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EXECUTIVE SUMMARY

This report provides results from a detailed hydraulic analysis of planned riparian restorations
on the Sacramento River between Princeton (RM 164.0) and Colusa (River Mile 144.4). The
hydraulic modeling tool was RMA-2V, which is a 2-dimensional model. It was calibrated using
the1995 high flow runoff, available1997 river topography and the 1995 surveyed high water
marks. The calibrated model was then updated to 2006 LIDAR topography and 2006 land use
conditions and then re-run for the 1957 Corps of Engineers design flow. This model was then
used as a tool for comparison to the previously published 1957 design profiles and the water
surface profiles planned restorations.

Eight parcels within the 20 mile reach of river are proposed for conversion from agricultural use
to riparian restoration. The sites range from the Womble property near RM 162 to the Ward
parcel near RM 146. While many of the sites are not close to each other, one hydraulic model
that covers the entire reach was used to determine if there were cumulative effects from one
site to the next. Multiple alternative restoration scenarios were tried until acceptable water
surface conditions were finally achieved. The limiting criteria was that the proposed restorations
would not create a higher water surface than the existing conditions or the 1957 Corps design
profile, whichever was the greater.

The report also summarizes findings from the examination of other issues. Historical thalweg
comparisons of the river were plotted and compared, however the results proved to be
inconclusive as to an overall trend of aggradation or degradation within this reach of the river.

An inventory of the existing large woody debris within this reach was conducted and the
hydraulic model re-run for an increased level of wood in the river system. Results showed little
impact primarily because the woody debris occupied such a small portion of the overall flood
flow cross section. The report also evaluates impacts to adjacent properties and the levees
themselves.

Specific results for each of the planned restorations are included in Section 6 of the report with
accompanying plots in the Appendix. In general, the computed water surface elevations for
proposed restoration sites are at or below either the existing conditions run or the 1957 design
profile with the exception of the Jensen site that has a small area at the downstream edge that
is 0.05 ft above existing within the restoration site. This is a small increase and the extent is
confined within the floodplain therefore no impact on levee freeboard.

Included in the Appendix are responses to comments by others on the report and a detailed
analysis of methods, procedures and results by personnel at DWR.
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1.0 INTRODUCTION
1.1 General

This report summarizes the findings of a hydraulic analysis performed to review the existing
floodplain capacity and investigate the effects of proposed restoration of riparian habitat within
the Sacramento River floodplain. The Nature Conservancy (TNC) is proposing to restore
riparian and savannah habitat on multiple properties within the leveed section of the
Sacramento River north of Colusa. A two-dimensional (2D) hydraulic model of the Sacramento
River from river mile (RM) 142.5 to 164.5 (Colusa to Princeton) was developed to assist in this
analysis. The model was calibrated using recorded high water marks from the 1995 storm
event and documented flow splits at the overflow weirs. The 1957 USACE design water surface
elevations were used as the maximum water surface elevation for comparing any hydraulic
impacts. The project location and model limits are shown in Figure 1. The restoration areas
are shown in Figures 2 and 3.

This hydraulic analysis is in support to the Colusa Subreach Planning Program, which is
focused on the Sacramento River floodplain between Princeton and Colusa, an area known as
the Colusa Subreach. The scope of this analysis was approved by the Colusa Subreach
Planning Advisory Workgroup in response to their identification of specific “Landowner
Concerns” regarding wildlife habitat conservation within the floodplain. This analysis will provide
specific information regarding the capacity of the floodplain and the effects of restoring native
wildlife habitat on eight potential sites within the floodplain. As requested by the Advisory
Workgroup, the analysis includes modeling of the entire Colusa Subreach so that cumulative
effects are considered.

1.2 Background

The reach of the Sacramento River between RM 142.5 and 164.5 is leveed on both sides, and
is a meandering channel with two overflow weirs into the Butte Basin. Upstream of RM 144, the
levees are generally setback from the main channel with wide overbanks. From about RM 144
to the downstream end of the model (RM 142.4), the levees are tight against the riverbank. The
channel upstream of RM 144 has migrated over the years and is continuing to migrate. Figure
4 shows the river channel in its various alignments since 1896.

Within this reach of the Sacramento River levee system, the two overflow weirs, Moulton and
Colusa, convey excess floodwater into the Butte Basin. The location of these weirs is shown in
Figure 1. These weirs are unregulated and free flow when the stage hits the weir crest. For the
Moulton Weir, the crest stage is 73.95 ft (NGVD-29) and for the Colusa Weir, the stage for flow
to begin is 58.91 ft (NGVD-29). In the early 1990’s, a pilot channel was built next to the Colusa
Weir to prevent the weir from being cutoff due to the river channel migrating westward.
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Figure 1. Project Location
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Figure 4. Channel Alignments and Migration Paths
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1.3 Purpose and Scope

The purpose of this project is to determine the hydraulic impacts of proposed riparian
restorations on the floodplain, the river channel, and levees. To determine these hydraulic
impacts, the scope outlines the following tasks:

Compare channel thalweg profiles from the 1930’s, 1957, and 1997.

Develop an inventory of in-channel, large woody debris.

Develop and calibrate a base 2D hydraulic model.

Update model terrain with 2006 LIDAR topography.

Run an existing conditions hydraulic model using the design flow.

Re-run the hydraulic model to simulate the effects of large woody debris
Re-run hydraulic models for the restoration conditions.

Evaluate the effects of the restoration planting on seepage through the levee.
Evaluate the hydraulic impacts on the properties adjoining the restoration sites.

1.4 Acknowledgements

This project was scoped by The Nature Conservancy (TNC) and the project manager is Mr.
Gregg Werner. The project manager for Ayres Associates is Mr. Thomas W. Smith, PE, GE.

The 1997 river topography was provided by the US Army Corps of Engineers (USACE) and the
2006 LIDAR topography was provided by TNC. Aerial images from 1998 were obtained from
Terraserver and images from 2005 were obtained from the Natural Resource Conservation
Service.

2.0 CHANNEL THALWEG COMPARISON

The Advisory Workgroup noted that a concern often mentioned by the landowner is that the
channel had been aggraded or “silted in” within the Colusa Subreach so that flood-carrying
capacity was diminished. To help address this concern, a comparison of available thalweg data
was conducted. The thalweg is defined as the deepest part of the river channel bottom. The
purpose of the comparison was to determine if the available information would document a
general trend in the depth of the channel over time.

Channel thalweg data was collected and recorded in topographic surveys in 1937, 1957, and
1997. The 1937 data came from a survey completed by the USACE, which consisted of
measuring a water surface elevation and taking water depths at selected cross sections. The
cross sections were taken about every 1/10 of a mile. The 1957 thalweg data came for the
USACE design profiles that include the river invert, the method of measurement is not known.
The 1997 data was obtained from a detailed bathymetric survey (2-ft contour interval)
completed for the USACE and is believed to be the most detailed topography of the 3 surveys.

The channel thalweg profile is shown in Figure 5. Upon first glance it appears that the profile
shows great variability in the riverbed. Ultimately this profile is inconclusive. Many factors can
influence the river thalweg and these factors are not taken into account with a simple profile.
The variance in channel width can affect the capacity. Some of the variation in the channel bed
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could be due to the rock placement on the banks and levees. The different methods of
surveying can also be a factor. It is possible that the more detailed survey of 1997 picked up
more of the high and low points in the channel that was missed in the previous surveys. Given
the channel migration and variance in width and split flows, as seen in Figure 2, this comparison
does not contain adequate detail to correctly interpret the results.
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Figure 5. Sacramento River Thalweg, RM 142.5 to 166

3.0 LARGE WOODY DEBRIS INVENTORY

The Advisory Workgroup identified an additional landowner concern that the presence of large
woody debris in the channel results in a loss of channel capacity by restricting flow and by
increasing the buildup of sediment. To help address this concern, a detailed inventory of large
woody debris was conducted for the Colusa Subreach. This inventory was later incorporated
into one of the hydraulic model runs to specifically evaluate the effects of this debris on the
water surface elevation of this reach of channel. It was reported that in the past, large woody
debris was removed from the channel to facilitate commercial navigation but this removal has
been discontinued for many years. Reasons for this discontinuance are thought to include lack
of commercial navigation, negative impact on fish habitat and lack of funding.

On July 13, 2006, Ayres personnel performed this inventory of in-channel, large woody debris
(by boat) through the entire study reach. The flow at the time in the Sacramento River was
roughly 10,500 cfs, according to the Butte City gage (BTC). The observed trees were those
visible above or just below the water surface on that day. Debris may have moved downstream
since then so these numbers can only be assured for that given day. A table showing the
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inventory of trees, including estimated river mile, waypoint(s), the respective bank location,
number of trees at the specific location, and any pertinent notes, is included in Appendix A.

Some stretches of the river were fairly barren of tree debris, while others were heavily laden
with debris. The approximate location of each observed tree (marked by a red x) and the
waypoints are shown on aerial maps, also located in Appendix A. The area of thickest debris
density is between RM 156.5 and RM 157.5, this particular stretch of the river is often referred
to as “debris alley.”

The long duration high flows of early 2006 may have affected debris in two ways. It may have
recruited more woody debris through bank erosion and channel migration, or it may have
relocated much of the existing debris into lower river reaches.

4.0 HYDRAULIC MODEL RUNS
41 Calibration Run

The calibration run consists of performing a simulation of the hydraulic model with known
variables to ensure the accuracy of our subsequent model runs. For this project, the model was
calibrated to a flood that occurred on January 2, 1995. This was a significant flood flow that has
good data available, including surveyed high water marks, gage data, and aerial imagery. The
topography used for this run was from the 1997 Sacramento River survey. Aerial imagery from
1998 was used to help identify land uses during the time. Gage data from the Butte City gage,
upstream of the site, and the Colusa Bridge gage, near the downstream end of the model, were
used for flow data. Stage data from the Department of Water Resources (DWR) and the
corresponding rating curve along with historic flow split data were used to determine the flow
into the weirs.

4.2 Existing Conditions Run

The existing run simulates present (2006) conditions of the river using the USACE design flow.
This run is used as a base for comparison to proposed restoration conditions. The topographic
data used in this run was the 1997 survey and was updated with LIDAR topographic data
(provided by TNC) for overbanks and any changes to channel alignment. Aerial imagery from
2005 (available from the Natural Resources Conservation Service) was used to establish
existing land uses.

4.3 Large Woody Debris Run

The large woody debris run utilizes the existing conditions run as a base model and then
incorporates simulated increases in roughness for specific areas of documented large woody
debris. Based on the inventory developed in the field, the roughness of specific elements,
within the model grid, were increased to account for the documented large woody debris of
2006. The roughness increases were based on the guidance in USGS Water Supply Paper
2339. Adjustments ranged from minor (where the sphere of the influence around one
obstruction does not extend to another — increases of 0.005 to 0.015) to appreciable (where the
space between obstructions is enough to cause the effect to be additive — increases of 0.02 to
0.03). This run should be looked at as only a “snapshot” in time because debris is somewhat
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transient in this system. The true purpose of this run was to show how much of an increase
large woody debris can make on water surface elevation.

4.4 Restoration Conditions Run

The restoration condition simulates the same flow conditions as the existing conditions model,
except the land uses on certain properties were changed to reflect the proposed 8 restoration
sites. The sites are referred to as: Womble, Jensen, Stegman, 1000 Acre, Boeger, Colusa
North, Cruise’n Tarry, and Ward. The locations of the sites were shown in figures 2 and 3 and
the land use plots are shown in Appendix B for existing conditions and Appendix D for
restoration conditions.

The Womble property is situated on the east floodplain near RM 162, in a back-water area. lItis
approximately 56 acres with a planned conversion from field crops to a scrub and riparian
forest.

The Jensen site is just upstream from RM 161 in the east overbank. The property is about 82
acres and the existing land use is orchard. The proposed conversion is to a mix of riparian
forest and grassland/shrub mixture.

Stegman is a small restoration site of approximately 7 acres, located adjacent to the river in the
west overbank, at RM 160. The current land use is a mixture of scrub and orchard. The
restoration is for scrub and riparian forest.

1000 Acres is located just west of Stegman, at RM 160. The 51 acre property is currently
orchard, with a planned restoration to riparian forest.

The Boeger property is located in the east floodplain at RM 148. It is about 45 acres and
currently field crops. Itis proposed to be restored to a combination of riparian forest and scrub.

Colusa North is currently a little orchard (roughly 5 acres) surrounded by riparian habitat. It is in
the west overbank at RM 147 with a planned restoration to mixture of savannah, scrub, and
riparian forest.

The Cruise’'n Tarry property is unique; the upper portion of it is high ground and remains dry for
most storm events, while the lower portion remains a reverse current area. Itis approximately 8
acres and the planned conversion is from old oxbow/bare earth/some riparian to full riparian.

The Ward property is 142 acres and is located in the west overbank from RM 146 to 145. The
current land use is field crops and the proposed restoration is to riparian forest with some
savannah and a meadow flow through path. Although the Ward property is being restored by
the Department of Water Recourses (DWR), we have included it for cumulative effects and as a
courtesy to DWR.

50 HYDRAULIC MODELING
5.1 General

The 2-dimensional (2D) hydraulic modeling tool used for this project was the RMA-2V program,
version 4.35, maintained and distributed by the USACE and modified by Ayres Associates. The
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program has been used extensively for similar projects on the Sacramento River and has
proven to be an effective model for representing river flow conditions. The Surface-Water
Modeling System (SMS) version 9.0 software was used to develop the model geometry file and
to view model results.

5.2 Model Development

The geometric definition of the project reach is given in the form of a finite element network of
triangular and quadrilateral elements, known as a mesh, a section of the mesh is shown in
Figure 6. The elements were sized and oriented to represent hydraulic features, breaklines,
structures, and topographic changes. Each element contains corner and mid-side nodes, which
represent points in space (X, Y, Z) and define the topography of the project reach.
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Figure 6. Finite Element Mesh

The topography used to develop the mesh came from a combination of two mapping projects.
The initial mesh was developed using the 1997 bathymetric survey completed by Ayres
Associates for the USACE. The mesh and channel alignment were updated with the 2006
LIDAR topography provided by TNC. The model mesh coordinates are in NGVD-29, NAD-83,
US feet.

5.3 Material Roughness

In the river reach, material types within each element were categorized based on land use and
roughness characteristics (dense vegetation, grassland, sandbars, etc.). The material types
were assigned to each of the elements in the finite element mesh using aerial photography from
the 1998 (USGS) for the calibration model and 2005 aerial imagery developed by the Natural
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Resource Conservation Service. A summary of the roughness parameters used for this project
is provided below in Table 2. The land uses for the existing conditions, debris run, and with-
project conditions are shown in Appendix B, C and D, respectively. These values match
closely to a previous hydraulic model performed by Ayres Associates in the early 1990's,
adjacent to the Colusa Weir.

Table 2. Material Roughness

Material Roughness value
Levee 0.03
Scrub 0.04
Orchard 0.075
Sparse Trees 0.06
Light Riparian/Riparian Scrub 0.07
Riparian Forest 0.09
Bare Earth 0.03
Smooth Concrete 0.014
Cobble 0.04
Rock Riprap 0.045
Structure 0.20
Channel 0.028
Grass 0.032
Sandbar 0.02
Oxbow 0.035
Field Crops 0.035
Savannah 0.045

Channel with Minor Debris Effects 0.032-0.43
Channel with Appreciable Debris Effects 0.048 — 0.058

5.4 Flow Splits

This reach of the Sacramento River contains two overflow weirs (Moulton and Colusa), which
significantly reduce the flow down the main channel by diverting portions of the flow into the
Butte Basin. These overflow weirs, shown in Figure 1, start to spill when the flow in the
Sacramento River water surface elevation reaches 58.91ft (NGVD) at the Colusa Weir, and
73.95ft (NGVD) at the Moulton Weir.

Our initial model run used the 1957 design capacities for the main river and the weirs.
However, after many trials we found that the model would not solve with these flow splits. Upon
a further review the historic data for the Sacramento River, Moulton Weir, and the Colusa Weir,
some inconsistencies in the flow splits were discovered. The 1957 design capacities of the
weirs (25,000 cfs for Moulton and 70,000 cfs for Colusa) are not compatible with recorded
historic events (34,000 cfs over Moulton -1970 and 75,300 cfs over Colusa - 1958). The weirs
appear to accommodate more overflow than the stated 1957 design flow capacities. Therefore,
the historic flow split data was deemed more accurate than the 1957 design flows. Also, we
found that the weir rating tables, developed by the Department of Water Resources (DWR),
matched very closely to historic stage/flow data and have shown these comparisons in Figures
7 and 8.
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Further, based on the historic data and other available sources, the design capacity in the river,
adjacent to the City of Colusa, does not seem correct. The recorded flow at the Colusa bridge
gage has never reached the design capacity of 65,000 cfs. The greatest flow of record past the
City of Colusa was 51,800 cfs in 1983. In 1958 (one year after the design flows were
developed) a flood of 160,000 cfs (design event) passed by Butte City. From this flow only
45,800 cfs passed the City of Colusa. In addition, the DWR rating curve for the Colusa Bridge
only extends to 53,000 cfs. A summary of the design and large historic flood events is shown in
Table 3.

Table 3. Design Flow and Historic Flood Events on the Sacramento River.

Location USACE 1942 Historic | 1958 Historic | 1983 Historic
Design Flow Event Event Event
Butte City 160,000 170,000 158,000 157,000
Gage
Moulton Weir 25.000 N/A 34,700 N/A
Gage
Colusa Weir 70,000 N/A 71,200 N/A
Gage
Colusa 65,000 49,000 44,800 51,800
Bridge Gage

To further document the problems with the design flow capacity numbers, we have provided
some graphics. By extending the official Colusa Bridge rating curve (Figure 9), the water
surface elevation for 65,000 cfs (design flow) would be 71 ft (NGVD). Spot elevations on the
east bank are at 71.1, 71.5, and 71.9. There would not be adequate freeboard for a flow of
65,000 cfs. A cross section just upstream of the Colusa Bridge is shown in Figure 10 with the
estimated water surface elevation for 65,000 cfs.

Colusa Bridge Rating Table
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Figure 9. DWR Rating Curve at Colusa Bridge
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Figure 10. Cross Section of the Sacramento River, just Upstream of Colusa Bridge with
Water Surface Elevation Corresponding to a Flow of 65,000 cfs

55 Boundary Conditions

The boundary conditions used in the calibration model came from the historic flood event of
January 2, 1995. The boundary conditions for the existing conditions model were based on the
1958 historic flow data and slightly increased proportionally to match the upstream flow of
160,000 cfs. The 1958 flow was chosen since it came the closest to the official 1957 USACE

design flow (158,000 cfs vs. 160,000 cfs). The boundary conditions for the hydraulic models are
summarized in Table 4.

Table 4. Boundary Conditions

Boundary Calibration Model Existing Conditions/
Developed Models
Upstream Limit (RM 164.5) 143,000 cfs 160,000 cfs
Moulton Weir 24,900 cfs 35,700 cfs
Colusa Weir 69,200 cfs 72,500/73,500 cfs
Downstream Limit (RM 142.5) 48,900 cfs 51,800/50,800 cfs
64 ft (NGVD) 65 ft (NGVD)

5.6 Calibration

Calibration is performed to establish the accuracy of a model, typically by simulating a historic
flow with well-established high water marks. This model was calibrated to the January 10, 1995
high flow. Gage data was recorded by USGS at the Colusa gage and Butte City gage. Stage
elevations at the Moulton and Colusa weirs were recorded by the DWR’s Sutter Maintenance
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Yard and rating curves were used to determine the flow. High water marks on the east and
west levees were recorded shortly after the flood flow by the DWR’s Northern District. Land
uses were derived from the 1998 aerial images and altered where known land use changes had
occurred after1995.

In our initial run, our model over estimated water surfaces throughout the system. The initial
roughness values were overestimated were adjusted accordingly. Further analysis showed
specific areas where the water surface was being overestimated. Some investigative work into
the land use in these areas was conducted and many areas were found to have different land
uses than the 1998 aerial image showed. However, between RM 154 to RM 152, we still had
modeled water surfaces of about a foot over the surveyed high water marks. This stretch of the
river is harrow and has shown no significant changes throughout the river’'s recorded history. It
is possible that some channel dynamics occurred between 1995 and the survey of 1997 that we
cannot account for. Since there are no planned restorations in this stretch of the river, we
consider the results in this area to be conservative and adequate for modeling purposes.

A comparison of the surveyed high water marks and the calibrated model water surface is
shown in Table 5. A profile comparison is shown in Figure 11 for the East Bank and Figure 12
for the West Bank.

Based on our professional judgment and experience with previous hydraulic models on the
Sacramento River, the overall results show acceptable agreement between the model and the
surveyed values. The modeled water surface elevations are all less than 1 foot off from the
measured high water marks with only two exceptions. This discrepancy is most likely due to the
fact that the river configuration had changed somewhat either during or after the flood event,
causing difficulty in recreating the same local topographic and hydraulic conditions. In the
locations where the calibration is close to a foot off, there is no restoration planned.

Table 5. Comparison to High Water Marks

1995 Surveyed High
River Mile Water Mark (ft) Model Elevation (ft) Difference
East Bank

165.5 89.4 89.6 0.2
164.7 88.6 89.34 0.74
164.5 87.7 88.62 0.92

164 87.6 88.12 0.52
163.6 86.2 86.48 0.28
162.7 85.3 85.87 0.57
162.5 85 85.39 0.39
162.3 84.8 85.38 0.58
160.5 83.1 83.88 0.78
160.3 83.3 83.86 0.56

160 83.2 82.93 -0.27
159.6 82.6 82.83 0.23
158.3 79.6 79.88 0.28
1574 79.5 79.14 -0.36
156.1 78.4 77.6 -0.8
150.5 70.9 71.95 1.05
149.5 70 70.17 0.17
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1995 Surveyed High
River Mile Water Mark (ft) Model Elevation (ft) Difference
East Bank
147.7 66.8 67.24 0.44
146.8 66 66.76 0.76
145.3 65.8 65.76 -0.04
1445 64.7 65.15 0.45
143.8 64.5 64.86 0.36
143.1 64.5 64.28 -0.22
West Bank
164.9 89.4 89.35 -0.05
164.4 87.7 88.13 0.43
163.8 86.5 86.71 0.21
163.3 85.9 86.27 0.37
162.8 85.3 85.88 0.58
161.9 84.9 85.27 0.37
161.6 84.1 84.97 0.87
160.9 83.5 84.06 0.56
160.4 83.1 83.02 -0.08
160.3 82 82.79 0.79
160.2 82.1 82.51 0.41
159.4 81.8 82.25 0.45
158.2 79.9 80.39 0.49
156.9 79.1 79.54 0.44
156.6 79 79.43 0.43
155 77.6 78.29 0.69
154.6 77 78.06 1.06
154.1 76.4 77.58 1.18
153.5 75 76.13 1.13
152.4 74 74.71 0.71
152.1 73.8 73.78 -0.02
151.8 73.2 73.39 0.19
1514 72.4 72.96 0.56
151 71.8 72.52 0.72
149.2 68.6 68.63 0.03
147.8 67.5 67.62 0.12
147.3 66.8 66.74 -0.06
146 66.1 65.98 -0.12
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6.0 Results
6.1 Velocity

6.1.1 Existing Conditions Model
The velocity contour plots are overlaid on the 1998 aerial image and are provided in Appendix
E. The velocity in the channel typically ranges from 3 to 8 fps. Around the sharp bends it gets
up to 11 fps. The velocity lowers some after both of the weirs since the weirs are diverting flow.
With less flow and roughly the same channel area, the velocity decreases. The overbanks
range from less than a foot per second in backwater areas to 3 fps. The velocity in the
overbank is greatest in the section where the floodplains are narrowest.

The proposed restoration areas are outlined in white and labeled on the contour plots. The
Womble restoration site shows less than 2 fps of velocity, and is essentially a backwater area.
The Jensen restoration area shows between 1 and 3 fps and is in the active floodplain. The
Stegman restoration has velocities less than 3 fps and is in the active floodplain. The 1000-
Acre restoration is less than 2 fps and in a backwater section of the floodplain. The Boeger
restoration area is in a narrower section of river and the velocities are between 2 and 3 fps. The
Colusa North restoration has velocities below 1 fps and is in a relatively ineffective velocity area.
The Cruise’n Tarry restoration area is a backwater section, with a large eddy. The velocities are
less than 2 fps. The Ward restoration gets velocities up to 3 fps.

6.1.2 Large Woody Debris Model
The velocity contour plots for the large woody debris run are provided in Appendix F and the
velocity differential between the debris run and existing conditions is provided in Appendix G.
The overall velocity and distribution is essentially the same as the existing conditions with some
changes within the areas of heavier debris fields. This run does demonstrate that debris fields
do have some impact, but it's important to remember that debris is not a static feature of river
and the debris fields will change size and locations over time.

None of the impacts shown in this run occur near any of the proposed restoration areas.
However, there are two areas that show noticeable changes over the existing conditions model.
The cutoff at RM 157, commonly referred to as “debris alley”, causes a reduction in velocity of
up to 1.0 fps. With a base velocity of 3 to 4 fps, this lowering could potentially create some
additional deposition in this area, but that is unlikely in this case because of the increased
turbulence created by the heavy debris field. The other area of obvious change is at RM 149
where there is an increase in velocity of up to 1.0 fps in the outer channel that extends partially
into the main channel. This increase could cause some erosion on the sandbar island that has
formed near the left bank of the channel and the left riverbank.

6.1.3 W.ith-Project Conditions Model
The velocity contour plots for the with-project restoration conditions are provided in Appendix H
and the velocity differential between the developed conditions and existing conditions is
provided in Appendix I. The velocity patterns are similar to the existing conditions. The
velocity in the channel ranges from 3 to 9 fps, with the velocity in the bends reaching up to 12
fps. The overbank velocities are typically under 4 fps.

On the Womble property, there are velocity decreases of 0.53 fps in the restoration area where
the land use roughness increases, which results in up to 0.42 fps of increases adjacent to the
property. One of theses increases is adjacent to the levee, where the increase pushes the
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velocity up to 2.0 fps, which is not high enough to cause erosion. At the Jensen property, the
change in land use from orchard (existing) to forest and shrub/grassland (with-project) results in
some increases and decreases. In the sections converted to riparian forest, the velocity
decreases up to 0.5 fps. There are increases in the scrub/grassland areas and on the west side
of the site next to the river. These increases are up to 1.0 fps. This increase puts the maximum
velocity at below 3.0 fps, which is not enough to cause erosion on a vegetation bank.

At the 1000-Acre property, the majority of the with-project area has a reduction in velocity and
there are no increases. The existing velocity in this area is under 1.0 fps, so any changes
should not have any negative effects on the system. The Stegman restoration site has a
velocity increase of up to 1.5 fps adjacent to the main channel. This increase brings the velocity
on the channel bank to over 4 fps, therefore depending on the cover, erosion may occur.

The Boeger restoration site creates a velocity increase in the main channel of up to 0.3 fps in an
already high velocity area. Since the increase is limited to the center of the channel and does
not extent to the banks, it should not have any negative impact on the river system. The Colusa
North property has a velocity increase of less than 0.22 fps in spots within the restoration. The
Cruise’n Tarry restoration site is located in a purely backwater area and the development of this
area has no significant impact on the river system.

The Ward property causes decreases upstream, downstream, and within the restoration site
from the conversion of open space to riparian habitat. The result of these decreases is
increases along the west levee and in the main channel. Along the west levee, the velocity
increases by up to 0.78 fps. This increase however does not bring the velocity against the levee
past the 1.0 fps mark; therefore it should not have any negative impacts on that levee. Within
the main channel, the velocity increases by a maximum of just over 1.0 fps, bringing the main
channel velocity to between 3 and 6 fps. An increase adjacent to the east levee, at the southern
tip of the Cruise’n Tarry property, brings the velocity up to 4.2 fps over the existing 4.0 fps.
Given that the existing conditions velocity is already above the possible erosion threshold, this
slight increase should not change the erodibility factor.

6.2 Water Surface Elevation

The water surface elevations for the 1957 design profile, existing conditions land use, and with
project land use are shown with cross sections through each restoration site. The cross section
locations are shown in Appendix J and the cross sections are shown in Appendix K. For
comparison purposes, we have also included the water surface differential plots between the
existing condition run and the 1957 design profile in Appendix L. The water surface elevation
differential between the existing conditions and the large woody debris run are shown in
Appendix M. The water surface elevation differential between the existing conditions and the
with-project run are shown in Appendix N.

6.2.1 Existing Conditions
The plots in Appendix L show the differential water surface between the existing conditions
model run and the 1957 design water surface. Of particular interest is that in some reaches
(approximately 1/3 of the modeled reach) the existing conditions water surface elevation is
higher than the 1957 design profile and particularly in the downstream reaches the existing
conditions water surface is lower than the 1957 design profile. We don’t have an explanation
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for this, but obvious reasons include changes in land use within the levees and a greater
capacity than the design for both weirs.

The cross section plots in Appendix K show that the existing conditions water surface elevation
is lower than the design elevation at the Womble restoration, the Stegman restoration, most of
the 1000 Acre restoration, the Boeger restoration, Colusa North restoration, Cruise’'n Tarry
restoration, and Ward restoration properties. The Jensen restoration site and the southern
portion of the 1000-Acre restoration show greater water surface elevation (less than 0.15 ft) in
parts and about the same elevation as the design in other parts.

6.2.2 Large Woody Debris Run
This run was completed as a demonstration of the effects on water surface based on mapped
debris fields. This run takes the base model and superimposes the debris fields observed and
mapping by Ayres in the summer of 2006. Technically, the base model, calibrated to the 1995
high flow event, already includes some effects of debris at that time, but we lack any data from
that period so were unable to compare how much different the 1995 debris fields were from
those in 2006. However, for demonstration purposes, the roughness associated with the debris
fields in 2006 was added to the base model and the model rerun to show how much of an
increase in water surface could be associated with just the large woody debris as mapped in
2006.

Figure 13 shows a cross section at RM 157 showing debris within the channel. This was done
to show how much of the total flood flow path is impacted by debris. The trees shown are of a 3
ft and 1.5 ft diameter.

The results from this run (Appendix M) show negligible effects throughout most of the entire
reach with the exception of Stegman and 1000 Acre parcels, where the water surface is roughly
0.10 ft higher due to the heavy debris load in the area between RM 157 and 158. The results
can also be interpreted to mean that if all of this debris were to be removed, the water surface
would be reduced by that same amount in these same areas.

Figure 13. Cross Section at RM 157 Showing Locations of Woody Debris

6.2.3 With-Project Conditions
The with-project conditions water surface elevation is lower than the 1957 design water surface
from RM 143 to 154 and from RM 161 to 164. In the remaining areas, the water surface
elevation is higher than the 1957 design but at or lower than existing .
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