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1. INTRODUCTION

1.1 General Background

The Sacramento River flows south from Shasta Dam, through the Sacramento Valley and
into San Pablo Bay. Of the 300+ miles of river, the lower 176 miles are bounded by project
levees on either side. Without the influence of the project levees, the hydraulics of the upper
Sacramento River system become more complex due to water exchange between the main
channel and the over bank floodplains. Flow is constrained by natural landforms and a
discontinuous series of local and private levees. Throughout this upper reach, the
surrounding land typically consists of cultivated fields, orchards, riparian areas, and
grassland.

The hydraulic modeling performed for this project focuses on a reach of the Sacramento
River from River Mile (RM) 192 to RM 202 as shown in Figure 1.1. The U.S. Army Corps of
Engineers (USACE) Sacramento District, with the assistance from Ayres Associates,
previously completed a feasibility study of a setback of the "J Levee" along the Sacramento
River in the vicinity of Hamilton City. From this effort, there is a proposed alignment, an
economically justified level of protection, and the associated top of levee profile.

1.2 Purpose and Scope of Project

The purpose of this project was to readdress the appropriate top of levee profile for the
proposed setback levee along the Sacramento River in the vicinity of Hamilton City. This
effort included updating the previously developed RMA2 hydraulic model, working with the
USACE and the local stakeholders to determine the level of protection, developing hydraulic
model runs of all alternative simulations, and determine benefits and cost of the project
alternatives. The hydraulic model was further refined and recalibrated as part of the current
project design phase. This report includes the following tasks:

e Update Existing RMA2 Hydraulic Model and Without-Project Conditions Runs — The
feasibility model was reviewed and refined at hydraulically important topographic features
and at areas of project significance. The model was then calibrated to recent high flows
with corresponding high water elevation data.

e Develop With-Project Conditions Runs — The alignment determined from the feasibility
model was incorporated into the refined mesh. The new top of levee profile was
determined based on these new runs and results were compared to the without-project
condition runs.

1.3 Acknowledgements
This analysis was authorized by the USACE, Sacramento District. The point of contact for

the USACE is Lea Adams. The hydraulic modeling was conducted by Dustin Robinson under
the direction of Lyle Zevenbergen, PhD, PE.
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Figure 1.1. Project area.
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2. HYDRAULIC MODELING

2.1 General

A two-dimensional model, previously developed for The Nature Conservancy (TNC) (Ayres
Associates 2002), and expanded in 2004 for higher flows, was used as the basis for this
hydraulic analysis. The SMS program, developed by Brigham Young University, was used to
refine and extend the geometric mesh that represents the topographic and bathymetric data
through the project reach.

The representation of the project reach was based on 1995 and 1997 topographic
conditions.  Extensive 2-foot contour mapping of the Sacramento River system was
developed by the USACE from hydrographic and aerial photogrammetric surveys. Upstream
of RM 194, the mapping data was derived from aerial and hydrographic surveys conducted
in 1997. Downstream of RM 194 the mapping was derived from aerial and hydrographic
surveys conducted in 1995. The horizontal datum for the survey data is the North American
Datum of 1983 (NAD83), State Plane Coordinates. The vertical datum is the National
Geodetic Vertical Datum of 1929 (NGVD29). The 2-foot contour mapping covered the limits
of the two-dimensional model. The without-project condition of the finite element mesh
developed for this project is shown in Figure 2.1. The limits of the modeling analysis extend
from RM 212 downstream to RM 183.

Flow conditions in the project reach are fairly complex during flood events. The complexity is
due to the presence of levees on both banks of the main channel, Hwy 32 that crosses the
east floodplain, and multiple off channel levees that impact over bank flow. Levees within
the model limits include the J-levee on the west side of the river and the Butte County levees
on the east side. All levees and roadways that overtop are assumed to function hydraulically
as a broad crested weir.

The RMA-2 program does not accurately simulate rapidly varied flow conditions that occur
over the crest of a weir. During the feasibility study attempts were made to manually
calculate the flow across the levees and roadways using the weir equation. This was
determined to be too tedious and inaccurate. Forcing the model by manually determining
flow direction and discharge would have yielded results different from those computed by the
model on its own, which more accurately reflect the complex hydraulics within the reach. As
a result, it was decided to let RMA-2 compute the flow across the levees on its own. This
required increasing the roughness of the levee crest to maintain model stability. While the
results across the crest of the levee (local velocities and depths) cannot be taken as
accurate, the overall continuity of the model checked well. This methodology was used for
all modeling conditions. Because the depths across the levee are not accurate, water
surface elevations were compared to detailed project levee elevation profiles to help
determine what sections of the levee were dry and therefore should be disabled in the
model.

2.2 Model Refinement

The first task was to refine the existing RMA2 hydraulic model. The existing mesh, created
during the feasibility study, was refined in areas of hydraulic or project importance.
Refinement included representing topographic features better both in alignment and
elevation, adding more elements in and around the project area, and including minor
hydraulic features in the project area (RM 190 —202). The following list provides a summary
of the areas mesh refinement. For an example of refinement please see Figure 2.2.
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Figure 2.1. Without-project condition finite element mesh.
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Figure 2.2. Mesh refinement comparison.
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