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1 Introduction

The current Tehama-Colusa (TC) Canal, Glenn-Colusa (GC) Canal, and the
proposed New Delevan Pipeline will be used to convey water to the proposed
Sites Reservoir. The TC Canal accepts water from the Red Bluff Pumping Plant at
RM 243.0. The GC accepts water from the Glen-Colusa Irrigation District
Diversion at RM 206.2. The New Delevan Pipeline will be a new diversion point
for the proposed Sites Reservoir and will be located near Colusa at RM 158.5.
This report estimates the sedimentation loads diverted into these three canals
under the alternatives defined in the North-of-the-Delta Off-stream Storage
(NODOS) Administrative Draft Environmental Impact Report/Study (ADEIR/S)
and Feasibility Study (FS). Daily stream flows and diversions under the
alternatives were developed by CH2MILL (2011) and these were defined as:

Existing Conditions (Existing)
No Action Alternative (NoAction)
NODQOS Alternative A (AltA)
NODQOS Alternative B (AltB)
NODOS Alternative C (AltC)
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Figure 1-1. Site map of the Sacramento River between Red Bluff and Colusa.
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2 Sediment Loads

2.1 Suspended Sediment Data

A total of eight US Geological Survey (USGS) gages are located in the study
area, of which, seven provided sediment data for the study. The locations along
with the USGS gage numbers are shown in Table 2-1. The periods of suspended
sediment collection are listed in Table 2-2.

Table 2-1. USGS gage descriptions and locations in the study area.

Gage # Description Latitude Longitude

11377100 SACRAMENTO R AB BEND BRIDGE NR RED 122 186664 | 40.288488
BLUFF CA

11377200 SACRAMENTO R AT BEND BRIDGE NR RED 122923054 | 40.264043
BLUFF CA

11378500 | SACRAMENTO R A RED BLUFF CA -122.181663 | 40.231822

11383730 | SACRAMENTO R A VINA BRIDGE NR VINA CA -122.093041 | 39.909324

11383800 | SACRAMENTO R NR HAMILTON CITY CA -121.995535 | 39.751548

11389000 | SACRAMENTO R A BUTTE CITY CA -121.994141 | 39.457662

11389390 | SACRAMENTO R OPPOSITE MOULTON WEIR CA | -122.031086 | 39.343220

11389500 | SACRAMENTO R A COLUSA CA -122.000250 | 39.214056

Table 2-2. Location of USGS Suspended Sediment Gages and sample collection

periods.

Gage # River Mile | Sample collection period Used for diversion
11377100 | RM 260.2 1977-1983, 1996-2000 TC Canal at Red BIuff
11377200 | RM257.7 1967-1970
11378500 | RM 250.2 1956-1966 (RM 243.0)
11383730 RM 218.3 2000 (only 6 samples) Not enough data for GC
11383800 | RM 199.3 1977-1979 Canal at Hamilton City
11389000 | RM 168.5 1977-1980 New Delevan Pipeline
11389390 | RM 158.0 1956-1980,1995-2002
11389500 | RM 1435 No data (RM 158.5)

2.2 Sediment Rating Curves

The sediment rating curves were developed in two steps. First, the average
concentrations were calculated in different flow bins. Then, the following
function was fit to the average concentration:
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C=aQ"’
C is the concentration in mg/I,
Q is the Sacramento River flow in cfs.

In most cases, a single power function did not fit the data and different values of a
and b were used to fit different ranges of flow. If not enough data was available at
a given site, then the information was interpolated from surrounding stream gage
information.

2.2.1 Rating Curve at Red Bluff

Gages 11377100, 11377200, and 11378500 were used to develop the rating
curves for TC Canal at Red Bluff. To develop regression equations that represent
the average concentration in the Sacramento River, the average concentration in
various flow bins was first computed. The average concentration for various flow
bins is shown in Figure 2-2. There is a break in the slope of the relationship
between concentration and discharge at between 10,000 to 20,000 cfs. Therefore,
because of the break in slope, a single power fit was not able to fit this data
because it would under-predict concentrations at low flows and over-predict the
concentrations at high flows. Therefore, three different sets of coefficients were
used: a; and b; for flows less than 10,000 cfs, a, and b, for flows between 10,000
cfs and 20,000 cfs, and a; and b3 for flows greater than 20,000 cfs. The
coefficients az and b for the flow bin greater than 20,000 cfs were derived by
minimizing the sum of the squares between the observed and computed
concentrations. The coefficients a, and b, for the 10,000 cfs to 20,000 cfs flow
bin were derived by best fitting b, and calculating a; so that C is a continuous
function at a flow of 20,000 cfs. The same procedure was used for the flow bin
below 10,000 cfs. All regression coefficients are summarized in Table 2-3.

Separate regressions were performed on the data from 1956 to 1970, 1977 to
1983, and 1996 to 2000. Results indicate there has been a significant decline in
suspended sediment loads since the 1950s, but this is partly an artifact of the gage
being moved. The sample location was moved upstream from Red Bluff to Bend
Bridge in 1967, and moved again to above Bend Bridge in 1977. The Bend Bridge
site is upstream of a few tributaries such as Dibble and Payne Creeks and
therefore the sediment supplied from these tributaries would affect the Red Bluff
site and not the Bend Bridge site. However, it is likely that there is also a decline
in suspended loads in time because the gage has been at the same location since
1977 and there is still a significant decrease in suspended loads at this one gage
location since 1977 based upon the regression lines drawn in Figure 2-2. The
concentrations based upon the 1996 to 2000 data are approximately 2.8 times less
than concentrations for the same flow based upon the 1977 to 1983 data.
However, there is much more data from 1977 to 1983 than from 1996 to 2000. A
USGS study by Wright and Schoellhamer (2004) calculated that the suspended
sediment loads delivered to the San Francisco Bay by the Sacramento River
decreased by about one-half from 1950 to 2001. Because there is not enough
overlapping data between the two sites it is difficult to determine how much of the
decline in sediment loads is due to the site move versus the temporal trend in
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sediment loads. At this stage of analysis, we recommend using the regression
coefficients derived from all the data and perform more detailed analyses of
sediment load trends at the next phase of analysis.

To determine if there is a seasonal influence on sediment concentrations,
additional regressions were performed on the data grouped by months of
November to January, February to May, and June to October from 1996-2000 (see
Figure 2-3) and using the date from 1956 to 2000 (see Figure 2-4). The highest
concentrations occur from November to January during most of the flow rates,
and the summer concentrations are significantly less. The concentration in the late
winter and spring (February to May) are also less than the winter (October to
January) concentrations. It is probable that the winter flows act as flushing flows
and are typically dominated by the tributary flows, which inject more sediment
into this reach than do releases from Shasta Dam. As with the regression for 1996
to 2000 data not grouped by month,the sediment concentrations were lower than
that derived from all the data from 1956 to 2000.

Table 2-3. Regression coefficients used to fit suspended sediment data.

Flow Bin (cfs) <10,000 10,000 to 20,000 > 20,000
Coefficient Coefficient Values for various data groups
ay b az b, as bs
All Data 3.68E-05 1.50 2.32E-10 2.80 0.34 0.67
1956-1970 6.06E-05 1.50 3.82E-10 2.80 0.55 0.67
1977-1983 2.84E-05 1.50 1.79E-10 2.80 0.26 0.67
1996-2000 1.07E-03 1.00 6.76E-11 2.80 9.81E-02 0.67
1996-2000 Nov to Jan 2.09E-10 2.80 5.25E-08 2.20 2.00E-01 0.67
1996-2000 Feb to May 9.70E-02 0.60 0.56 0.41 4.30E-02 0.67
1996-2000 June to Oct 0.58 0.30 9.24E-08 2.00 5.00E-02 0.67
1956-2000 Nov to Jan 3.69E-10 2.80 3.69E-10 2.80 0.54 0.67
1956-2000 Feb to May 2.21E-05 1.50 1.39E-10 2.80 2.02E-01 0.67
1956-2000 June to Oct 2.58E-02 0.67 2.58E-02 0.67 2.58E-02 0.67
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Figure 2-1. All suspended sediment data collected by USGS gages near Red

Bluff Diversion. Regression fits are shown as solid lines and data is given as
points.
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Figure 2-2. USGS suspended sediment data by various time periods. Regression
fits are shown as solid lines and data is given as points.
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Figure 2-3. 1996 to 2000 suspended sediment data given by time of year
collected. Regression fits are shown as solid lines and data is given as points.

Figure 2-4. 1956 to 2000 suspended sediment data given by time of year
collected. Regression fits are shown as solid lines and data is given as points.
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2.2.2 Rating Curve near the New Delevan Pipeline

Gages 11389000 (SACRAMENTO R ABUTTE CITY CA , RM 158) and 11389390
(SACRAMENTO R OPPOSITE MOULTON WEIR CA, RM 168.5) were used to
develop the rating curves for the new Delevan Pipeline (RM 158.5). The Butte
City gage operated from 1977-1980, while the Moulton Weir gage operated from
1956 to 1980 and from 1995 to 2002. The difference in sediment loads at these
two gages are not considered significant because there are no major tributaries
between these gages.

Similar to the situation at Red Bluff, a single value for both a and b could not
completely describe the data. Therefore, two different sets of coefficients were
used; a; and b; for flows less than 14,500 cfs, coefficient a; and b, for flows
greater than 14,500 cfs. The coefficients a, and b, for the flow bin greater than
14,500 cfs were derived by minimizing the sum of the squares between the
observed and computed concentrations. Then the coefficients a; and b, for flow
less than 14,500 cfs were derived by best fitting b; and calculating a; so that C is
a continuous function at a flow of 14,500 cfs. All regression coefficients are
summarized in Table 2-4..

Regressions were performed on the data from 1972 to 1980, and 1996 to 2000
(see Figure 2-6). There has been a significant decline in suspended sediment loads
from 1996. Based on the fit of the regression equations, the average sediment
loads have decreased by more than a factor of 2 at a flow rate of 10,000 cfs.
However, there is limited data at flows greater than about 50,000 cfs and therefore
it is difficult to determine trends in the concentrations for high flows. This trend
of decrasing sediment concentration is consistent with the previously described
data at Red Bluff and the Wright and Schoellhamer (2004) study.

Regressions were also performed on the data grouped by months of November to
January, February to May, and June to October from 1996-2000 (see Figure 2-7).
For flows higher than 15,000 cfs, the highest concentrations occur from
November to January. For flow less than 15,000 cfs, the highest concentrations
occur in the summer from June to October and high flow seldom occur during this
period. Regressions were also performed on the data grouped by months of
November to January, February to May, and June to October using all data from
1972-2000 (see Figure 2-7). For most of the flows from 8,000 to 80,000 cfs, the
highest concentrations occur from November to January.
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Table 2-4. Regression coefficients used to fit the suspended sediment data near
the New Delevan Pipeline.

Flow Bin (cfs) <14,500 14,500 to 57,500 > 57,500
Coefficient Coefficient Values for various data groups

aq b, az b, as b;
All Data 9.84E-05 1.50 4.52E-02 0.86 4.52E-02 0.86
1972-1980 6.80E-06 1.80 0.16 0.75 0.16 0.75
1996-2000 2.04E-03 1.10 3.00E-04 1.30 3.00E-04 1.30
1996-2000 Nov to Jan 1.83E-04 1.37 2.66E-05 1.57 0.49 0.67
1996-2000 Feb to May 1.17E-04 141 5.00 0.30 0.09 0.67

1996-2000 Jun to Oct 7.75E-02 0.68 7.75E-02 0.68 - -
1972-2000 Nov to Jan 1.02E-07 2.25 0.41 0.66 0.41 0.66
1972-2000 Feb to May 1.71E-04 1.374 1.71E-04 1.374 1.71E-04 1.374

1972-2000 Jun to Oct 7.75E-02 0.68 7.75E-02 0.68 - -

Figure 2-5. All suspended sediment data collected by USGS gages near the New
Delevan Pipeline. Fits are shown as solid lines and data is given as points.
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Figure 2-6. USGS suspended sediment data near the New Delevan Pipeline by
various time periods. Fits are shown as solid lines and data is given as points.

Figure 2-7. 1996 to 2000 suspended sediment data near the New Delevan
Pipeline given by time of year collected. Fits are shown as solid lines and data is
given as points.
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Figure 2-8. 1972 to 2000 suspended sediment data near the New Delevan
Pipeline given by time of year collected. Fits are shown as solid lines and data is
given as points.

2.2.3 Rating Curve near GC Canal

Gages 11383730 and 11383800 were used to develop the rating curves for the GC
Canal. Two different sets of coefficients were used; coefficients a; and b for
flows less than 10,000 cfs, and coefficients a; and b, for flows greater than 10,000
cfs. The coefficients a, and b, for the flow bin greater than 10,000 cfs were
derived by minimizing the sum of the squares between the observed and
computed concentrations. Then the coefficients a; and b, for flow less than 10,000
cfs were derived by best fitting b; and calculating a; so that C is a continuous
function at a flow of 10,000 cfs. All regression coefficients are summarized in
Table 2-5.

Separate regressions were performed on the data from 1977 to 1979, and 2000
(see Figure 2-10). The amount of available data was insufficient to develop a
reasonable rating curving for 2000 data. However, the limited data did indicate a
potential decline in suspended sediment loads since 1979.

Because the data is limited at these gages, the suspended sediment concentrations
at Hamilton City were assumed to be the average of the concentrations near Red
Bluff upstream and near Delevan downstream to compute the annual sediment
loads delivered to the canal.

11
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Table 2-5. Regression coefficients used to fit the suspended sediment data near
the GC Canal.

Flow Bin (cfs) < 10,000 >= 10,000
. Coefficient Values for various data groups
Coefficient
a; b1 ay b2
All Data 8.00E-11 3 2.00E-04 14
1977-1979 8.00E-11 3 2.00E-04 1.4
2000 No data No data 1.3E+02 0

Figure 2-9. All suspended sediment data collected by USGS gages near the GC
Canal. Fits are shown as solid lines and data is given as points.

12
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Figure 2-10. USGS suspended sediment data near the GC Canal by various time
periods. Fits are shown as solid lines and data is given as points.

2.3 Sediment Loads

Daily flows from 10/1/1921 to 9/30/2003 were provided in a HEC-DSS format as
described in CH2MHILL (2011). These flows were simulated using the
Sacramento River daily operations model (USRDOM) under the existing
conditions (Existing), future No Action Alternative (NoAction), and the proposed
NODOS program alternative operations, identified as Alternative A (AltA),
Alternative B (AltB), and Alternative C (AItC). Cumulative flows in the
Sacramento River at Red Bluff, Hamilton City, and Colusa from the simulation
are displayed in Figure 2-11 to Figure 2-13, respectively. Diversion flows to TC
Canal, GC, and the New Pipeline are displayed in Figure 2-14 to Figure 2-16,
respectively.

13




This document is not released as a draft EIR pursuant to CEQA Guidelines § 15087. Assuch, DWR is not soliciting and will not respond to comments
submitted on this document, although any comments received will be retained and may be considered during preparation of a future draft EIR.

800 Cumulative Flow at Red Bluff

700 — NoAction
——Existing /
—AltA /

AltB
—AltC

D

o

o
|

Cumulative Flow (Million Acre-ft)
N w =y 1
o o o o
o o o o
| |

100 /

O T T T T T I I I

2010 2020 2030 2040 2050 2060 2070 2080 2090
Year

Figure 2-11. Cumulative flow in Sacramento River at Red BIuff.

Figure 2-12. Cumulative flow in Sacramento River at Hamilton City.
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Figure 2-13. Cumulative flow in Sacramento River at Colusa.
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Figure 2-14. Cumulative diversion flow to TC canal.
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Canal
Figure 2-15. Cumulative diversion flow to GC canal.
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Figure 2-16. Cumulative diversion flow to the New Pipeline.

16




This document is not released as a draft EIR pursuant to CEQA Guidelines § 15087. As such, DWR is not soliciting and will not respond to comments
submitted on this document, although any comments received will be retained and may be considered during preparation of a future draft EIR.

The total sediment volume delivered into the canal was calculated using the
following function:

W, = AAtY C.Q,
t=1

Where W = sediment load in tons (1 ton=2000 pound dry sediment),
At =seconds in a day =3600x 24,
Cs = suspended sediment concentration (mg/l) calculated with the
total flow rate at that location,
Qs = flow diversion (m®),
n = total days simulated,
A = conversion constant from (gram to English tons) =

1/1.0E6*1000/0.4536/2000

The total sediment loads were predicted using two sets of rating curves. Figure
2-17 to Figure 2-19 show the predicted total sediment loads using sediment data
from 1996 to 2000. Figure 2-20 to Figure 2-22 display the predicted total
sediment loads using sediment data from 1956 to 2000. The daily flows from
10/1/1921 to 9/30/2003 were used to predict the sediment loads from 10/1/2010 to
9/29/2092.
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Cumulative Sediment Diversion to TC Canal Using Data
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Figure 2-17. Sediment load delivered into TC Canal at Red Bluff using data from
1996 to 2000. 1 ton = 2000 pound dry sediment.

Canal

Figure 2-18. Sediment load delivered into GC Canal at Hamilton City using data
from 1996 to 2000. 1 ton = 2000 pound dry sediment.

18




This document is not released as a draft EIR pursuant to CEQA Guidelines § 15087. Assuch, DWR is not soliciting and will not respond to comments
submitted on this document, although any comments received will be retained and may be considered during preparation of a future draft EIR.

Cumulative Sediment Diversion to New Pipeline Using
35 Data from 1996 to 2000 —
230 isti e
: Exist
IQ XI1Sting ﬁ
o — e - :
g )5 | NoAction
s —AltA
£ 20 — AltB
£
= —AItC
T 15
(¥
g
= 1.0
5]
E
Eos
o /
0.0_ —————— — | — T —— r— T—— ™
2010 2020 2030 2040 2050 2060 2070 2080 2090
Year

Figure 2-19. Sediment load delivered into the New Delevan Pipeline at Colusa
using data from 1996 to 2000. 1 ton = 2000 pound dry sediment.

Cumulative Sediment Diversion to TC Canal Using Data
from 1956 to 2000
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Figure 2-20. Sediment load delivered into TC Canal at Red Bluff using data from
1956 to 2000. 1 ton = 2000 pound dry sediment.
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