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1.

INTRODUCTION

In 1997, the M&T/Llano Seco Pumping and Fish Screen Facility was moved downstream from
Big Chico Creek to the east bank of the Sacramento River just downstream from the mouth of
the creek at RM 192.75 (Figure 1.1). The pumps had previously been located in the creek
about 0.5 miles upstream from the confluence. Since 1997, geomorphic changes have
occurred in the Sacramento River channel that pose a significant risk to the continued operation
of the facility, including erosion and lateral migration of the west bank of the river and growth of
the large gravel bar that is located on the east side of the river at the mouth of Big Creek, just
upstream from the intake.
Based on the aerial photographic comparisons and survey measurements, the west bank of the
Sacramento River eroded by up to 330 feet just upstream from the intake between 1996 and
2006. In 2000 and 2008, approximately 189,000 and 84,500 yd3 of material, respectively, were
dredged from the gravel bar as a short-term solution to limit sedimentation at the pump inlet and
a longitudinal stone toe was emplaced along approximately 1,200 feet of the west bank in
October 2007. Previous work detailed the historic migration of the river in this area and
identified the hydraulic factors that are responsible for creation and continued development of
the gravel bar and the resulting sedimentation problems at the M&T pump intake (Harvey et al.,
2004). The Steering Committee report (2006) suggested that a possible solution to the problem
could include a series of eight or nine spur dikes along about 2,500 feet of the west bank
opposite and upstream from the pump intake that would force the flows back to the east,
preventing further lateral erosion and potentially increasing flow velocities sufficiently to prevent,
or at least limit, deposition in the vicinity of the intake.
As part of Phase I of the project, Mussetter Engineering, Inc. (MEI, 2006) conducted twodimensional (2-D) hydrodynamic and sediment-transport modeling to determine if spur dikes
installed along the west bank of the river upstream of the M&T Ranch pumping plant inlets and
fish screens (RM 192.75) could recreate hydrodynamic conditions that would permit sustainable
operation of the pumps for the next 40 years (MEI, 2006).
Three specific questions addressed by the MEI (2006) study were:
1.

Will the spur dikes prevent further erosion of the west bank of the river that has retreated
over 330 feet between 1996 and 2006, which is the primary cause of the problems at the
M&T pumps,

2.

Will the spur dikes stabilize the bank-attached bar on the east bank that has migrated
downstream towards the pump inlets as the west bank has retreated, and

3.

Will the spur dikes create sufficiently high velocities and shear stresses in the vicinity of
the pumps during the range of flows when pumping generally takes place (4,000 to 14,000
cfs) to prevent sand accumulation around the fish screens and pump inlets?

Two-dimensional (2-D) hydrodynamic models (RMA2) (MEI, 2006) were developed to represent
the December 2005 bathymetry and topography of the site. Models were developed and run for
a range of flows from 5,000 to 90,000 cfs for the following scenarios:
1.

2005 channel alignment and geometry for a baseline condition (Scenario 1),

2.

An 8-dike configuration with dike height at two-thirds bank height (Scenario 2),
1.1
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3.

A 9-dike configuration with dike height at two-thirds bank height (Scenario 3), and

4.

An extended 9-dike configuration with the lower three dikes raised to full bank height
(Scenario 4).

Incipient motion and sediment-transport analyses were conducted with output from the 2-D
models and an average bar sediment gradation with a median (D50) size of 39 mm and a D84
size of 60 mm that were developed from three pebble counts that were conducted on the bankattached bar in December 2005. A sand size of 1 mm was used in the analysis of deposition
potential around the fish screens and pump inlets.
Based on the results of the analyses the following were concluded:
1.

All of the spur dike configurations will prevent further erosion of the west bank,

2.

All of the spur dike configurations will prevent further downstream migration of the bankattached bar located on the east bank upstream of the M&T pumps, and

3.

Only the extended and raised 9-dike configuration (Scenario 4) will prevent sand
accumulation at the pump inlets during the range of river flows when pumping typically
occurs.

Based on review of the MEI (2006) report, the Steering Committee recommended that additional
2-D modeling be performed to evaluate the hydrodynamic conditions at the downstream
boundary conditions of the 2-D models. The Steering Committee was concerned whether the
downstream boundary of the Original 2-D models is located sufficiently far downstream to
ensure that the downstream boundary effects are not influencing the hydrodynamic results in
the vicinity of the M&T pump.
The Steering Committee also recommended that the 8- and 9-dike configurations be
incorporated into a coarser scale 2-D model of the Butte Basin Model that extends from RM174
to RM212 (USACE, 1997) to evaluate the hydrodynamic impacts of the proposed spur dikes on
flood-flow distributions between the river and the Butte Basin. In addition, the Steering
Committee recommended that the Butte Basin model be modified to incorporate the likely future
channel conditions (50 years) following removal of identified revetments as predicted by
meander modeling in order to evaluate the effects of river meandering on the stage-discharge
relations at the M&T overflow weir.

1.1.

Scope of Work

The work performed for this Phase II study included the following tasks:
1.

The MEI 2-D model for the without dikes, 8-dike and 9-dike configurations was extended
downstream and re-run to determine whether the Original model results (MEI, 2006) are
influenced by the length of the model.

2.

The 9-dike configuration was incorporated into the coarser scale 2-D model of the Butte
Basin Model that extends from RM174 to RM212 (USACE, 1997) to evaluate the
hydrodynamic impacts of the proposed spur dikes on flood flow distributions between the
river and the Butte Basin, respectively.
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3.

Two-dimensional models were developed to represent the predicted channel alignment
50 years after removal of existing revetments at Golden State Island (191L), Phelan
Island (192R) and Golden State Island and Phelan Island (191L-192R) (Larsen, 2008).
The 50- and 100-year peak-flow events were simulated to evaluate the effects of river
meandering on the stage-discharge relations at the M&T overflow weir.

1.2.

Authorization

This study was carried out by Mussetter Engineering, Inc. (MEI) under a contract agreement
with Ducks Unlimited. MEI technical staff who contributed to the work included:
•
•
•

Dr. Robert A. Mussetter, P.E., Principal Engineer
Dr. Michael D. Harvey, P.G., Principal Geomorphologist
Mr. Dai B. Thomas, P.E. (CO), Staff Engineer
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2.

TWO-DIMENSIONAL HYDRODYNAMIC MODEL
ANALYSIS

Two-dimensional (2-D) hydrodynamic models of the Sacramento River in the vicinity of the M&T
pumping plant were developed to: (1) verify that the downstream boundary of the Original 2-D
models (MEI, 2006) are located sufficiently far downstream to ensure that the boundary effects
of the 2-D model are not influencing the hydrodynamic results in the vicinity of the M&T pump,
(2) evaluate the hydrodynamic impacts and flow distributions of the 9-dike configuration
incorporated into a coarser scale Butte Basin model, and (3) evaluate the effects of future
channel conditions (50 years) following removal of revetments at Golden State Island (RM191L)
and at Phelan Island (RM192R) on the stage-discharge relations at the M&T overflow weir.
The modeling was carried out using RMA2, Version 4.5 (U.S. Army, Engineer Research and
Development Center, Waterways Experiment Station, 2000) with Version 8.1 of the BOSS
Surface Water Modeling System (SMS) graphical user interface (BOSS International, Inc. and
Brigham Young University, 2004). RMA2 is a depth-averaged, finite element, hydrodynamic
model that computes water-surface elevations and horizontal velocity components for
subcritical, free-surface flow in 2-D flow fields. RMA2 was designed for far-field problems in
which vertical accelerations are negligible and velocity vectors generally point in the same
direction over the entire depth of the water column at any instant in time. RMA2 was chosen for
this project because it is a generally accepted 2-D model that provides more accurate prediction
of the flow patterns in the vicinity of the dikes and pump intake than can be obtained from more
simplified 1-D models, and because it has been successfully applied on other projects in the
Sacramento River system.

2.1.

Evaluation of Length of Original MEI Models

Based upon review of the 8- and 9-dike 2-D models that were developed for hydrodynamic and
sediment transport analysis (MEI, 2006), the Steering Committee recommended that the
downstream boundaries of the Original 2-D models be investigated. The Original, without dikes,
8-dike, and 9-dike 2-D models were extended downstream approximately 5,500 feet and re-run
at 90,000 cfs (Figure 2.1). The hydrodynamic output from the Extended models and the Original
models were compared along the extent of the over lapping areas.
2.1.1. Topographic Data
The 2-D finite element model is based on a mesh composed of triangular and quadrilateral
elements with corner and mid-point nodes that represent the planform geometry and channel
topography of the modeled reach. Topographic data for the baseline conditions of the Original
model were derived from the 1996 mapping by Ayres Associates, and updated with bathymetric
and topographic data from the December 2005 survey (MEI, 2006). The update included
replacing the in-channel topography with the 2005 data and re-contouring the banks and nearriver overbanks to reflect the 2005 channel alignment. The Extended 2-D models were
developed by extending the Original model grids downstream by 5,500 feet and using the same
topographic data that were used to develop the Original models.
To facilitate development of the model and interpretation of model results, a station line that
represents the distance along the approximate centroid of the flow was developed, with the
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Figure 2.1.

Comparison of extents of Extended mesh and the boundary of the Original mesh
(MEI, 2006).
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downstream end (Sta 0+00) located at the downstream boundary of the USACE Butte Basin 2D model. (Note: the station line used in the MEI (2006) report had the downstream boundary
located at Stony Creek.) Along this station line, the up- and downstream ends of the Extended
2-D model mesh are located at Sta 1183+12 (RM 194.31) and Sta 1028+31 (RM191.7),
respectively (Figure 2.1). The M&T pumping station is located at Sta 1100+90 on the left (east)
bank of the river.
The Extended model reach is approximately 15,500 feet long, with the M&T pump intake
located approximately 7,300 feet upstream from the downstream model boundary. In the
Original model, the M&T pump was located approximately 1,800 feet upstream from the
downstream model boundary.
The Extended model mesh corresponds to the effective flow area at the approximate bankfull
discharge of 90,000 cfs and contains approximately 9,080 elements and 26,730 nodes
compared to the Original model that contained 7,800 elements and 23,000 nodes.
2.1.2. Downstream Boundary Conditions
The downstream boundary condition for the 2-D model requires a specified water-surface
elevation for each particular discharge that is being modeled. A rating curve for the downstream
end of the models (Figure 2.2) was developed using a 1-D HEC-RAS model of the reach that
begins at Stony Creek and ties into the 2-D model.
2.1.3. Material Properties and Model Validation
The RMA2 model uses Manning’s n-values to define boundary friction losses and turbulence
exchange coefficients (kinematic eddy viscosity values) to describe energy loss due to internal
turbulence. These two parameters are specified as material types for each element in the
mesh. Five different material types were used in the models to represent the main channel,
side channels, forested areas, banks and dikes (Figure 2.3). Main-channel Manning’s n-values
ranging from 0.033 to 0.035 were used for the calibration discharge of 6,280 cfs based on field
observations, similar experience with other rivers, and standard references (Chow, 1959;
Barnes, 1967; Hicks and Mason, 1991; Julien, 1995).
Manning’s n-values of 0.12 were used for the overbanks to reflect the roughness of the
vegetation in these areas, based on aerial photographs and field observations. An n-value of
0.12 was also applied to the dikes to reflect the roughness associated with the riprap. The side
channels and banks were assigned n-values of 0.05 and 0.06, respectively, to reflect the
smaller flow depths (and thus, higher relative roughness) and vegetation that is present in these
areas. The agreement between the computed and measured water-surface elevations during
the December 2005 survey when the discharge was 6,280 cfs using these parameters is very
good (Figure 2.4).
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Figure 2.3.

Distribution of the material types used to define the Manning’s n-values in the
modeled reach.
2.5

120
119
118
117

)t
f( 116
n
o
it 115
a
v
le 114
E
113
112
111

SM S
M easured

110
102,000

104,000

106,000

108,000

110,000

112,000

114,000

116,000

118,000

Station (ft)

Figure 2.4.

Comparison of the predicted and measured water-surface profiles from the
December 2005 survey when the discharge was 6,280 cfs.

2.1.4. Comparison of Extended Model and Original Model Results
The Extended models for the without dikes, and 8- and 9-dike conditions were each run at
90,000 cfs and the hydraulic results were compared to the corresponding Original model results.
The comparison for the without dikes, and 8- and 9-dike models, indicates that the predicted
water-surface elevations in the Extended models are on average 0.35 feet higher than in the
Original models over the modeled reach (Figure 2.5). The Extended models predicts a watersurface elevation of approximately 131.6 feet at the downstream boundaries of the Original
models, compared to the water-surface elevation of 131.0 feet predicted by the HEC-RAS
model that was used to establish the downstream boundary condition. Figures 2.6 and 2.7
show the differences in depth and velocities, respectively, between the Original and Extended
models for the without dikes condition. The Extended Model generally has lower velocities than
Original model because of the increased depths throughout the reach. In order to conserve
volume, an increase in depth will have an associated decrease in velocity.
Comparisons of the velocity and depth profiles across the channel between the Original and
Extended models for the without dikes conditions were conducted at four locations, including
near the downstream boundary of the Original model opposite the M&T pumps. Figure 2.8
shows the location of the Continuity Lines across the channel used for the comparison. At Line
1, the Extended model predicts the velocities to be up to 0.1 fps lower along the left side of the
channel, and up to 0.6 fps greater along the right side of the channel compared to the original
model (Figure 2.9). At Line 2, the Extended model predicts the velocities to be up to 0.15 fps
lower along the left side of the channel, and up to 0.2 fps greater along the right side of the
channel compared to the original model (Figure 2.10). The cross-channel velocity distributions
at Lines 1 and 2 are very similar and the differences can be attributed to the different predicted
water-surface elevations in both models. The Original model predicts the water-surface to be
approximately 0.5 feet lower than the Extended model because the computed downstream
2.6
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Figure 2.6.

Difference in predicted depths between the Original and Extended models
(Difference = Extended – Original) at a discharge of 90,000 cfs.
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Figure 2.7.

Difference in predicted velocities between the Original and Extended models at a
discharge of 90,000 cfs.
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Figure 2.8.

Location of continuity lines across channel to evaluate changes in velocity and
depth between the Original and Extended models.
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Comparison of depth and velocity distributions between Original and Extended
models at Continuity Line 2. (Note: the orientation is from left to right across the
channel looking downstream.)
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boundary condition (computed using HEC-RAS) is lower. Some differences between the models
may be attributed to the Original model using a constant water-surface elevation along the
downstream boundary, whereas the Extended model predicts approximately 0.2 feet of superelevation on the outside of the bend. At Line 3, located near the downstream end of the
attached bar, the Extended model predicted depths are approximately 0.4 feet lower across the
channel than in the Original model. The velocities are less than 0.1 fps lower along the left side
of the channel, and up to 0.1 fps greater along the right side of the channel compared to the
Original model (Figure 2.11). At Line 4, located midway along the attached bar, the Extended
model predicts the depths are approximately 0.4 feet lower across the channel and the
velocities are less than 0.1 fps lower along the left side of the channel, and up to 0.1 fps greater
along the right side of the channel compared to the Original model (Figure 2.12).
In order to further compare the Original model with the Extended model, the Original model was
re-run using the water-surface elevation predicted by the Extended model as the downstream
boundary condition. In other words, the downstream boundary condition for the Original model
was set at a water-surface elevation of 131.6 feet, as computed by the Extended model. Figure
2.13 shows the predicted water-surface elevation for the Original model using the higher starting
water-surface elevation of 131.6 feet is nearly identical to the Extended model water-surface
profile. A comparison of the differences in water depths and velocities between the Extended
without dikes model and the Original without dikes model (using a downstream water-surface
elevation boundary condition of 131.6 feet) shows that both models predict very similar values
(Figures 2.14 and 2.15).
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Comparison of depth and velocity distributions between Original and Extended
models at Continuity Line 3. (Note: the orientation is from left to right across the
channel looking downstream.)
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Comparison of depth and velocity distributions between Original and Extended
models at Continuity Line 4. (Note: the orientation is from left to right across the
channel looking downstream.)
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Figure 2.14.

Difference in predicted depths between the Original and Extended models
(Difference = Extended – Original) at a discharge of 90,000 cfs. The downstream
boundary condition of the Original model was set at the water-surface elevation
predicted by the Extended model.
2.14

Figure 2.15.

Difference in predicted velocities between the Original and Extended models
(Difference = Extended – Original) at a discharge of 90,000 cfs. The downstream
boundary condition of the Original model was set at the water-surface elevation
predicted by the Extended model.
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The velocity distribution across Continuity Line 1 (Figure 2.8) indicates that the Original model
with the higher starting water-surface elevation has very similar values to the Extended model
(Figure 2.16). The difference in values is approximately 0.05 fps along the left side of the
channel and 0.15 fps along the right side of the channel. The differences are attributable to the
super elevation of the water surface predicted by the Extended model. Comparison of the
velocity distribution at Continuity Line 2 (Figure 2.10) indicates a maximum difference of
approximately 0.05 fps between the Original model (using a starting water-surface elevation of
131.6 feet) and the Extended model (Figure 2.17). Comparison of the velocity distribution at
Continuity Line 3 (Figure 2.18) and Continuity Line 4 (Figure 2.19) indicates the depth and
velocity distributions are nearly identical.
The 8- and 9-dike 2-D meshes were extended in the downstream direction using the same
overbank and channel geometry as the Extended without dikes model. Comparison of the
water-surface profiles, velocity and depth differences, and comparison of the velocity
distributions across the continuity lines, indicated the same patterns and distributions as
described above for the without dike conditions. Due to the similarity of results between the dike
models and the without dikes conditions models, the figures for the with-dike models have not
been shown.
The similarity of the results between the Original and Extended models can be attributed to the
reasonably uniform flow distribution at the downstream boundary of the model. The computed
velocity distributions at the downstream end of the Original model are very similar to the
Extended model, indicating that the boundary effects of the Original model are negligible and
that the downstream boundary of the Original model is suitably located to minimize boundary
effects at the M&T pump.

2.2.

Evaluation of Effect of Dikes at the 100-year Peak Flow Event

An evaluation of the hydrodynamic impacts of the proposed spur dikes on the flood-flow
distributions between the Sacramento River and the Butte Basin was conducted by
incorporating the 9-dike configuration into the coarser scale 2-D model of the Butte Basin model
that extends from RM174 to RM212 (USACE, 1997).
The geometry for the original Butte Basin model was developed from topographic surveying
using a global positioning system (GPS), aerial photography, topographic mapping and a
bathymetric survey of the channel (USACE, 1997). The Butte Basin model extends a distance of
38 channel miles (Figure 2.20) and contains approximately 9,800 elements and 26,000 nodes.
Manning’s n-values were assigned to the grid based on an evaluation of aerial photography and
field observations. Seven roughness categories were delineated and n-values range from
n=0.035 for the main channel to n=0.16 for Heavy Riparian Vegetation. The 2-D model was
calibrated to the measured high-water marks associated with the January 1995 flood that had a
peak discharge of approximately 195,000 cfs.
In the USACE model, the discharge at the M&T overflow (Figure 2.21) weir is 108,000 and
120,000 cfs for the 50- and 100-year, respectively. The weir discharges were computed based
on calibration of the broad-crested weir equation to the 1995 flood using a 1-D HEC-RAS
analysis.
A flood-frequency analysis conducted for the Butte Basin 2-D model study reported the 50- and
100-year peak flow events as 300,000 and 370,000 cfs, respectively (Table 2.1). In comparison,
the 50- and 100-year peak flow values listed in the MEI (2006) report, 169,900 and 374,100 cfs,
respectively, were developed from the Hamilton City gage record.
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Comparison of depth and velocity distributions between Original and Extended
models at Continuity Line 1. (Note: the orientation is from left to right across the
channel looking downstream.)
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Figure 2.17.

Comparison of depth and velocity distributions between Original and Extended
models at Continuity Line 2. (Note: the orientation is from left to right across the
channel looking downstream.)
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Figure 2.18.

Comparison of depth and velocity distributions between Original and Extended
models at Continuity Line 3. (Note: the orientation is from left to right across the
channel looking downstream.)
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Figure 2.19.

Comparison of depth and velocity distributions between Original and Extended
models at Continuity Line 4. (Note: the orientation is from left to right across the
channel looking downstream.)
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Figure 2.20.

Extent of the USACE Butte Basin RMA-2V model.
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Figure 2.21.

Location of the M&T overflow weir.
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Table 2.1. Peak inflow discharges.
50-Year
Location
(cfs)

2.3.

100-Year
(cfs)

Sacramento River Inflow
Big Chico Creek
Stony Creek

289,000
9,000
2,000

355,000
9,000
6,000

Total

300,000

370,000

Development of the Updated USACE Model

The Extended meshes for the without-dike conditions and 9-dike configuration (dike height at
two-thirds bank height) were merged into the USACE 2-D model separately for the purpose of
evaluating the hydrodynamic effects of the 9-dike configuration at the 100-year discharge. The
9-dike configuration was selected to compare to the without dikes model, because it was
expected to create greater hydraulic changes than the 8-dike model.
The overbank and channel geometry of the USACE model was updated with the 2005 survey
data to account for channel changes and channel migration that has occurred since the 1995
survey. The channel migration has typically eroded into near vertical banks on the outside of the
bends. To account for the channel migration, the overbank elements on the outside of the bend
were reduced in size and the elevations were adjusted. The elevations of the overbank
elements on the inside of the bend point bar that have aggraded were adjusted to match the
2005 overbank survey. In locations, where no survey data were available, the overbank
elevations were adjusted to make an approximation of expected inside bend geometry based on
topography observed at other locations in the reach.
The channel roughness values of the Extended model (n=0.033) section of the reach remained
the same in the merged model. The channel and overbank roughness values located outside of
the Extended mesh area remained the same as in the original USACE model for consistency, all
other model parameters, including eddy viscosity values and weir discharges remained the
same as in the USACE model.
Verification of the updated without dikes conditions USACE model was conducted by running
the without dikes model at a discharge of 90,000 cfs and comparing the predicted water-surface
profile to the Extended without dikes model profile (Figure 2.22). Comparison of the watersurface profiles indicates a good comparison between the models. The USACE model predicts
a water-surface elevation that is 0.6 feet higher than the Extended model at the downstream
boundary. However, on average, the Extended model predicts that the water-surface elevations
are 0.16 feet higher than the USACE model. The apparent discrepancy between the higher
downstream boundary condition and the lower average predicted water-surface profile can be
attributed to the changes in channel geometry that occurred between 1995 and 2006.
The updated USACE models for the without dikes and the 9-dike configuration were simulated
for the 100-year peak flow event which has an estimated peak discharge of 370,000 cfs (Table
2.1). Comparison of the water-surface profiles for the without dike conditions and 9-dike models
(Figure 2.23) indicates that the water-surface elevations are the same from the downstream
end of the reach to approximately 1,000 feet downstream of the M&T pump. From the M&T
pump (Sta 1100+90) to Dike 7 (Sta 1113+70) the water-surface elevation in the 9-dike model is
on average 0.07 feet higher. Between Dike 7 (Sta 1113+70) and Dike 3 (Sta 1134+60), the
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Figure 2.22.

Comparison of the water-surface profiles for the updated USACE model and the
Extended without dikes model at a discharge of 90,000 cfs.
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Figure 2.23.

Comparison of the water-surface profiles for the updated USACE model for
Without dikes conditions and 9-dike model at the 100-year peak discharge of
370,000 cfs.
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water-surface elevation of the 9-dike model is on average 0.1 feet higher than the without dikes
conditions. Upstream of Dike 3, the water-surface elevation is approximately 0.15 feet higher,
and the raised water-surface extends for a distance of approximately 3,200 feet upstream from
Dike 3.
Figures 2.24 and 2.25 show the predicted depths and velocities from the without dikes model.
The overbank depths along the right bank adjacent to the proposed dikes range from 2 to 8 feet.
Overbank depths along the left bank in the vicinity of the M&T pumps range from approximately
0.5 to 6 feet. The depth of water over the M&T weir is on average 2.8 feet. Main-channel depths
typically range from 22 to 35 feet along the reach. Main-channel depth adjacent to the M&T
pump is approximately 45 feet, and velocities over the attached bar range from 9 to 14 feet. The
overbank velocities along the right bank adjacent to the proposed dikes range from 0.5 to 3 fps.
Overbank velocities along the left bank in the vicinity of the M&T pumps range from
approximately 1 to 5 fps. Main channel velocities typically range from 7 to 14 fps. Main-channel
velocities adjacent to the M&T pumps are approximately 10 fps, and velocities over the attached
bar range from 8 to 10 fps.
Figures 2.26 and 2.27 show the changes in depths and velocities, respectively, between the
without dikes and the 9-dike models. The 9-dike model predicts that the largest increases in
velocity of approximately 0.5 ft/s occur from the upstream end of the attached bar to opposite
the M&T pumps. The main channel velocities are approximately 0.1 ft/s higher for a distance of
2,000 feet downstream of the M&T pumps. The velocities in the main channel between Dike 1
(most upstream dike) and River Road decreased by approximately 0.25 fps. There is area along
the right bank (Sta 1115+00) where the velocities increased by approximately 0.3 ft/s,
presumably from the dikes forcing more water onto the right overbank.
The 9-dike model predicts there will be virtually no changes in overbank or main channel depths
from Dike 7 (Sta 1113+70) to the downstream end of the model. However, the 9-dike model
increases the main-channel depths and the adjacent overbank depths by approximately 0.15
feet upstream from Dike 3 for a distance of approximately 3,200 feet.

2.4.

Evaluation of River Meandering Effect on the Stage-Discharge Relations at
the M&T Overflow Weir

Associated with the installation of the dike field that is being considered for preventing further
channel migration in the vicinity of the M&T pumps, a potential mitigation action has been
proposed by the Steering Committee that involves removal of existing downstream revetments
at Golden State Island (191L) and/or Phelan Island (192R) (Figure 2.28).
The effects of removal of the existing revetments on the future 50-year channel alignment were
conducted using meander migration simulations (Larsen, 2008). The 2-D model was modified to
reflect the predicted future channel locations and was used to evaluate the potential changes in
stage-discharge relationships at the M&T overflow weir. The details of the modeling techniques
and background on the meander migration model are provided in Larsen and Cui (2004) and
Larsen (2005). Meander migration simulations were conducted (Larsen, 2008) for the following
three scenarios: (1) removal of the revetment at Golden State Island, (2) removal of revetment
at Phelan Island and (3) removal of revetments at both Golden State Island and Phelan Island.
Two-dimensional models were developed to represent each of the three future channel
alignments. The 2-D models were run for the 50- and 100-year peak flow events to evaluate the
relative effects of river meandering on the stage-discharge relations at the M&T weir.
2.23

Figure 2.24.

Predicted depths from the without dikes conditions at the 100-year peak
discharge of 370,000 cfs.
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Figure 2.25.

Predicted velocities from the without dikes conditions at the 100-year peak
discharge of 370,000 cfs.
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Figure 2.26.

Difference in predicted depths between the Without dikes conditions and 9-dike
(Difference = 9-Dike– Original) at the 100-year peak discharge of 370,000 cfs.
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Figure 2.27.

Difference in predicted velocities between the Without dikes conditions and 9dike (Difference = 9-Dike– Original) at the 100-year peak discharge of 370,000
cfs.
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Figure 2.28.

Location of revetments located at Golden State Island (191L) and Phelan Island
(192R).
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2.4.1. Results of the Meander Migration Analysis
The predicted channel centerline alignments for the three scenarios are shown in Figure 2.29.
Scenario 1 (removal of Golden State Island revetment) indicates that the meander bend at
RM191L is predicted to migrate in a southerly direction over the 50-year period with a maximum
migration distance of approximately 1,000 feet at Sta 1040+00 feet. Scenario 2 also indicates
that the meander bend located at RM192R is predicted to migrate in a westerly direction with a
maximum migration distance of approximately 1,200 feet at Sta 1040+00 feet. Scenario 3
indicates that the meander bend located at RM192R is predicted to migrate in a westerly
direction with the maximum migration distance of approximately 1,200 feet at Sta 1000+00. In
addition, removal of the revetment at RM191L causes the river to also migrate approximately
1,000 feet to the south.
The meander migration simulations indicate that the river is not expected to migrate far enough
to threaten the stability of the weir during the 50-year period. The bend located at RM191L is
predicted to migrate approximately 1,000 feet downstream towards the weir. At the end of the
50-year simulation, the centerline of the river will be located approximately 3,500 feet from the
upstream end of the weir.
2.4.2. Development of Meander Migration Assessment Models
The USACE 2-D model was modified to reflect the predicted channel centerline for the three
conditions by modifying the mesh geometry. The same procedure that was used to update the
USACE model was used to develop models that represent the predicted channel migration for
the three scenarios. The alignment of the channel portion of the grid was moved to coincide with
predicted channel centerlines and the overbank elements were adjusted to represent the
erosion on the outside of the bends and the expected deposition on the inside of the bends. The
topography of the deposition on the inside of the bends was developed using reasonable
approximations that were based on topography observed at other locations along the river.
The USACE models applied a fixed discharge at the M&T weir of 108,000 and 120,000 cfs for
the 50- and 100-year peak flow events, respectively, using specified boundary conditions. To
evaluate the effect of the meander migration on stage and discharge, the specified boundary
conditions were removed from the models, and the flows were allowed to be freely conveyed
across the weir. The Existing conditions and three scenarios were modeled at the 50- and 100year peak events. The effects of the meander migration on the flows at the M&T weir were
evaluated by comparing the relative change in discharge and stage at the weir for the three
scenarios to the Existing conditions.
The Existing conditions model predicts a weir discharge of 137,000 cfs for the 50-year event as
compared to the rating curve value of 108,000 cfs. The model predicts a weir discharge of
151,000 cfs for the 100-year event as compared to the rating curve value of 120,000 cfs (Table
2.2)
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Figure 2.29.

Predicted channel centerlines for the three meander migration simulations (from
Larsen, 2008).
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Table 2.2.

Comparison of predicted stage and discharge values at the M&T weir for
the Existing condition, Scenario 1, Scenario 2, and Scenario 3 for the 50and 100-year peak flow events.
50-Year Peak Flow Event

100-Year Peak Flow Event

Stage
(ft)

Weir
Discharge
(cfs)

Increase in
Discharge
(cfs)

Stage
(ft)

Weir
Discharge
(cfs)

Increase in
Discharge
(cfs)

Scenario 1
Scenario 2

129.97
130.06
130.02

137,600
141,400
139,400

3,800
1,800

130.36
130.45
130.43

151,000
154,900
153,700

3,900
2,700

Scenario 3

130.17

143,400

5,800

130.55

159,300

8,300

Existing
Conditions

The results from Scenario 1 (removal of Golden Island revetment) indicate that the discharge
across the weir will increase by 3,800 cfs, compared to the Existing conditions (2.8-percent
increase) for the 50-year event, and will increase by 3,900 cfs for the 100-event (2.6-percent
increase). The average stage across the weir will increase by 0.09 feet for both the 50- and 100year events.
The results from Scenario 2 (removal of Phelan Island revetment) indicate that the discharge
across the weir will increase by 1,800 cfs, compared to Existing conditions (1.3-percent
increase) for the 50-year event, and will increase by 2,700 cfs for the 100-event (1.8-percent
increase). The average stage across the weir will increase by 0.05 and 0.07 feet for the 50- and
100-year events, respectively.
The results from Scenario 3 (removal of Golden Island and Phelan Island revetments) indicate
that the discharge across the weir will increase by 5,800 cfs, compared to the Existing
conditions (4.2-percent increase) for the 50-year event, and will increase by 8,300 cfs for the
100-event (5.5-percent increase). The average stage across the weir will increase by 0.19 feet
for both the 50- and 100-year events.
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3.

SUMMARY AND CONCLUSIONS

3.1.

Summary

Two-dimensional hydraulic modeling was conducted for Phase II of the M&T Pumping Plant
project. Based on review of the MEI (2006) report, the Steering Committee recommended that
additional 2-D modeling be performed to evaluate the hydrodynamic conditions at the
downstream boundary conditions of the 2-D models. The Steering Committee was concerned
whether the downstream boundary of the existing 2-D models is located sufficiently far
downstream to ensure that the downstream boundary effects are not influencing the
hydrodynamic results in the vicinity of the M&T pumps.
The Steering Committee recommended that the 8- and 9-dike configurations be incorporated
into the coarser scale 2-D model of the Butte Basin Model that extends from RM174 to RM212
(USACE, 1997) to evaluate the hydrodynamic impacts of the proposed spur dikes on flood-flow
distributions between the river and the Butte Basin. In addition, the Steering Committee
recommended that the Butte Basin model be modified to incorporate the likely future channel
conditions (50 years) following removal of identified revetments as predicted by meander
modeling (Larsen, 2008) in order to evaluate the effects of river meandering on the stagedischarge relations at the M&T overflow weir.
The specific objectives of the Phase II study were to:
1.

Evaluate the location of the downstream boundaries of the Phase I 2-D models (without
dikes, 8- and 9-dikes) (MEI, 2006) to determine if the model results are influenced by the
length of the model.

2.

Evaluate the hydrodynamic impacts of the proposed spur dikes on flood flow distributions
between the river and the Butte Basin, respectively, at the 100-year peak flow event.

3.

Evaluate the effects of the predicted river meandering on the stage-discharge relations at
the M&T overflow weir 50 years after removal of revetments at Golden State Island
(191L), Phelan Island (192R) and Golden State Island and Phelan Island (191L-192R).

To address the objectives of the investigation, the following 2-D models were developed for
each specific objective:
1.

The Original MEI 2-D models for the without dikes, and 8- and 9-dike configurations were
extended 5,500 feet downstream. The models were re-run at the bankfull flow of 90,000
cfs, and the hydraulic results from the Extended models were compared to the Original
models in the overlapping areas.

2.

The without dikes conditions and 9-dike configurations were incorporated into the coarserscale 2-D model of the Butte Basin Model that extends from RM174 to RM212 (USACE,
1997) to evaluate the hydrodynamic impacts of the proposed spur dikes on flood flow
distributions at the 100-year peak flow event, between the river and the Butte Basin,
respectively.

3.

Two-dimensional models were developed to represent the predicted channel alignment 50
years after removal of revetments at Golden State Island (191L), Phelan Island (192R)
3.1

and Golden State Island and Phelan Island (191L-192R) (Larsen, 2008). The 50- and
100-year peak flow events were simulated to evaluate the effects of river meandering on
the stage-discharge relations at the M&T overflow weir.

3.2.

Conclusions

This investigation led to the following conclusions:
1.

Comparison of the hydraulic results of the Extended models with the Original models for
the without dikes, and 8-, and 9-dike conditions, indicates that the boundary effects of the
Original models are negligible and that the downstream boundaries of the Original models
are suitably located to minimize boundary effects; therefore, the results of the Original
models are not affected by the length of the models.

2.

Comparison of the hydraulic results between the without dikes conditions and 9-Dike
configuration at the 100-year peak flow event (370,000 cfs) indicates that the 9-Dike
conditions will increase the velocities over the attached bar by approximately 0.5 ft/s and
increase the water-surface elevations upstream of the dikes by approximately 0.15 feet for
a distance of 3,200 feet.

3.

Comparison of the hydraulic results of the three channel migration scenarios with the
original conditions indicates that removal of the revetments at both Phelan Island and
Golden State Island (Scenario 3) will have the largest effect on stage and discharge at the
M&T weir. The stage at the weir is predicted to increase by 0.2 feet for both the 50- and
100-year peak flow events, and the discharge will increase by 5,800 (4-percent increase)
and 8,300 cfs (5-percent increase) for the 50- and 100-year peak flow events,
respectively.
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