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Buford Holt, Environmental Specialist, U.S. Bureau of Reclamation, Northern Area Office

Chris Leininger, Project Development Consultant, Ducks Unlimited, Inc.

Ryan Luster, Project Director Sacramento River, The Nature Conservancy
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Kelley Moroney, Refuge Manager, Sacramento Valley National Wildlife Refuge Complex
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Patricia Roberson, NEPA-Refuges, U.S. Fish & Wildlife Service

Neil Schild, Principal Engineer, MWH Americas

Dianne Simodynes, Project Manager/Senior Environmental Scientist, HDR Engineering

Richard Thieriot, Shareholder, Rancho Llano Seco

Chris Thomas, Senior Planner, City of Chico, Public Works Department

Gretchen Umlauf, Fishery Biologist, National Marine Fisheries Service

Jim Well, Director of Conservation Programs South Pacific Flyway

Dan Welsh, Assistant Field Supervisor, Ecosystem Restoration Program, U.S. Fish & Wildlife Service
Dave Zezulak, Environ. Program Mgr. |, Water Branch-Bay Delta Conservation Plan, Calif. Dept. of Fish & Game

Welcome and Introductions / Purpose of Meeting
Jim Well, Director, Ducks Unlimited, opened the meeting with round-table introductions and presented the following
information regarding the Purpose of the Meeting and the follow-up studies recommended in Workshop #5:
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Purpose of Meeting
Examination of Further Analysis of Workshop #6
Technical Team Recommended Alternatives

On October 26, 2011, the M&T/LIlano Seco Fish Screen Facility Long-Term Protection Project will hold an informational
meeting to discuss the results and findings of the following Technical Studies that were recommended by the project
Technical Team and approved by the Steering Committee in Workshop #5 held on September 30, 2008:

Phase 111 Two-Dimensional Modeling of M&T/LIano Seco Pumping Plant Reach, Sacramento River, RM 192.5

Tetra Tech updated the existing Two-Dimensional Model (2-D) Model) of the M&T/LIano Seco reach with new
bathymetry and merged the model with the Army Corps of Engineers Hamilton City “J Levee” Model to evaluate
hydrodynamic and sediment transport conditions within the wider reach of the Sacramento River project area; and, to
provide boundary conditions for the reformulated physical model.

The two-dimensional hydraulic investigations of the M&T/llano Seco Pumping Plant reach of the Sacramento
River were to meet the following specific objectives:

(1) Investigate the hydraulic impacts, if any, of the upstream Hamilton City Setback Levee project on the
existing M&T Pumps and at the relocated City of Chico wastewater outfall;

(2) Evaluate the hydrodynamic conditions over a range of flows at two potential alternative pumping sites
located 2,200 and 3,500 feet downstream, respectively from the existing pumping site;

(3) Investigate the hydraulic impacts, if any, of the Hamilton City Setback Levee project on the potential
long-term solution alternatives at the M&T Pumps and the City of Chico outfall, and conversely,
investigate the long-term solution alternatives impacts, if any, on the Hamilton City Setback Levee
project; and

(4) Investigate the hydrodynamic impacts of locating a gravel stockpile on the west overbank opposite the
M&T Pumps and to investigate the mobility of the sediments in the stockpile.

Physical Model — Colorado State University Hydraulics Lab

Colorado State University Hydrology Lab re-formulated an existing physical model to evaluate hydraulic conditions and
long-term sedimentation patterns near the current M&T/LIano Seco pump intake location and two alternative relocation
sites (approx. 2,200 feet and 3,500 feet downstream of the current pump intake) across a variety of discharges and river
configurations. Workshop #5 recommendations to investigate the two above-described relocation alternatives for the
pump/intake were outside the footprint of the existing physical model, and thus the model required reformulation to
encompass the new alternatives. The physical model was reformulated with the current topography and bathymetry of the
river determined by new hydrographic surveys.

The following three (3) channel configurations were also modeled: (1) existing channel conditions; (2) current conditions
with the inclusion of a gravel dredge material stockpile on the west bank; and, (3) realignment of a section of the east
bank. The physical model included a rigid west bank as the previously migrating west bank has been stabilized by
revetment.

West Bank Stabilization Project
Report on performance and condition of the temporary bank protection placed at River Mile 193R on the U.S. Fish &

Wildlife Service Capay Unit to prevent further river migration and preserve options for the long-term solution to protect
the M&T/Llano Seco pump intake and fish screens.



Jim then introduced Mike Harvey, PhD, Principal, Tetra Tech to present an overview of the project.
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Mike Harvey, Principal, Tetra Tech, Inc. gave a brief history and review of the project activities since Workshop #5.
Workshop #5 proposed a range of long-term solution alternatives including two relocation sites (2,200 feet and 3,500

feet) downstream from the existing pump intake.

In addition, there was the expectation of another sediment removal

project to protect the pump intake until a long-term solution was implemented.
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Mike reviewed the project location along the river at River Mile 193.
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Mike reviewed three objectives of the project (1) river meander; (2) pumping requirements; and, (3) fish screens. The
goal was to work through the all the requirements to come up with a solution. The reality is that the studies have
looked at a number of alternatives and none of the alternatives have taken the preferred pathway. What resulted from
all the investigations was a non-goal alternative that does not meet all the objectives.

M&T PROBLEM

* Primarily a Fish Screen Problem
» Solutions

M&T/Uano Sacg Fish Screens Project

1. Relax the NOAA and DFG fish
screening criteria

2. Evaluate a range of solutions that
meet fish screen (in-channel) criteria or
eliminate the need (out-of-channel)

TETRA TECH




Mike explained the M&T problem. There has been a lot of discussion regarding relaxing the fish screen criteria,
however, that approach has never moved forward.

The project has evaluated a range of solutions to meet the fish screen needs both in-channel and out-of-channel. To
date, a range of 18 potential solutions have been analyzed.

CAUSES OF THE PROBLEM

* Downstream bar migration

850 ft in 6 yrs (1995-2001): Rate =
140’/yr (Stillwater Sciences, 2001)

Recent rates reduced by dredging of
gravel bar (2001, 2007): 300,000 t.

» Bank erosion and river migration
~ 400 ft in 10 yrs (1996-2006)

M&T/Uano Secg Fish Screens Project
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Mike reviewed the project constraints. Basically, a large gravel bar attached to the east bank of the river
upstream of the Chico Creek confluence is migrating downstream. The rate of migration has been slowed due
to the dry-land dredge operations conducted in 2001 and 2007 that removed approximately 300,000 tons of
material which is stockpiled on the east bank of the river on the M&T Chico Ranch property. An additional
problem is associated with removing the stockpile—nobody wants the spoils due to the economics.



Channel Migration
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Another element of the problem, and closely tied together with the gravel bar, is the west bank of the river has migrated
roughly one-channel width to the west above the intake, approximately 400 feet in 10 years. That is the main problem
with the change in the channel geometry. The velocities within the vicinity of the fish screen and the intake have
changed with the movement of the west bank --- that is the root of the problem.

To show the change in the river, note the 1979 photo with the 1979 banklines. The 2003 photos depicts where the
active channel is now. The westward migration which widens the area out, reduces the sediment transport capacity.
Basically, a feed-back loop that causes more deposition which causes more lateral migration of the river.



Gravel Bar 2007 and 2008 Conditions
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This shows the outline of the gravel bar under water just above the intake and fish screens. In 2008, the photo shows
the berm that remains from the 2008 dry-land dredge. However, the nose of the bar is actually downstream opposite
the intake. This condition is the major concern—that the gravel bar moves down and buries the fish screens and intake.

NOVEMBER 2008 GRAVEL BAR
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This slide shows the berm around the last dry-land dredge operation and the buoy over the fish screens. This shows that
you could actually walk out into the river opposite the fish screens onto the gravel under the water. There is deposition
upstream driving erosion at the west bank. But, as this has widened out, it has allowed the bar to move farther down.
The nose of the bar is now down opposite the fish screens.

The basic hydraulics of the river, from about River Road downstream, there is a big flow expansion zone coming into the
mouth of Big Chico Creek and when you compare the sediment transport rates at about River Road, there is a massive
drop off and there is deposition there and that deposition is moving downstream over time.

River Road is a hard point created by the rip rap which holds the river and creates a narrow channel at that location.
When you come downstream, the width of the channel expands and the transport rate drops. So it starts with relatively
high transport rates and, once the river hits the widened channel, it begins deposition of the sediment. It forms the bar
initially and then it feeds on itself.

BAR MIGRATION 2005-2008
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This slide depicts the downstream movement of the gravel bar over time.

A number of actions have taken place on the project. The river has been surveyed, numerical modeling has been
conducted (one and two dimensional), and a scaled physical model has been developed of the project area.



CSU PHYSICAL MODEL

-
U
a

£

o
]
E
:
7]

]
£

i

[ 5
o
14
@

w
-]
E
L]

=
~—

-
-]
E

TETRA TECH

This slide shows the initial set-up of the physical model at Colorado State University. The dikes were modeled and
subsequently the model was extended to look at the two relocations alternatives.

As part of this project, we also have a short-term measure implemented as a toe protection along west bank on the
National Refuge property to prevent the continuation of the feed-back loop while a long-term solution is being
determined. 1,500 feet of toe protection was constructed in 2007. Nothing was done to the upper bank. (Please see
next two slides).



Interim Stabilization
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Schematic of west bank protection project.

INTERIM STABILIZATION
2007
1,500 LF Rock Toe & Brush Revetment

M&T/Uanoc Sagg Fish Screens Project
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Construction activity of the west bank toe protection project.

In 2007, a dry-land dredge was conducted that removed approximately 100,000 tons of material from the river (another
short-term measure to ensure that the pumping plant and fish screens continue to operate).

2007 “DRY” DREDGING
100,000 tons
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The dry-land dredge method included the use of an excavator and dump trucks on the shoreline removing the material.
However, now the deposition of material has moved farther down the river and that dredging method is no longer an
alternative.

The next short-term protection project will have to be a wet dredging which will add a new dimension the project both
in complexity and cost.
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CURRENT ALTERNATIVES

* 9 Dike alternative
* Move pumping plant
-~ 2,200 ft
-~ 3,500 ft
Range of Bar Migration Estimates:
Corrollo Engineering: 60-80 ft/yr
Stillwater Sciences: 140 ftiyr
-2,200 ft d/s: 16 — 36 yrs
- 3,500 ft d/s: 25 — 58 yrs
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The above slide illustrates the Current Project Alternatives.

There is risk associated with doing nothing. There is risk associated with the two relocation sites. Over time the gravel
bar will continue to move downstream and eventually threaten the relocation sites. The relocations are not an absolute
fix.

Based on the estimates of the downstream migration, if you move the pumping plant downstream 2200 feet and leave
all other things in the existing condition, based on the historic performance of the system then we have somewhere
between 16 and 36 years of life before the gravel bar catches up with the first relocation or 25 to 58 years for the
second relocation (3,500 feet).

Just shifting it is not a necessarily a finite solution if nothing else changes. An upstream alternative was also analyzed
previously and was deemed not viable.

12
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This slide shows the nine-dike alternative at the red marks.

PUMP RELOCATIONS

M&T PU!}ﬁP

M&T/Llano Seco Fish Screens Project
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This slide shows the property boundaries of The Nature Conservancy (TNC) and U.S. Fish and Wildlife Service. Also, the
side shows the two relocation sites. TNC has determined that the dikes are antithetical to the purpose of the easement
on the property.
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An example of recently constructed dikes above the Butte City Bridge shows revegetation and soft banks between the
dikes

One of the reasons the dikes are proposed is to reestablish the original hydraulic conditions that existed in 2006. The
purpose is not to shift the river back over to the original bankline, but to get the hydraulics back to the original state
when the fish screens and pump inlets were constructed..

If constructed, there will be deposition in between the dikes that will create terrestrial habitat and anticipated fish
habitat based on work done up in Oregon looking at salmonids habitat.

In addition, not shown on the slide is the City of Chico relocation site of the new outfall that is valued at $8 million. The
City of Chico has an interest in this project as well. If the bar keeps migrating downstream, the outfall will have to be
relocated again.

POST-WORKSHOP 5
TASKS

Numerical Modeling of Pump Relocation
Alternatives with 2010 Bathymetry

Evaluate Interactions, if any, of the
Hamilton City J Levee Project

Physical Modeling of Pump Relocation
Alternatives with 2010 Bathymetry

January 2010 Bathymetric Survey
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This slide lists the data collection and analyses that has been conducted since Workshop#5. There are some questions
that have come up concerning the Corps of Engineers J-Levee Project. The J-Levee Project proposes pulling back an
existing levee upstream of the M&T project and extending a levee down river to provide a higher flood protection for
Hamilton City. The questions are-- will the proposed dike project have an impact on the J-Levee Project -- will the J-
Levee Project have an impact on the proposed dike project. Those questions were evaluated by the 2-D model.

In addition, Colorado State University took the 2010 bathymetry and essentially retooled the initial 1:75 scale physical
model to encompass the downstream pump relocation sites.
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POST-WORKSHOP 5
TASKS

* Rock Toe & Brush Revetment
Inspections, April, 2010, June, 2011,
November, 2011

M&T/LUano Saco Fish Screens Project

* June 2011 Bathymetric Survey to
Establish Dredge Volumes

* Numerical Modeling to Evaluate Rock
Toe Extension Potential

TETRA TECH

Monitoring of the west bank protection project has been conducted over time.

In anticipation of another dredge project, another bathymetric survey was conducted in 2010 primarily to determine the
amount of material that would be necessary to be wet-dredged out of the area.

We saw something interesting with that data when we started to look at the long-term data. We have surveys in 2005,
2006, 2010 and 2011. We thought we saw a pattern and we were able to conduct some numerical modeling to see if
our thoughts could be proved up. InJune 2011, a Bathymetric Survey was conducted in anticipation of another dredge
event to established volume of dredge material.

Discussions were held regarding the retreat of the west bank and the relationship between river flows and the
movement of sediment through the system.

High river flows seem to move the sediment while low flows contribute to the accumulation of sediment in the vicinity
of the M&T pumps.
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West Bank Stabilization Project (Rock-Toe/Brush Revetment)Update
Mike Harvey, Principal, Tetra Tech
Structural Monitoring Reports Summary

M&T/LIano Seco Fish Screen

coamplax world
CLEAR SOLUTIONS™

Rock Toe and Brush
S Revetment o B
4 Update. . — RS
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One of the project tasks is to monitor and evaluate the west bank stabilization project.

Interim Protection

Rock-toe and brush revetment
Constructed October 2007
~ 1500 lineal feet

Top of the rock EIl. 119°;15,000 cfs (42 %
exceedence)

Wood incorporated within (~ 12000 cfs)
and on top of structure

Between the rock and bank was
backfilled to prevent erosion and fish

M&TI/LlIano Seco Fish Screen

TETRA TECH
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Mike reviewed the construction of the rock-toe and brush revetment. This project is only a toe-protection. A prism of
rock was placed--4 to 6 tons were placed per lineal foot and some backfilling behind the rock for stability purposes and
to eliminate fish entrapment.

Potential Maintenance Issues:Peaks:
56,000, 43,000, 64,000, 104, 000 cfs

Flanking of upstream end of the
structure

Loss of rock from the structure due to
local scour

Loss of woody material
Excessive erosion of upper bank

Excessive erosion off the downstream
end of the structure
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Mike described the peak flows that the structure has been exposed to this year. He reviewed the potential impacts that
could occur on the revetment.

Nothing was done to the upper bank. The idea is, that if you hold the toe, the upper bank will erode back to an angle
that will become vegetated and stable. Also, the question is what happens to the downstream end when you go from
hard to soft. These are the major concerns.
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Upstream end of the site prior to construction
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This slide shows what the upstream end looked like before construction in 2006. It shows the erosion occurring. The
bank is no longer there. One of the major meander loops came back to the river at this location. Where the heavy
vegetation appears is one of the old channels.

Middle part of the site prior to construction

M&TILlano Seco Fish Screen
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Some of the fine grained sediment in the upper bank have bank swallow nests which required mitigation that M&T
Chico Ranch provided downstream.

Apex of the eroding bend prior to construction
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Photo of pre-construction vegetation for comparison with present conditions under variable flows and then photo
documented for each year thereafter to illustrate condition of revetment to present. Brush sites seem to recruit other
plants and micro eddies creating good fish refugia. Getting some bank retreat, however, no scour at the base of the
rock. More vegetation at the bend — abundant willow volunteers, doesn’t appear to be much bank retreat.
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Middle part of the downstream part of the site
rior to construction
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Downstream end of the site prior to
construction
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Typical
sections of
the rock-
toe/brush
revetment
showing
design
flows and
elevations

This slide shows the design flow elevations, vegetation on the top cabled into the bank. Depicts flow levels over a

reasonable range to provide habitat.

Rock and Brush Toe Revetment
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This slide shows the layout of the revetment upstream to downstream. The illustration shows the tiebacks.
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View downstream of the rock-toe being
emplaced, 2007
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All construction was conducted from the top of bank.

View upstream of the rock-toe and woody
debris, 2007

M&TI/Llano Seco Fish Screen
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This slide shows the vegetation buried into the rock.
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Woody debris on top of structure, 2007
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Slide shows the brush being placed on the top of the rock.

Backfill behind rock toe, 2007

M&TI/Llano Seco Fish Screen
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This slide shows the backfill behind the rock.
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View upstream
of the upstream
end of the
revetment
showing the
presence of the
pre-construction
vegetation on
the upstream
bank
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The upstream end; notice willows as a reference point in time and the brush piles are still in place after the winter. Also,
there is deposition on top of the rock.

M&TI/Llano Seco Fish Screen
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By 2008, there were flows up to 60,000 cfs and the brush remained in place. It is important to note that there is
deposition at the site in terms of vegetation coming in on the site.
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View downstream of bank erosion caused
by Winter 2008 high flows
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Looking downstream, the upper bank is still eroding and the structure is still intact.

Woody debris in and on structure in 2008
__after high flows

ME&TILlIano Seco Fish Screen
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The vegetation that was buried in the structure is still intact.
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Upstream end of the revetment in 2010
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This slide shows there is no flanking at the upstream end of the revetment.

Woody debris piles on top of structure,
2010

ME&T/Llano Seco Fish Screen
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This slide shows the brush piles. What is interesting is that the brush piles seem to recruit other plants. There is a
significant amount of box elder growing at the site.
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Submerged woody debris within the
structure, 2010
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This slide shows the micro eddies along the edge of the structure and provides good refuge for fish.

Woody debris piles on top of structure,
2010

M&T/Llano Seco Fish Screen
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This side shows the revetment and brush piles are intact with vegetation coming in.
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Woody debris pile and new vegetation
growth
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Another slide that shows the recruitment of vegetation.

Upper bank erosion, 2010

M&T/Llano Seco Fish Screen
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This slide shows that there is still retreat on the upper bank.
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Upper bank erosion, but no backfill scour,
2010
gl T

ME&T/Llano Seco Fish Screen

TETRA TECH
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This slide shows the belly of the bend. What is interesting is the site is picking up more volunteer vegetation due to the
low velocity. A healthy growth of willows is establishing in the bend.
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Downstream part of the revetment, 2010
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This slide shows the downstream end of the revetment with reasonable revegetation being recruited at the site.

Downstream end of the revetment and
tieback, 2010

ME&T/Llano Seco Fish Screen
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This slide shows the end of the structure with no retreat of the bank. The willows downstream are a reasonable marker.
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ADCP UNIT
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In June, the project area was surveyed using an ACDP Unit to get a detailed 3-D flow measurements and to collect
velocity profiles at different depths, averaging around 10 to 15 different depths. So when a pass is taken in the river
with the ACDP, there is a basically a three-dimensional flow field all the way across and down the river. As the
equipment crosses the river, the unit automatically calculates the discharge and produces high-resolution hydraulic data
and traces the river bottom.
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Longitudinal Profile
Rock/Brush Toe Revetment

SWG Restoration Short Course
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This is a trace of upstream to downstream along the rock-toe on the west side of the river. As you would expect, there
are velocities of around 5 feet/second (green-yellow transition). The graph is parallel to the bank. The question was if
there was any scour along the toe. The survey was run right along the toe of the structure. Upstream begins on the left.
The solid black line is the bed trace and it shows no significant scour. There are very low velocities at the belly of the
structure. No real scouring appears to have occurred since construction. Velocities pick up at the lower end. There is
no major damage to the structure.
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Downstream of RTBR
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This slide shows the revetment the same day that the ACDP survey was conducted.

Downstream end of RTBR Revetment,
June 2011

SWG Restoration Short Course

I
=]
i}
=
=
o
=
i}
o

This slide shows the willows. If there was any significant retreat, there would be no willows. It seems very stable at the
bottom end.
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Lower end of RTBR Revetment

June 2011
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This slide shows the vegetation at the lower end of the revetment. Not losing any vegetation.

Lower end of Apex of RTBR
June 2011

SWG Restoration Short Course
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Another slide showing the revegetation.

Apex of RTBR Revetment
June 2011
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This slide shows the belly of the revetment and the revegetation. Due to the deposition, it is difficult to see the rock. It
was a high flow year at 104,000 cfs in the winter.

Upper Bank Layback RTBR
June 2011
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This slide shows that the revetment is really stable and the bank behind is also stable. This is working well. The brush
piles are still intact. There is still some retreat of the upper bank taking place, however, there is vegetation growing
towards the toe. As the bank recedes the vegetation is colonizing the area.

Brush Pile Recruitment
June 2011
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Another slide that shows the recruitment of vegetation along the brush piles.

Mid-Upper part of RTBR Revetment
June 2011
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This slide is about 2/3 the way up the revetment and shows very dense vegetation.

Upper part of RTBR Revetment
June 2011
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Another slide showing the dense revegetation.

Upstream Transition RTBR
June 2011

SWG Restoration Short Course
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This slide shows the transition into the unprotected area of the bank. The flow is approximately 17,000 cfs. The
structure was designed to overtop at between 15,000 cfs and 17,000 cfs. It appears that the structure is operating as it
was designed. The vegetation is doing remarkably well.

CONCLUSIONS

Flanking of upstream end of the
structure -- Intact

Loss of rock from the structure due to
local scour — No evidence of loss

Loss of woody material -- Intact
Excessive erosion of upper bank -- No

Excessive erosion off the downstream
end of the structure -- No
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Conclusions — no evidence that the revetment is failing. No evidence of loss of rock on the outboard side. More
monitoring will be conducted at low flows to get a visual inspection of the toe. No scallops at the top. The wood
material is still there and seems to recruit vegetation. There is no excessive erosion on the upper bank. It is laying back
as it was expected in the design with no flanking or accelerated erosion. There seems to be no retreat at the upstream
or downstream transitions. Bottom line, the structure is doing what it was intended to do after being subjected to some
pretty reasonable river flows.

In this reach, bankfull is usually around 90,000 cfs so the structure overtopped this year at about 104,000 cfs peak flow.
It is a good example of what can be done with toe rock.

At this time, there is no need for maintenance. In the long-term, however, all structures ultimately need maintenance.

If the river goes over bankfull and spreads, the shear does not go up proportionally. It is a question of the duration of
really high flows.
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Topographic/Bathymetric Surveys - Mike Harvey, Principal, Tetra Tech
Dredge Volumes and Dive Reports
Topographical Survey Results based on multiple surveys (2005-2011)

M&T/Llano Secp Fish Screens Project

M&T/Llano Seco Fish
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1,000 2000

Feet
Date: 06/16/2011 Base Piotography, 2009

TETRATECH

39



The information from this study may indicate potential cyclical behavior in the reach that may provide the project with
another alternative. More hard data must support this idea. This slide shows a typical survey map that shows how the
river has been surveyed four times with various types of equipment. For the overbank survey, the U.S. Army Corp of
Engineers (ACOE) surveys were used, basically, the Comp Study topography. It was checked periodically to see that it
did not change. This shows in-channel bathymetry. In December 2005, an initial survey was conducted. Immediately
after the survey there was a high flow in the river. The group agreed that the river should be resurveyed before the
modeling was conducted.

| Change in Elevation
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Comparative May 2006 and January 2010 surveys showed the bar migrating downstream onto the intake and fish
screens.
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This slide shows the June 2011 survey which was conducted as part of the dredge requirement. It shows that the bar is
still around the pump intake but there has been loss of material between the 2010 and 2011 surveys

Change in Elevation
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This slide shows the elevation changes between 2010 and 2011.
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M&T/Llanc Saco Fish Screens Project

TETRATECH

This slide shows a major buildup of sediment out in front of the pumping plant intake, which is the bar moving
downstream. The blue colors are negative, red colors are positive. The buildup seems to be between 12 feet and 15

feet (red colors).

M&T/Llano Sego Fish Screens Project

TETRATECH

In the same comparison, the 2011 survey and the 2006 survey under exactly the same scale, we see the red color has
moved and it is back down to 2 feet to 4 feet of aggradation in that area. What this implies is that the high flow in 2011
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When you compare 2011 with 2010, what you see is some deposition (yellow) but around the pump intake, there is a
loss of sediment. The high flows moved a significant amount of sediment through the system.

Potential “WET” Dredge
Volumes

PERIOD TONNAGE (tons)

2010 - 2006 , 123,000

M&T/Llano Sege Fish Screens Project

2011 - 2006 ’ 75,000
2011-2010 , -48,000

TETRATECH

Between 2006 and 2010 there was a positive gain of 89,000 cubic yards, compared to 2011. The 2011 flows removed
about 34,600 cubic yard of material.
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HYPOTHESIS

Cyclic behavior of the reach: During years with less than bankful peak
flows the bar builds towards the fish screens and pump inlets.

During years with greater than bankful flows the bar edge scours in the
vicinity of the fish screens and pump inlets due to the development of
a strong helical flow cell along the riprapped east bank.
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Caveat: The existing channel geometry is required to maintain the
oblique flow approach angle to the east bank.
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What the information suggests is that with the current configuration that includes the west bank toe rock which is
preventing lateral migration of the river the high flows of this year (2011) of 104,000 cfs moved a significant amount of
material out of the bar. After reviewing the information, we put the observations into a hypothesis that a helical flow
cell is responsible for the changes. What is a helical flow cell? The illustration shows a typical meander bend on the
river. The river is going downstream looking at a cross section as flow comes to the outer bank flow comes inwards to
the bank at the top and then it flows out at the bottom and up. And so you have a helix or spiral through there.

In a meandering river, that dynamic helps move the sediment out, the bank retreats, the bar builds. What we have is a
situation where the right bank is rip rapped and has been for a long time. What we think is happening is currently the
higher flows come in obliquely to the bank and then to go downstream the flows translate into a helix.

You see this action quite a few places in a river, especially in sand-bed rivers where you have a hard bank and a big sand
bar comes in and the flow is approaching it, the sand bar itself never gets to the bank. It doesn’t mean that sediment
doesn’t get to the bank, it means that along the bank and a distance out from the bank, the energy is so high, the form
itself cannot work its way into the bank, it just gets eroded out by the helix. If that is the case, we may have a situation
at the fish screens and intake where, with the current geometry, it gets close to burying the pump intake in lower flow
years, but when we get a high flow, this helix gets stronger and stronger and it cleans out a volume of material keeping
the pumps from being buried. This is just a hypothesis. The caveat is that for this to be applicable, the channel
geometry has to say the same. There must be that same oblique flow coming into the rip rapped bank to generate the
helix.
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Peak annual flows at the Hamilton City gage
between WY1997 and WY2011

Annual Peak Flows - Sacramento River at Hamilton City, CA
USGS Gage no. 11383800, HMC
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This slide shows the peak flows. In late 2005 we conducted surveys and in early 2006 we had a large flow and then
conducted another survey after the flows. Then there was a period of relatively low flows. We resurveyed the channel
in 2010 then we had a moderate flow in 2011 and then resurveyed the river. So we have essential two cycles. We have
a period of low flows, a big flow, a low flow and a big flow. Just as a reminder, the first dredging was conducted in 2001
and the second dredging was done in October 2007.

M&T/Llano Sego Fish Screens Project
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This slide shows color gradient plots at various times. The blue is deep and the yellower is shallow. In 2005, there is a
blue trough where the fish screens and pumps are located. If you go to 2006, what you see is during the higher flows,
the trough actually got a little bigger and you see some of the yellow retreated there was more blue around the pump
inlets and fish screens.
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This slide compares 2006 with 2010 where there is a reasonable blue trough. In 2010, the bar built down but there is
still a small trough.

M&T/Llano Seco Fish Screens Project

TETRATECH

This slide compares 2010 and 2011. Notice again that one area is being carved off and another area is widening out
(dark blue). An interpretation of the data would suggest, that if it is true, it looks like we might have a reasonable
solution. It is a self-cleaning system provided the current river geometry stays the same. Obviously, that has an
implication. It means the west bank must be held in place.
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The 2007 dredge was conducted and the west bank revetment was constructed at the same time. At that stage, this
dynamic had not been seen. Could we have gotten away with not dredging? Can’t answer that question. We must
think in terms of a general area and a localized area around the pumps—that is where there is a lot of activities. The
guestion is can we maintain a sediment-free area around the pumps.

Did the west bank project and the dredge set the stage for an acceptable stage for bar formation and scouring? That is
basically what the data is suggesting.

Looking back at the bed elevation slides---Mike described the area around the City of Chico’s new outfall. Thereis a
shallow area located at that site. In 2010 and 2011, the shallow area still exists. It is a local depositional area in close to
the bank. When you get off the bank, you see higher velocities. The area in the belly will always be depositional with
the current geometry of the river.
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This slide describes the Velocity Profile from the left bank to the right bank. In the black area is the fish screens and
there is a lot of turbulence around that area. Around the fish screen is a trough along the outside. If you review the
historical annual dive reports, what you tend to see is not much evidence of sedimentation around the screens. It may
be that the turbulence around the screens may be enough to keep moving the materials. There appears to be an eddy
around 17,000 cfs. This discharge should not be represented as a cleaning discharge. It is just the flows that we
evaluated while the data was compiled. This suggests that this should be evaluated at a much broader range of flows.
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Resolved Velocity Vectors

Depth & Flow Direction
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This slide depicts the data as you go depth wise, the vectors turn and go out. Out in the river the vectors stay the same.
What it looks like is that even at 17,000 cfs, there is a weak helical cell in the location of the intake and fish screens.
CSU reviewed the data to evaluate any similar activity in the physical model.

CSU Physical Model

M&T/Llano Sege Fish Screens Project
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This slide was produced by CSU to show the velocity in the Y direction of the river when data was being collected during
modeling. At that time, CSU was collecting both X and Y velocity vectors during the data collection process. At 10,000
cfs, there is almost nothing happening. The highest velocities are over on the west side. However, at 90,000 cfs, what
you see is positive velocities heading west at about 0.6 of the water column depth. This post-process data does suggest
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that at 90,000 cfs there is actually a cross stream velocity. This would tend to suggest that a helical cell does exist. Itis a
tantalizing suggestion, however, there are no field data to back up the hypothesis.

Helical flows have to reach a certain velocity before it is possible to move gravel. In order to understand what range of
velocities the helical flows must maintain to move material is a three-dimensional question. However, the current
available 2-D models are not able to describe that process. A 3-dimensional model is needed to correctly describe that
question. Field data would be the most appropriate to answer the questions. Clearly, something is producing the
changes from 2010 to 2011.

One of the next steps should be to collect data at different flow levels, especially conduct ACDP surveys at higher flows
to verify our hypothesis and to determine the strength of the cell.

Over the time of the project, historical data were evaluated. Eric Larsen applied his meander model to this river reach to
ascertain planform 50 years into the future with and without various controls that are in the reach. The problem is that
there is a far field versus a near field issue that we are discussing at the moment and thus Larsen’s model does not

apply.

If the existing channel geometry is maintained, the bar appears to be stalled. During moderate flow years, the bar builds
up and scours during high flow years. It is a near field as opposed to a far field issue. In the long term, if nothing is done,
the river will widen out to the west and the bar will move down and everything will be high and dry.

The question is, how do we maintain both the pumps and the outfall?

Comparative Cross Sections

M&T/Llano Secp Fish Screens Project

TETRATECH

This slide describes the Comparative Cross Sections in three sections downstream and upstream of the intake from 2005
to 2011. Black, vertical hatch mark is the location of the fish screens. Basically what you see is that the bed builds and
scours back over time. This is the same as we saw with the planform geometry.
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This slide shows the large gravel bar across from the fish screens. It is a high-flow pathway—flows come up out of the
river at about 90,000 cfs and move off toward the south west. Pretty low velocities at that location. The flowst may
transport sands and silts out of there, but it is not taking gravel. If you look at the site, it will need about 1,300 feet of
toe rock revetment to stop the river expansion. The information suggests a possible fix. If we believe that there is self-
cleaning environment it is a requirement to maintain the bankline and the geometry. In order to meet this need, it
would require another 1,300 feet downstream extension of the toe rock protection. However, the same limitations
would apply to the extension of the toe protection as the proposed spur dikes.

In order to verify our assumptions about the helical flow, data should be collected over a range of flows this winter.

To extend the toe protection will provide a factor of safety. If there is a self-cleaning mechanism in the river with the
current configuration, then it really depends on keeping the current geometry. The extension of the toe protection is a
factor of safety and would eliminate a significant risk if the 1,300 foot bankline retreated.

There has been some erosion downstream of the toe protection, however, there have only been low flows. Part of the
bank has laid back and it’s difficult to tell the extent of the erosion. Traverses have been run along the crest of the bank
protection and seems to be more or less in the same place. The toe can shift.

It is not an either or proposition to have the west bank held in place, the risk is far too high not to maintain the bank.

If the approach geometry is the same, the strength of the cell is still there. During low flows, not sure if a dredge would
be required. A decision was made not to dredge this year based on the data collection. It does appear, that even during
the buildup in 2010, a dredge was not necessary. There has been a historical trend of a buildup of sedimentation and
the project anticipated a dredge.

Yantao: The alternative hypothesis could be that during a high flow year, sediment is deposited at the upstream end

and erosion occurs downstream and essentially would have some kind of feedback. Wonder if we want to do an exercise
to calculate a bigger area?
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Mike Harvey: You may be right, we’re looking at a fairly long reach and there is no reason that an expansion zone will
not induce deposition in time. It is still there. It’s just we have not let it get any worse. The real question is if the
current geometry is sufficient to stop the sedimentation from moving through. Or, it builds up during the lower flows
and peak flow years scours out.

We don’t know the answer to how much sedimentation will accumulate over a range of low-flow years. The 104,000 cfs
river flow of last year seems to have stalled the bar out, and actually scoured out somewhat. But what happens in
those intermediate flow years, will the bar continue to progress downstream at intermediate flows levels when there is
enough energy to mobilize the gravel upstream but it is not really cranking like it was last year. That’s the big question.
It may be at really high flows, there is a tendency to scour the area out and the bar doesn’t build downstream, but
maybe in the middle range of 70,000 cfs or something it does come downstream far enough even with the current
geometry. There is simply not an answer.

Over the next year it would be important to collect data. If it cannot be demonstrated from the data collection that
there is a helical cell we will probably have to abandon the idea.

There is uncertainty regarding the stages of flows that the helical cell builds and if there will be a wide range of flows
during the winter to capture the right information. The 2-D model may be used to look at the vectors at least in a 2-
dimensional field.

There is a feeling that the helical cell will not change at higher flows that go over bank. The problem is the 2-D model is
two dimensional and this is a three dimensional question.

TECHNICAL ANALYSIS

Two-dimensional Model Report / J-Levee Impact Report
Bob Mussetter, Principal, Tetra Tech
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Bob Mussetter, Principal, Tetra Tech, presented the information regarding the Two-dimensional Model Report and the J-
Levee Report.
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Presentation

« Evaluation of Hamilton City Setback Levee Project on
M&T Reach

+ Evaluation of Proposed Dike Field on Setback Levee
+ Evaluation of the Right Bank Gravel Stockpile

« Evaluation of Alternative 1 (2,200-foot) and Alternative 2
(3,500-foot) Pumping Sites
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The following specific issues have been evaluated regarding the project with the 2-Dimensional model: (1) the question
whether the M&T/Llano Seco Project could have an impact on the Hamilton City J-Levee Project; or, (2) whether the
Hamilton City Levee changes will impact the M&T/Llano Seco Project. The U. S. Army Corps of Engineers (ACOE) model
has been incorporated into the 2-D model and some runs have been made to evaluate that question. As part of that
evaluation, we incorporated the 9-dike alternative into that model. We ran the model for existing conditions with and
without the J-Levee Project and incorporated the 9-dike alternative to see if there were any changes.

We also thought about the question whether, if the dredging operation is continued and the spoiled material were to be
put on the gravel bar located on the Shaw property with the TNC easement, if it were placed in a way that it would re-
entrain and continue to resupply gravel to the river rather than just remove it from the river. So we put some simulated
gravel piles in the model and looked at the possibilities of entraining that material.

We also did some more detailed evaluation of the hydraulic conditions at the two alternate pump relocation sites to use
the information for preliminary design and costs.
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In terms of the hydrology, we have gone from 2006 when we had a big water year and some fairly high-peak flows to a
fairly dry period. Last year we had a peak flow that was over 100,000 cfs.

Hydrology
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The flood frequency analysis shows that the 2-year flow is still in the 90,000 cfs range which is consistent with bankfull
discharge rate in this reach. And the 50 & 100 year flows are in the range of 280,000 to 290,000 cfs.
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Hydrology
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The 50- and 100-year flows are the flows there were evaluated to see whether there were impacts from the J-Levee
Project on our site and vice versa. At lower flows there will not be an effect on the hydraulic conditions.

Location of the
Existing J-Levee
and Proposed
Setback Levee

ME&T/Llano Seco Fish Screen

Lﬂ wramees | Existing and Proposal
= Levee Alignments

This slide shows the red line as the existing levee-proposed setback levee. The proposed project is to set the existing
levee back which is shown by the blue line. The coarse dashed line will be a levee constructed to withstand a 100-year
flow. It would be tapered down as it goes downstream so that it becomes about 2-feet below the 100-year flow as it
approaches the area of the pumping plant.
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__ J Levee Model
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The ACOE has done a study of the J-Levee Project and used a 2-D model to conduct the evaluation. This model was
obtained from the ACOE, however, we were not able to make that model run. We were not able to get from the ACOE
the output files or any of their spin-down files. In lieu of that data, we converted the ACOE model over into the SRH 2-D
format, which is a U.S. Bureau of Reclamation model, which we have been using over the last four to five years. Itisa
more robust model and easier to use. This slide is the image of the resulting model grid.

J Levee Model
Calibration to Existn Conditions
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An essential part of the study was to make sure that the model was calibrated to known water surfaces to make sure
that our version of the model was actually representing reality. And secondly, we wanted to compare back to the ACOE
model to determine if there were any differences between the models.
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Model Calibration
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This slide shows the simple calibration file at the 100-year peak. The red line is the measured water surface elevation.
The blue line is the predicted value for the model. Maximum difference is about 2/10ths of a foot.

J Levee Model
Calibration to Existing Conditions

M&T/Llano Seco Fish Screen

January 1, 2006 flow event (134,638 cfs)
J Levee Medel (RMA- Updated Model (SRH-
2v) 20)

Location Messured Model | Difference Model |Difference
HMC Gage 146.84 146.27 -0.57 145.78 -1.09
ORD Gage 115.24 116.54 1.30 115.84 0.60

1000 134.40 134.60 0.20 134.25 -0.2
1001 134.20 134.60 0.40 134.25 0.1
1002 134.20 134.70 0.50 134.25 0.1
1003 134.20 134.70 0.50 134.46 0.3
1004 134.20 134.80 0.60 134.46 0.3
December 29, 2005 flow event (109,322 cfs)
HMC Gage 144.05 145.10 1.05 144.75 0.7
ORD Gage 113.19 115.60 2.41 115.84 1.9
HWM B 131.95 132.50 0.55 132.12 0.3

Meodified from J-Levee Report (2008)

The interesting point is that, when you compare back to the ACOE model, the average difference in ACOE model is at the
high water mark that the ACOE uses to calibrate to in the range of % foot or more. Bottom line is that we feel we have a
model that is very representative of what is out there.
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Distribution of flow depths and velocity predicted by the Phase
Ill Setback Levee model at the 50-year peak flow event
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