSA WEIR \ v
A
30,000 CFS {42,000 CFs | 42,000 CFs
" RM 120 | TISDALE WEIR ) ¥
A A A
| 30,000 cFs | 27,000 cFs | 27,000 cFs
' 1
RM 59 L SACRAMENTO
SACRAMENTO RIVER AND TRIBUTARIES
NOTES: BANK PROTECTION AND EROSION CONTROL

INVESTIGATION, CALIFORNIA

LOWER SACRAMENTO RIVER
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FLOW SEQUENCING
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AUGUST 1983
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