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Hydrodynamic Analyses of 2-Gates Flood Stage Issues for 2-Gates Demonstration Project

Progression of Hydrodynamic Model Deployment and Development
Model Deployment

Early in the analyses process, it was determined that complex delta smelt behavioral models
would be required to, with reasonable accuracy, predict distribution, abundance and fate of delta
smelt under OCAP and 2-Gates operational conditions. Because the development of such a
model would be time-consuming and its success could not be accurately predicted, a decision
was made to initially use the One-Dimensional (1D) DSM2 model formulation for
hydrodynamic, water quality and particle tracking to determine the most favorable location of
gates, their region of control and their benefits under OCAP-modified flow conditions. While
this effort was taking place, the RMA team was directed to develop reasonably accurate
behavioral model using a Two-Dimensional (2D) RMA formulation, as modified to characterize
both the adult and larvae/juvenile dealt smelt behavior. When developed, the 2D behavioral
models would be used to determine effects of the 2-Gates Project for environmental
documentation purposes under OCAP-adjusted hydrodynamic conditions.

One-Dimensional DSM2 Analyses

Screening of Gate Alternatives, Determination of Region of Control, and Formation of Physical
and Hydraulic Barrier Against Delta Smelt Migration.

The above studies used the most recent historic DSM2 simulation available from the Department
of Water Resources (DWR) for analyses of 2-Gates and flow control measures. DSM?2 analysis
(1) evaluated hydrodynamics, fate and transport of neutrally buoyant particles for OCAP BO and
2-Gates scenarios in comparison with the historic conditions, and (2) provided technical analyses
of alternatives that provide equal or better protection of delta smelt at reduced water cost
compared to OCAP conditions. DSM2 simulates riverine systems, calculates stages, flows,
velocities and particle transport; and simulates many mass transport processes, including salts,
temperature and THM formation.

One-Dimensional DSM2 Model Numerical Basis.

The partial differential equations of mass and momentum in the DSM2 hydrodynamic model
component (HYDRO) are based on an implicit finite difference scheme. As a one-dimensional
formulation, the channel length is divided into discrete reaches and the partial differential
equations are transformed into finite difference forms for the discrete reaches by integrating
numerically in time and space. The resulting equations are then linearized over a single iteration
in terms of incremental changes in unknown variables (flow rate and water level) using
approximations from truncated series, representing a function as an infinite sum of terms
calculated from the values of its derivatives at a single point. When the discretized equations are
written for all computational cells at the current time and the next time lines, it forms a system of
equations which are solved simultaneously using an implicit algorithm.

The DSM2 water quality numerical solution (QUAL) is based on a model in which advection-
dispersion equation is solved numerically using a coordinate system where computational nodes
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move with the flow. Because of the stability and accuracy of this approach it was used for a
network of channels with many branches and junctions. The current version of QUAL simulates
about 11 constituents moving in as many as 30 branches connected at junctions. The HYDRO
flow model provides the needed information to move the computational nodes with mean
channel velocity in the moving coordinate system thus accounting indirectly for advection part of
the transport process. The dispersion part, however, is computed directly based on input
dispersion coefficient and change in concentration gradient (2nd partial derivative) computed
during simulation.

The DSM2 particle tracking component (PTM) computes the location of an individual particle at
any time step within a channel based on velocity, flow and water level information provided by
HYDRO. The longitudinal movement is based on transverse and vertical velocity

profiles computed from mean channel velocity provided by HYDRO. Mean channel

velocity is multiplied by a factor which depends on particle’s transverse location in the

channel resulting in a transverse velocity profile resulting in slower moving particles

closer to the shore. Mean channel velocity is also converted to vertical velocity profile

using a logarithmic profile to account for slower particles closer to the channel bottom. The
longitudinal movement is then the sum of transverse and vertical velocities multiplied by time
step. Particles also move across the channel and in vertical direction along the depth due to
mixing. A random factor and mixing coefficients and the length of time step is used to compute
the movement of particle in transverse and vertical direction.

Initial Site Screening Study using DSM2 Analyses.

DSM2 PTM analyses of 34 individual and combined gate alternatives in the central and south
Delta were the basis of determining the optimum locations and number of gates. Two-gates on
the Old River near Bacon Island and on Connection Slough provided optimum protection to delta
smelt, while reducing water export cuts under OCAP operations. DSM2 analyses determined
that other individual or combined gate alternatives provided less favorable water supply and
fish protective benefits, channel capacity and geotechnical conditions, including: (1) two-gates
on Old River at Quimby Island; (2) three-gates at Connection Slough, Railroad Cut, and Old
River below Woodward; (3) four-gates on Connection Slough, Woodward and Railroad Cuts,
and Old River below Woodward; (4) selective weir removal on Paradise Cut; (5) a weir on the
San Joaquin River downstream of the head of Old River; and (6) Clifton Court Forebay gate tidal
re-operations.

Region of Control Studies using DSM2 Analyses.

More than 140 PTM analyses using the DSM2 model, determined the 2-Gate Project to be very
effective in controlling particle entrainment at the south Delta export facilities for a region
largely bounded by the Old River, False River, Dutch Slough and Fisherman’s Cut. Circulation
patterns developed by one of the principle operations of the 2-Gate facilities (open on flood-tide
and closed on ebb-tide) also promotes seaward movement of particles in Old River and away
from the pumps. Further, operation of the 2-Gates is expected to improve water quality
conditions in the south Delta.
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2-Gate and Qwest Studies to form Physical/Hydraulic Control using DSM2 Analyses.

More than 320 PTM analyses determined that the 2-Gates Project operates compatibly with flow
management measures on the San Joaquin River generated through OMR restriction during
critical periods. These operations maintained the general distribution of adult delta smelt north
and west of the region of control of the gates, forming a physical/hydraulic barrier to upstream
smelt migration. Operations of the 2-Gate Project are shown to be consistent with the protective
actions proposed by the U.S. Fish and Wildlife Service’s OCAP Biological Opinion.

Two-Dimensional RMA-2 Analyses

Real-Time Operations under OCAP using Adult and Larvae/Juvenile Smelt Behavioral Models.

Adult Delta Smelt. To date, all of the modeling for near-term solutions have modeled adult delta
smelt as neutrally-buoyant particles. While reasonably accurate for the larval stage,

researchers have observed behaviors associated with turbidity and light in the adult stage.
Analyses have also shown patterns of salinity and turbidity habitat may correlate with smelt
abundance. Scientists have postulated that the adult smelt may be “surfing” the tides as a means
of staying within their desirable habitat range. Modeling has been developed to impart habitat
seeking behavior on the particles in the RMA-2 model. Once the smelt behavior model
reasonably reproduced salvage patterns at the export facilities, additional simulations were done
with barriers in the Old River and Connection Slough.

Larvae/Juvenile Delta Smelt. To correlate observed and modeled distributions and abundance of
larvae/juvenile delta smelt, the RMA-2 and RMA-PTRK models have evaluated the full larval
and juvenile delta smelt period, roughly from March through June, for differing hydrologic
years. For each period, hatching rates have been determined by “tuning” to match 20mm survey
observations and, if possible, observed salvage. The hatching period and mortality rates used in
the simulations have been specified based on published findings from credible researchers. Delta
smelt density predictions were compared with 20mm survey observations and the predicted delta
smelt salvage was compared with salvage observations at the Skinner Fish Facility and the Tracy
Fish Facility. Entrainment at exports, exited (flushed from) Delta, and within Delta were
estimated, to determine the fate of fish by region of the Delta.

Two-Dimensional RMA Model Numerical Basis.

Resource Management Associates (RMA) has developed and refined models of the Sacramento-
San Joaquin Delta system (Delta model) utilizing the RMA finite element models for surface
waters (see Appendix D). The RMA models are a generalized hydrodynamic model that is used
to compute two-dimensional depth-averaged velocity and water surface elevation (RMA2) and
another model (RMA11) is a generalized two-dimensional depth-averaged water quality model
that computes a temporal and spatial description of water quality parameters. RMA11 uses stage
and velocity results from RMA2. The Delta model extends from Martinez to the confluence of
the American and Sacramento Rivers and to Vernalis on the San Joaquin River. Daily average
flows in the model are applied for the Sacramento River, Yolo Bypass, San Joaquin River,
Cosumnes River, Mokelumne River, and miscellaneous eastside flows which include Calaveras
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River and other minor flows. The model interpolates between the daily average flows at noon
each day. Delta Islands Consumptive Use (DICU) values address channel depletions, infiltration,
evaporation, and precipitation, as well as Delta island agricultural use. DICU values are applied
on a monthly average basis and were derived from monthly DSM2 input values. Delta exports
applied in the model include SWP, CVP, Contra Costa exports at Rock Slough and Old River
intakes, and North Bay Aqueduct intake at Barker Slough. Dayflow and IEP database data are
used to set daily average export flows for the CVP, North Bay Aqueduct and Contra Costa’s
exports.

2-Gate and OCAP Studies for OCAP BO Baseline and 2-Gates Conditions for Adult Delta Smelt
using RMA Behavioral Analyses.

Particle simulations with habitat seeking behavior were performed for historic periods. Particles
were initially seeded in regions of acceptable habitat at the start of the simulations. Adult delta
smelt habitat has been characterized by salinity (EC) and turbidity. Options were added to the
model to influence sensitivity to habitat gradients, chance of incorrect directional choices, and
resistance to tidal flow velocity. Behavioral characteristics were adjusted to attempt to replicate
take at water export facilities. Two-Gates Project operations were compatible with flow
management measures of the U.S. Fish and Wildlife Service’s OCAP Biological Opinion. Delta
smelt distribution, entrainment and fate have been determined using modified operations
scenarios for the OCAP BO baseline and OCAP + the 2-Gate Project conditions using the RMA
Adult Behavioral Model from December through February for the 2000, 2002, 2004 and 2008
historic periods.

2-Gate and OCAP Studies for OCAP BO Baseline and 2-Gates Condition for Juvenile and
Larvae Delta Smelt using RMA Behavioral Analyses.

These simulations used the RMA Bay-Delta Model and RMA-PTRK for passive particle
tracking with post processing analysis of hatching and mortality. The hatching rates estimated for
historic conditions were applied without modification to the various operations scenarios.
Therefore, the effect of the revised operations on delta smelt hatching rate and distribution were
reflected in the simulation results. The simulations focused on the effect of the operations on
delta smelt distribution and fate after initial hatching. Simulations were conducted roughly from
March through June for the 2000, 2002, 2004 and 2008 historic periods. Modified operations
scenarios were simulated for revised export flows according to OCAP guidelines and OCAP +
the 2-Gates Project to determine delta smelt distribution, entrainment and fate.

Hydrodynamic Analysis of 2-Gates Near-Field Effects

Near-field hydrodynamic analyses have been conducted to assess the effects from the
construction and operation of the 2-Gates Project on flood stage in Old River and Connection
Slough, and on navigation vessels from velocities and potential scour patterns in the vicinity of
the gates. A One-Dimensional hydraulic model was developed to assess changes in flood stage
of the gates. The One-Dimensional model was then utilized as the basis for developing localized,
Two-Dimensional models representing the immediate vicinity of each gate barrier. Normal- and
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low-flow simulations were conducted using the One-Dimensional model to generate boundary
conditions for the Two-Dimensional models. The higher resolution Two-Dimensional numerical
models were developed for the immediate vicinity of each of the gate barriers to assess velocity
distributions through and near the gates. These current magnitudes and patterns were used to
assess the potential for scour and develop recommendations for the rock aprons and other rip-
rap, if needed. Current velocities and patterns were also used to assess any potential effects on
navigation.
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hd ) MOFFATT & NICHOL

2001 N Main Street, Suite 360
Walnut Creek, CA 94596
Phone (925) 944-5411 <+ Fax (925) 944-4732

MEMORANDUM

To:  Dennis Majors, Metropolitan Water District

From: Chris Potter, Rick Rhoads, Dilip Trivedi

Date: December 2, 2008

Subject:  Flooding Issues Cover-letter

M&N Job No.:  2-Gate Barrier Project
File No: 6097-02

Based on comments received during the permitting process in regards to the issue of the
potential for flooding related to the construction of the 2-gate barrier systems in Old River and
Connection Slough, this package presents four technical memorandums summarizing the
results of already completed analyses addressing flooding issues.

An initial hydraulic review was completed in July of 2008, which analyzed the flood neutrality of
the 2-gate barriers using a simplistic HEC-RAS model of the roughly 1600-ft reach of Old River
where the proposed barrier will be located. This preliminary study showed only a negligible
impact on flood stage due to the barrier, less than 0.15-ft.

A refined hydraulic analysis was performed in November 2008 to include a sensitivity analysis
of the roughness, expansion/contraction, and weir coefficient parameters used in the HEC-
RAS model. Based on this additional HEC-RAS modeling, which used the 100-year tide and
the 100-year discharge as the downstream and upstream boundary conditions, the worst case
increase in flood stage in Old River due to the barrier was still on the order of 0.1-ft to 0.2-ft,
the variation being due to the uncertainty in the selection of roughness for the project reach.
Both of these HEC-RAS modeling efforts were performed to assist in defining the barrier
geometry and to help quantify the potential for impact to flood-stage. However, these studies
were rough estimates using an uncalibrated hydraulic model.

The DSM-2, a calibrated hydrodynamic model developed by the Department of Water
Resources, was then run by the Contra Costa Water District (CCWD) to verify the hydraulic
conditions of Old River with the gate system in place and to assess potential impact. The
benefit of using this verified model is that it takes into account the dynamic nature of both the
tides and the re-distribution of flood flows within the Delta. Technical memos were created by
both the CCWD and Moffatt & Nichol (Supplemental Study of Flood Issues) to summarize the
analysis of the DSM-2 modeling results and the comparison of these results with the existing
condition, no-gates scenario results.

The DSM-2 modeling confirmed that the 2-gate barriers do not have a significant affect on
flood stage within Old River and Connection Slough.

Attachments: Initial Hydraulic Review Memo (M&N)
Refined Hydraulic Review Memo (M&N)
Supplemental Study of Flood Issues Memo (M&N)
DSM2 Flood Analysis for Barrier Project Technical Memo (CCWD)
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hd ) MOFFATT & NICHOL

2001 N Main Street, Suite 360
Walnut Creek, CA 94596
Phone (925) 944-5411 <+ Fax (925) 944-4732

MEMORANDUM

To:  Dennis Majors, Metropolitan Water District

From: Chris Potter, Rick Rhoads, Dilip Trivedi

Date:  November 26, 2008

Subject: Initial Hydraulic Review Draft

M&N Job No.:  2-Gate Barrier Project
File No: 6097-02

Purpose

This memorandum describes an analysis performed in July 2008 during the conceptual design
phase of the project. The objective was to develop the geometry of the gate structure (crest
elevation, and width and depth of opening), and to assess at a conceptual level the impacts to
flood stage as a result of the structure.

Design Criteria

The Design Criteria for the Bacon Island 2-Gate Barrier System consists of two requirements:

¢ The system should maintain near Flood Neutrality during the gates-open condition.
Flood neutrality was defined as no greater than 0.1-ft increase in flood stage for the
100-yr flow, and flood events less than 100-yr event should not exceed the 100-yr flood
stage.

e Recognizing that under a gates-closed scenario a full tidal range could act on 1 side of
the structure only, the design operating head differential on the gate was set at the
diurnal range in the area, which is about 3.5 feet. This differential is being used to
design the structural gate system.

Initial Analyses

The initial analysis is based on a review of bathymetric survey data for the site and available
gage data collected by the USGS on the Old River.

During the initial planning phase of the project, the crest elevation of the rock sill/gate structure
was set at 7 ft, NAVD. For this analysis, exceedance probabilities for high tides greater than
MHHW were analyzed using 21 years of NOAA predicted tide data for the Old River at
Orwood station, as presented in Figure 1. Based on this analysis, a high tide of 7-ft was
determined to have an exceedance probability of 0.003%, while a high tide of 6.6-ft has an
exceedance probability of 0.4%. The MHHW elevation of 6.1-ft has an exceedance probability
of 3.7%. Based on this analysis, a barrier crest height of 6.6-ft NAVD88 was recommended as
being adequate.

Initial HEC-RAS hydraulic simulations were performed to determine a potential range of head
differentials resulting from the gates-open condition, using multiple flow-rates of the 100-yr

P:\6097-02 MWD Technical Services\Rpt\Flooding Studies Memos\Old River Hydraulics Inital Review 11-26-08.doc

Version Dated November/December 2008



Hydrodynamic Analyses of 2-Gates Flood Stage Issues for 2-Gates Demonstration Project

Initial Hydra
Page 2

ulic Review

Flood Stage, MHHW, and MLLW as downstream boundary conditions. Since the objective
was to develop structure geometry only, this set of simulations was performed by constricting
the cross section at the gate location, rather than using an in-line structure (which is more
appropriate for backwater calculations). Tables 1, 2, and 3 present the resultant head
differentials and flow velocities for the simulations with downstream boundary conditions of
100-yr Flood Stage, MHHW and MLLW, respectively. It should be noted that there is the
potential for high velocities through the open gate when there is a head differential greater

than roughly 0.2-ft.
Table 1. Flow Velocities through the Gate with a 100-yr downstream water surface
_ Downstream Upstream Head Velocity | Velocity 30- Exist_ing
Discharge Bounglgry WSEL Differential through | ft Upstream Condlt_lon
Condition Gate of Gate Velocity
(cfs) (ft NAVD88) (ft NAVD88) (ft) (ft/s) (ft/s) (ft/s)
500 9.7 9.7 0 0.08 0.03 0.03
1,000 9.7 9.7 0 0.17 0.05 0.05
5,000 9.7 9.71 0.01 0.85 0.26 0.26
10,000 9.7 9.72 0.02 1.71 0.52 0.52
15,000 9.7 9.75 0.05 2.57 0.79 0.79
20,000 9.7 9.79 0.09 3.46 1.05 1.05
25,000 9.7 9.85 0.15 4.36 1.30 1.31
Table 2. Flow Velocities through the Gate with a MHHW downstream water surface
_ Downstream Upstream Head Velocity | Velocity 30- Exist.ir_lg
Discharge | Boundary WSEL Differential | through | ft Upstream | Condition
Condition Gate of Gate Velocity
(cfs) (ft NAVD88) (ft NAVD88) (ft) (ft/s) (ft/s) (ft/s)
500 6.1 6.1 0 0.15 0.03 0.03
1,000 6.1 6.1 0 0.31 0.06 0.06
5,000 6.1 6.12 0.02 1.54 0.31 0.31
10,000 6.1 6.16 0.06 3.10 0.62 0.62
15,000 6.1 6.25 0.15 4.68 0.93 0.93
20,000 6.1 6.36 0.26 6.30 1.23 1.24
25,000 6.1 6.52 0.42 7.98 1.52 1.55

Table 3. Flow Velocities through the Gate with a MLLW downstream water surface

. Downstream Upstream Head Velocity | Velocity 30- Existjng
Discharge Boundgry WSEL Differential through | ft Upstream Condlt_|on

Condition Gate of Gate Velocity

(cfs) (ft NAVD88) (ft NAVD88) (ft) (ft/s) (ft/s) (ft/s)

500 24 2.4 0 0.19 0.04 0.04
1,000 24 2.4 0 0.38 0.08 0.08
5,000 2.4 2.43 0.03 1.91 0.38 0.38
10,000 2.4 2.5 0.10 3.86 0.75 0.76
15,000 2.4 2.64 0.24 5.87 1.12 1.14
20,000 2.4 2.84 0.44 7.98 1.48 1.52
25,000 2.4 3.13 0.73 10.28 1.82 1.89
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Tables 1 through 3 present a range of potential flow and stage conditions, however not all of
the combinations represent likely conditions. The higher 100-yr flood stage in Table 1 would
occur coincident with larger flows (15,000-cfs to 25,000-cfs), whereas the lower MLLW stage
in Table 3 would occur coincident with the lower (500-cfs to 5,000-cfs range) range. In other
words, a high flow would “mask” the tidal influence and result in a stage higher than a tide-only
stage. Conversely, a low stage of MLLW would imply that the flow cannot be very high.

Based on these preliminary results, the peak increase in flood stage is on the order of 0.15-ft
during a 100-yr flood stage downstream and a 100-yr flow of 25,000-cfs coming down Old
River.

Also, it should be noted that the head differential values greater than 0.15 ft in Tables 2 and 3
are for stages lower than 100-yr flood stage. This occurs because the notch influences flows
at lower stages.

To check the validity of these results, simultaneous stage and flow data for Old River for an
extreme event that occurred on Jan 5, 1997 were obtained. The flow for this event was
estimated to be 17,000 cfs, and the stage was recorded to be 7.5 ft, NAVD. A flow of 17,000-
cfs represents about a 20-yr return period as shown on Figure 2 (flow at slack tides). Over the
15-years of USGS gage data, a flow of 17,000-cfs has an exceedance probability of about
0.5%, or roughly 21 hours per year as shown on Figure 3.

Based on a HEC-RAS simulation using the above boundary conditions (17,000-cfs flow and
7.5-ft downstream stage), the water surface elevation upstream of the structure was estimated
to be 7.68-ft, which constitutes a head difference of 0.18 ft as shown in Figure 4 below. This
agrees well with Table 2 (closest combination is 15,000-cfs and MHHW stage, which yields a
head difference of 0.15 ft).

The most likely head-differential for different flows can thus be interpolated using Tables 1
through 3.

This initial study indicates a potential for an increase in flood stage that is slightly greater than
0.1-ft (up to 0.15 ft, per Table 1). Since this analysis used a very simplistic approach of a
geometric change in the cross section to represent the structure, additional analysis is heeded
to verify the flood stage impacts on Old River with the gate system in place.

[The additional analysis is presented as the Refined Hydraulic Review]
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Figure 1. Tidal Exceedance Probabilities for Old River at Orwood
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Figure 2. Peak-Flow Recurrence Intervals for Old River at Bacon Island
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Figure 3. Discharge Exceedance Probabilities for Old River
USGS Gage 11313405, Old River at Bacon Island
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Figure 4 HEC-RAS Profile for 17,000cfs through the proposed Old River Structure with a 7.5-ft downsream water surface
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hd ) MOFFATT & NICHOL

2001 N Main Street, Suite 360
Walnut Creek, CA 94596
Phone (925) 944-5411 <+ Fax (925) 944-4732

MEMORANDUM

To:  Dennis Majors, Metropolitan Water District

From: Chris Potter, Rick Rhoads, Dilip Trivedi

Date:  November 26, 2008

Subject:  Refined Hydraulic Review Draft

M&N Job No.:  2-Gate Barrier Project
File No: 6097-02

Purpose

This memorandum and analyses described herein was prepared following the conceptual
design phase of the project. The objective was to refine the initial hydraulic study, and to
better assess the potential impacts to flood stage as a result of the structure.

Additional HEC RAS Simulations

A second round of HEC-RAS modeling was performed to assess the sensitivity of the model to
the selection of manning’s roughness, weir coefficients, and expansion and contraction
coefficients. In this phase of the analysis, the barrier was modeled using the inline-structure
function in HEC-RAS and with the boundary conditions kept constant in a steady-state
simulation. The 100-yr tide was applied as the downstream boundary condition (9.7-ft
NAVD88) and the 100-year discharge of 25,000-cfs was used as the upstream boundary
condition; see Figure 1 which presents a return-frequency analysis of 15-years of USGS peak-
flow data on Old River at Bacon Island. This combination of tide level and flow-rate represents
a very infrequent, conservative event, representing a return-interval greater than 100 years.
Manning’s roughness was varied from a value of 0.03 to 0.05, which represent a clean straight
channel to a channel vegetated with brush and weeds, respectively. Expansion and
contraction coefficients were also varied from 0.1 and 0.3, representing a gradual transition, up
to 0.6 and 0.8, representing an abrupt transition. Finally, the weir coefficient was varied from
2.6, a typical broad-crested weir value, up to 3.3, which is a typical sharp-crested weir value.

Based on these simulations, the model showed the most sensitivity to manning’s roughness
and the weir coefficient, see Tables 1 through 5. Varying the expansion and contraction
coefficients did not result in a difference in water surface elevation upstream of the barrier.
The greatest increase in water surface elevation during these simulations was 0.28-ft, based
on using a manning’s roughness of 0.05 and the broad-crested weir coefficient of 2.6. For a
flow-rate of 25,000-cfs, the minimum increase in water surface elevation in this analysis was
0.14-ft and occurred using a manning’s roughness of 0.03 and the sharp-crested weir
coefficient of 3.3.

As the design of the 2-gate barrier structures are now based on the use of sheet-piles instead
of the initial broader rock-dyke design, the use of the sharp-crested weir coefficient is more
appropriate to the shape of the structure. Therefore the most likely impact to flood stage is on
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the order of 0.10-ft to 0.23-ft, representing a flow-rate between 20,000-cfs to 25,000-cfs and a
manning’s n of from 0.03 to 0.05.

Manning’s roughness was varied in this sensitivity analysis to assist in making interpretations
of the potential range of change to flood-stage. However, the only way to quantify the
roughness of the design reach would be to develop a calibrated hydraulic model of the Delta.

An additional modeling study will be performed to verify the hydraulic conditions of Old River
with the gate system in place using the calibrated hydrodynamic model DSM-2. The benefit of
using this verified model is that it takes into account the dynamic nature of both the tides and
the re-distribution of flood flows within the Delta. If the more detailed DSM-2 studies do show
an increase in water surface profile greater than 0.1-ft for the 100-yr flood condition, the levees
along the reach of Old River could be raised to accommodate this increase.

Table 1. Weir Coefficient = 2.6; Expansion/Contraction Coefficient = 0.1 & 0.3

Manning's n = 0.03 Manning's n = 0.05
Discharge Dg\é\'::gae%m Upstream . Head ' Upstream . Head '
o, WSEL Differential WSEL Differential
Condition
(cfs) (ft NAVD88) (ft NAVD88) (ft) (ft NAVD88) (ft)

500 9.7 9.71 0.01 9.71 0.01
1000 9.7 9.71 0.01 9.71 0.01
5,000 9.7 9.71 0.01 9.72 0.02

10,000 9.7 9.74 0.04 9.75 0.05
15,000 9.7 9.79 0.09 9.82 0.12
20,000 9.7 9.82 0.12 9.88 0.18
25,000 9.7 9.88 0.18 9.97 0.27

Table 2. Weir Coefficient = 2.6; Expansion/Contraction Coefficient = 0.3 & 0.5

Manning's n = 0.03 Manning's n = 0.05
Discharge Dg\é\'::gae%m Upstream . Head ' Upstream . Head '
o WSEL Differential WSEL Differential
Condition
(cfs) (ft NAVD88) (ft NAVD88) (ft) (ft NAVD88) (ft)

500 9.7 9.71 0.01 9.71 0.01
1000 9.7 9.71 0.01 9.71 0.01
5,000 9.7 9.71 0.01 9.72 0.02

10,000 9.7 9.74 0.04 9.75 0.05
15,000 9.7 9.79 0.09 9.82 0.12
20,000 9.7 9.82 0.12 9.88 0.18
25,000 9.7 9.88 0.18 9.97 0.27
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Table 3. Weir Coefficient = 2.6; Expansion/Contraction Coefficient = 0.6 & 0.8

Manning's n = 0.03 Manning's n = 0.05
Discharge Dg\évSrs‘(tjraera;/m Upstream . Head ' Upstream . Head '
. WSEL Differential WSEL Differential
Condition

(cfs) (ft NAVD88) (ft NAVD88) (ft) (ft NAVD88) (ft)
500 9.7 9.71 0.01 9.71 0.01
1000 9.7 9.71 0.01 9.71 0.01
5,000 9.7 9.71 0.01 9.72 0.02
10,000 9.7 9.74 0.04 9.75 0.05
15,000 9.7 9.79 0.09 9.82 0.12
20,000 9.7 9.82 0.12 9.88 0.18
25,000 9.7 9.88 0.18 9.97 0.27

Table 4. Weir Coefficient = 3.0; Expansion/Contraction Coefficient = 0.1 & 0.3

Manning's n = 0.03

Manning's n = 0.05

Discharge Dg\(/)vbrllrs]éraera;m Upstream . Head . Upstream . Head .
s WSEL Differential WSEL Differential
Condition
(cfs) (ft NAVD88) (ft NAVD88) (ft) (ft NAVD88) (ft)
500 9.7 9.71 0.01 9.71 0.01
1000 9.7 9.71 0.01 9.71 0.01
5,000 9.7 9.71 0.01 9.72 0.02
10,000 9.7 9.74 0.04 9.75 0.05
15,000 9.7 9.77 0.07 9.80 0.10
20,000 9.7 9.80 0.10 9.86 0.16
25,000 9.7 9.86 0.16 9.95 0.25
Table 5. Weir Coefficient = 3.3; Expansion/Contraction Coefficient = 0.1 & 0.3

Manning's n = 0.03

Manning's n = 0.05

Discharge Dg‘gssgae%m Upstream . Head _ Upstream . Head _
Condition WSEL Differential WSEL Differential
(cfs) (ft NAVD88) (ft NAVD88) (ft) (ft NAVD88) (ft)

500 9.7 9.71 0.01 9.71 0.01

1000 9.7 9.71 0.01 9.71 0.01

5,000 9.7 9.71 0.01 9.72 0.02
10,000 9.7 9.74 0.04 9.75 0.05
15,000 9.7 9.77 0.07 9.80 0.10
20,000 9.7 9.80 0.10 9.86 0.16
25,000 9.7 9.84 0.14 9.93 0.23
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Figure 1. Peak-Flow Recurrence Intervals for Old River at Bacon Island
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R | MOFFATT & NICHOL

2001 N Main Street, Suite 360
Walnut Creek, CA 94596
Phone (925) 944-5411 <« Fax (925) 944-4732

MEMORANDUM

To: Dennis Majors, Metropolitan Water District

From: Chris Potter, Rick Rhoads, Dilip Trivedi

Date: September 16, 2008

Subject: Supplemental Study of Flood Issues Preliminary Draft

M&N Job No.:  2-Gate Barrier Project
File No: 6097-02

Flood Issues - Supplemental Study
1.0 Introduction

The 2-Gate Barrier System will provide a 170’ opening for the passage of flood flows when the
double butterfly gates are open, which includes the 75’ clear center opening for navigation.
The gate also provides for additional flood conveyance when the barrier is overtopped at flood
stages exceeding 6.6-ft NAVD88.

Since the 2-Gate Barrier is a pilot project that will be deployed seasonally, and remowed for the
remainder of the year, flood profiles should not be an issue during the months from July
through December when the barrier is not deployed. When the barrier is deployed, there will
be 2 operating modes: Predominantly open from January through March, and Predominantly
closed from April through June. However, for the purpose of this flood study, the gates were
assumed to be open from January through June because the gates will be opened during
flood events to permit the passage of flood flows.

This memo describes the analysis to assess the potential impacts on flood profiles due to the
2-gate barrier system.

2.0 Methodology

River Stage and discharge data for the 14 year period from 1992 to 2005 is available, and has
been used by the CCWD in the development and calibration of its Delta Simulation Model
(DSM-2). The model has been used to develop time histories of river stage and discharge for
sites immediately upstream and downstream of the proposed barriers. The initial run
considered the existing conditions (without the barriers) and produced values at 15 minute
intervals over the entire period. It isworth noting that the impacts of astronomical tides
propagated upriver from San Francisco Bay, flood flows propagating downstream from the
watershed, and the water withdrawals by the State and Federal pumping plants in the South
Delta are included in this analysis. The results of the DSM-2 run provided by the CCWD were
analyzed by M&N to produce the flood-stage hydrographs and statistical summaries of the
percent (of time) occurrence of stage described below.
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In order to help identify potential flood and navigation concerns with the barriers in place, M&N
requested that CCWD modify the DSM-2 to simulate conditions for both barrier operating
modes and rerun the time histories for each; however, only the Gates Open simulation was
used in this flood study. The Gates Open barrier simulation neglected overtopping of the
barrier during flood flows; therefore, this conservatism in the analysis had the potential to
produce higher flood-stages at the gate than would actually occur.

DSM-2 model output was analyzed at points immediately upstream and downstream of the
barrier, as well as at two locations further upstream and downstream of the barrier to assess
the influence on flood-stage of the barrier within Old River. Gage location ROLD014 is roughly
8000-ft downstream of the barrier, and gage location ROLD024 is roughly 6000ft upstream of
the barrier, see Figure 1.

The peak flood event during the period of DSM-2 model simulation was the February 1998
event. Therefore, stage hydrographs from this event were compared to assess impacts to
flood-stage during extreme events. The cumulative frequency of river stage for the January to
June period over the entire 14-year simulation for the Gates Open condition and the existing
condition were also summarized to provide a statistical comparison.

3.0 Results

The stage hydrographs of the existing and Gates Open conditions for the February 1998 flood
event at the 2-gate barrier are compared in Figure 2. As the figure illustrates, the barrier did
not increase the flood stage profile at the peak stages immediately upstream of downstream of
the barrier.

The stage hydrographs of the existing and Gates Open conditionsfor the February 1998 flood
event at Gage location ROLD014, ~8000-ft downstream of the barrier, are compared in Figure
3. The stage hydrographs of the existing and Gates Open conditions for the February 1998
flood event at Gage location ROLD024, ~6000-ft upstream of the barrier, are compared in
Figure 4. Figures 3 and 4 confirm that the barrier did not increase the flood stage profile at the
peak stages within a mile upstream of downstream of the barrier.

The exceedance probability expressed as a % for river stage at the sites immediately
upstream and downstream of the barrier is presented in Figures 5a and 5b for the Old River
Barrier. Lines are shown for the baseline condition, as well as Gates Open on the upstream
side of the structure and Gates Open on the downstream side of the structure. The
exceedance probability plots support the finding of no impact to flood stagegreater than 8.4-ft
NAVDS88 due to the 2-Gate Barrier. And these results included the inherent conservatism in
the analysis due to lack of overtopping of the barrier that would normally occur for flood stages
greater than 6.6-ft NAVD88. The 100-yr flood stage within Old River is 9.71-ft NAVD88.
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Figure 2. Stage Profiles for February 1998 Flood Event at Old River 2-Gate Barrier
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Figure 3. Stage Profiles for February 1998 Flood Event at Old River Gage Station ROLD014
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Figure 4. Stage Profiles for February 1998 Flood Event at Old River Gage Station ROLD024
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Figure 5a. Exceedance Probabilities for High Stages at Old River 2-Gate Barrier
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CONTRA COSTA WATER DISTRICT
Technical Memorandum

DATE: November 26, 2008
PREPARED BY: Brett T. Kawakami, Associate Water Resources Specialist

SUBJECT: CCWD DSM2 Flood Analysis for 2-Barrier Project

PURPOSE: This memorandum describes the hydrodynamic modeling using the Delta
Simulation Model, Version 2 (DSM2) that was performed by Contra Costa Water District
(CCWD) to determine potential flood effects of the proposed 2-Barrier project. Results of
this analysis show no significant flood impacts based on a 16 year historical DSM2
analysis (1991-2005), provided the gates are left open during high water events.

Delta Hydrodynamic Model — DSM2

DSM2 is a one-dimensional model developed by the Department of Water Resources
(DWR) for simulating hydrodynamics, water quality, and particle tracking in a network
of riverine or estuarine channels (DWR,2000). The model is used by DWR and others to
perform operational and planning studies of the Delta. Details of the model, including
source codes, model calibration, and model performance, are available from the DWR
Bay-Delta Office, Modeling Support Branch. Documentation of model development is
discussed in annual reports to the SWRCB which are available at:
http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/annualreports.cfm. DSM2 is a
widely used model for studying issues pertaining to flow, water elevations, water quality
and fisheries issues in the Delta and is well calibrated for flow, stage and water quality
(Nader-Tehhrani, 2001;Thein and Nader-Tehrani, 2006).

The Hydro module of DSM2, applied to the Delta, simulates tidal hydrodynamics
(channel stage, flow, and water velocity) using a 15-minute time step. For the 2-barrier
project, DSM2 Hydro was used to evaluate changes in stage and flow in the vicinity of
the barriers. In this analysis, results from use of the Hydro module are used to determine
potential flood impacts from implementation of the 2-Barrier Project. A discussion of the
DSM2 setup, results and conclusions are provided.
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DSM2 Setup

DSM2 (DWR, 2000) was used to simulate the effect of installing temporary barriers in
the vicinity south of Franks Tract in Old River and Connection Slough. The simulations
were based on the most recent historical DSM2 setup available from DWR and were
conducted from 1991-2005.

Gate locations and dimensions

The barriers will consist of sunken barges in Old River and Connection Slough with
operable gates placed on top (Moffatt and Nichol, 2008). The barriers with the gates
closed are modeled in DSM2 as single gates that extend the width of the channels. The
barriers with the gates open are modeled as notched weirs that allow flow through an area
defined by the dimensions of the gates (see below). The barriers were placed at DSM2
Channels 111 (Old River) and 248 (Connection Slough). Gate dimensions are as follows:

e Gate width: 170 feet (ft)
e Bottom elevation of gate: -13 ft NAVD88 (-15.4 ft NGVD29)
e Top elevation of gate: 6.6 ft NAVD88 (4.2 ft NGVD29)

Elevations were converted from NAVDS88 to NGVD29 for use in DSM2.

Scenario Descriptions

The DSMZ2 scenarios used in the flood analysis are described in Table 1. For the
purposes of the analysis, the gates were not operated and were considered either open or
closed for the entire simulation. The No Gates scenario represents the base case used for
comparison. All scenarios used the same set of unmodified historical boundary flows and
operations.

Table 1: DSM2 Scenarios

Scenario Description

No Gates Barriers are not installed.

Gates Closed Barriers are installed and gates closed year round. Flow only occurs
when gate is overtopped.

Gates Open Barriers are installed and gates left open year round. Flow occurs
through the gate opening.

Gates Open (0.2 Same as “Gates Open” scenario with an additional weir friction

Coefficient) coefficient of 0.2 applied.

Results

Stage information was output at 15 minute intervals immediately upstream and
downstream of both barriers, as well as at other selected locations. The results were
provided on CD-ROM to DWR in MATLAB and ASCII format in August, 2008
(CCWD, 2008). All stage results in this discussion are given in the NGVD 1929 datum.

Maximum annual stage impact

For each scenario, the highest stage in each water year of the simulation (maximum
annual stage) was identified at four locations immediately upstream and downstream of
the Connection Slough and Old River barriers. The changes in maximum annual stage
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between the with-gate scenarios and the No Gates scenario were determined. Maximum
annual stage exceeded the top of the gate elevation (4.2 ft) in all years and scenarios. A
comparison between the Gates Closed and No Gates scenario is shown in Table 2. Bold
numbers indicate the highest increase for a given location over the entire simulation
period. The highest increase to the maximum annual stage was 0.23 ft, which occurred in
1997 at the upstream side of Old River. In all other years, the maximum increase was
0.16 ft or lower.

Table 2: Changes in Stage at Maximum Annual Stage for
Gates Closed versus No Gates scenario

: Change in Maximum Annual Stage (feet)*
No Gates Scenario X
Maximum Compared to No Gates Scenario
Annual Stage Connection Connection
(feet) Slough U/S of | Slough D/S of | Old River U/S | Old River D/S
Year NGVD 1929 Barrier Barrier of Barrier of Barrier
1992 4.90 -0.01 0.02 -0.48 0.06
1993 5.00 -0.02 0.03 -1.03 0.08
1994 4.83 -0.03 0.08 -1.44 0.16
1995 5.93 0.05 -0.02 0.01 -0.01
1996 5.22 0.04 0.02 -0.41 0.06
1997 5.93 0.04 -0.09 0.23 -0.07
1998 7.08 0.01 -0.03 -0.07 -0.02
1999 4.52 0.00 0.03 -0.47 0.11
2000 4.97 -0.03 0.06 -0.84 0.12
2001 4.93 -0.02 0.01 -0.55 0.07
2002 5.10 -0.04 -0.03 -0.50 0.01
2003 5.41 -0.08 -0.06 -0.65 -0.03
2004 5.26 -0.06 0.03 -1.39 0.09
2005 5.49 -0.04 0.01 -0.93 0.07
*Bold indicates maximum increase observed at the location for all years

In the comparison between the Gates Open and No Gates scenarios shown in Table 3, the
increase in maximum annual stage in 1997 was reduced to 0.01 ft, and the maximum for
all years was 0.02 ft, occurring in 2004. Thus, leaving the gates open (barriers installed)
during periods of high flows greatly reduces the impact at the maximum stage.

Table 3: Changes in Stage at Maximum Annual Stage for
Gates Open versus No Gates scenario

: Change in Maximum Annual Stage (feet)*
No Gates Scenario .
e Compared to No Gates Scenario
Annual Stage Connection Connection
(feet) Slough U/S of | Slough D/S of | Old River U/S | Old River D/S
Year NGVD 1929 Barrier Barrier of Barrier of Barrier
1992 4.90 0.00 0.00 -0.13 -0.01
1993 5.00 0.00 0.00 -0.21 0.00
1994 4.83 0.00 0.01 -0.31 0.02
1995 5.93 0.00 -0.01 -0.02 -0.01
1996 5.22 0.00 0.00 -0.14 0.00
1997 5.93 0.00 -0.03 0.01 -0.02
1998 7.08 0.00 0.00 -0.03 -0.01
1999 4.52 0.00 0.00 -0.16 0.01
2000 4.97 0.00 0.01 -0.26 0.01
2001 4.93 0.00 0.00 -0.15 0.00
2002 5.10 -0.01 -0.01 -0.13 0.00
2003 5.41 -0.01 -0.01 -0.14 -0.01
2004 5.26 -0.01 0.00 -0.28 0.02
2005 5.49 0.00 0.00 -0.26 0.01
*Bold indicates maximum increase observed at the location for all years
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We conducted a sensitivity analysis by rerunning the Gates Open scenario with a
conservative friction coefficient of 0.2 applied, which serves to constrict the flow allowed
through the gates significantly. As shown in Table 4, the Gates Open (with 0.2
Coefficient) showed a maximum increase in maximum annual stage of 0.42 ft versus the
No Gates scenario. There were also other instances, mostly at the Old River barrier
downstream, where changes in maximum annual stage exceed 0.1 ft, although the highest
increase is at 0.14 ft. The increases in stage are unexpectedly higher for the Gates Open
(with 0.2 Coefficient) than the Gates Closed scenario. This is due to the fact that
overtopping is not properly simulated in DSM2 for the Gates Open scenarios. When stage
exceeds the top of the gate elevation, flow should be allowed across the entire length of
the barrier, which is what does occur in the Closed Gate scenario simulation. However, in
the Open Gate scenarios, the gate is essentially modeled as a notched weir, and due to a
DSM2 limitation, flow is only allowed through the notched portion no matter how high
the stage, leading to artificially higher stages to occur in the simulation. Thus, if
overtopping were properly accounted for, the increases in stage would be lower.

Table 4: Changes in Stage at Maximum Annual Stage for
Gates Open (with 0.2 Coefficient) versus No Gates scenario

Change in Maximum Annual Stage (feet)
No Gates Scenario Compared to No Gates Scenario
Maximum Annual
Stage Connection Connection
(feet) Slough U/S of | Slough D/S of | Old River U/S | Old River D/S
Year NGVD29 Barrier Barrier of Barrier of Barrier
1992 4.90 -0.01 0.01 -0.47 0.04
1993 5.00 -0.01 0.03 -0.90 0.08
1994 4.83 -0.02 0.07 -1.28 0.14
1995 5.93 0.02 -0.03 0.12 -0.03
1996 5.22 0.02 0.02 -0.42 0.07
1997 5.93 0.02 -0.09 0.42 -0.07
1998 7.08 0.00 -0.05 0.08 -0.03
1999 4.52 0.00 0.02 -0.54 0.08
2000 4.97 -0.01 0.05 -0.80 0.11
2001 4.93 -0.01 0.02 -0.57 0.06
2002 5.10 -0.03 -0.01 -0.50 0.03
2003 5.41 -0.04 -0.01 -0.54 0.01
2004 5.26 -0.03 0.05 -1.15 0.11
2005 5.49 -0.02 0.05 -0.86 0.11
*Bold indicates maximum increase observed at the location for all years

Changes in maximum annual stages for the Gates Open were also checked for two
locations (ROLDO014 and ROLDO024) at some distance (less than a mile) upstream and
downstream of the barriers (See Figure 1 for locations). Examination confirmed that the
maximum increase was small (0.02 ft) at each location. The stage output for a number of
other locations along Old and Middle Rivers were also examined and these showed a
maximum increase of less than 0.04 ft when the gates were opened.

Fractional Exceedance Plots

Cumulative distribution function curves for stage output from the simulations were
generated for the Gates Open and No Gates scenario at the OR Upstream barrier,
ROLDO014, and ROLDO024 locations. The comparison between the two scenarios at is
shown in Figures 2 thru 4. The figures illustrate that the there is not a
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significant difference in frequency distribution of stage between the Gates Open and No
Gates scenarios for the three locations.

Figure 2: Cumulative Distribution Function Plot of Stage for
OR Barrier upstream (1992-2005)
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Figure 3: Cumulative Distribution Function Plot of Stage for ROLD014 (1992-2005)
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Figure 4: Cumulative Distribution Function Plot of Stage for ROLD024 (1992-2005)

0,999 e | ST A T—
; : : | ——All Gates Open

0.993 — Mo Gates

0,997 ............. ............... ............... .............. _
Ogog k- o ............... ............... ............... .............. _
0995 k- A ................ ............... ................ ............... .............. |

good bt ................ ............... ............... ............... ...............

Fractional Exceedance

oo b .. ............... ............... ............... ............... .............. _

0,992 ............... ............... ............... ............... .............. _

gogf koo ............... ............... ............... ............... .............. o

Stage NGWD 1929 (feet)

Conclusions

The results of this analysis demonstrate that installation of barriers at Connection Slough
and Old River with gates open does not significantly increase stage levels nor result in
substantial increases in frequency of higher stages. The analysis confirms that this is true
both at the barriers themselves (immediately upstream and downstream) and at locations
some distance upstream and downstream from the barriers (ROLDO014, ROLD024). The
maximum observed increase in maximum annual stage for these locations was small (less
than 0.23 feet or about 2.5 inches) when the gates were left closed. When the gates were
left open, the maximum increase was reduced to below 0.02 ft. Analysis of stage at other
locations along Old and Middle Rivers showed a maximum increase with gates open of
0.04 ft. The cumulative distribution function analysis shows that there is not a
significantly higher incidence of high stage levels when the barriers are in with gates
open versus when no barriers are present.

This analysis confirms the need to flexibly manage the barriers in response to actual
hydrologic conditions such as flood and high water events. Mechanisms for monitoring
flow conditions and adjusting gate position are being incorporated into the operational
plans for the 2-Barrier Project.
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