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EXECUTIVE SUMMARY

Bateman Island, located at the confluence of the Yakima and Columbia Rivers in
Richland, WA, is connected to the mainland by an earthen bridge referred to as the
Bateman Island Causeway. The earthen causeway is a complete barrier to river flow.  The
backwater area behind the causeway offers ideal habitat for non-native predatory fish
such as bass, walleye and catfish, which feed on outmigrating steelhead, Chinook,
sockeye, and coho salmon smolts in the spring.  Summer temperatures on the south and
west sides of Bateman Island routinely exceed 25 or even 30 degrees C.  Such extreme
thermal conditions are a migration barrier to late-migrating salmon, including sockeye,
summer Chinook and fall Chinook.

The Bateman Island Causeway Modification Conceptual Design project engaged a
fisheries Technical Advisory Group (TAG) and local stakeholders to identify objectives
for changing or preserving conditions around Bateman Island.  The TAG identified two
key issues for salmon migration through the Yakima Delta: predation on outmigrating
smolts in the spring, and temperature barriers to returning adults in summer.  The TAG
was also concerned with habitat conditions for rearing fall Chinook salmon, and with the
preservation of clear cues for upstream migrants.

The issues raised by local stakeholders were diverse.  Stakeholders described the value of
slackwater for navigation around the Columbia Park marina and boat launch, for
wakeboarding west of the island, and for recreational moorage.  Conversely, the
mosquito control district described how slackwater and exposed mud banks necessitate
$100,000 in annual mosquito control efforts.  A kayaker expressed the desire to
circumnavigate the island, and a salmon fisherman described the value of bank fishing
opportunities.  Many people emphasized the value of pedestrian access to the island for
birdwatching and hiking.  City of Richland staff explained that if pedestrian access to the
island is maintained, then emergency access to the island must be maintained as well.

The Conceptual Design project used public comments to shape eight alternatives for
modifying conditions around Bateman Island, and then employed hydrodynamic
modeling to evaluate the alternatives.  Alternative 1 was “no action,” and was modeled as
the existing condition.  Alternative 2 was to disconnect the thalweg of the Yakima River
from the backwater Delta area.  Modeling indicated that disconnecting the thalweg would
not improve temperature conditions for salmon, and the alternative was dismissed from
further consideration.  Alternative 4 considered realigning the causeway and forcing
Yakima River flow through a small channel on the southeast of the island.  It was
dismissed from further consideration due to concerns with cost and impacts to cultural
resources.  Alternatives 3, 5, 6, 7 and 8 were varying causeway breach sizes and
configurations.

Hydrodynamic models AdH and CE-QUAL-W2 were used to simulate stream flows,
velocities, and temperatures in the Bateman Island vicinity and calculate changes in
temperature, velocity, flow, and sediment.
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All of the calculated temperature metrics indicated that adding a breach to the existing
causeway will decrease water temperatures and improve salmonid habitat on the west and
south sides of Bateman Island.  The alternatives with breaches of 260 feet or greater
(Alternatives 5, 3 or 8) produced the most benefit, but all of the alternatives (also
including smaller 130-foot and 200-foot breaches) resulted in some reduction of
temperatures west and south of Bateman Island.

In spring, flowing water around the west side of Bateman Island will slow the warming of
the Yakima Delta area, and retard the activity of warmwater piscivorous fish.  Between
March 15 and May 31 of 2012, the maximum 7-day average of the daily maximum
temperatures (7-DADMax) to the west of Bateman Island was 19.6 degrees C
(67 degrees F).  Modeling suggests that if half of the causeway (Alternative 5) had been
opened to flow, the maximum would have been 17.6 degrees C (64 degrees F).  In 2014,
a lower water year, the maximum would have been reduced from 21.1 degrees C to
18.3 degrees C (70 degrees F to 65 degrees F) under Alternative 8 (full causeway breach
without breakwater).  Using bioenergetics equations, McMichael (2015) calculated that
reducing the temperature from 21 degrees C to 18.3 degrees C would be expected to
reduce the consumption rate of smallmouth bass on juvenile salmonids by 29.5 percent.

This decrease in stream temperature could be significant for smolt survival.  In 1999,
McMichael et al. used a bioenergetics approach to estimate that predation on juvenile
salmonids in the lower Yakima River during May would be reduced 23 percent by a
2 degrees C decrease in water temperature (from 13.2 to 11.2 degrees C).  In regard to the
Bateman Island Causeway Modification report, McMichael (2015) stated: “Changes in
habitat conditions that increase travel rate, reduce water temperature, and/or directly or
indirectly affect predator abundance or effectiveness would be expected to improve
survival for juvenile salmonids migrating through or rearing in the [Yakima River
Delta].”

In summer, temperatures will decrease as colder Columbia River water is introduced into
the area west of Bateman Island; and Columbia River flow around the island increases
with larger breach widths.

A comparison of AdH simulated temperatures are shown in Figure EX1 (from
Appendix D) below with the causeway in place (existing conditions) and Alternative 8, a
full causeway removal.  Alternative 8 also includes a proposed breakwater to be
constructed around a marina on the east side of the Causeway.  The proposed breakwater
limits velocities within the marina to preserve navigability.  The figure illustrates that
removing the causeway allows colder Columbia River water to flow around the island
when the Columbia River is at an adequately high discharge.
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FIGURE E-1

Simulated Temperatures for a Moderately High Columbia River Discharge on
July 8, 2012, (Left) Existing Conditions, (Right) Alternative 8, Full Causeway

Removal with a Breakwater around Marina

An assessment of the sediment that has been deposited on the west side of Bateman
Island found that they are of a cohesive nature that is best characterized as a fluid mud.
And, more importantly, that the mud will be transported to the Columbia River under any
of the breach alternatives considered and will not redeposit within the project vicinity.
This prediction was based on application of theoretical equations for modeling cohesive
sediment mobilization/transport and output from the AdH model.

Stream velocities were also evaluated to determine how opening the causeway could
impact users of the marina and other recreation uses.  Stream velocities west and south of
Bateman Island will increase if the causeway is breached.  Increases in average spring
and summer stream velocity are less than 0.15 meters per second for the smaller breaches
(130 feet and 200 feet), and more than double for the larger breaches (260-foot breach
and greater).  As a mitigation measure, Alternative 8 included a breakwater around the
marina that would limit velocities under even the largest breach alternatives.  Should a
breakwater be included in the preferred alternative, however, further investigation of the
resulting hydraulics is recommended.

Alternative cost estimating incorporated ranges of probable cost to display uncertainty
about construction techniques.  The estimated costs ranged from $679,512 for a 130-foot
breach with no pedestrian access or marina protection to nearly $10 million for a full
breach with pedestrian and emergency vehicle access to the island and a breakwater to
protect the marina from flow.

This report does not identify a preferred alternative.  Selection of a preferred alternative
is within the purview of the land owners (Washington Department of Natural Resources
and United States Army Corps of Engineers), lessee (City of Richland), tribes (the

Causeway Marina
Breakwater
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Yakama Nation and the Confederated Tribes of the Umatilla Reservation), and agencies
tasked with salmon recovery (Washington Department of Fish and Wildlife and NOAA
Fisheries).  River flow around Bateman Island is expected to improve migration
conditions for salmon, especially in the spring.  The nuances of how to achieve that
improvement are yet to be determined.
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CHAPTER 1

INTRODUCTION

PROJECT DESCRIPTION

Bateman Island sits at the confluence of the Yakima River with the Columbia River, in
the City of Richland, Washington (see Figure 1-1 Area Location Map). The 160-acre
island is connected to the mainland by an earthen bridge referred to as the Bateman
Island Causeway. The causeway is approximately 500-feet long by 40-feet wide. Aerial
photos indicate that the causeway was constructed between 1939 and 1940 for
agricultural access. The causeway is composed of earthen material and has been
reinforced with rock rip rap over time. It is a complete barrier to river flow, boats, and
fish. The presence of the causeway impacts flow and water quality conditions in the
Yakima Delta and contributes to a water temperature barrier that can delay adult salmon
migration. (Wassell et al., 2014)

The Yakima River hosts anadromous runs of Steelhead Trout, spring, summer, and fall
Chinook Salmon, Coho Salmon, and Sockeye Salmon. Juvenile salmon out-migrate
through the Delta area to the Columbia River, and adult fish migrate from the Columbia
up into the Delta.  Extreme thermal conditions in the lower Yakima River during
irrigation season create a migration barrier to local salmonid species, and have created
habitat ideal for predatory warm water fish species such as Smallmouth Bass, Walleye
and Channel Catfish. The thermal barrier is a particular concern for species that migrate
later in the summer, such as Sockeye Salmon and spring, summer, and fall Chinook
Salmon. Juvenile salmonids and spring adult runs must adapt migration timing to be
through the lower Yakima River before temperatures rise rapidly in June and July. Fall
adult migratory species are thought to hold in the Columbia River while waiting for
Yakima River temperatures to decrease in September and October. (Wassell et al., 2014)

The Mid-Columbia Fisheries Enhancement Group (MCFEG), in coordination with the
Benton Conservation District (BCD), was provided a grant from the Washington State
Salmon Recovery Funding Board (#13-1557) to develop conceptual designs for
modifications to the Bateman Island Causeway. As stated in the grant, the project will
identify alternatives to breach the causeway to allow flow along the south side of the
island while accommodating recreational and emergency access to the island. The project
will also identify and address stakeholder concerns, including the landowners
(Washington State Department of Natural Resources, US Army Corps of Engineers),
lessees (City of Richland, Columbia Park Marina), and recreationists. Alternative
development will aim to:

· Reduce predation on out migrating juvenile salmonids;
· Reduce predation to rearing spring, summer, and fall Chinook in the Delta

area;
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· Reduce maximum temperature in the Yakima River thalweg; and
· Maintain clear, distinct cue for upstream migration.

And will consider:

· Mobilization of sediment deposited to the west of the causeway;
· Bank scour potential;
· Protection of marina resources; and
· Relative project costs.

PREVIOUS STUDIES

Water temperatures and habitat concerns related to the Bateman Island Causeway have
been evaluated previously by four key studies. These include:

· 1998 – Bureau of Reclamation commissioned a Forward-Looking Infrared
(FLIR) flight over the lower Yakima River in August of 1997 (Holroyd,
1998). Collected digital aerial thermography data showed that
temperatures in the region west of Bateman Island exceeded 28 degrees C
at the same time temperatures in the Columbia River and Yakima Rivers
were 20 and 23 degrees C, respectively.

· 2004 – The U.S. Army Corps of Engineers (COE) performed the “City of
Richland Ecosystem Restoration Project” (COE, 2004). This study
evaluated three alternatives to improve habitat in the area west of Bateman
Island using multiple measures, including opening up the Bateman Island
Causeway and riparian improvements. The study highlighted concerns
associated with opening up the causeway and estimated that the
improvements would cost on the order of $2,000,000.

· 2011 – Benton Conservation District (BCD) performed an assessment of
temperatures in the Lower Yakima River (Appel et. al, 2011). This study
took a close look at temperatures in the Bateman Island vicinity, collecting
continuous temperature data at five locations during the summer of 2009.
Longitudinal temperature profiles along the lower Yakima River,
including the Bateman Island vicinity, were also collected on August 14,
2008 and July 31, 2009. The study confirmed that temperatures west of
Bateman Island frequently exceed 30 degrees C, but also found that
temperature dynamics including interactions with the Columbia River
were more complex than initially thought.

· 2014 – In partnership with the BCD, MCFEG retained a consultant,
INTERA, to perform an initial hydrodynamic assessment of flow and
temperature patterns in the vicinity of Bateman Island Causeway (Wassell
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et. al, 2014). This study included collection of bathymetric data of the
causeway vicinity in June 2011 and the collection of continuous
temperature data at six locations between August 2011 and October 2012.
The bathymetry and monitoring data were used by the consultant as inputs
to a hydrodynamic model developed of the Bateman Island vicinity.  The
analysis utilized Environmental Fluid Dynamics Code (EFDC) to calculate
flow distributions and MATLAB scripts to calculate temperatures. The
model was uncalibrated, but four different opening configurations of the
causeway were evaluated and all indicated that temperatures on the west
side of Bateman Island would reduce if flow is allowed around the south
end of the Island.

GOAL AND OBJECTIVES

The goal of the project is to design alternatives that improve migratory conditions for
juvenile and adult Steelhead, spring, summer, and fall Chinook Salmon, Coho Salmon,
and Sockeye Salmon at the confluence of the Yakima and Columbia Rivers.

Objectives in support of the goal include:

· Determine how the Bateman Island causeway could be modified to
improve migratory conditions for salmonids while protecting cultural
resources, maintaining emergency vehicle access to the island, and
accommodating human uses in the area;

· Describe how modeled changes in water quality and hydrology might
impact native and non-native fish utilization of the Bateman Island area;

· Identify how causeway modification would impact other resources in the
area;

· Actively engage the public and other stakeholders in the design process;

· Conduct preliminary outreach to appropriate regulatory agencies and
develop a project-specific permitting strategy;

· Articulate how causeway modification might proceed; and

· Summarize the anticipated costs of modifying the causeway.
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SCOPE OF SERVICES

MCFEG contracted with Gray & Osborne in June 2014 to develop a conceptual-level
design report of conceptual alternatives and recommendation of a preferred alternative as
detailed in the following tasks (full task descriptions are provided in Appendix I).

· Task 1:  Project Management, Quality Assurance/Quality Control

· Task 2:  Compile and Review Existing Data

· Task 3:  Topographic Survey and Bathymetry

· Task 4:  Field Investigations

· Task 5:  Delta Processes Analysis and Modeling

· Task 5.1 – Geomorphic Characterization

· Task 5.2 – Geology and Soils Characterization

· Task 5.3 – Fish and Habitat

· Task 5.4 – Hydrology

· Task 5.5 – Hydrodynamic Modeling and Sediment Transport

· Task 5.6 – Temperature Modeling of Causeway Scenarios

· Task 6:  Develop Conceptual Design Alternatives

· Task 7:  Stakeholder Review and Public Outreach

· Task 8:  Regulatory Process and Permitting Strategy Development

· Task 9:  Project Closeout and Final Reporting
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CHAPTER 2

STAKEHOLDER AND FISHERIES TECHNICAL
ADVISORY GROUP DIRECTION FOR
DEVELOPMENT OF ALTERNATIVES

Stakeholder meetings (technical advisory group (TAG), public and regulatory agencies)
were convened to solicit input to proposed changes in the project area.  A subcommittee
of the TAG met in August 2014 to articulate measurable objectives for fisheries.  A
public group of stakeholders met in April and September 2014 to identify objectives for
recreation, commerce, and mosquito control.  Public meetings solicited comment on how
changing the causeway would impact recreational uses of the Delta area, impacts on the
Columbia Park Marina, and what kind of modifications would be most or least desirable.
The TAG and the public separately reconvened in March 2015 to review preliminary
modeling results, to discuss the significance of results with respect to formerly identified
objectives, and to consider refinements to design alternatives.  Meeting notes are
available in Appendix F – Public Meeting Records, and in Appendix G – Stakeholder
Review Records.

The Fisheries TAG in August 2014 identified the following objectives for guidance in
development of modifications to flow dynamics in the project area:

· Reduce predation on early and late outmigration of juvenile salmonids;

· Reduce predation on rearing fall Chinook in the Delta area;

· Reduce maximum temperature experienced in the Yakima River thalweg;
and

· Maintain clear, distinct cue for upstream migration.

The project team then convened to formulate a list of variables that could be measured
through the application of hydrodynamic modeling, and which would be applied as a
measure of how well the objectives identified by the Fisheries TAG were met under
various alternatives to breach the causeway.  Part of the basis to identifying measurable
variables was the recognition that reduction of predation could be tied to metabolic
activity and habitat structure.  In general, predator recruitment is favored by warm water
temperatures, low flow velocity, steady flow discharge, shallow water, and low
suspended sediment.  Key metrics identified by the project team to evaluate fisheries
objectives included:
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· Modeled Changes in Water Temperature:  Water temperatures greater than
21 degrees C to 24 degrees C may delay adult salmonid migration;
predator metabolism is depressed at temperatures below 10 degrees C.

· Modeled Changes in Flow Velocity:  Predation is inversely related with
flow velocity; velocity also affects residence time of smolts in the Delta
area.

· Modeled Changes in Flow Discharge:  Predator recruitment is inversely
related with discharge – a greater component of Columbia River flow
through the Delta may decrease water temperature; but it may also diffuse
cues for upstream migration.  There was uncertainty among the members
of the TAG as to whether source of flow was a relevant metric by which to
measure cue diffusion, as there is also uncertainty in the field of fisheries
biology as to the relative importance of smell, magnetism, and other cues
for directing migrating salmon.  The metric is included here to reflect the
discussion held by the TAG.

· Modeled Changes in Channel Bed Sediment:  Mobilization of bed
sediment and transport out of the Delta area can deepen the channel,
which is less favorable to predator habitat.

The project team also recognized a potential to reduce predation of salmonids by
reduction of predator population size, but this was considered beyond the scope of the
conceptual design phase of the project.

Stakeholder public concerns identified in September 2014 were used as non-fisheries
objectives for evaluation of proposed changes in the project area, and included:

· Yakima Delta reopened.

· Water current within 50 feet of the Columbia Park Marina (the marina).

· Slackwater recreation options east of the causeway.

· Access for kayaks all the way around Bateman Island.

· Debris/sediment effects in the marina.

· Water current velocities around Bateman Island less than 4 miles per hour.

· Area of exposed mud flats/standing water.

· Bank fishing opportunities.
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These objectives are largely qualitative.  Where information was available to define a
standard of measure, then that standard was applied; otherwise evaluation of changes to
the causeway was conditioned from the public input received, coupled with relative
changes to the existing condition as derived from results of the hydrodynamic modeling.
The project team applied the following guidance to evaluation of non-fisheries
objectives:

· Yakima Delta Reopened:  Assumes provision of pedestrian and
emergency vehicle access to Bateman Island; loading requirements for
access would accommodate fire suppression vehicles.

· Water Current within 50 Feet of the Columbia Park Marina:  Based on
limited public input, a maximum current of one knot (about 0.5 meter per
second) was used as a measure.  Research of Planning and Design
Guidelines for Small Craft Harbors, American Society of Civil Engineers,
2000 ASCE Manuals and Reports on Engineering Practice No. 50, Task
Committee on Marinas 2000 provided that, “If prevailing wind, current,
and wave action is perpendicular to the aisles, aisles should be widened to
accommodate these forces on boats maneuvering in the aisles.” (p 43).
Since the marina was originally designed for a slack water condition,
introduction of current could require widening of the aisles to
accommodate boat maneuverability.  (To retain the design conditions of
the existing marina, the currents would need to meet a slack water
condition, which typically would require a breakwater.  Alternatives for
marina modifications are beyond the scope of this study but should be
addressed as the design progresses during future project phases.)

· Slackwater Recreation Options East of the Causeway:  Evaluation of this
objective would be conditioned qualitatively by relative changes to direct
flow and backwater current velocities from the existing condition as
derived from hydrodynamic modeling.

· Access for Kayaks All the Way Around Bateman Island:  Evaluation of
this objective would be conditioned qualitatively by relative changes to
direct flow and backwater current velocities from the existing condition as
derived from hydrodynamic modeling, and on average flow velocities less
than 0.9 meter per second (about 2 miles per hour) against which kayakers
would travel through the causeway breach.

· Debris/Sediment Effects in the Marina:  Evaluation of this objective would
receive favorable ratings if modeling of sediment transport were to
indicate that no sediment would settle within the marina and reduce water
depths.
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· Water Current Velocities Around Bateman Island Less Than 4 miles Per
Hour:  An objective conditioned qualitatively from public input for
suitability of recreational activities.

· Area of Exposed Mud Flats/Standing Water:  Evaluation of this objective
would consider the qualitative reduction of exposed areas within the Delta
as derived from results of the hydrodynamic modeling and sediment
transport study.  The objective relates to the public’s desire to reduce
populations of Flood Water Mosquitoes by reducing their breeding areas.

Using information obtained from the stakeholder meetings in August and September
2014, the project team in October 2014 met to brainstorm and generate a suite of coarse
alternatives that would be analyzed for conceptual-level feasibility.  In addition to the
no-action alternative, three coarse-level action alternatives were identified and discussed
for modifying flow in the Delta area.  Alternatives identified and discussed during the
October 2014 project team meeting are shown graphically on Figure 2-1, and are briefly
described below.

Alternative 1 – No action.  Discussion focused on expected effects due to the
apparent trend in climate change, which would likely lead to warmer temperatures
in the Delta.  Siltation of the Delta would continue, although present rates of
siltation are assumed to be less than historic rates (in part due to changes in
agricultural practices within the Yakima River basin).

Alternative 2 – Disconnect the Yakima River thalweg from the Yakima Delta
backwater area (forces all Yakima River flow north of Bateman Island).  This
would entail blocking off the Delta and constraining the Yakima River at its
mouth by methods of placing fill or debris, constructing a breakwater, or
anchoring large quantities of large wood that would trap sediment over time.
Considerations for this alternative might include incorporation of flood control
gates, and determination of height requirements of the barrier.  Questions were
raised about uncertainties associated with permitting requirements, costs,
restrictions on recreationist access to the Delta, and benefits to fish (for example,
how would rearing habitat quality change for juvenile Chinook?).

Alternative 3 – Breach the Bateman Island causeway (allow enough flow around
the south side of Bateman Island through the existing causeway alignment to meet
fisheries objectives).  Discussion included mitigation techniques for potential
impacts on the marina, such as water velocity and sediment; the number of
breaches and their geometry and structural options; and provision or not of
pedestrian and emergency vehicle access to the Island.
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Alternative 4 – Modification of causeway alignment (allow flow around the south
side of Bateman Island through a different causeway alignment).  A realignment
of the causeway might entail ‘pivoting’ the northern end of the existing causeway
further east, such that flow velocity and sediment from the Yakima River and
Delta would by-pass the marina.  Options discussed included dredging of a
northeast to southwest trending swale through the Island to create a side channel
that would increase outflow capacity from the Delta.  Uncertainties raised
included permitability with respect to Island ownership and potential cultural
resources, as well as effects on returning adult salmonids with respect to diffusion
of Yakima River cues, or effects on out-migrating juvenile salmonids with respect
to increased travel times.

The project team assumed that the three action alternatives would only move forward if
they were likely to have substantial benefits to salmon and steelhead.  Chapter 3 in this
report presents the approach to further analysis of alternatives with respect to fish
objectives and stakeholder concerns, and Chapter 4 presents results from that analysis.
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CHAPTER 3

HYDRODYNAMIC MODELING
APPROACH AND CALIBRATION

This chapter presents a summary of the hydrodynamic modeling approach and calibration
of models with existing conditions data from specified time periods.  Appendix D
presents the full report completed by Northwest Hydraulic Consultants (NHC).

INTRODUCTION

Due to uncertainty about how modifying the causeway may affect the complex
hydrodynamics that exist in the vicinity of the Yakima River delta, a hydrodynamic
computer model was needed to evaluate the alternatives considered for the project.
Hydrodynamic computer models provide powerful tools for visualizing and evaluating
modifications under a range of flow conditions. In order to support selection of the
preferred alternative(s), it was determined that no single model could address all of the
modeling objectives. The primary modeling needs and criteria outlined by the project
team included:

· Scientifically defensible simulation of temperature. That is, it should
simulate water-temperatures within an acceptable level of match to
observed data.

· Simulate how flow patterns around Bateman Island might be affected by
modifying the existing causeway.

· Simulate how the duration of high temperatures on the west side of
Bateman Island would be affected by modifying the existing causeway.

· Predict how changes in the causeway may affect sediment transport in the
Bateman Island vicinity, particularly through the marina located south of
the Island.

NHC staff reviewed available models and determined that application of a suite of three
coupled models would be the best approach to achieve the modeling objectives with the
resources and schedule available for the project. These models included the following:

· Adaptive Hydraulics (AdH) – This is a depth averaged two-dimensional
model developed by the U.S. Army Corps of Engineers Coastal and
Hydraulics Laboratory. AdH was used to simulate the distribution of flow
around Bateman Island. The model also produced a depth averaged water
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temperature solution based on a heat balance that utilizes meteorological
data.

· CE-QUAL-W2 – Referred to as W2 for short. This is a laterally averaged
two-dimensional reservoir model developed by the U.S. Army Corps of
Engineers Engineer Research and Development Center and currently
maintained by Portland State University. This model was applied to
simulate vertical temperature stratification that occurs on the west side of
the Bateman Island Causeway.

· HEC-RAS – This is a one-dimensional river hydraulics model developed
by the U.S. Army Corps of Engineers Hydraulic Engineering Center. The
model was applied to calculate inflows and downstream water-levels on
the upstream and downstream boundaries of the AdH model. HEC-RAS is
less computationally intensive and allowed large reaches of the Columbia
River to be quickly modeled for extended simulation periods.

In addition to these three hydrodynamic computer models, a series of spreadsheet models
were used to simulate changes in sediment transport. Many two-dimensional models
include sediment transport capabilities, but none have well-utilized routines for
simulating transport of cohesive sediments like those present on the west side of Bateman
Island. This study combines geomorphic interpretation with numerical simulation to
investigate the potential for sediment mobilization from the study area.

ENVIRONMENTAL INPUT DATA

Hydrodynamic modeling and the geomorphic assessment both rely on available data. The
data used in this study were assembled from eight different federal and local agencies
(see NHC report Tables 1-4 in Appendix D). Data included instantaneous and time-series
records collected during field monitoring programs, and spatial information such as
orthophotos and bathymetry.  Simulation of temperature with hydrodynamic models
requires time-series of observed water level, flow, temperature, and meteorology data for
the period to be simulated. An inventory of these datasets is provided in Appendix D,
Table 1, Table 2, Table 3, and Table 4. The locations of data collection sites are presented
spatially in Appendix D Figure 1.

River bed elevation is the primary dataset needed to simulate the distribution of flows and
to evaluate sediment transport characteristics of the study area. Bathymetric data of the
Bateman Island vicinity was collected in July 2012 as documented in Wassell (2014).
That dataset was refined as part of this effort, as described in Appendix D, 3.2.

Extents of the AdH, W2, and HEC-RAS models used for this project are displayed in
Appendix D Figure 4, and described therein (Section 4.1).  The 2012/2014 model
bathymetry was used in the vicinity of Bateman Island for all three models.  Boundary
conditions are described in Appendix D, 4.2.
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CALIBRATION TO OBSERVED DATA

The objective of the model calibration is to achieve a scientifically defensible simulation
of temperature. This means that the model should be accurate enough to make
comparisons between causeway modification alternatives and make relative decisions
regarding their performance for a given parameter. Data from 2009, and 2011 – 2014
monitoring periods were used for calibration. The water-surface elevation was the first
parameter calibrated to observed data. Without a good match to water-level, there is no
sense in looking at simulated velocities or temperatures, since these both depend on
water-level. Stream velocities were calibrated second and water temperature was
calibrated last.  Calibrations are described in Appendix D, 4.3, and results are
summarized below.  References are provided to figures, tables, and text in Appendix D.

Water Surface:  A comparison of HEC-RAS model simulated and observed water surface
elevations were within 0.01 meter on average, and no adjustments to the HEC-RAS
model channel roughness, or other parameters that influence water-level were needed
(Appendix D section 4.3.1 and Figure 5).  Water level calibration of the AdH and W2
models were found to be biased high by 0.03 and 0.05 meters respectively, which was
considered adequate for the purposes of this study (Appendix D Section 4.3.1 and
Figure 6).

Stream Velocity:  Data were collected with an Acoustic Doppler Current Profiler
(ADCP), and used to calibrate the AdH model.  Comparisons of observed and AdH
model simulated stream velocities were made at transects on the Columbia River,
Yakima River, and between the Bateman Island causeway and the marina (Section 4.3.2,
Figures 7, 8 and 9).  While there is a large amount of noise in the ADCP data, all three
sections provided an acceptable match to the scatter of observed velocities.

Water Temperature:  The AdH and W2 models were calibrated to achieve an acceptable
match between simulated and observed temperature for years 2009, and 2011 – 2014
(Appendix D Section 4.3.3. and 4.3.4; Figures 10 – 17). The calibrations were evaluated
using monitoring data from three regions of the model:

· At the Yakima/Columbia River confluence (i.e., 2014 site W1).

· On the right bank of the Yakima River in the shallow region immediately
south of the river channel (i.e., 2014 site W2, 2012 site “Delta,” and in
2009 “Yakima Mouth”).

· The west side of the causeway (i.e., 2014 site W3, 2011/2012/2013 site
“West Causeway,” and 2009 site “Causeway/Mud Hole”).
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SUMMARY OF CALIBRATION RESULTS

AdH and W2 model calibrations to observed data were required to ensure that the models
are capable of informing decisions about the causeway modification alternatives and will
meet the modeling needs outlined above. Based on the water surface elevations, stream
velocities, and water temperature calibration results, NHC recommended that the AdH
model be used for evaluation of impacts to flow patterns, velocities, and spatial
temperature patterns, but that W2 be used to calculate statistics from simulated
temperatures. The temperature calibration for AdH was adequate, but W2 was shown to
provide a better match to observed conditions. This is largely due to the availability of -
and modeler’s experience in - adjusting parameters in W2 to improve the calibration. The
AdH model is more limited in available adjustments.
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CHAPTER 4

HYDRODYNAMIC MODELING OF ALTERNATIVES

This chapter presents a summary of results from the hydrodynamic modeling of
alternatives.  Appendix D (Section 5) presents the full report completed by NHC, which
includes their analysis of metrics data and assumptions.

CAUSEWAY MODIFICATION ALTERNATIVES

A total of eight alternatives were evaluated. The evaluated alternatives included one
no-action alternative, five causeway breach variations, and two other variations. The
components making up each of the alternatives are described in Table 4-1 (duplicated
from Appendix D Table 6).
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TABLE 4-1

Causeway Modification Alternatives

Alternative
Description of

Alternative

Causeway
Breach Width

(feet)

Causeway
Breach

Alignment

Blocked
Connection
to Yakima

River

New
Channel
through
Bateman

Island

Breakwater
Around
Marina

Bathymetry
West of

Bateman Island
1 Existing Conditions None N/A N/A N/A N/A Existing, i.e.,

2012
2 Blocked Right Bank of

Yakima River
None N/A Yes No N/A Existing, i.e.,

2012
3 Full Causeway Removal 560 Centered No No No Existing, i.e.,

2012
4 Causeway Shift None N/A No Yes No Existing, i.e.,

2012
5 1/2 Causeway Removal 260 Centered No No No Existing, i.e.,

2012
6 1/4 Causeway Removal 130 Adjacent to

Bateman Island
No No No Existing, i.e.,

2012
7 3/8 Causeway Removal 200 Adjacent to

Bateman Island
No No No Existing, i.e.,

2012
8 Full Causeway Removal +

Breakwater, Post Sediment
Mobilization Bathymetry

560 Centered No No Yes Future Bed
Elevations

Modeled for
Post-

Mobilization of
Sediment
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With the exception of Alternatives 1 and 2, all of the alternatives are intended to open up
a flow path on the south side of Bateman Island.

Alternative 1 is a no-action alternative that leaves the system in its existing state and
does not address any future sedimentation or other changes.

Alternative 2 consisted of a barrier on the right bank of the Yakima River that prevented
the exchange of flow between the river and the pool of warmer water on the west side of
Bateman Island. The alternative was based on a theory that the pool of warmer water
causes a net increase in Yakima River channel temperatures.   The proposed barrier was
aimed at stopping this exchange and lowering temperatures in the Yakima River.

The addition of a barrier on the right bank of the Yakima River was found to provide no
significant difference in Yakima River temperatures relative to the existing condition.
The alternative was removed from additional consideration and, as a result, is not
included with detailed reporting provided for the other alternatives.

Alternative 4 is unique in that it included a new channel through Bateman Island. The
purpose of the alternative was to preserve the inlet that the marina is currently located in
as a near zero velocity zone, ideal for boat navigation.

The new channel through Bateman Island was evaluated with the same detail as
Alternatives 3 through 7.  However, due to obstacles associated with implementing the
alternative (i.e., disturbance of cultural resources and substantially greater excavation
costs), it is not included with detailed reporting provided for the other alternatives.  The
alternative performed very similarly in regards to temperature modification to
Alternative 5, a 260-foot breach width that is included in detailed reporting in the
remainder of the report.

Alternatives 3, 5, 6, and 7 all include some variation of a breach in the existing
causeway. The position and width of the breach varies for these alternatives.

Alternative 8 includes a full breach through the existing causeway similar to Alternative
3, but also has a breakwater around the marina and a modified bed condition.  The
breakwater around the marina is intended to exclude flow from the west and limit stream
velocities in the areas used for boat parking.  The river bed bathymetry has also been
modified to represent bed elevations for a “post-mobilization of sediment” condition that
will exist following project construction and establishment of a new bed form on the west
side of Bateman Island.

HYDRODYNAMIC COMPUTER MODEL DERIVED METRICS FOR
EVALUATION OF ALTERNATIVES

Eight key metrics derived from hydrodynamic model output were used to evaluate the
performance of each alternative with relation to both the fisheries and non-fisheries
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objectives.   The evaluated metrics included those displayed in Table 4-2 (duplicated
from Appendix D Table 7).  For a complete description of the evaluation of the metrics,
please see Appendix D, Section 5.  A summary of results is presented herein.

TABLE 4-2

Hydrodynamic Model Derived Metrics

Parameter Metric Purpose of Metric
Fisheries

Temperature # of summer days (June 1 - October 15) with
a daily maximum temperature at the
Columbia River confluence that is greater
than the upstream Yakima temperature at the
SR-240 bridge.  This metric has been referred
to as the “Delta through the Delta”

Reduce maximum temperature
experienced by adult salmonids
in the Yakima River thalweg
(both magnitude and exposure
[i.e., total time/distance
travelled through high
temperature water])

Temperature Average summer (June 1 - October 15)
daily maximum temperature (Degrees C)1

Assess suitability of habitat for
salmonids and non-native
predators

Temperature Maximum spring (March 15 - May 31)
7-DADMax (Degrees C)(1)

Reduce predation on out-
migrating juvenile salmonids
(lower temperatures reduce
predation rates)

Velocity Change in average velocity in Yakima River
thalweg

Change in travel time through
high predation zone; potential
to disrupt life cycles of
Walleye and Smallmouth Bass

Flow % of flow at confluence that is Columbia
River vs. Yakima River

Maintain clear, distinct cue for
upstream migration

Non-Fisheries Objectives
Velocity Change in average velocity within vicinity of

Marina
Assess navigability and use of
Marina under alternative
scenarios

Velocity Change in average velocity on West Side of
Bateman Island

Assess suitability for wake-
boarding and other recreation
uses west of Bateman Island

Sediment Transport and deposition of sediment in
vicinity of Marina

Assess impacts on aesthetics
and use of Marina

(1) The 7-DADMax is the 7-day average of the daily maximum temperature.  The 7-DADMax is the
Aquatic Life Temperature Criteria for Fresh Water included in the Washington State Surface
Water Quality Standards (WAC 173-201A-200).

For each breach width evaluated, there are different flow thresholds on the Yakima and
Columbia Rivers that will control the volume of flow around Bateman Island.  For
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example, modeled flows for Alternative 3 (full causeway removal) identified that when
the Yakima River is above 3,000 cfs, cooler Columbia River water begins flowing around
the west side of Bateman Island when flow on the Columbia River upstream of the
confluence exceeds 250,000 cfs, and when the Yakima River is below 3,000 cfs, cooler
Columbia River water begins flowing around the west side of Bateman Island if flow on
the Columbia upstream of the confluence exceeds 115,000 cfs.  When the breach width
gets narrower than Alternative 3, these thresholds increase and the magnitude of the flow
around the island decreases.  Other factors affect the timing of flows around the island,
and consequently the number of days of cold water west of Bateman Island.

The three temperature metrics (defined above in Table 4-2) were evaluated at four
locations queried from the W2 model.  These are identified in Figure 4-1 as W1 (segment
55), USofW1 (segment 54), “Southwest of Island” (segment 66), and “Causeway
Channel” (segment 72). Locations W1 and “Causeway Channel” are located as close to
the confluence of the Columbia River as possible. The site USofW1 was added to
evaluate a location with less Columbia River influence than site W1. The site “Southwest
of Island” was only used to evaluate the spring metric, and was added to characterize the
habitat of predators in the area west and southwest of Bateman Island.

FIGURE 4-1

Temperature Metric Analysis Locations (W2 Model Segment Mid-Points Shown in
Purple) (Duplicated from NHC Figure 24, Appendix D)
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TEMPERATURE METRICS

The first summer season temperature metric, referred to as the “Delta through the Delta,”
is calculated as the change in Yakima River temperature between the SR-240 bridge and
each of the three analysis locations near the confluence with the Columbia River (W1,
USofW1, and Causeway Channel in Figure 4-1).  Summary statistics (i.e., a count of the
number of days the temperature increases) for all three analysis locations can be reviewed
in summary form in Table 4-3 (duplicated from Appendix D Table 8).  Alternatives are
sorted by increasing breach width to aid interpretation.  Lower values of the metric,
which aim to reduce the magnitude and total time that adult fish experience elevated
temperatures, are preferred. There is at least a minor cooling effect under all breach
alternatives. As expected, larger breach widths correspond to fewer days with
temperature increases through the Delta.  Alternatives 6 and 7, with the smallest opening
widths, do not allow cold Columbia River water around the west side of Bateman Island
under most conditions.  However, moderate cooling still occurs when warmer water is
pushed out of the region west of Bateman Island by Yakima River inflows under these
alternatives and even the relatively warm Yakima River water is cooler than the relatively
stationary pool that exists now west of the causeway.  Alternative 8 is similar to
Alternative 3 (both have the same geometric breach through the causeway), but the
proposed breakwater around the marina limits the channel width there to approximately
260 feet, similar to Alternative 5.  However, temperature metrics are better for
Alternative 8 than Alternative 5, because Alternative 8 includes a post-sediment
mobilization bed condition that was estimated to exist after the project is complete and
the muddy sediment west of Bateman Island has been transported downstream.  This
future bed will allow more relatively cold water from the Columbia River to flow around
the Island than would occur under the existing bed condition.  The effect of sediment
mobilization under Alternative 8 without the breakwater also demonstrates better
temperature metrics compared with Alternative 3; relative temperature improvements
range from 14 percent (USofW1) to 21 percent (Causeway Channel) for the 2012 year
modeled flows, and from 29 percent (USofW1) to 50 percent (W1) for the 2014 year
modeled flows.  Even with a breakwater the effect of sediment mobilization under
Alternative 8 shows relative temperature improvements compared with Alternative 3 that
range from 8 percent (USofW1) to 30 percent (W1) for the 2014 year modeled flows
(results for the 2012 year modeled flows are mixed).
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TABLE 4-3

Number of Summer Days (June 1 – October 15) on Which Water
Temperature at Downstream Analysis Location is Greater

Than the Inflow Temperature at Highway 240 (“Delta through the Delta”)

Alternative

2012 2014

W1 USofW1
Causeway
Channel W1 USofW1

Causeway
Channel

Alternative 1 – Existing Condition 36 38 NA 32 38 NA
Alternative 6 – 130' Breach 27 28 54 29 36 34
Alternative 7 – 200' Breach 27 30 46 25 35 32
Alternative 5 – 260' Breach 13 18 31 12 26 26
Alternative 3 – 560' Full Breach 10 14 28 10 24 25
Alternative 8 – 560' Full Breach
Post-Sediment Mobilization
Without Breakwater

8 12 22 5 17 17

Alternative 8 – 560' Full Breach
Post-Sediment Mobilization With
Breakwater

14 14 26 7 22 19

The second summer season temperature metric, calculated as the average summer daily
maximum temperature, is presented in Table 4-4 (NHC Table 9).  This metric
characterizes the overall cooling effect of each alternative, and is intended as an indicator
of habitat suitability for rearing fall Chinook in the areas around Bateman Island.  Like
the “Delta through the Delta” metric, temperatures decrease with increases in breach
width. Alternatives 6 and 7, the smaller breach widths of 130 feet and 200 feet, show
similar improvements to this metric at all analysis locations. Similarly, Alternatives 5, 3,
and 8, the larger breach widths of 260 feet and 560 feet, also show improvements over
existing conditions.
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TABLE 4-4

Average Summer (June 1 – October 15) Daily Maximum Temperature (Degrees C)

Alternative

2012 2014

W1 USofW1
Causeway
Channel W1 USofW1

Causeway
Channel

Alternative 1 – Existing Conditions 20.1 20.3 NA 21.9 22.3 NA
Alternative 6 – 130' Breach 19.2 19.9 20.5 21.4 22.0 22.4
Alternative 7 – 200' Breach 19.2 19.9 20.4 20.8 21.6 22.4
Alternative 5 – 260' Breach 17.5 18.9 19.2 20.0 21.0 21.7
Alternative 3 – 560' Full Breach 17.4 18.8 19.0 19.9 21.0 21.6
Alternative 8 – 560' Full Breach
Post-Sediment Mobilization
Without Breakwater

17.2 18.6 18.7 19.3 20.6 21.1

Alternative 8 – 560' Full Breach
Post-Sediment Mobilization With
Breakwater

17.4 18.7 18.9 19.5 20.8 21.2

It is worth noting that the Washington State temperature standard for salmonid spawning,
rearing, and migration of 17.5 degrees C would continue to be exceeded under all
alternatives (the standard is calculated as the 7DADMax, which uses a 7-day average
rather than the 4-month average used for the metric shown in Table 4-4).  Table 4-5
displays the percent of summer days that the 7-DADMax would exceed 17.5 degrees C.

TABLE 4-5

Percent of Summer Days (June 1 – October 15)
7-DADMax is Greater than 17.5 Degrees C

Alternative

2012 2014

W1 USofW1
Causeway
Channel W1 USofW1

Causeway
Channel

Alternative 1 – Existing Conditions 78 78 NA 99 99 NA
Alternative 6 – 130' Breach 77 78 82 98 99 99
Alternative 7 – 200' Breach 77 78 78 89 99 99
Alternative 5 – 260' Breach 48 72 72 80 92 99
Alternative 3 – 560' Full Breach 48 70 70 78 91 98
Alternative 8 – 560' Full Breach
Post-Sediment Mobilization
Without Breakwater

48 68 68 72 90 97

Alternative 8 – 560' Full Breach
Post-Sediment Mobilization With
Breakwater

48 72 72 74 91 98
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The only spring season temperature metric, the maximum 7-DADMax between March 15
and May 31, is calculated as the seasonal maximum of a moving 7-day average of daily
maximum temperatures at each of the confluence analysis locations and at “Southwest of
Island” location (refer to Figure 4-1).  The metric results are presented for 2012 and 2014
as tabulated statistics in Table 4-6 (NHC Table 11).  All of the alternatives result in one
to two degree decreases in maximum daily temperatures at the “Southwest of Island” site.
A water temperature decrease of 2 degrees C reduces predator fish metabolism and has
been estimated to have substantial reductions in predator rates on juvenile salmonids
(Appendix B, this report).  Results also show that the greatest temperature decrease in
maximum daily temperature occurred for the 2014 year modeled at the site SW of the
Island under Alternative 8 (full breach scenario without a breakwater).  The modeled
temperature decrease was 2.8 degrees C from the existing condition.  Using bioenergetics
equations, McMichael calculated that reducing the temperature from 21 degrees C to
18.3 degrees C would be expected to reduce the consumption rate of smallmouth bass on
juvenile salmonids by 29.5 percent (McMichael, Geoffrey. Email to project team and
reference therein. June 1, 2015).

Statistics for the spring metric in Table 4-6 at other locations show very little change in
the 2012 maximum value, but there was 1.1 degrees of reduction (17.6 to 16.5 Degrees
C) in late May of 2014 at site W1 in the full breach Alternative 3, and of 1.4 and 1.9
degrees of reduction in the full breach Alternative 8 with and without breakwater,
respectively.

TABLE 4-6

Maximum Spring (March 15 – May 31) 7-DADMax (Degrees C)

Alternative

2012 2014
SW of
Island W1 USofW1

Causeway
Channel

SW of
Island W1 USofW1

Causeway
Channel

Alternative 1 – Existing
Conditions 19.6 15.7 15.6 NA 21.1 17.6 17.6 NA

Alternative 6 – 130' Breach 17.7 15.6 15.6 16.2 18.7 17.6 17.5 18.1
Alternative 7 – 200' Breach 17.6 15.6 15.6 16.0 18.6 17.6 17.5 18.0
Alternative 5 – 260' Breach 17.6 15.6 15.6 15.8 18.5 16.8 17.3 17.9
Alternative 3 – 560' Full
Breach 17.6 15.6 15.6 15.7 18.5 16.5 17.2 17.7

Alternative 8 – 560' Full
Breach Post-Sediment
Mobilization Without
Breakwater

17.6 15.5 15.5 15.6 18.3 15.7 17.0 17.4

Alternative 8 – 560' Full
Breach Post-Sediment
Mobilization With
Breakwater

17.6 15.6 15.6 15.6 18.5 16.2 17.2 17.6
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VELOCITY METRICS

The three stream velocity-based metrics, defined in Table 4-2, are calculated as the
change in average velocity relative to the existing condition for each causeway
modification alternative.  However, the objectives are slightly different for each metric,
and they depend on stream velocities at different locations around Bateman Island. The
five analysis locations for which output from the AdH model was queried for calculation
of the velocity metrics are identified by purple dots in Figure 4-2.  The change in average
stream velocity is tabulated for spring, March 15 through May 31, in Table 4-7 (NHC
Table 12) and for summer, June 1 through October 15, in Table 4-8 (NHC Table 13).
Negative values, indicating a reduction in average velocity, are highlighted red.  Seasonal
average and maximum stream velocities can also be found in Appendix D, NHC
Tables 18 through 21.

The primary analysis location used to evaluate average velocity change in the Yakima
River thalweg was W1. This location was selected to characterize a change in travel time
for juvenile salmon outmigration through what is considered a high-predation zone in the
delta region. Average simulated velocities at W1 decrease by approximately 0.2 meters
per second in spring months, and less than 0.1 in summer for all of the causeway breach
alternatives. The trend in average velocity change at W1 is not related linearly with
changes in breach width as might be expected. When the Yakima River is running high
and the Columbia River is running low, W1 will see a higher stream velocity with a
smaller breach width. Conversely, when the Columbia River is running high and the
Yakima River is running low, W1 will see a higher velocity with a larger breach width.
These offsetting factors cause the 200’ breach width to have the largest reduction in
average velocity at W1 relative to the other alternatives (Table 4-8).
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FIGURE 4-2

Velocity Metric Analysis Locations (Duplicated from NHC Figure 29, Appendix D)

TABLE 4-7

Change in Average Stream Velocity Relative to Existing
Condition, Spring Season (March 15 – May 31)

Alternative

Change in Average Speed (m/s)
2012 2014

W1 W2 W3
Marina

Approach
Within
Marina W1 W2 W3

Marina
Approach

Within
Marina

6 – 130' Breach -0.05 -0.08 0.06 0.14 0.02 -0.04 -0.07 0.06 0.11 0.01
7 – 200' Breach -0.10 0.02 0.14 0.26 0.02 -0.09 0.03 0.13 0.22 0.00
5 – 260' Breach -0.21 0.22 0.32 0.27 0.17 -0.19 0.22 0.27 0.22 0.13
3 – 560' Breach -0.23 0.25 0.34 0.26 0.20 -0.19 0.22 0.27 0.22 0.13
8 – 560'
Breach(2) -0.25 0.19 0.32 0.54(1) 0.03 -0.23 0.18 0.27 0.451 0.02

(1) This analysis location is located north of proposed breakwater.
(2) Alternative 8 with breakwater and post-sediment mobilization.
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TABLE 4-8

Change in Average Stream Velocity Relative to Existing
Condition, Summer Season (June – September)

Alternative

Change in Average Speed (m/s)
2012 2014

W1 W2 W3
Marina

Approach
Within
Marina W1 W2 W3

Marina
Approach

Within
Marina

6 – 130' Breach -0.05 0.00 0.06 0.14 0.03 -0.03 0.02 0.04 0.07 0.00
7 – 200' Breach -0.09 0.09 0.14 0.27 0.03 -0.06 0.11 0.09 0.14 0.00
5 – 260' Breach -0.06 0.26 0.34 0.28 0.21 -0.05 0.22 0.18 0.13 0.08
3 – 560' Breach -0.04 0.30 0.38 0.30 0.23 -0.05 0.23 0.19 0.14 0.10
8 – 560'
Breach(2) -0.05 0.24 0.33 0.57(1) 0.03 -0.05 0.20 0.19 0.301 0.01

(1) This analysis location is located north of proposed breakwater.
(2) Alternative 8 with breakwater and post-sediment mobilization.

The first non-fisheries related velocity metric was change in average velocity in the
vicinity of the marina, located on the west side of the causeway. That metric was
evaluated using simulated velocity data at the “Marina Approach” and “Within Marina”
locations shown in Figure 4-2.  Average simulated velocities at the Marina Approach site
increased by less than 0.2 meters per second for Alternative 6 (130-foot breach) and by
approximately 0.3 meters per second for Alternatives 7, 5, and 3 (200 feet, 260 feet, and a
full breach).  Under Alternative 8 the Marina Approach site is located on the north side of
the proposed breakwater, so the simulated discharges, while higher, do not reflect a
condition that would need to be navigated by boats entering or exiting the marina.  At the
Within Marina site, average simulated velocities increased by less than 0.1 meters per
second for both Alternatives 6 and 7 (130-foot and 200-foot breach widths) and by less
than 0.2 meters per second for both Alternatives 5 and 3 (260-foot breach and full breach
widths).  Under Alternative 8 the proposed breakwater effectively limits increases in
average velocity to below 0.1 meters per second, similar to Alternatives 6 and 7.

In addition to the causeway breach width, represented in each alternative, an additional
difference, the breach alignment, also plays an important factor in velocities in the
vicinity of the marina (see Figures 30 through 37 in Appendix D).  Alternative 5
(Figure 30 and Figure 31) has the proposed breach opening centered on the causeway,
while Alternatives 6 and 7 (Figure 32 through Figure 35) have the breach located on the
north end of the causeway, adjacent to Bateman Island. The alternatives with the breach
alignment on the north end of the causeway direct the highest velocities to the north side
of the causeway channel, resulting in lower velocities inside the marina relative to a
causeway centered breach alignment. This effect is evident in the average velocity
change tabulations as well as with lower velocities at the Within Marina location relative
to the Marina Approach site for Alternatives 6 and 7, but nearly balanced velocities for
Alternative 5.
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A maximum velocity threshold that can occur while still allowing the marina to be usable
is not clear (refer to discussion in Chapter 2).  A value of 1 knot has been suggested
during public meetings, which would correspond to approximately 0.5 meters per second.
For the purposes of converting units to the knot, which is commonly used for marine
navigation, velocities reported here in meters per second should be multiplied by 1.94.  In
Appendix D of NHC’s report (in Appendix D of this report), Tables D-1 and D-2 for all
alternatives except Alternative 8 list the average existing velocities as less than or equal
to 0.3 meters per second at both the Marina Approach and the Within Marina sites during
spring and summer months, both below a threshold of 0.5 meters per second.  Again,
under Alternative 8 the Marina Approach site is located on the north side of the proposed
breakwater, so the simulated discharges, while higher, do not reflect a condition that
would need to be navigated by boats entering or exiting the marina.  Alternative 8 is well
below the threshold at the Within Marina site.  The maximum velocity exceeds this
threshold at the Within Marina site during high flow periods for Alternatives 5 and 3
(breach widths 260 feet and 560 feet).  At the Marina Approach site, the maximum
velocity exceeds the threshold for all breach alternatives except Alternative 6, the
130-foot breach, and Alternative 8, the full breach with a breakwater.

While the breakwater structure included in Alternative 8 is effective at limiting velocities
in the marina, an eddy that forms at the east end of the breakwater could be problematic
for navigation (NHC Figure 37 in Appendix D).  If the eddy is excessively strong,
variations in breakwater length or position, or additional flow deflection measures should
be considered as part of final design.  In addition, erosion protection measures on the
south side of Bateman Island directly across from the proposed breakwater should be
considered as the breakwater forces increased erosional flow velocities on that area.

The second non-fisheries related velocity metric was change in average velocity on the
west side of the causeway, an area used for kayaking and wakeboarding.  The metric was
evaluated using simulated velocity data from analysis locations W2 and W3. One
alternative, Alternative 6, had a very small reduction in average simulated stream velocity
at location W2 during the spring and effectively no change in the summer season.  All
other alternatives had increases in average velocity ranging from approximately 0.1 to
0.4 meters per second.  Increases simulated with smaller breach widths, Alternatives 6
and 7 (130-foot and 200-foot breaches), were limited to 0.2 meters per second or less,
while the larger breach width Alternatives 5, 3, and 8 had simulated changes in velocity
of approximately 0.2 to 0.4 meters per second at the two analysis locations.  In
Appendix D, Tables D-1 and D-2 list the average existing velocities as up to 0.4 meters
per second for all alternatives at both W2 and W3 sites during spring and summer
months.  The maximum velocities (Appendix D, Tables D-3 and D-4) are up to
0.3 meters per second at both sites for Alternatives 6 and 7 (breach widths 130 feet and
200 feet) and up to 1.0 meters per second for the larger breach widths, Alternatives 5, 3
and 8.
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FLOW METRIC

The last fisheries focused metric is that consisting of relative percentages of Columbia
River and Yakima River water at the Yakima River and Columbia River confluence(s).
This metric was selected because fisheries experts want to be certain that a clear distinct
cue for adult salmonid upstream migration is maintained under any selected alternative.
This metric was evaluated using the flow flux calculation option in the AdH model.

Inflows to the causeway channel, south of Bateman Island, were analyzed for both 2012
and 2014 flow periods to determine the relative inflow volumes throughout the
simulation period, March through October. Annual flow volume percentages are
tabulated in Table 4-9 (NHC Table 14) below.

TABLE 4-9

Percent of Total Flow Volume at Causeway Channel by Source (March – October)

Alternative

Yakima River
Inflows Columbia River Inflows

2012 2014 2012 2014
6 – 130' Breach 100% 99% 0% 1%
7 – 200' Breach 95% 93% 5% 7%
5 – 260' Breach 76% 83% 24% 17%
3 – Full Breach 72% 81% 28% 19%
8 – 560' Breach(1) 75% 80% 25% 20%

(1) Alternative 8 with breakwater and post-sediment mobilization.

SEDIMENT METRIC

Removal of Bateman Causeway would impact sediments on the west side of Bateman
Island and causeway, have little to no impact on banks under the full breach scenario, and
present only a minor bank erosion hazard under scenarios including partial breaches or a
marina breakwater. Upon reconnection of the Yakima and Columbia Rivers on the south
side of the Island, there will be increased velocities and flow rates through the area.
Sediments on the west side of the island are derived from land that was submerged with
filling of McNary Pool and the accumulation of sediment inputs from the Yakima
watershed, most notably the agricultural areas prior to installation of erosion controls.
Much of these sediments will be eroded upon the opening of the causeway. Once
mobilized, the sediment will travel with the water flow into the Columbia River and
downstream; they will not redeposit within the causeway reach. By remaining in
suspension, the sediments will create a temporary increase in the suspended sediment
concentration of the waters, limiting visibility, and creating a brown appearance to the
water. This condition will continue until the sediment laden waters have moved into the
Columbia where their impact will be small as the water mixes with the much greater
volume of the Columbia River. Sediment impact can be reduced by timing the removal of
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the causeway to coincide with expected mid- to high-flow rates around the island upon
reconnection. Under sustained mid- to high-flow velocities, the sediment is expected to
erode over 2 to 6 weeks. Because these are estimated rates calculated assuming sustained
velocities over time, a more conservative estimate of the time required to evacuate the
sediment under mid- to high-flow velocities is 2 to 3 months for the full breach estimate.
Alternatives with smaller breaches are still expected to erode the sediment on the west
side of the Island, but will require additional time.

Please refer to Appendix D, Section 6 for NHC’s complete reporting of their assessment
of geomorphic changes resulting from causeway modification.
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CHAPTER 5

ALTERNATIVE SELECTION

DESCRIPTION OF ALTERNATIVES

Five action alternatives (Alternatives 3, 5, 6, 7, and 8) received final simulations and
engineering review.  Conceptual level design drawings are shown in plan and section for
each candidate action alternative, and are presented in Appendix A.  Also in Appendix A
are tables of planning level cost estimates for each action alternative, and design
assumptions for the alternative construction costs and modeling efforts.

In modeling of causeway removal alternatives, openings in the causeway were assumed
to be symmetrical and having side slopes of two horizontal to one vertical.  The
exceptions to this opening geometry are for Alternatives 3 and 8, which were modeled for
full causeway removal.  These alternatives mimic the estimated natural shorelines that
may have existed prior to original causeway construction.  All plan sheet drawings in
Appendix A show the estimated profile of the natural bank.

Planning level cost estimates display ranges of costs by schedule to distinguish costs
associated with causeway removal (breaching), access bridge construction, and
construction of a marina breakwater.  Bridge costs were estimated to accommodate
emergency vehicles (a pedestrian-only bridge would be less expensive).  Due to the
physical constraints and uncertainty in how those constraints would be managed, both
low and high estimate ranges were developed for each alternative.  The two primary cost
variables are control of water (cofferdams) and fill removal access and methods.  This
presentation facilitates options for the preferred alternative(s) to include or to not include
access bridges or a marina breakwater.  The cost estimates are summarized below in
Table 5-1; for each alternative only the high end range of costs are displayed for an
access bridge and marina breakwater.

TABLE 5-1

Summary of Planning Level Cost Estimates

Alternative
1/4 Breach

(~130')
3/8 Breach

(~200')
1/2 Breach

(~260')
Full Breach

(~600')
Causeway Removal Low
Range Estimate $679,512 $917,424 $1,093,512 $2,809,128
Causeway Removal High
Range Estimate $1,399,458 $1,960,980 $2,401,200 $5,510,616
Access Bridge $671,919 $1,102,702 $1,338,714 $2,158,299
Marina Breakwater $2,129,868 $2,129,868 $2,129,868 $2,129,868
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ALTERNATIVES EVALUATIONS

Evaluations relative to fisheries and non-fisheries objectives utilize the temperature,
velocity, flow, and sediment metrics derived from hydrodynamic modeling.

EVALUATIONS RELATIVE TO FISHERIES OBJECTIVES

Table 5-2 displays the rationale for utilizing the metrics relative to each fisheries
objective.  Data sources are referenced, and treatment of the data is described.  Table 5-3
displays numeric outcomes of results from the treatment of the data by alternative by
objective.  Results provide a means of comparison between each action alternative and
the existing condition.

Temperatures across the board showed improvements for each action alternative relative
to the existing condition (Table 5-3).  West of the island, temperature decreases of about
2.3 degrees C were uniform for each action alternative compared against the existing
condition during spring period outmigration of juvenile salmonids.  Temperatures related
to habitat suitability of rearing juvenile fall Chinook also decreased for each action
alternative relative to the existing condition, with the largest differences associated with
alternatives having the larger breach widths.  A similar trend was shown for maximum
temperatures experienced between downstream analysis locations and the inflow
temperature of the Yakima River at the Highway 240 (“Delta through the Delta”).

Ratings for the velocity metric were mixed, and likely reflect seasonal differences in
flows as a function of relative discharge magnitudes between the Yakima River and
Columbia River.  Average velocities for all action alternatives at their evaluation sites
were mostly less than the existing velocity at its evaluation site during the spring season;
velocities of Alternatives 6 and 7 were 22 percent to 55 percent of existing, and
Alternatives 3, 5, and 8 were generally 55 percent to 78 percent of existing.  During the
summer flows, velocities of Alternatives 6 and 7 were generally less than existing (25
percent to 125 percent of existing), while velocities of Alternatives 3, 5, and 8 were
greater than existing (125 percent to 225 percent of existing.  Velocities as a metric for
avian predation were less than existing for Alternatives 6 and 7, and more than existing
for Alternatives 3, 5, and 8.

As a measure of habitat suitability for rearing juvenile fall Chinook, all action alternative
discharge fluctuations were greater than existing.  With respect to a clear, distinct cue for
upstream passage, all action alternatives were less than existing (which has 100 percent
of Yakima River flow meeting the Columbia River at a single confluence).  Relative
percentages of Yakima River to Columbia River outflows ranged from more than
99 percent to less than 80 percent during the March to October period.  March through
May spring period dilution was relatively negligible; most dilution occurs June through
late August.



Gray & Osborne, Inc., Consulting Engineers

Mid-Columbia Fisheries Enhancement Group 5-3
Bateman Island Causeway Modification Conceptual Design Report January 2016

EVALUATIONS RELATIVE TO NON-FISHERIES OBJECTIVES

Summary results by alternative are provided for the non-fisheries objectives that were
articulated by the stakeholder group.  Supporting data from results of the hydrodynamic
modeling are referenced.

Yakima Delta reopened: All action alternatives meet the objective to reopen flow through
the Delta.  All action alternatives assume pedestrian and emergency vehicle access to
Bateman Island.

Maximum current within 50 feet of the Marina: Maximum current during the spring and
summer flow periods within 50 feet of the Marina equals or exceeds 1 knot (1.7 feet per
second; 0.5 meters per second) for all action alternatives except Alternative 6 and
Alternative 8.  Average currents are less than 1 knot for all alternatives (Appendix D;
NHC Tables D-3 and D-4 at evaluation sites “Marina Approach” and “Within Marina”).

Slackwater recreation options: Slackwater recreation options east of the causeway are
diminished under all action alternatives due to flow velocity through the causeway and
resultant backwater eddy velocities.  Backwater eddy velocities of up to about 1 foot per
second could be expected under Alternatives 6 and 7, and greater than about 1 foot per
second for Alternatives 3, 5, and 8 (Appendix D; NHC Figures D-1 and D-2).

Access for Kayaks: Access around the Island is provided to kayakers under all action
alternatives.  Of all alternatives, Alternative 8 has the highest average flow velocity
(0.6 meter/second) through the causeway reach (NHC Tables D-1 and D-2).  A velocity
of 0.6 meter/second is approximately 1.34 miles per hour.  A kayaker paddling faster than
1.34 miles per hour upstream through the causeway reach will have access.

Sediment in the Marina: Modeling of sediment transport indicates that no sediment will
settle within the causeway reach or Marina under all alternatives (Appendix D; NHC
report Appendix D).

Current velocities around the Island: Based on modeling of maximum stream velocities,
current velocities around the Island are less than 4 miles per hour under all action
alternatives.  The maximum modeled stream velocity is approximately 0.8 m/s
(Alternative 8 in NHC Table D-4), which approximately equals 2.9 mph or 1.55 knots.

Area of exposed mud flats /standing water:  All alternatives will reduce areas within the
Delta that currently have exposed mud flats or standing water.  Reduction of exposed
mud flat areas targets reducing populations of Flood Water Mosquitos by reducing their
breeding areas.  Flow around the south end of the Island stimulates backwater eddies
through the Delta.  Alternatives 3, 5 and 8 have higher average velocities than
Alternatives 6 and 7.  This evaluation considered the qualitative reduction of exposed
lands within the Delta and relative increases in flow velocity as shown in NHC
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Figures 30-37 (Appendix D), which displays areas with water depths greater than
0.5 meters.

Bank salmon fishing opportunities: These opportunities will increase on the west and
south shores of Bateman Island and on the north shore of the mainland for all alternatives
with the opening of a salmonid migration path through the causeway if access is
provided.  Bank fishing opportunities for warm water fish access may decrease from
current conditions if the causeway modification reduces the length of
bank/causeway/bridge from which anglers could cast.
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TABLE 5-2

Metrics Employed to Rate Changes to Bateman Island Causeway Relative To Fisheries Objectives

Hydrodynamic Model-
Derived Metric for
Evaluation of Each

Alternative

Objectives for Juvenile Salmonids Objectives for Adult Salmonids

Predation on Early
Outmigrating Salmonids

Predation on Late
Outmigrating Salmonids

Habitat Suitability for
Rearing Juvenile Fall

Chinook
Avian Predation

Maximum Temperature
Experienced in the Thalweg

Between Delta and Upstream
Clear, Distinct Cue for

Upstream Passage
(MAR through MAY) (JUN 1 - OCT 15) (JUN 1 - OCT 15) (JUN 1 - OCT 15) (MAR - OCT)

ΔT: Change in Water
Temperature

Decrease from existing
condition in maximum spring

7-DADMax (degrees C) at
Southwest of Island analysis

location (NHC Table 11),
averaged between 2012 and

2014 flow years

---

Decrease from existing
condition in average daily

maximum temperature (oC) at
confluence sites W1 and

USofW1, averaged between
2012 and 2014 flow years
(data from NHC Table 9)

 ---

Number of summer days on
which daily maximum

temperature at Columbia River
confluences are greater than the

upstream Yakima River
temperature at the SR-240
bridge. (data from NHC
Table 8, 137 day range)

 ---

ΔV: Change in Flow
Velocity

Velocity through high
predation zone west of the

island as represented by
average stream velocity at W2,

W3, and Marina Approach
averaged between 2012 and

2014 flow years, compared to
existing at W1 (NHC

Table D-1)

Velocity through high
predation zone west of the

island as represented by
average velocity at W2, W3,

and Marina Approach
averaged between 2012 and
2014 flow years, compared

to existing at W1 (NHC
Table D-2)

 ---

Potential to disrupt rate of
avian predation on migrating
juvenile salmonids through
the Delta as represented by

average velocity  at W1, W2,
W3, Marina Approach

averaged between 2012 and
2014 flow years, compared to

existing (NHC Table D-2)

 ---  ---

ΔQ: Change in Discharge

 ---  ---

Potential to disrupt life cycles
of Walleye and Smallmouth

Bass as a function of discharge
fluctuations as represented by
the ratio Vmax/Vave at W1,

W2, W3 for 2014 flows (NHC
Tables D-2 and D-4)

 ---  ---

Relative percentages of
Yakima River and

Columbia River outflow
at the Causeway Channel

confluence (NHC
Table 14 and

Figures E-1-E-10)
NOTE:
Estimates for full mud erosion from the different areas around Bateman Island were made based on a sustained low, medium, or high flow condition.  All breach scenarios are expected to erode the sediment from the west
side of the island, but only Alternative 8 was modeled with the mobilized sediment bed condition. That modeling demonstrated benefits to decreases in water temperatures from a deeper channel (see for example Table 4-3
comparison between Alternative 3 and Alternative 8 without breakwater).  The post-sediment mobilization channel can be expected to deepen up to 3 feet under all action alternatives. Therefore, temperature metrics for all
action alternatives other than Alternative 8 reported in these evaluation matrices are generally conservative.
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TABLE 5-3

Outcomes of Metrics by Alternative Used to Evaluate Changes to Bateman Island Causeway – Fisheries

Alternatives

Objectives for Juvenile Salmonids Objectives for Adult Salmonids

Predation on Early Outmigrating
Salmonids

Predation on Late Outmigrating
Salmonids

Habitat Suitability for Rearing
Juvenile Fall Chinook

Avian Predation

Maximum Temperature
Experienced in the Thalweg

Between Delta and Upstream
Clear, Distinct Cue for Upstream

Passage
(MAR through MAY) (JUN 1 - OCT 15) (JUN 1 - OCT 15) (JUN 1 - OCT 15) (MAR – OCT)

Alt 1: No Action/Existing Conditions

T 20.4oC (SW of Island)  --- 21.0oC (W1); 21.3oC (UsofW1)  --- Exceeds upstream T 32 - 38 days
(23% - 28% of days)  ---

V m/s: 0.45 (W1) m/s: 0.2 (W1) --- m/s: 0.2 (W1); 0.0 (W2, W3, M.A.) --- ---

Q  ---  --- Vmax/Vave: 2.0 (W1); (W2, W3,
M.A. not defined)  ---  --- NA

Alt 6: 1/4 Breach (130 feet)

ΔT  -2.2oC (SW of Island)  --- -0.7oC (W1); -0.3oC (USofW1)  --- Exceeds upstream T 27 - 54 days
(20% - 39% of days)  ---

ΔV 0.0 (W2); 0.1 (W3); 1.5 (M.A.) 0.05 (W2); 0.05 (W3); 0.15 (M.A.)  --- 0.15 (W1); 0.05 (W2); 0.05 (W3);
0.15 (M.A.)  ---  ---

ΔQ  ---  --- Vmax/Vave = 3.0 (W1); 1.0 (w2);
N/A (W3); 2.0 (M.A.)  ---  --- more than 99% YR inflows

Alt 7: 3/8 Breach (200 feet)

ΔT  -2.3oC (SW of Island)  --- -1.0oC (W1); -0.5oC (USofW1)  --- Exceeds upstream T 25 - 46 days
18% - 34% of days)  ---

ΔV 0.1 (W2); 0.15 (W3); 0.25 (M.A.) 0.1 (W2); 0.1 (W3); 0.25 (M.A.)  --- 0.1 (W1); 0.1 (W2); 0.1 (W3); 0.25
(M.A.)  ---  ---

ΔQ  ---  --- Vmax/Vave = 3.0 (W1); 2.0 (W2);
2.0 (W3); 2.0 (M.A.)  ---  --- more than 93% YR inflows

Alt 5: 1/2 Breach (260 feet)

ΔT  -2.3oC (SW of Island)  --- -2.2oC (W1); -1.3oC (USofW1)  --- Exceeds upstream T 12 - 31 days
(9% - 23% of days)  ---

ΔV 0.3 (W2); 0.3 (W3); 0.25 (M.A.) 0.3 (W2); 0.25 (W3); 0.25 (M.A.)  --- 0.1 (W1); 0.3 (W2); 0.25 (W3);
0.25 (M.A.)  ---  ---

ΔQ  ---  --- Vmax/Vave = 3.0 (W1); 1.3 (W2);
2.5 (W3); 2.5 (M.A.)  ---  --- less than 83% YR inflows

Alt 3: Full Breach (560 feet)

ΔT  -2.3oC (SW of Island)  --- -2.3oC (W1); -1.4oC (USofW1)  --- Exceeds upstream T 10 - 28 days
(7% - 20% of days)  ---

ΔV 0.35 (W2); 0.35 (W3); 0.25
(M.A.)

0.3 (W2); 0.3 (W3); 0.25 (M.A.)  --- 0.15 (W1); 0.3 (W2); 0.3 (W3);
0.25 (M.A.)  ---  ---

ΔQ  ---  --- Vmax/Vave = 3.0 (W1); 1.3 (W2);
3.0 (W3); 2.5 (M.A.)  ---  --- less than 81% YR inflows

Alt 8: Full Breach with BW

ΔT  -2.3oC (SW of Island)  --- -2.6oC (W1); -1.6oC (USofW1)  --- Exceeds upstream T 7 - 26 days
5% - 19% of days)  ---

ΔV 0.3 (W2); 0.3 (W3); 0.55 (M.A.) 0.25 (W2); 0.25 (W3); 0.45 (M.A.)  --- 0.2 (W1); 0.25 (W2); 0.25 (W3);
0.45 (M.A.)  ---  ---

ΔQ  ---  --- Vmax/Vave = 3.0 (W1); 2.0 (W2);
2.5 (W3); 2.7 (M.A.)  ---  --- less than 80% YR inflows

NOTE: M.A. = Marina Approach
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SELECTION OF THE PREFERRED ALTERNATIVES

Six alternatives to breach the causeway were evaluated for their benefits to fisheries
objectives and to non-fisheries objectives.  The alternatives, presented by breach length,
are:

· Alternative 1 – No Action.
· Alternative 6 – 1/4 Breach (130 feet).
· Alternative 7 – 3/8 Breach (200 feet).
· Alternative 5 – 1/2 Breach (260 feet).
· Alternative 3 – Full Breach (560 feet).
· Alternative 8 – Full Breach with Breakwater.

For fisheries objectives, Alternative 3 provides the greatest fish benefits.  All action
alternatives were rated better than the existing condition in the temperature metrics for
predation on early outmigrating salmonids and for habitat suitability for rearing juvenile
fall Chinook.  Alternatives 3, 5, and 8 rated much better than Alternatives 6 and 7 in
reducing the number of days of maximum temperatures experienced in the thalweg in the
Delta during the June – October adult salmonid immigration period.  All alternatives
rated less than the existing in the velocity metric for predation on early outmigrating
salmonids.  Otherwise, Alternatives 3, 5, and 8 generally rated better than alternatives 6
and 7 in all other metrics except in maintaining a clear and distinct cue for upstream
salmonid passage.

Alternative 8 best meets non-fisheries (recreation) objectives.  No action alternative was
identified that did not degrade slack-water recreation options east of the causeway.  All
action alternatives rated equally for reopening the Yakima Delta, minimizing risk of
sediment deposition in the area of the Marina, and in enhancing bank salmon fishing
opportunities (dependent upon provision of bridge access to the Island).  Otherwise,
Alternative 8 and Alternative 5 were rated highest and next highest overall.

RECOMMENDATION

Alternative 5 rates nearly as high as Alternative 8 in meeting fisheries objectives, but
with much less cost.  Alternative 8 rates better than Alternative 5 in meeting non-fisheries
objectives.  The choice of promoting one over the other may best be made by considering
a phased approach to final design and implementation.  Using this approach,
implementation of Alternative 5 would be preferred for its cost-benefit.  If monitoring of
its performance justifies expansion of the breach width, then that option is available.

Alternative 5 was modeled with its breach centered in the causeway.  Modeling of
Alternatives 6 and 7 demonstrated that having the breach positioned along the Bateman
Island shore can reduce effects of high flow velocity on the Marina.  Therefore, we
recommend that during final design an analysis be made to position the Alternative 5
breach adjacent to Bateman Island to assess its effects on reducing impacts to the Marina.
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COST ESTIMATE ASSUMPTIONS

In preparing alternatives for consideration of modifying the causeway, several design
assumptions were made for the construction cost and modeling efforts.  For partial
removal of the causeway, the removed section was assumed to have a 2H:1V side slope
at the end of the openings for those openings that were not full removal of the causeway.
These partial openings will also require bank protection for those slopes and are included
in the estimates.

Cost estimates were prepared for each of the alternatives based on bid tab summaries and
by unit costs from RS Means 2015 Facilities Construction Cost Data.  For removal of the
causeway itself, the work could be completed using traditional excavators and dump
trucks to remove the causeway material.  To complete the work, a significant effort will
be required to control the water within the construction zone.  Due to the potential for
flow through the breach in the causeway, control of the water and potentially dewatering
the work zone will be required.  This could be accomplished by various methods, each
with various degrees of risk relating to failure of the cofferdams and the property and
environmental damage.

For the cost estimate of controlling the water we used sheetpile coffer dams with a total
depth of three times the active water depth.  This is a reasonable depth to provide
structural support for the hydrostatic pressure that would be present.  If traditional
excavators and dump trucks were used for the construction, the work area would need to
be dewatered close to the finished elevation and would require the entire work area to be
isolated from the Yakima Delta and the Columbia River.  If mechanical dredging
equipment was used, it may be possible to have a sheet pipe coffer dam on one side of the
work zone and a silt curtain on the opposite side and allow the work to be completed in
standing water.

The cost for traditional excavation would be higher than may be typical of mass
excavation in the area due to the constraints of the project.  Hauling of the excavated
material will require each dump truck to back down the causeway from the south
mainland side to the work zone.  The excavator would then load the single dump truck
and be idle while the loaded dump truck was exiting and the unloaded dump truck backed
to the work area.  Therefore, the production rate would be significantly diminished.  The
cost of the barge/mechanical excavation is much higher than tradition methods due to the
production rate differential between the methods and the need to handle the material
multiple times.  The mechanical dredge would likely be a clamshell bucket on barge and
load to a second barge/scow.  The material barge/scow would then need to be moved by
tug to a dock where the excavated materials could be unloaded from the barge and loaded
to dump trucks for disposal.  This multiple handing of the material increases the cost.  If
there were an area within the Columbia River where the spoils could be dumped, it would
reduce the cost but the permitting of such dumping would be likely a significant
challenge.



Gray & Osborne, Inc., Consulting Engineers

A-2 Mid-Columbia Fisheries Enhancement Group
January 2016 Bateman Island Causeway Modification Conceptual Design Report

Because a contractor might employ different methods for control of water and the
removal of the material, we are providing high and low range estimates for the
excavation work.  These two areas of cost are the most significant costs to the causeway
removal and the variability leads to an overall factor of about 2 between the high and the
low estimates.  The bridge and sheet pile breakwater are more straightforward in the
anticipated methods and have a smaller variability in the high and low estimate range.
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Mid-Columbia Fisheries Enhancement Group
Bateman Island Causeway Modifications

Conceptural Design Cost Estimate

NO. ITEM QUANTITY UNIT PRICE AMOUNT UNIT PRICE AMOUNT
SCHEDULE A - CAUSEWAY REMOVAL
1 Mobilization and Demobilization ( 7% Low, 10% High) 1 LS $167,000 $167,000 $454,000 $454,000
2 Survey 1 LS $2,000 $2,000 $5,000 $5,000
3 Traffic Control 1 LS $2,500 $2,500 $5,000 $5,000
4 Locate and Protect Existing Utilities 1 LS $1,500 $1,500 $2,500 $2,500
5 Removal and Disposal of Existing Structures 1 LS $1,000 $1,000 $1,000 $1,000
6 Floodplain and Active Channel Excavation 60,000 CY $20 $1,200,000 $55 $3,300,000
7 Scour protection - Gravel Filled Riprap 3,350 TN $30 $100,500 $40 $134,000
8 Habitat Restoration 2 AC $5,000 $10,000 $10,000 $20,000
9 Cofferdam/Dewatering 1,400 LF $750 $1,050,000 $750 $1,050,000
10 Temporary Water Pollution/Erosion Control 1 LS $10,000 $10,000 $20,000 $20,000

Subtotal, Schedule A: $2,544,500 $4,991,500
Contingencies 30% $763,350 $1,497,450
Sales Tax @ 8.0% 8% $264,628 $519,116

$2,809,128 $5,510,616

SCHEDULE B- 580' ACCESS BRIDGE
1 Mobilization and Demobilization ( 7% Low, 10% High) 1 LS $87,000 $87,000 $140,000 $140,000
2 Survey 1 LS $8,000 $8,000 $10,000 $10,000
3 Traffic Control 1 LS $5,000 $5,000 $10,000 $10,000
4 Locate and Protect Existing Utilities 1 LS $1,000 $1,000 $1,500 $1,500
5 Structure Excavation 310 CY $12 $3,720 $15 $4,650
6 Shoring 1,750 CY $15 $26,250 $20 $35,000
7 Furnishing Piling 2,870 CY $80 $229,600 $90 $258,300
8 Pile Driving 35 TN $1,000 $35,000 $1,000 $35,000
9 Concrete Class 4000 psi 220 EA $800 $176,000 $950 $209,000
10 Steel Reinforcing 66,100 LF $2 $132,200 $3 $198,300
11 Concrete Girders 1,230 LF $450 $553,500 $450 $553,500
12 Barrier 820 EA $80 $65,600 $100 $82,000

Subtotal, Schedule B: $1,322,870 $1,537,250
Contingencies 30% $396,861 $461,175
Sales Tax @ 8.0% 8% $137,578 $159,874

$1,857,309 $2,158,299

SCHEDULE C - MARINA BREAKWATER
1 Mobilization and Demobilization ( 7% Low, 10% High) 1 LS $80,000 $80,000 $138,000 $138,000
2 Survey 1 LS $2,500 $2,500 $5,000 $5,000
3 Traffic Control 1 LS $2,000 $2,000 $2,500 $2,500
4 Locate and Protect Existing Utilities 1 LS $1,000 $1,000 $1,500 $1,500
5 Sheet Piling 22,500 SF $50 $1,125,000 $60 $1,350,000
6 Placeholder 0 $1 $0 $1 $0
7 Temporary Water Pollution/Erosion Control 1 LS $10,000 $10,000 $20,000 $20,000

Subtotal, Schedule B: $1,220,500 $1,517,000
Contingencies 30% $366,150 $455,100
Sales Tax @ 8.0% 8% $126,932 $157,768

$1,713,582 $2,129,868

$2,809,128 $5,510,616
$1,857,309 $2,158,299
$1,713,582 $2,129,868

TOTAL CONSTRUCTION COST, SCHEDULE A AND
SCHEDULE B $4,666,437 $7,668,915

$6,380,019 $9,798,783

Alternative 3 - 580 Foot Breach

TOTAL CONSTRUCTION COST, SCHEDULE A, SCHEDULE B, AND
SCHEDULE C

Low Estimate

TOTAL ESTIMATED CONSTRUCTION COST, SCHEDULE A

TOTAL CONSTRUCTION COST, SCHEDULE B

TOTAL CONSTRUCTION COST, SCHEDULE C

High Estimate
Engineering Estimate Range

TOTAL CONSTRUCTION COST, SCHEDULE A -CAUSEWAY
TOTAL CONSTRUCTION COST, SCHEDULE B - ACCESS BRIDGE
TOTAL CONSTRUCTION COST, SCHEDULE C - MARINA

MID-COLUMBIA FISHERIES ENHANCEMENT GROUP,
WA.
BATEMAN ISLAND CAUSEWAY MODIFICATION
CONCEPTUAL DESIGN
G&O #14542

DATE:  6/2015
DRAWN:  SN
CHECKED:

APPROVED:

Page 1 of 4

GRAY & OSBORNE
CONSULTING ENGINEERS



Mid-Columbia Fisheries Enhancement Group
Bateman Island Causeway Modifications

Conceptural Design Cost Estimate

NO. ITEM QUANTITY UNIT PRICE AMOUNT UNIT PRICE AMOUNT
SCHEDULE A - CAUSEWAY REMOVAL
1 Mobilization and Demobilization (10%) 1 LS $65,000 $65,000 $198,000 $198,000
2 Survey 1 LS $2,000 $2,000 $5,000 $5,000
3 Traffic Control 1 LS $2,500 $2,500 $5,000 $5,000
4 Locate and Protect Existing Utilities 1 LS $1,500 $1,500 $2,500 $2,500
5 Removal and Disposal of Existing Structures 1 LS $1,000 $1,000 $1,000 $1,000
6 Floodplain and Active Channel Excavation 12,900 CY $20 $258,000 $55 $709,500
7 Scour protection - Gravel Filled Riprap 3,350 TN $30 $100,500 $40 $134,000
8 Habitat Restoration 2 AC $5,000 $10,000 $10,000 $20,000
9 Cofferdam/Dewatering 720 LF $750 $540,000 $1,500 $1,080,000
10 Temporary Water Pollution/Erosion Control 1 LS $10,000 $10,000 $20,000 $20,000

Subtotal, Schedule A: $990,500 $2,175,000
Contingencies 30% $297,150 $652,500
Sales Tax @ 8.0% 8% $103,012 $226,200

$1,093,512 $2,401,200

SCHEDULE B- 260' ACCESS BRIDGE
1 Mobilization and Demobilization (10%) 1 LS $54,000 $54,000 $87,000 $87,000
2 Survey 1 LS $8,000 $8,000 $10,000 $10,000
3 Traffic Control 1 LS $5,000 $5,000 $10,000 $10,000
4 Locate and Protect Existing Utilities 1 LS $1,000 $1,000 $1,500 $1,500
5 Structure Excavation 230 CY $12 $2,760 $15 $3,450
6 Shoring 1,310 CY $15 $19,650 $20 $26,200
7 Furnishing Piling 1,800 CY $80 $144,000 $90 $162,000
8 Pile Driving 20 TN $1,000 $20,000 $1,000 $20,000
9 Concrete Class 4000 psi 125 EA $800 $100,000 $950 $118,750
10 Steel Reinforcing 37,200 LF $2 $74,400 $3 $111,600
11 Concrete Girders 780 LF $450 $351,000 $450 $351,000
12 Barrier 520 EA $80 $41,600 $100 $52,000

Subtotal, Schedule B: $821,410 $953,500
Contingencies 30% $246,423 $286,050
Sales Tax @ 8.0% 8% $85,427 $99,164

$1,153,260 $1,338,714

SCHEDULE C - MARINA BREAKWATER
1 Mobilization and Demobilization (10%) 1 LS $80,000 $80,000 $138,000 $138,000
2 Survey 1 LS $2,500 $2,500 $5,000 $5,000
3 Traffic Control 1 LS $2,000 $2,000 $2,500 $2,500
4 Locate and Protect Existing Utilities 1 LS $1,000 $1,000 $1,500 $1,500
5 Sheet Piling 22,500 SF $50 $1,125,000 $60 $1,350,000
6 Placeholder 0 $1 $0 $1 $0
7 Temporary Water Pollution/Erosion Control 1 LS $10,000 $10,000 $20,000 $20,000

Subtotal, Schedule B: $1,220,500 $1,517,000
Contingencies 30% $366,150 $455,100
Sales Tax @ 8.0% 8% $126,932 $157,768

$1,713,582 $2,129,868

$1,093,512 $2,401,200
$1,153,260 $1,338,714
$1,713,582 $2,129,868

TOTAL CONSTRUCTION COST, SCHEDULE A AND
SCHEDULE B $2,246,772 $3,739,914

$3,960,354 $5,869,782

Engineering Estimate Range
High Estimate

Alternative 5 - 260 Foot Breach

TOTAL CONSTRUCTION COST, SCHEDULE A -CAUSEWAY
TOTAL CONSTRUCTION COST, SCHEDULE B - ACCESS BRIDGE
TOTAL CONSTRUCTION COST, SCHEDULE C - MARINA

TOTAL CONSTRUCTION COST, SCHEDULE A, SCHEDULE B, AND
SCHEDULE C

Low Estimate

TOTAL ESTIMATED CONSTRUCTION COST, SCHEDULE A

TOTAL CONSTRUCTION COST, SCHEDULE B

TOTAL CONSTRUCTION COST, SCHEDULE C
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Mid-Columbia Fisheries Enhancement Group
Bateman Island Causeway Modifications

Conceptural Design Cost Estimate

NO. ITEM QUANTITY UNIT PRICE AMOUNT UNIT PRICE AMOUNT
SCHEDULE A - CAUSEWAY REMOVAL
1 Mobilization and Demobilization (10%) 1 LS $41,000 $41,000 $116,000 $116,000
2 Survey 1 LS $2,000 $2,000 $5,000 $5,000
3 Traffic Control 1 LS $2,500 $2,500 $5,000 $5,000
4 Locate and Protect Existing Utilities 1 LS $1,500 $1,500 $2,500 $2,500
5 Removal and Disposal of Existing Structures 1 LS $1,000 $1,000 $1,000 $1,000
6 Floodplain and Active Channel Excavation 4,875 CY $20 $97,500 $55 $268,125
7 Scour protection - Gravel Filled Riprap 3,500 TN $30 $105,000 $40 $140,000
8 Habitat Restoration 2 AC $5,000 $10,000 $10,000 $20,000
9 Cofferdam/Dewatering 460 LF $750 $345,000 $1,500 $690,000
10 Temporary Water Pollution/Erosion Control 1 LS $10,000 $10,000 $20,000 $20,000

Subtotal, Schedule A: $615,500 $1,267,625
Contingencies 30% $184,650 $380,288
Sales Tax @ 8.0% 8% $64,012 $131,833

$679,512 $1,399,458

SCHEDULE B- 130' ACCESS BRIDGE
1 Mobilization and Demobilization (10%) 1 LS $27,000 $27,000 $44,000 $44,000
2 Survey 1 LS $8,000 $8,000 $10,000 $10,000
3 Traffic Control 1 LS $5,000 $5,000 $10,000 $10,000
4 Locate and Protect Existing Utilities 1 LS $1,000 $1,000 $1,500 $1,500
5 Structure Excavation 175 CY $12 $2,100 $15 $2,625
6 Shoring 990 CY $15 $14,850 $20 $19,800
7 Furnishing Piling 900 CY $80 $72,000 $90 $81,000
8 Pile Driving 10 TN $1,000 $10,000 $1,000 $10,000
9 Concrete Class 4000 psi 55 EA $800 $44,000 $950 $52,250
10 Steel Reinforcing 15,300 LF $2 $30,600 $3 $45,900
11 Concrete Girders 390 LF $450 $175,500 $450 $175,500
12 Barrier 260 EA $80 $20,800 $100 $26,000

Subtotal, Schedule B: $410,850 $478,575
Contingencies 30% $123,255 $143,573
Sales Tax @ 8.0% 8% $42,728 $49,772

$576,833 $671,919

SCHEDULE C - MARINA BREAKWATER
1 Mobilization and Demobilization (10%) 1 LS $80,000 $80,000 $138,000 $138,000
2 Survey 1 LS $2,500 $2,500 $5,000 $5,000
3 Traffic Control 1 LS $2,000 $2,000 $2,500 $2,500
4 Locate and Protect Existing Utilities 1 LS $1,000 $1,000 $1,500 $1,500
5 Sheet Piling 22,500 SF $50 $1,125,000 $60 $1,350,000
6 Placeholder 0 $1 $0 $1 $0
7 Temporary Water Pollution/Erosion Control 1 LS $10,000 $10,000 $20,000 $20,000

Subtotal, Schedule B: $1,220,500 $1,517,000
Contingencies 30% $366,150 $455,100
Sales Tax @ 8.0% 8% $126,932 $157,768

$1,713,582 $2,129,868

$679,512 $1,399,458
$576,833 $671,919

$1,713,582 $2,129,868

TOTAL CONSTRUCTION COST, SCHEDULE A AND
SCHEDULE B $1,256,345 $2,071,377

$2,969,927 $4,201,245

Engineering Estimate Range
High Estimate

Alternative 6 - 130 Foot Breach

TOTAL CONSTRUCTION COST, SCHEDULE A, SCHEDULE B, AND
SCHEDULE C

TOTAL CONSTRUCTION COST, SCHEDULE B - ACCESS BRIDGE

TOTAL CONSTRUCTION COST, SCHEDULE C

TOTAL CONSTRUCTION COST, SCHEDULE B

Low Estimate

TOTAL CONSTRUCTION COST, SCHEDULE C - MARINA

TOTAL CONSTRUCTION COST, SCHEDULE A -CAUSEWAY

TOTAL ESTIMATED CONSTRUCTION COST, SCHEDULE A
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Mid-Columbia Fisheries Enhancement Group
Bateman Island Causeway Modifications

Conceptural Design Cost Estimate

NO. ITEM QUANTITY UNIT PRICE AMOUNT UNIT PRICE AMOUNT
SCHEDULE A - CAUSEWAY REMOVAL
1 Mobilization and Demobilization (10%) 1 LS $55,000 $55,000 $162,000 $162,000
2 Survey 1 LS $2,000 $2,000 $5,000 $5,000
3 Traffic Control 1 LS $2,500 $2,500 $5,000 $5,000
4 Locate and Protect Existing Utilities 1 LS $1,500 $1,500 $2,500 $2,500
5 Removal and Disposal of Existing Structures 1 LS $1,000 $1,000 $1,000 $1,000
6 Floodplain and Active Channel Excavation 9,250 CY $20 $185,000 $55 $508,750
7 Scour protection - Gravel Filled Riprap 3,800 TN $30 $114,000 $40 $152,000
8 Habitat Restoration 2 AC $5,000 $10,000 $10,000 $20,000
9 Cofferdam/Dewatering 600 LF $750 $450,000 $1,500 $900,000
10 Temporary Water Pollution/Erosion Control 1 LS $10,000 $10,000 $20,000 $20,000

Subtotal, Schedule A: $831,000 $1,776,250
Contingencies 30% $249,300 $532,875
Sales Tax @ 8.0% 8% $86,424 $184,730

$917,424 $1,960,980

SCHEDULE B- 200' ACCESS BRIDGE
1 Mobilization and Demobilization (10%) 1 LS $44,000 $44,000 $72,000 $72,000
2 Survey 1 LS $8,000 $8,000 $10,000 $10,000
3 Traffic Control 1 LS $5,000 $5,000 $10,000 $10,000
4 Locate and Protect Existing Utilities 1 LS $1,000 $1,000 $1,500 $1,500
5 Structure Excavation 220 CY $12 $2,640 $15 $3,300
6 Shoring 1,275 CY $15 $19,125 $20 $25,500
7 Furnishing Piling 1,440 CY $80 $115,200 $90 $129,600
8 Pile Driving 20 TN $1,000 $20,000 $1,000 $20,000
9 Concrete Class 4000 psi 110 EA $800 $88,000 $950 $104,500
10 Steel Reinforcing 33,000 LF $2 $66,000 $3 $99,000
11 Concrete Girders 600 LF $450 $270,000 $450 $270,000
12 Barrier 400 EA $80 $32,000 $100 $40,000

Subtotal, Schedule B: $670,965 $785,400
Contingencies 30% $201,290 $235,620
Sales Tax @ 8.0% 8% $69,780 $81,682

$942,035 $1,102,702

SCHEDULE C - MARINA BREAKWATER
1 Mobilization and Demobilization (10%) 1 LS $80,000 $80,000 $138,000 $138,000
2 Survey 1 LS $2,500 $2,500 $5,000 $5,000
3 Traffic Control 1 LS $2,000 $2,000 $2,500 $2,500
4 Locate and Protect Existing Utilities 1 LS $1,000 $1,000 $1,500 $1,500
5 Sheet Piling 22,500 SF $50 $1,125,000 $60 $1,350,000
6 Placeholder 0 $1 $0 $1 $0
7 Temporary Water Pollution/Erosion Control 1 LS $10,000 $10,000 $20,000 $20,000

Subtotal, Schedule B: $1,220,500 $1,517,000
Contingencies 30% $366,150 $455,100
Sales Tax @ 8.0% 8% $126,932 $157,768

$1,713,582 $2,129,868

$917,424 $1,960,980
$942,035 $1,102,702

$1,713,582 $2,129,868

TOTAL CONSTRUCTION COST, SCHEDULE A AND
SCHEDULE B $1,859,459 $3,063,682

$3,573,041 $5,193,550

Engineering Estimate Range
High Estimate

Alternative 7 - 200 Foot Breach

TOTAL CONSTRUCTION COST, SCHEDULE A -CAUSEWAY
TOTAL CONSTRUCTION COST, SCHEDULE B - ACCESS BRIDGE
TOTAL CONSTRUCTION COST, SCHEDULE C - MARINA

TOTAL CONSTRUCTION COST, SCHEDULE A, SCHEDULE B, AND
SCHEDULE C

Low Estimate

TOTAL ESTIMATED CONSTRUCTION COST, SCHEDULE A

TOTAL CONSTRUCTION COST, SCHEDULE B

TOTAL CONSTRUCTION COST, SCHEDULE C

MID-COLUMBIA FISHERIES ENHANCEMENT GROUP,
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APPENDIX B

BIOLOGICAL BASIS



	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   Mainstem	  Fish	  Research	  
	   	   	   	   	   	   	   	   65	  Park	  St	  

Richland	  WA	  99354	  
(509)531-‐8065	  

	  
Craig	  E.	  Cooper,	  LG,	  Senior	  Geomorphologist	  
Gray	  &	  Osborne,	  Inc.	  
3710	  168th	  Street	  NE,	  Bldg	  B,	  Suite	  210	  
Arlington,	  WA	  	  98223	  
	   	   	   	   	   	   	   	   December	  1,	  2014	  
	  
	  
Craig,	  
	  

Thank	  you	  for	  the	  opportunity	  to	  help	  out	  on	  the	  task	  to	  compile	  and	  review	  
existing	  data	  related	  to	  the	  planned	  Bateman	  Island	  causeway	  modification	  that	  is	  
being	  considered	  by	  the	  Mid-‐Columbia	  Fisheries	  Enhancement	  Group.	  
	  

I	  have	  examined	  literature	  and	  existing	  data	  relevant	  to	  the	  proposed	  habitat	  
modification	  in	  the	  Yakima	  River	  Delta.	  	  This	  letter	  report	  contains	  a	  brief	  literature	  
review	  relative	  to	  native	  and	  non-‐native	  fish	  that	  may	  be	  affected	  by	  this	  action.	  	  I	  
have	  also	  compiled	  existing	  data	  on	  fish	  migration	  timing	  and	  water	  temperatures	  in	  
the	  lower	  Yakima	  River	  to	  characterize	  the	  current	  conditions.	  Finally,	  I	  have	  
identified	  some	  of	  the	  remaining	  uncertainties	  regarding	  the	  effects	  of	  the	  proposed	  
habitat	  modification	  on	  native	  and	  non-‐native	  fishes	  that	  may	  migrate	  through	  or	  
rear	  in	  the	  affected	  area.	  

	  
I	  have	  addressed	  the	  edits	  and	  comments	  I	  received	  from	  you	  via	  email	  

earlier	  today.	  
	   	  
Thank	  you,	  
	  
Geoff	  McMichael	   	  



	   1	  

	  
Background	  
	  
	   A	  habitat	  modification	  is	  proposed	  for	  the	  Bateman	  Island	  Causeway	  in	  the	  
Yakima	  River	  Delta	  (YRD)	  area	  at	  the	  confluence	  of	  the	  Yakima	  and	  Columbia	  rivers	  
(Wassell	  et	  al.	  2014).	  	  To	  better	  understand	  the	  potential	  effects	  of	  the	  proposed	  
habitat	  modification	  actions,	  Mainstem	  Fish	  Research	  (MFR)	  was	  contracted	  by	  Gray	  
&	  Osborne,	  Inc.	  to	  conduct	  a	  brief	  literature	  review	  and	  data	  mining	  exercise	  
relevant	  to	  the	  proposed	  actions.	  
	   	  

Several	  causeway	  breach	  scenarios	  were	  modeled	  using	  an	  Environmental	  
Fluid	  Dynamics	  Code	  (EFDC)	  model	  to	  determine	  the	  impact	  of	  causeway	  
modification	  on	  circulation,	  temperature,	  and	  dissolved	  oxygen	  distribution	  
patterns	  (Wassell	  et	  al.	  2014).	  	  Results	  to	  date	  from	  the	  EFDC	  modeling	  effort	  
indicate	  that	  a	  complete	  breach	  of	  the	  causeway	  would	  increase	  water	  velocity	  
through	  the	  area	  known	  locally	  as	  the	  ‘mud	  hole’	  (west	  of	  the	  current	  causeway)	  and	  
water	  temperatures	  may	  be	  seasonally	  reduced	  in	  that	  area.	  	  It	  is	  currently	  thought	  
that	  the	  seasonally	  warm	  low	  velocity	  water	  in	  the	  YRD	  area	  may	  be	  negatively	  
influencing	  juvenile	  salmonid	  survival	  and	  delaying	  adult	  salmonid	  migration	  back	  
into	  the	  Yakima	  River	  (Appel	  et	  al.	  2011).	  	  
	   	  

To	  better	  understand	  how	  the	  breach	  of	  the	  Bateman	  Island	  causeway	  may	  affect	  
salmonids	  and	  non-‐native	  species	  that	  may	  prey	  upon	  juvenile	  salmonids,	  MFR	  
conducted	  this	  brief	  literature	  review	  and	  data	  mining	  exercise	  with	  the	  following	  
objectives:	  

• Summarize	  potential	  effects	  of	  changes	  in	  water	  velocities	  and	  water	  quality	  
on	  salmonids	  migrating	  through	  or	  rearing	  in	  the	  YRD	  area.	  

• Document	  current	  adult	  salmonid	  migration	  timing	  through	  a	  reach	  
containing	  the	  YRD	  relative	  to	  Yakima	  River	  water	  temperatures.	  
	  
Although	  the	  focus	  of	  the	  literature	  review	  and	  data	  mining	  was	  on	  

salmonids	  and	  their	  fish	  predators,	  many	  of	  the	  changes	  in	  water	  velocity	  and	  water	  
temperature	  that	  would	  be	  expected	  to	  benefit	  salmonids	  may	  also	  benefit	  Pacific	  
lamprey.	  	  Also,	  changes	  in	  water	  velocities	  and	  travel	  routes	  that	  reduce	  the	  
effectiveness	  or	  abundance	  of	  fish	  predators	  may	  or	  may	  not	  reduce	  the	  
vulnerability	  of	  juvenile	  salmonids	  to	  avian	  predators	  (please	  see	  Remaining	  
Uncertainties	  below).	  

	  
Literature	  Review	  
	  
	   Juvenile	  Salmonids	  
	  

Juvenile	  salmonids	  migrating	  through	  or	  rearing	  in	  the	  lower	  Yakima	  River	  
and	  YRD	  area	  are	  subjected	  to	  a	  high	  degree	  of	  predation	  by	  native	  and	  non-‐native	  
fish	  predators.	  The	  primary	  native	  fish	  predator	  is	  the	  Northern	  Pikeminnow	  while	  
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there	  are	  three	  non-‐native	  predator	  fish	  species	  that	  are	  seasonally	  abundant	  in	  the	  
lower	  Yakima	  River	  and	  YRD	  area:	  Smallmouth	  Bass,	  Walleye,	  and	  Channel	  Catfish.	  	  
Extensive	  work	  by	  the	  Washington	  Department	  of	  Fish	  and	  Wildlife	  (WDFW)	  and	  
the	  Yakama	  Nation	  (YN)	  in	  this	  area	  has	  shown	  that	  non-‐native	  predators	  are	  
particularly	  abundant	  during	  the	  spring	  period	  (McMichael	  et	  al.	  	  1999;	  Fritts	  and	  
Pearsons	  2004).	  	  This	  previous	  work	  showed	  that	  Northern	  Pikeminnow	  were	  the	  
dominant	  salmonid	  predator	  upstream	  of	  Prosser,	  Washington	  (river	  km	  76)	  while	  
Smallmouth	  Bass	  were	  the	  most	  abundant	  downstream	  of	  Prosser	  (McMichael	  et	  al.	  
1999).	  	  Channel	  Catfish	  were	  also	  very	  abundant	  in	  the	  lower	  Yakima	  River	  and	  YRD	  
area,	  but	  their	  abundance	  was	  not	  estimated.	  	  Smallmouth	  Bass	  were	  estimated	  to	  
have	  consumed	  over	  200,000	  juvenile	  salmonids	  annually	  in	  the	  lower	  Yakima	  
River,	  with	  the	  majority	  of	  those	  eaten	  being	  subyearling	  fall	  Chinook	  Salmon	  (Fritts	  
and	  Pearsons	  2004).	  	  In	  the	  Columbia	  River	  near	  Richland,	  Washington	  
(immediately	  upstream	  of	  the	  YRD	  area)	  Tabor	  et	  al.	  (1993)	  found	  that	  65%	  of	  the	  
Smallmouth	  Bass	  they	  captured	  had	  juvenile	  salmonids	  in	  their	  stomachs.	  
	   	  

Fish	  are	  poikilotherms,	  meaning	  their	  metabolism	  is	  driven	  by	  the	  
temperature	  of	  their	  environment.	  Bioenergetics	  equations	  for	  the	  fish	  predators	  in	  
the	  YRD	  area	  show	  that	  the	  predation	  rates	  on	  juvenile	  salmonid	  are	  significantly	  
higher	  at	  warmer	  water	  temperatures	  than	  at	  lower	  temperatures	  (Poe	  et	  al.	  1991;	  
Rieman	  et	  al.	  1991;	  Vigg	  et	  al.	  1991;	  Ward	  et	  al.	  1995).	  For	  example,	  McMichael	  et	  al.	  
(1999)	  used	  a	  bioenergetics	  approach	  to	  estimate	  that	  predation	  on	  juvenile	  
salmonids	  in	  the	  lower	  Yakima	  River	  during	  May	  would	  be	  reduced	  23%	  by	  a	  2oC	  
decrease	  in	  water	  temperature	  (from	  13.2	  to	  11.2oC).	  Further,	  Petersen	  and	  Kitchell	  
(2001)	  predicted	  that	  predation	  rates	  of	  Northern	  Pikeminnow	  (squawfish	  in	  their	  
paper)	  on	  juvenile	  salmonids	  would	  be	  higher	  if	  climate	  change	  increases	  water	  
temperatures	  in	  the	  Columbia	  Basin.	  They	  reported	  that	  predation	  rates	  would	  have	  
been	  26-‐31%	  higher	  in	  the	  warmer	  years	  compared	  to	  the	  colder	  years	  in	  their	  
historical	  dataset.	  
	   	  

The	  travel	  time	  of	  juvenile	  salmonids	  is	  closely	  related	  to	  water	  velocity.	  	  
Juvenile	  salmon	  migrating	  seaward	  in	  faster	  water	  tend	  to	  survive	  at	  higher	  rates	  
than	  fish	  migrating	  when	  water	  velocities	  are	  slower.	  The	  combined	  effect	  of	  lower	  
water	  velocities	  and	  elevated	  temperatures	  decrease	  juvenile	  salmon	  migration	  
survival.	  Several	  studies	  have	  demonstrated	  that	  survival	  of	  fall	  Chinook	  Salmon	  
smolts	  in	  the	  mainstem	  Snake	  and	  Columbia	  rivers	  is	  positively	  correlated	  with	  
river	  discharge	  and	  negatively	  correlated	  with	  water	  temperature	  (Connor	  et	  al.	  
2003;	  Smith	  et	  al.	  2003;	  Williams	  et	  al.	  2005).	  However,	  using	  a	  unique	  modeling	  
approach	  to	  estimate	  the	  relative	  influence	  of	  factors	  that	  influence	  predator-‐prey	  
interactions,	  Anderson	  et	  al.	  (2005)	  concluded	  that	  juvenile	  salmon	  survival	  was	  
more	  dependent	  on	  travel	  distance	  than	  on	  travel	  time	  or	  migration	  velocity.	  
	   	  

The	  abundance	  of	  fish	  predators	  and	  elevated	  water	  temperatures	  in	  the	  
lower	  Yakima	  River	  and	  the	  YRD	  area	  are	  likely	  to	  negatively	  affect	  juvenile	  
salmonid	  survival	  through	  this	  area.	  Changes	  in	  habitat	  conditions	  that	  increase	  
travel	  rate,	  reduce	  water	  temperature,	  and/or	  directly	  or	  indirectly	  decrease	  
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predator	  abundance	  or	  effectiveness	  would	  be	  expected	  to	  improve	  survival	  for	  
juvenile	  salmonids	  migrating	  through	  or	  rearing	  in	  the	  YRD	  area.	   	  	  
	  

Adult	  Salmonids	  
	  
Adult	  salmon	  returning	  to	  the	  Yakima	  River	  may	  encounter	  seasonally	  

elevated	  temperatures	  at	  the	  mouth	  of	  the	  Yakima	  River.	  	  Water	  temperatures	  in	  
excess	  of	  about	  21-‐24oC	  (Eaton	  and	  Scheller	  1996;	  Mantua	  et	  al.	  2010)	  may	  delay	  
adult	  salmon	  migrations.	  	  Adult	  salmonids	  migrating	  through	  elevated	  temperatures	  
may	  experience	  physiological	  stressors	  and	  ultimately	  fail	  to	  survive	  to	  successfully	  
spawn	  (Farrell	  et	  al.	  2008).	  	  Farrell	  et	  al.	  (2008)	  used	  acoustic	  telemetry	  to	  track	  
Sockeye	  Salmon	  in	  the	  Fraser	  River	  watershed	  and	  found	  that	  migration	  success	  
increased	  as	  river	  temperature	  decreased.	  	  Quinn	  et	  al.	  (1997)	  examined	  adult	  
Sockeye	  Salmon	  migration	  in	  the	  Columbia	  River	  basin	  and	  reported	  that	  run	  timing	  
has	  gotten	  earlier	  in	  the	  past	  40	  years	  or	  so,	  as	  the	  river	  temperatures	  have	  
increased.	  They	  found	  that	  Sockeye	  Salmon	  passed	  McNary	  Dam	  about	  11	  days	  
earlier	  in	  1993	  than	  they	  did	  in	  1954.	  
	  
	   Predator	  Fish	  Recruitment	  
	  
	   Non-‐native	  salmonid	  predator	  fishes	  that	  inhabit	  the	  YRD	  area	  may	  benefit	  
from	  the	  large	  area	  of	  slack	  water	  habitat	  (e.g.,	  the	  ‘mud	  hole’)	  that	  warms	  much	  
earlier	  than	  the	  surrounding	  area,	  which	  is	  more	  influenced	  by	  flows	  from	  the	  
Columbia	  River.	  Walleyes	  in	  particular	  require	  very	  low	  velocity	  areas	  that	  warm	  
quickly	  and	  are	  in	  early	  spring	  in	  close	  proximity	  to	  spawning	  areas	  for	  successful	  
recruitment.	  	  Pitlo	  (2002)	  reported	  that	  the	  fall	  abundance	  of	  age-‐0	  Walleyes	  was	  
highly	  correlated	  with	  the	  rate	  of	  water	  warming	  between	  April	  15	  and	  May	  5	  in	  the	  
upper	  Mississippi	  River.	  	  This	  slack/warm	  water	  habitat	  in	  proximity	  to	  preferred	  
spawning	  habitat	  for	  Walleyes	  (shallow,	  rocky,	  swift;	  Paragamian	  1989)	  is	  limited	  in	  
the	  mid-‐Columbia	  River	  region.	  Walleye	  year	  class	  strength	  has	  been	  shown	  to	  be	  
negatively	  related	  to	  discharge	  fluctuations	  and	  suspended	  sediment	  loads	  (Mion	  et	  
al.	  1998).	  	  Compared	  to	  the	  Columbia	  River,	  which	  experiences	  large	  daily	  (even	  
hourly)	  fluctuations	  in	  discharge	  related	  to	  load	  following	  by	  hydroelectric	  dams	  
(Langshaw	  and	  Pearsons	  2010;	  Harnish	  et	  al.	  2014a),	  the	  Yakima	  River	  discharge	  
changes	  relatively	  slowly.	  	  Further,	  changes	  in	  agricultural	  practices	  in	  the	  Yakima	  
River	  Basin	  have	  decreased	  the	  suspended	  sediment	  loads	  in	  the	  river	  significantly	  
over	  the	  past	  10	  years	  (Johnson	  et	  al.	  2010	  (data	  available	  on-‐line	  at	  
http://www.ecy.wa.gov/eim/)).	  	  A	  productive	  post-‐spawn	  fishery	  has	  developed	  in	  
the	  YRD	  area	  over	  the	  past	  six	  years	  (personal	  observation).	  It	  is	  likely	  that	  the	  
combination	  of	  an	  increasing	  Columbia	  River	  Walleye	  population,	  decreased	  
sediment	  loads	  in	  the	  Yakima	  River,	  and	  the	  large	  amount	  of	  slackwater	  that	  rapidly	  
warms	  in	  the	  early	  spring	  provide	  an	  excellent	  larval	  recruitment	  area	  for	  Walleyes.	  	  
Further,	  this	  area	  of	  slack	  water	  may	  also	  provide	  suitable	  habitat	  for	  overwinter	  
survival	  of	  age-‐0	  Smallmouth	  Bass	  and	  Channel	  Catfish.	  Successful	  recruitment	  of	  
these	  predators	  in	  this	  area	  may	  contribute	  to	  predation	  losses	  of	  juvenile	  
salmonids	  and	  lamprey	  migrating	  through	  the	  YRD	  area.	  
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	   If	  modifications	  to	  the	  Bateman	  Island	  causeway	  provided	  the	  opportunity	  to	  
control	  water	  levels	  and	  velocities	  in	  the	  ‘mud	  hole’	  area,	  it	  may	  be	  possible	  to	  
significantly	  reduce	  recruitment	  of	  larval/juvenile	  non-‐native	  predator	  fishes.	  If	  the	  
‘mud	  hole’	  is	  an	  important	  early	  life	  stage	  habitat	  for	  larval	  Walleye,	  it	  may	  be	  
possible	  to	  ‘attract/entrain’	  drifting	  larvae	  into	  the	  slack	  water	  habitat	  that	  is	  
warming	  quickly	  in	  the	  spring	  during	  a	  period	  when	  the	  causeway	  gates	  were	  
closed,	  and	  then	  open	  them	  rapidly	  to	  change	  the	  conditions	  from	  warm	  and	  
stagnant	  to	  cool	  and	  flowing	  to	  eliminate	  Walleye	  recruitment.	  Similar	  tactics	  may	  
be	  employed	  periodically	  throughout	  the	  year	  to	  reduce	  or	  eliminate	  age-‐0	  
Smallmouth	  Bass	  or	  Channel	  Catfish	  overwinter	  survival	  in	  the	  affected	  area.	  Finally,	  
Smallmouth	  Bass	  that	  spawn	  in	  the	  YRD	  area	  may	  experience	  nest	  failures	  if	  water	  
velocities	  and	  temperatures	  change	  rapidly	  during	  their	  spawning	  period.	  For	  
example,	  Lukas	  and	  Orth	  (1995)	  found	  that	  Smallmouth	  Bass	  nest	  failures	  were	  
strongly	  associated	  with	  increases	  in	  water	  velocity	  at	  the	  nest	  sites	  during	  
spawning.	  Similarly,	  Montgomery	  et	  al.	  (1980)	  found	  that	  flow	  fluctuations	  in	  the	  
Columbia	  River	  influenced	  bass	  production	  in	  several	  ways.	  	  High	  flow	  years	  (e.g.,	  
1976)	  resulted	  in	  protracted	  bass	  spawning	  and	  poor	  spawning	  success,	  likely	  due	  
to	  colder	  than	  average	  water	  temperatures	  and	  fluctuating	  water	  levels	  from	  
hydropeaking.	  	  Fluctuations	  in	  flow	  resulted	  in	  entrapment	  and	  subsequent	  
mortality	  of	  bass	  in	  flooded	  low-‐lying	  areas	  adjacent	  to	  sloughs.	  	  Spawning	  success	  
was	  greater	  in	  1977	  when	  flows	  were	  lower	  than	  normal,	  water	  temperatures	  were	  
higher,	  and	  flows	  fluctuated	  less.	  	  	  
	  
	  
Data	  Summary	  
	  
	   To	  better	  understand	  the	  relationship	  between	  Yakima	  River	  water	  
temperature	  and	  adult	  (not	  including	  jacks)	  salmonid	  migration,	  I	  used	  two	  
different	  approaches.	  	  First,	  I	  looked	  at	  the	  past	  10	  years	  of	  daily	  counts	  of	  adult	  
Chinook	  Salmon,	  Coho	  Salmon,	  Sockeye	  Salmon	  (2012-‐2014	  only),	  and	  Steelhead	  at	  
Prosser	  Dam	  (river	  kilometer	  74	  on	  the	  Yakima	  River,	  data	  from	  Columbia	  Basin	  
Research	  at	  http://www.cbr.washington.edu/dart)	  versus	  the	  water	  temperature	  at	  
the	  Kiona	  gauge	  (river	  kilometer	  47	  on	  the	  Yakima	  River,	  data	  from	  the	  US.	  Bureau	  
of	  Reclamation	  Yakima	  Hydromet	  site	  at	  
http://www.usbr.gov/pn/hydromet/yakima/index.html).	  Because	  I	  was	  interested	  
in	  the	  warmer	  part	  of	  the	  year	  (to	  determine	  whether	  a	  ‘thermal	  barrier’	  may	  exist	  
periodically),	  I	  restricted	  the	  data	  queries	  to	  the	  period	  between	  June	  1	  and	  October	  
31	  of	  each	  year	  from	  2005	  through	  2014	  (data	  only	  through	  10/6/14	  for	  2014).	  
Water	  temperature	  data	  appeared	  to	  be	  inaccurate	  or	  corrupted	  for	  2010	  and	  were	  
not	  available	  for	  2011.	  	  The	  available	  data	  clearly	  indicate	  adult	  salmonids	  do	  not	  
pass	  Prosser	  Dam	  during	  the	  warmest	  time	  periods,	  usually	  in	  July	  and	  August.	  They	  
also	  show	  ‘surges’	  of	  adult	  salmonids	  passing	  Prosser	  Dam	  when	  water	  temperature	  
decreased	  to	  below	  about	  71oF	  (21.7oC)	  (Figures	  1-‐8).	  	  A	  decrease	  from	  a	  daily	  mean	  
of	  about	  72oF	  to	  68oF	  between	  July	  22	  and	  24,	  2014	  corresponded	  to	  a	  very	  large	  
increase	  in	  the	  daily	  counts	  of	  sockeye	  and	  Chinook	  Salmon	  (Figure	  8),	  indicating	  
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that	  high	  water	  temperature	  may	  have	  been	  preventing	  adult	  salmon	  from	  entering	  
the	  Yakima	  River	  prior	  to	  that	  brief	  decrease	  in	  water	  temperatures.	  
	   	  	  
	  

	  
Figure	  1.	  Water	  temperature	  at	  Kiona	  and	  adult	  salmonid	  counts	  at	  Prosser	  Dam	  on	  
the	  Yakima	  River	  between	  June	  1	  and	  October	  31,	  2005.	  
	  

	  
Figure	  2.	  Water	  temperature	  at	  Kiona	  and	  adult	  salmonid	  counts	  at	  Prosser	  Dam	  on	  
the	  Yakima	  River	  between	  June	  1	  and	  October	  31,	  2006.	  
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Figure	  3.	  Water	  temperature	  at	  Kiona	  and	  adult	  salmonid	  counts	  at	  Prosser	  Dam	  on	  
the	  Yakima	  River	  between	  June	  1	  and	  October	  31,	  2007.	  

	  
Figure	  4.	  Water	  temperature	  at	  Kiona	  and	  adult	  salmonid	  counts	  at	  Prosser	  Dam	  on	  
the	  Yakima	  River	  between	  June	  1	  and	  October	  31,	  2008.	  
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Figure	  5.	  Water	  temperature	  at	  Kiona	  and	  adult	  salmonid	  counts	  at	  Prosser	  Dam	  on	  
the	  Yakima	  River	  between	  June	  1	  and	  October	  31,	  2009.	  

	  
Figure	  6.	  Water	  temperature	  at	  Kiona	  and	  adult	  salmonid	  counts	  at	  Prosser	  Dam	  on	  
the	  Yakima	  River	  between	  June	  1	  and	  October	  31,	  2012.	  
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Figure	  7.	  Water	  temperature	  at	  Kiona	  and	  adult	  salmonid	  counts	  at	  Prosser	  Dam	  on	  
the	  Yakima	  River	  between	  June	  1	  and	  October	  31,	  2013.	  

	  
Figure	  8.	  Water	  temperature	  at	  Kiona	  and	  adult	  salmonid	  counts	  at	  Prosser	  Dam	  on	  
the	  Yakima	  River	  between	  June	  1	  and	  October	  6,	  2014.	  
	  

	  
There	  are	  three	  stocks	  of	  Chinook	  Salmon	  that	  return	  to	  the	  Yakima	  River.	  	  

Chinook	  Salmon	  that	  pass	  McNary	  Dam	  (river	  kilometer	  470	  on	  the	  Columbia	  River)	  
prior	  to	  June	  8	  are	  classified	  as	  spring	  run,	  those	  passing	  McNary	  Dam	  between	  June	  
9	  and	  August	  8	  are	  classified	  as	  summer	  run,	  and	  those	  passing	  McNary	  Dam	  
between	  August	  9	  and	  October	  31	  are	  classified	  as	  fall	  run	  
(http://www.cbr.washington.edu/node/1056/popup).	  	  Spring	  run	  Chinook	  Salmon	  
in	  the	  Yakima	  River	  typically	  return	  to	  upper	  basin	  areas	  in	  the	  Naches	  and	  upper	  
Yakima	  (upstream	  of	  Roza	  Dam)	  rivers.	  	  Summer	  run	  Chinook	  Salmon	  typically	  
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return	  to	  the	  middle	  to	  lower	  Naches	  River	  and	  the	  Yakima	  River	  downstream	  of	  
Roza	  Dam.	  Fall	  run	  Chinook	  Salmon	  typically	  return	  to	  areas	  of	  the	  middle	  to	  lower	  
Yakima	  River	  (downstream	  of	  the	  city	  of	  Yakima,	  Washington).	  Adult	  returns	  of	  the	  
three	  stocks	  of	  Chinook	  Salmon,	  Coho	  Salmon,	  Sockeye	  Salmon,	  and	  Steelhead	  are	  
generally	  increasing	  in	  abundance	  in	  the	  Yakima	  River	  Basin,	  largely	  due	  to	  
restoration,	  supplementation,	  and	  reintroduction	  efforts	  of	  the	  Yakama	  Nation	  and	  
their	  partners	  (Yakama	  Nation	  2014).	  	  For	  the	  purposes	  of	  this	  analysis,	  the	  2014	  
water	  temperature	  at	  Kiona	  on	  the	  Yakima	  River	  was	  classified	  as	  ‘cool’	  when	  mean	  
daily	  temperatures	  were	  less	  than	  71oF	  (21.7oC),	  and	  ‘warm’	  when	  temperatures	  
exceeded	  21.7oC	  (Table	  1).	  Although	  run	  timing	  complicates	  isolating	  the	  effect	  of	  
temperature	  on	  adult	  passage	  timing,	  it	  appears	  that	  the	  number	  of	  fish	  passing	  
Prosser	  Dam	  per	  day	  was	  generally	  higher	  during	  ‘cool’	  periods	  compared	  to	  ‘warm’	  
periods	  in	  2014	  (Figure	  8).	  	  

	  
If	  high	  water	  temperatures	  in	  the	  lower	  Yakima	  River	  produce	  a	  ‘thermal	  

barrier’	  to	  adult	  salmonid	  upstream	  migration,	  then	  travel	  time	  of	  adult	  salmonids	  
from	  McNary	  Dam	  to	  Prosser	  Dam	  would	  be	  expected	  to	  be	  longer	  during	  periods	  of	  
very	  warm	  temperatures	  compared	  to	  times	  when	  the	  Yakima	  River	  was	  cooler.	  	  To	  
examine	  this,	  I	  performed	  a	  series	  of	  advanced	  queries	  of	  the	  PIT	  Tag	  Information	  
System	  (PTAGIS;	  http://www.ptagis.org/)	  database.	  Figure	  9	  shows	  the	  locations	  of	  
McNary	  Dam,	  the	  mouth	  of	  the	  Yakima	  River,	  the	  USBR	  gauge	  at	  Kiona,	  and	  Prosser	  
Dam.	  	  

	  
	  

Figure	  9.	  Locations	  of	  McNary	  Dam,	  the	  mouth	  of	  the	  Yakima	  River,	  Kiona,	  and	  
Prosser	  Dam	  with	  river	  kilometers	  (Rkm)	  from	  the	  mouth	  of	  the	  Columbia	  River.	  
Map	  from	  Google	  earth.	  
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The	  series	  of	  queries	  started	  with	  identifying	  PIT-‐tagged	  Chinook	  Salmon,	  

Sockeye	  Salmon,	  Coho	  Salmon,	  or	  Steelhead	  that	  were	  detected	  at	  McNary	  Dam	  on	  
the	  Columbia	  River	  on	  May	  31	  or	  later	  and	  then	  subsequently	  detected	  at	  Prosser	  
Dam	  on	  the	  Yakima	  River.	  With	  this	  PIT	  tag	  list,	  complete	  PIT	  tag	  detection	  histories	  
were	  queried.	  This	  query	  resulted	  in	  over	  17,000	  rows	  of	  data	  for	  the	  May	  31	  and	  
later	  (through	  October	  9)	  detections	  of	  these	  species	  in	  2014.	  Data	  were	  then	  
processed	  to	  retain	  the	  last	  detection	  date/time	  of	  each	  PIT	  tag	  at	  McNary	  Dam	  and	  
the	  first	  detection	  date/time	  at	  Prosser	  Dam	  for	  each	  tag	  code.	  The	  first	  observation	  
date/time	  was	  subtracted	  from	  the	  last	  observation	  date/time	  to	  calculate	  the	  travel	  
time	  from	  McNary	  Dam	  to	  Prosser	  Dam	  in	  days.	  	  These	  queries	  and	  the	  subsequent	  
processing	  on	  2014	  data	  produced	  391	  Chinook	  Salmon,	  169	  Coho	  Salmon,	  5	  
Sockeye	  Salmon,	  and	  36	  Steelhead	  that	  were	  detected	  at	  McNary	  Dam	  on	  May	  31,	  
2014	  or	  later	  and	  then	  subsequently	  detected	  at	  Prosser	  Dam.	  	  No	  time	  lag	  was	  
incorporated	  into	  the	  analyses,	  based	  on	  the	  assumption	  that	  fish	  travel	  time	  from	  
McNary	  Dam	  to	  the	  mouth	  of	  the	  Yakima	  River	  would	  be	  similar	  to	  the	  water	  travel	  
time	  from	  Kiona	  to	  the	  mouth	  of	  the	  Yakima	  River.	  	  However,	  it	  appears	  that	  a	  one	  
or	  two	  day	  lag	  from	  Kiona	  may	  be	  appropriate	  for	  future	  analyses.	  In	  other	  words,	  it	  
appears	  that	  adult	  counts	  at	  Prosser	  Dam	  remained	  high	  for	  about	  one	  or	  two	  days	  
after	  water	  temperatures	  at	  Kiona	  exceeded	  21.7oC	  following	  a	  cooler	  period.	  	  	  

	  
It	  is	  apparent	  that	  there	  was	  some	  delay	  of	  adult	  Chinook	  Salmon	  migration	  

during	  this	  period	  of	  warmer	  Yakima	  River	  temperatures	  in	  2014.	  In	  general,	  
Chinook	  Salmon	  that	  passed	  Prosser	  Dam	  early	  (June	  1-‐June	  22,	  when	  mean	  daily	  
water	  temperature	  at	  Kiona	  remained	  below	  21.7oC)	  passed	  Prosser	  Dam	  fairly	  
quickly	  after	  their	  final	  detection	  at	  McNary	  Dam	  (median	  =	  4.91	  d;	  Table	  1).	  
Following	  a	  period	  of	  warmer	  water	  from	  July	  1	  to	  July	  23	  (when	  only	  16	  PIT-‐tagged	  
Chinook	  Salmon	  passed	  Prosser	  Dam),	  143	  PIT-‐tagged	  Chinook	  Salmon	  passed	  
Prosser	  Dam	  during	  a	  3-‐day	  cool	  water	  period	  between	  July	  24	  and	  26	  with	  a	  
median	  travel	  time	  between	  McNary	  and	  Prosser	  of	  over	  25	  days.	  Further,	  during	  a	  
one-‐day	  cooler	  period	  on	  August	  25,	  11	  PIT-‐tagged	  Chinook	  Salmon	  passed	  Prosser	  
Dam	  with	  a	  median	  travel	  time	  from	  McNary	  to	  Prosser	  of	  nearly	  38	  days.	  
Throughout	  the	  2014	  analysis	  period,	  it	  is	  apparent	  that	  larger	  ‘pulses’	  of	  fish	  pass	  
Prosser	  Dam	  during	  the	  cooler	  water	  periods,	  especially	  when	  the	  cooler	  
temperatures	  follow	  a	  warm	  water	  period.	  
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Table	  1.	  Mean,	  standard	  deviation	  (SD),	  and	  median	  travel	  times	  of	  PIT-‐tagged	  
Chinook	  Salmon	  from	  McNary	  Dam	  to	  Prosser	  Dam	  for	  fish	  passing	  Prosser	  Dam	  
during	  specific	  date	  ranges	  that	  corresponded	  to	  'cool'	  (<21.7oC)	  and	  'warm'	  
(>21.7oC)	  water	  temperatures	  at	  Kiona	  on	  the	  Yakima	  River	  in	  2014.	  
	  

	  	   	  	   	  	   	  	   	  	   Travel	  Time	  (d)	  
Start	  Date	   End	  Date	   Days	   Temp	   N	   Mean	   SD	   Median	  
1-‐Jun	   22-‐Jun	   22	   cool	   133	   5.69	   2.38	   4.91	  
23-‐Jun	   27-‐Jun	   5	   warm	   11	   7.15	   2.30	   6.75	  
28-‐Jun	   30-‐Jun	   3	   cool	   7	   11.57	   0.82	   11.58	  
1-‐Jul	   23-‐Jul	   23	   warm	   16	   9.37	   2.90	   9.75	  
24-‐Jul	   26-‐Jul	   3	   cool	   143	   24.70	   8.29	   25.49	  
27-‐Jul	   24-‐Aug	   29	   warm	   28	   24.71	   12.90	   23.17	  
25-‐Aug	   25-‐Aug	   1	   cool	   11	   44.60	   19.66	   37.72	  
26-‐Aug	   30-‐Aug	   5	   warm	   7	   40.19	   12.87	   44.61	  
31-‐Aug	   6-‐Oct	   37	   cool	   35	   16.70	   18.64	   9.30	  

	  
	   PIT-‐tagged	  Chinook	  Salmon	  that	  passed	  Prosser	  Dam	  prior	  to	  July	  5	  typically	  
migrated	  from	  McNary	  Dam	  to	  Prosser	  in	  less	  than	  10	  days,	  with	  the	  longest	  travel	  
time	  being	  about	  18	  days	  (Figure	  10).	  In	  contrast,	  the	  majority	  of	  the	  PIT-‐tagged	  
Chinook	  Salmon	  passing	  Prosser	  Dam	  during	  the	  brief	  cooler	  water	  period	  between	  
July	  24	  and	  26	  took	  between	  10	  and	  40	  days	  (with	  a	  maximum	  of	  over	  53	  days)	  to	  
move	  from	  McNary	  Dam	  to	  Prosser	  Dam,	  indicating	  they	  may	  have	  ‘held	  up’	  near	  the	  
mouth	  of	  the	  Yakima	  River	  prior	  to	  entering	  the	  river.	  	  Similar	  long	  travel	  times	  with	  
high	  variability	  are	  seen	  for	  PIT-‐tagged	  Chinook	  Salmon	  passing	  Prosser	  Dam	  
during	  a	  brief	  cooler	  period	  in	  late	  August,	  with	  several	  fish	  taking	  over	  50	  days	  
between	  detections	  at	  McNary	  and	  Prosser	  dams.	  	  One	  summer	  Chinook	  Salmon,	  
tagged	  as	  a	  juvenile	  (PIT	  tag	  3D9.1C2D38068F)	  and	  released	  in	  2011	  at	  Stiles	  Pond	  
on	  the	  Naches	  River	  in	  the	  Yakima	  Basin	  was	  detected	  in	  2014	  passing	  Bonneville	  
Dam	  on	  June	  26,	  McNary	  Dam	  on	  June	  30,	  Priest	  Rapids	  Dam	  on	  July	  4	  and	  15,	  Rocky	  
Reach	  Dam	  on	  July	  18,	  Wells	  Dam	  (291	  km	  upstream	  of	  the	  mouth	  of	  the	  Yakima	  
River)	  on	  July	  19,	  and	  finally	  back	  in	  the	  Yakima	  River	  at	  Prosser	  Dam	  on	  August	  25,	  
2014.	  	  This	  was	  a	  hatchery	  fish	  from	  the	  Eastbank	  Hatchery	  (adjacent	  to	  Rocky	  
Reach	  Dam),	  which	  may	  have	  influenced	  its	  travels;	  however,	  it	  first	  passed	  the	  
mouth	  of	  the	  Yakima	  River	  in	  early	  July	  when	  water	  temperatures	  at	  the	  mouth	  
were	  in	  excess	  of	  21.7oC.	  
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Figure	  10.	  Travel	  time	  (days)	  of	  PIT-‐tagged	  Chinook	  Salmon	  between	  last	  detection	  
at	  McNary	  Dam	  and	  first	  detection	  at	  Prosser	  Dam	  versus	  passage	  date	  at	  Prosser	  
Dam	  between	  June	  1	  and	  October	  9,	  2014.	  
	  
	   PIT-‐tagged	  Coho	  Salmon	  generally	  passed	  Prosser	  Dam	  after	  Yakima	  River	  
water	  temperatures	  had	  cooled	  in	  September	  2014	  (Figure	  11).	  Median	  travel	  time	  
from	  last	  detection	  at	  McNary	  Dam	  to	  first	  detection	  at	  Prosser	  Dam	  was	  6.98	  days	  
for	  PIT-‐tagged	  Coho	  Salmon	  between	  mid-‐September	  and	  October	  9,	  2014.	  
	  

	  
Figure	  11.	  Travel	  time	  (days)	  of	  PIT-‐tagged	  Coho	  Salmon	  between	  last	  detection	  at	  
McNary	  Dam	  and	  first	  detection	  at	  Prosser	  Dam	  versus	  passage	  date	  at	  Prosser	  Dam	  
between	  September	  17	  and	  October	  9,	  2014.	  
	  
	   Relatively	  few	  (n=5)	  PIT-‐tagged	  Sockeye	  Salmon	  were	  detected	  at	  both	  
McNary	  and	  Prosser	  dams	  in	  2014.	  However,	  it	  appears	  that	  Sockeye	  Salmon	  
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passing	  McNary	  Dam	  when	  the	  Yakima	  River	  was	  warmest	  had	  longer	  travel	  times	  
between	  the	  dams	  (Figure	  12).	  Figure	  12	  shows	  the	  travel	  time	  versus	  detection	  
date	  at	  McNary	  Dam	  in	  contrast	  to	  Figures	  10	  and	  11,	  which	  show	  travel	  time	  versus	  
detection	  date	  at	  Prosser	  Dam.	  This	  illustrates	  the	  relationships	  among	  variables.	  
One	  Sockeye	  Salmon	  (PIT	  tag	  3DD.00773A0067)	  that	  was	  tagged	  in	  the	  adult	  fish	  
facility	  at	  Bonneville	  Dam	  on	  June	  23,	  2014	  passed	  McNary	  Dam	  on	  June	  27	  and	  was	  
detected	  in	  the	  adult	  fishway	  at	  Priest	  Rapids	  Dam	  (100	  km	  upstream	  of	  the	  mouth	  
of	  the	  Yakima	  River)	  on	  July	  2	  prior	  to	  being	  detected	  passing	  Prosser	  Dam	  on	  
August	  10,	  2014.	  	  	  
	  
	  

	  
Figure	  12.	  Travel	  time	  (days)	  of	  PIT-‐tagged	  Sockeye	  Salmon	  between	  last	  detection	  
at	  McNary	  Dam	  and	  first	  detection	  at	  Prosser	  Dam	  versus	  passage	  date	  at	  McNary	  
Dam	  between	  June	  25	  and	  July	  19,	  2014.	  
	  
	   PIT-‐tagged	  Steelhead	  passing	  Prosser	  Dam	  during	  warm	  water	  periods	  had	  
much	  longer	  travel	  times	  between	  McNary	  Dam	  and	  Prosser	  Dam	  compared	  to	  
Steelhead	  passing	  McNary	  Dam	  later	  in	  the	  summer/fall	  of	  2014.	  	  The	  majority	  of	  
PIT-‐tagged	  Steelhead	  passing	  McNary	  Dam	  prior	  to	  the	  end	  of	  August	  2014	  that	  
were	  subsequently	  detected	  at	  Prosser	  Dam	  had	  travel	  times	  in	  excess	  of	  40	  days,	  
while	  Steelhead	  passing	  McNary	  Dam	  after	  the	  end	  of	  August	  typically	  passed	  
Prosser	  within	  10	  days	  (Figure	  13).	  	  Some	  PIT-‐tagged	  Steelhead	  were	  at	  large	  
upwards	  of	  8	  weeks	  between	  McNary	  and	  Prosser	  dams.	  	  One	  PIT-‐tagged	  Steelhead	  
was	  at	  large	  for	  over	  80	  days	  between	  its	  last	  detection	  at	  McNary	  Dam	  and	  its	  first	  
detection	  at	  Prosser	  Dam	  (PIT	  tag	  3D9.1C2DAEA54F).	  This	  fish	  was	  tagged	  as	  a	  
juvenile	  in	  the	  Teanaway	  River	  (a	  tributary	  to	  the	  upper	  Yakima	  River)	  in	  2012,	  was	  
later	  detected	  in	  2014	  at	  Bonneville	  Dam	  on	  July	  7,	  then	  at	  McNary	  Dam	  on	  July	  15,	  
then	  in	  the	  adult	  fishway	  at	  Priest	  Rapids	  Dam	  on	  August	  19,	  then	  in	  the	  Yakima	  
River	  at	  Prosser	  on	  October	  5	  and	  Roza	  Dam	  on	  October	  26.	  
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Figure	  13.	  Travel	  time	  (days)	  of	  PIT-‐tagged	  Steelhead	  between	  last	  detection	  at	  
McNary	  Dam	  and	  first	  detection	  at	  Prosser	  Dam	  versus	  passage	  date	  at	  McNary	  Dam	  
between	  July	  13	  and	  October	  1,	  2014.	  
	  
	  
Remaining	  Uncertainties	  
	  
	   While	  it	  is	  clear	  that	  current	  conditions	  for	  juvenile	  salmonid	  survival	  and	  
adult	  salmonid	  migration	  in	  the	  YRD	  area	  are	  suboptimal,	  it	  remains	  unclear	  
whether	  the	  proposed	  habitat	  modifications	  at	  the	  Bateman	  Island	  causeway	  will	  
ameliorate	  the	  conditions	  for	  valued	  species	  migrating	  through	  or	  rearing	  in	  this	  
area.	  Based	  on	  the	  EFDC	  model	  results	  to	  date	  (more	  refined	  analyses	  are	  
underway),	  it	  is	  expected	  that	  water	  velocities	  will	  increase	  through	  the	  slack	  water	  
area	  west	  of	  the	  causeway	  and	  that	  the	  water	  temperatures	  at	  the	  mouth	  of	  the	  river	  
may	  be	  reduced	  as	  a	  result.	  New	  hydraulic	  modeling	  should	  focus	  on	  increased	  
resolution	  of	  anticipated	  changes	  in	  velocity	  and	  temperature	  profiles	  in	  the	  YRD	  
area.	  	  When	  improved	  modeling	  results	  are	  available,	  it	  would	  be	  advisable	  to	  revisit	  
the	  likely	  responses	  of	  salmonids	  and	  non-‐native	  fish	  predators.	  
	  
	   One	  of	  the	  primary	  limitations	  on	  juvenile	  salmonid	  survival	  through	  the	  
lower	  Yakima	  River	  and	  the	  YRD	  area	  is	  likely	  predation	  by	  primarily	  non-‐native	  
predator	  fishes.	  Although	  the	  YN	  has	  documented	  seasonally	  abundant	  juvenile	  
smallmouth	  and	  largemouth	  bass	  and	  catfish	  in	  the	  ’mud	  hole’	  area	  (fall,	  Wassell	  et	  
al.	  2014),	  it	  is	  unknown	  whether	  this	  slack	  water	  habitat	  is	  critical	  for	  larval	  Walleye	  
recruitment	  and/or	  overwinter	  survival	  of	  age-‐0	  bass	  and	  catfish.	  If	  this	  area	  is	  
critical	  to	  the	  year	  class	  strength	  of	  these	  predator	  species,	  then	  it	  is	  possible	  that	  
modification	  of	  the	  velocity	  and	  thermal	  characteristics	  of	  this	  area	  may	  effectively	  
reduce	  predator	  fish	  recruitment,	  and	  thereby	  reduce	  predation	  losses	  of	  juvenile	  
salmonids	  and	  lamprey.	  The	  seasonal	  use	  of	  the	  YRD	  area	  by	  larval	  and	  age-‐0	  non-‐
native	  predator	  fishes	  should	  be	  assessed	  to	  determine	  whether	  changes	  to	  this	  
habitat	  (based	  on	  predicted	  changes	  from	  updated	  hydraulic	  modeling)	  would	  be	  
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expected	  to	  increase	  the	  probability	  of	  recruitment	  failure	  in	  these	  predator	  
populations.	  Also,	  reducing	  the	  uncertainty	  regarding	  the	  spawning	  distribution	  of	  
non-‐native	  predators	  in	  the	  lower	  Yakima	  River	  and	  YRD	  area,	  as	  well	  as	  their	  
foraging	  locations,	  may	  allow	  for	  the	  design	  of	  plans	  to	  more	  effectively	  reduce	  the	  
predation	  losses	  of	  juvenile	  salmonids	  in	  these	  areas.	  See	  below	  for	  how	  this	  could	  
be	  combined	  with	  efforts	  to	  better	  understand	  detailed	  migration	  behaviors	  of	  both	  
juvenile	  and	  adult	  salmonids	  in	  these	  areas.	  
	  
	   Additional	  data	  mining	  of	  PTAGIS	  to	  look	  at	  juvenile	  salmonid	  travel	  times	  
and	  survival	  estimates	  from	  Chandler	  (Prosser)	  to	  McNary	  Dam	  during	  different	  
flow	  and	  temperature	  regimes	  may	  reduce	  the	  uncertainty	  regarding	  large	  scale	  
relationships	  between	  flow/temperature	  and	  juvenile	  salmonid	  travel	  rate/survival.	  
However,	  detailed	  fish	  migration	  behaviors	  in	  the	  YRD	  area	  are	  unknown.	  With	  
respect	  to	  juvenile	  salmonids	  migrating	  downstream,	  it	  is	  unknown	  whether	  (or	  
what	  portion	  of	  the)	  outmigrants	  move	  into	  the	  slack	  water	  area	  and	  whether	  
movement	  into	  this	  area	  increases	  their	  travel	  time	  or	  decreases	  their	  migration	  
success	  (survival)	  out	  of	  the	  Yakima	  River.	  A	  telemetry	  study	  of	  juvenile	  salmonids	  
tagged	  at	  the	  juvenile	  fish	  facility	  at	  Chandler	  (near	  Prosser)	  using	  a	  network	  of	  
receivers	  in	  the	  lower	  Yakima	  River	  and	  in	  the	  YRD	  area	  would	  provide	  the	  
information	  necessary	  to	  address	  this	  uncertainty.	  	  
	  

Examining	  additional	  years	  of	  PIT-‐tag	  data	  on	  adult	  salmonid	  travel	  times	  
may	  reduce	  uncertainty	  regarding	  the	  relative	  effects	  of	  water	  temperature	  and	  
return	  timing	  on	  travel	  time	  between	  McNary	  Dam	  and	  Prosser	  Dam.	  	  However,	  it	  is	  
unknown	  whether	  adult	  salmonids	  that	  arrive	  at	  the	  mouth	  of	  the	  Yakima	  River	  
when	  water	  temperatures	  are	  high	  (>21.7o	  C)	  hold	  in	  deep	  water	  in	  the	  Columbia	  
River	  adjacent	  to	  the	  mouth	  of	  the	  Yakima	  River	  or	  make	  ‘searching’	  movements	  
into	  and	  out	  of	  the	  Yakima	  River	  and	  whether	  they	  may	  be	  able	  to	  migrate	  far	  
enough	  up	  the	  Yakima	  River	  to	  find	  thermal	  refugia	  that	  are	  thought	  to	  occur	  
upstream	  of	  the	  Highway	  240	  bridge.	  Documenting	  the	  detailed	  behaviors	  of	  adult	  
fish	  that	  are	  ‘blocked’	  would	  reduce	  the	  uncertainty	  regarding	  the	  physiological	  and	  
energetic	  costs	  associated	  with	  the	  additional	  ‘holding’	  time	  in	  the	  YRD	  area.	  For	  
example,	  a	  fish	  that	  remains	  relatively	  sedentary	  in	  the	  Columbia	  River	  in	  cool	  water	  
for	  a	  period	  of	  14	  days	  would	  be	  expected	  to	  have	  much	  lower	  energetic	  costs	  (with	  
possible	  implications	  for	  spawning	  success)	  than	  a	  fish	  that	  moves	  large	  distances	  
(such	  as	  up	  to	  and	  beyond	  Priest	  Rapids	  Dam	  or	  up	  into	  and	  back	  out	  of	  the	  Yakima	  
River	  multiple	  times)	  during	  its	  two-‐week	  delay	  near	  the	  mouth	  of	  the	  Yakima	  River.	  
A	  telemetry	  study	  using	  previously	  PIT-‐tagged	  adult	  salmonids	  bound	  for	  the	  
Yakima	  River	  Basin	  (using	  the	  separation-‐by-‐code	  system;	  
http://www.ptagis.org/services/separation-‐by-‐code)	  and	  a	  network	  of	  receivers	  in	  
the	  YRD	  area	  and	  lower	  Yakima	  River	  would	  address	  these	  uncertainties.	  	  Telemetry	  
studies	  of	  juveniles	  and	  adults	  could	  be	  conducted	  simultaneously	  to	  optimize	  use	  of	  
funds	  to	  address	  these	  fish	  migration	  behavior	  uncertainties	  in	  the	  YRD	  area.	  In	  
addition,	  adult	  non-‐native	  predator	  fishes	  could	  be	  tagged	  in	  the	  YRD	  area	  to	  
increase	  the	  understanding	  of	  their	  spawning	  and	  foraging	  areas	  to	  serve	  as	  the	  
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basis	  for	  plans	  designed	  to	  reduce	  predator	  abundance	  or	  effectiveness	  in	  the	  YRD	  
area.	  

	  
There	  may	  be	  opportunities	  to	  combine	  funding	  sources	  to	  address	  these	  

uncertainties,	  as	  related	  research	  has	  recently	  been	  conducted	  in	  the	  adjacent	  
portion	  of	  the	  Columbia	  River	  between	  the	  Hanford	  Reach	  and	  McNary	  Dam	  where	  
very	  low	  survival	  of	  subyearling	  fall	  Chinook	  Salmon	  (McMichael	  et	  al.	  2006)	  from	  
the	  Hanford	  Reach	  to	  McNary	  Dam	  has	  been	  largely	  attributed	  to	  losses	  to	  
piscivorous	  fish	  (Harnish	  et	  al.	  2014b).	  	  
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SUMMARY REPORT 
GEOTECHNICAL DATA REVIEW AND PRELIMINARY FINDINGS 

BATEMAN ISLAND CAUSEWAY MODIFICATIONS 
RICHLAND, WASHINGTON 

______________________________________________________________________________ 
 

1.0 GENERAL 

As requested, PanGEO, Inc. has completed a review of geotechnical and geological data for the 
project area, and a preliminary geotechnical assessment of potential impacts to the design and 
construction of the proposed improvements.  We understand that the subject causeway is located 
at the south end of Bateman Island, situated at the confluence of Yakima and Columbia Rivers in 
Richland, Washington.  The approximate location of the causeway is indicated in Figure 1.  
However, we understand that the area of mitigation may extend beyond the immediate vicinity of 
the causeway, and may include the general area bound by Yakima River, Columbia River and 
highway I-240. 

We understand that the primary objective of the project is to modify the existing causeway in 
order to improve migratory conditions for salmonids while protecting cultural resources, 
maintaining emergency vehicle access to the island, and accommodating human uses in the area.  
The improvement options have not been determined at this time, but may include and not limited 
to moving the causeway to a different location, replace the existing causeway with a bridge, or 
installation of a culvert within the footprint of the existing causeway. 

2.0 SUBSURFACE CONDITIONS 

2.1 GEOLOGY 

The project site is located within the Columbia Basin, which was the scene of the great floods 
from Lake Missoula. Lake Missoula was formed when the Pleistocene Cordilleran ice sheet 
entered Idaho and dammed the Clark Fork River near the Montana Border, and resulted in a large 
impoundment called Lake Missoula.  The rising water in the lake weakened the glacial dam until 
the water burst though, resulted in a catastrophic flood events that covered parts of Washington, 
Idaho and Oregon.  The flood events generally occurred between 12,700 and 15,300 years before 
present time.  Review of the geologic map of the Richland Quadrangle (Reidel, et al, 1994) 
indicates that the area surrounding the causeway is likely underlain by gravel and cobbles 
(geologic unit Qfg) deposited during these flood events. 
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The geology map also indicates that immediate vicinity of the causeway is underlain by recent 
alluvium (Qa) deposited by the Yakima and Columbia Rivers.  The soil unit is anticipated to 
overly the catastrophic flood deposits of gravel and cobbles.  Because the water flows in the 
vicinity of the causeway, the alluvium may contain fine-grained and compressible soils.   

2.2 PREVIOUS EXPLORATIONS 

As part of our geotechnical assessment, we collected and reviewed the test borings completed by 
the Washington State Department of Transportation (WSDOT) in 2004 for the SR-240: I-182 to 
Columbia Center I/C project located just west of Bateman Island.  In general, the test borings 
completed for the roadway project encountered three primary soil units, as summarized below: 

Soil Unit 1: Fill – This unit was placed for the construction of existing roadway, and was 
described by WSDOT as “medium dense to dense, well tom poorly graded gravels with sand 
and poorly graded sand with gravels.  Cobbles and boulders may be encountered in this 
unit.” 

Soil Unit 2: Recent Alluvium – This unit was encountered predominantly in the wetland 
areas of the causeway between the Yakima River Bridge and the Richland “Y.” WSDOT 
described this unit as “loose to medium dense, brown to gray, silty sand with gravel, silt 
with sand and poorly graded sand with silt.  The upper 1 to 2 feet contains undecomposed 
organic material.”  We interpret this unit as recent alluvium.  Generalized subsurface 
profiles prepared by WSDOT suggest that this layer may be as much as 20 feet thick. 

Soil Unit 3: Catastrophic Flood Deposits – This unit underlies Soil Unit 2, and was 
described by WSDOT as “medium dense to very dense, dark grayish brown, wet, well to 
poorly graded gravel with sand and cobbles and poorly graded sand with gravels and 
cobbles.”  The description of this soil unit appears consistent with the catastrophic flood 
deposits mapped in the area.  Based on the WSDOT test borings, this unit appears quite 
thick, and may exceed 40 feet locally. 

The WSDOT borings also encountered a unit of dense/very stiff fine-grained soils (silt and clay) 
below soil unit 3 in localized areas.  The geologic origin of the fine-grained deposits is not 
readily known.  Given the localized nature and the depth of this unit (top of this unit is generally 
more than 40 feet), it likely will not impact the project. 
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The bedrock in the general project area is anticipated to be quite deep.  WSDOT did not 
encounter bedrock within the maximum depth of their test borings, which were about 80 feet 
deep. 

3.0 PRELIMINARY GEOTECHNICAL CONSIDERATIONS 

We understand that the options to modify the existing causeway have not been determined, but 
may include installation of culverts, bridges, and earthwork grading.  As requested, we offer the 
following opinion and geotechnical considerations to assist the project team with the preliminary 
planning of the project.  Additional geotechnical input including site specific subsurface 
explorations will be needed to support the final design of the project. 

1. If a bridge structure will be constructed, piles will likely be needed to support the bridge.  
The piles will need to extend below the recent alluvium and embedded in the underlying 
catastrophic flood deposits.  From geotechnical engineering perspective, we believe that 
drive steel pipe piles are likely the most appropriate option.  It also appears that 30- to 50-
foot long piles may be needed. 

2. If a culvert will be installed, it is possible that recent alluvium including organic materials 
may be present at the bottom of the culvert.  It is likely that a concrete mat foundation 
will be needed to support the culvert.  Conventional strip footings may not be adequate.  
Over-excavation to remove unsuitable foundation soils may also be needed. 

3. Excavations may extend below the river and groundwater level, and a large volume of 
water may need to be pumped from the excavation in order to complete the construction.  
The use of steel sheetpile cofferdams or other types of groundwater cutoff structures may 
be needed to control the inflows of water into the excavations. 

 

4.0 CLOSURE 

We have prepared this report for Gray & Osborne, Inc. and the project design team.  
Recommendations contained in this report are based on a review of pertinent subsurface 
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information, and our understanding of the project.  The study was performed using a mutually 
agreed-upon scope of work. 

The scope of our work does not include services related to construction safety precautions.  Our 
recommendations are not intended to direct the contractors’ methods, techniques, sequences or 
procedures, except as specifically described in our report for consideration in design.  
Additionally, the scope of our services specifically excludes the assessment of environmental 
characteristics, particularly those involving hazardous substances.   

This report has been prepared for planning and design purposes for specific application to the 
proposed project in accordance with the generally accepted standards of local practice at the time 
this report was written.  No warranty, express or implied, is made. 

Sincerely, 

 

 
 
Siew L. Tan, P.E. 
Principal Geotechnical Engineer 
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DISCLAIMER

This document has been prepared by Northwest Hydraulic Consultants Inc. in accordance with generally
accepted engineering practices and is intended for the exclusive use and benefit of Gray and Osborne
and the Mid-Columbia Fisheries Enhancement Group and their authorized representatives for specific
application to the Bateman Island Causeway Modification Project in Richland, WA. The contents of this
document are not to be relied upon or used, in whole or in part, by or for the benefit of others without
specific written authorization from Northwest Hydraulic Consultants Inc. No other warranty, expressed
or implied, is made.

Northwest Hydraulic Consultants Inc. and its officers, directors, employees, and agents assume no
responsibility for the reliance upon this document or any of its contents by any parties other than Gray
and Osborne.
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REPORTING UNITS
This report uses a combination of metric and imperial reporting units.  Stream velocity, temperature,
and sediment transport results are all reported in metric units (meters per second, degrees C, etc.),
consistent with the computer models and sediment transport equations used in the study.  The two
imperial measures used are stream discharge and length, which are reported in cubic feet per second
(cfs) and feet respectively.  Lengths of feet were used to provide better compatibility with reporting
being performed by other project team members who are using imperial units of length to describe
causeway breach widths.  Stream discharges in cfs are commonly used and are the most familiar units
for discharge used by technical experts in the region.
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EXECUTIVE SUMMARY
Bateman Island, located at the confluence of the Yakima and Columbia rivers, in the city of Richland,
WA, is connected to the mainland by an earthen bridge referred to as the Bateman Island Causeway.
The earthen causeway is a complete barrier to river flow and, as a result, temperatures on the south and
west sides of Bateman Island routinely exceed 25 or even 30 degrees C.  Such extreme thermal
conditions are a migration barrier to local salmonid species and have created habitat ideal for predatory
warm water fish species such as bass and catfish.  Hydrodynamic modeling employed as part of this
project was performed to evaluate eight alternatives considered as modifications of the causeway.

Hydrodynamic models AdH and CE-QUAL-W2 were used to simulate stream flows, velocities, and
temperatures in the Bateman Island vicinity and calculate the metrics listed in Table EX1 below.

Table EX1: Hydrodynamic Model Derived Metrics
Parameter Metric Purpose of Metric

Fisheries
Temperature # of summer days (June 1 - October 15) with

a daily maximum temperature at the
Columbia River confluence that is greater
than the upstream Yakima temperature at
the SR-240 bridge.  This metric has been
referred to as the “Delta through the Delta”

Reduce maximum temperature
experienced by adult salmonids in the
Yakima River thalweg (both magnitude
and exposure [i.e. total time/distance
traveled through high temperature
water])

Temperature Average summer (June 1 - October 15)
daily maximum temperature (Degrees C)1

Assess suitability of habitat for
salmonids and non-native predators

Temperature Maximum spring (March 15 - May 31)
7-DADMax (Degrees C)1

Reduce predation on out migrating
juvenile salmonids (lower
temperatures reduce predation rates)

Velocity Change in average velocity in Yakima River
thalweg

Change in travel time through high
predation zone; potential to disrupt life
cycles of walleye and small mouth bass

Flow % of flow at confluence that is Columbia
River vs. Yakima River

Maintain clear, distinct cue for
upstream migration

Non-Fisheries Objectives
Velocity Change in average velocity within vicinity of

Marina
Assess navigability and use of Marina
under alternative scenarios

Velocity Change in average velocity on West Side of
Bateman Island

Assess suitability for wake-boarding
and other recreation uses west of
Bateman Island

Sediment Transport and deposition of sediment in
vicinity of Marina

Assess impacts on aesthetics and use
of Marina

1 The 7-DADMax is the 7-day average of the daily maximum temperature.  The 7-DADMax is the Aquatic
Life Temperature Criteria for Fresh Water included in the Washington State Surface Water Quality
Standards (WAC 173-201A-200).
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All of the calculated temperature metrics indicate that breaching the existing causeway will decrease
water temperatures and improve salmonid habitat on the west and south sides of Bateman Island.  The
alternatives with breaches of 260’ or greater (Alternatives 5, 3, or 8) produced the most benefit, but all
of the alternatives (also including smaller 130’ and 200’ breaches) resulted in some reduction of
temperatures west and south of Bateman Island.  Temperatures decrease as colder Columbia River
water is introduced into the area west of Bateman Island; and Columbia River flow around the island
increases with larger breach widths.  A comparison of AdH simulated temperatures are shown in Figure
EX1 below with the causeway in place (existing conditions) and Alternative 8, a full causeway removal.
Alternative 8 also includes a proposed breakwater to be constructed around a marina on the east side of
the Causeway.  The proposed breakwater limits velocities within the marina to preserve navigability.
The figure illustrates that removing the causeway allows colder Columbia River water to flow around the
island when the Columbia River is at an adequately high discharge.   When Columbia River is at lower
discharges it does not flow around the island, even with a breach in place (not shown).  During these
times, the area west of Bateman Island will still be cooler than it is with the causeway in place, but the
water temperature will only be lowered to that of the inflowing Yakima River water (typically 5 degrees
warmer than that of the relatively colder Columbia River).

Figure EX1: Simulated Temperatures for a Moderately High Columbia River Discharge on July 8, 2012,
(Left) Existing Conditions, (Right) Alternative 8, Full Causeway Removal with a Breakwater around
Marina

An assessment of the sediment that has been deposited on the west side of Bateman Island found that
they are of a cohesive nature that is best characterized as a fluid mud.  And, more importantly, that the
mud will be transported to the Columbia River under any of the breach alternatives considered and will
not redeposit within the project vicinity.  This prediction was based on application of theoretical
equations for modeling cohesive sediment mobilization/transport and output from the AdH model.

Stream velocities were also evaluated to determine how opening the causeway could impact users of
the marina and other recreation uses.  Stream velocities west and south of Bateman Island will increase

Causeway Marina
Breakwater
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if the causeway is breached.  Increases in average stream velocity are fairly minor at less than 0.15
meters per second for the smaller breaches Alternatives 6 and 7, and more than double for the 260 foot
breach and larger.  As a mitigation measure, Alternative 8 included a breakwater around the marina that
would limit velocities under even the largest breach alternatives.  However, further investigation of the
eddy formed east of the breakwater is recommended to ensure that it does not impair navigation by
boats accessing the marina from the Columbia River (should a breakwater be included in the preferred
alternative).

Selection of a preferred alternative will need to weigh fisheries benefits, costs associated with each
alternative, construction funding opportunities, and other project objectives.  This final selection of a
preferred alternative is outside the scope of this report and will be addressed by other reporting being
completed by the Mid-Columbia Fisheries Enhancement Group.
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1 INTRODUCTION

Bateman Island sits at the confluence of the Yakima River with the Columbia River, in the city of
Richland, WA. The 160-acre island is connected to the mainland by an earthen bridge referred to as the
Bateman Island Causeway. The causeway is approximately 500 feet long by 40 feet wide. Aerial photos
indicate that the causeway was constructed between 1939 and 1940 for agricultural access. The
causeway is composed of earthen material and has been reinforced with rock rip rap over time. It is a
complete barrier to river flow, boats, and fish. The presence of the causeway impacts flow and water
quality conditions in the Yakima delta and contributes to a water temperature barrier that can delay
adult salmon migration. (Wassell et al., 2014)

The Yakima River historically hosted anadromous runs of steelhead trout, spring, summer, and fall
chinook, coho, and sockeye salmon. Juvenile salmon out-migrate through the Delta area to the Columbia
River, and adult fish migrate from the Columbia through the Delta. Extreme thermal conditions can
occur in the lower Yakima River that creates a migration barrier to local salmonid species and habitat
ideal for predatory warm water fish species such as bass and catfish. The formation of a thermal barrier
is a particular concern for species that migrate later in the summer, such as sockeye and summer and fall
Chinook salmon. Juvenile salmonids and spring adult runs must adapt migration timing to be through the
lower Yakima River before temperatures rise rapidly in June and July. Fall adult migratory species are
thought to hold in the Columbia River while waiting for Yakima River temperatures to decrease in
September and October. (Wassell et al., 2014)

The Mid-Columbia Fisheries Enhancement Group, in coordination with the Benton Conservation District,
were provided a grant from the Washington State Salmon Recovery Funding Board (#13-1310) to
develop conceptual designs for modifications to the Bateman Island Causeway. As stated in the grant,
the project will identify alternatives to breach the causeway to allow flow along the south side of the
island while accommodating recreational and emergency access to the island. The project will also
identify and address stakeholder concerns, including the landowners (Washington State Department of
Natural Resources, US Army Corps of Engineers), lessees (City of Richland, Columbia Park Marina), and
recreationists. Alternative development will consider:

· Reduce predation on out-migrating juvenile salmonids,
· Reduce predation to rearing Fall Chinook in the Delta area,
· Reduce maximum temperature in the Yakima River thalweg,
· Maintain clear, distinct cue for upstream migration,
· Mobilization of sediment deposited to the west of the causeway,
· Bank scour,
· Protection of marina resources, and
· Relative project costs.
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The goal of the project is to design alternatives that improve migratory conditions for juvenile and adult
steelhead, spring, summer, and fall Chinook, coho, and sockeye salmon at the confluence of the Yakima
and Columbia rivers.

1.1 Previous Studies
Water temperatures and habitat concerns related to the Bateman Island Causeway have been evaluated
previously by four key studies. These include:

· 1998 - Bureau of Reclamation commissioned a Forward-Looking Infrared (FLIR) flight over the
lower Yakima River in August of 1997 (Holroyd, 1998). Collected digital aerial thermography data
showed that temperatures in the region west of Bateman Island exceeded 28 degrees C at the
same time temperatures in the Columbia River and Yakima Rivers were 20 and 23 degrees C,
respectively.

· 2004 – The U.S. Army Corps of Engineers (COE) performed the “City of Richland Ecosystem
Restoration Project” (COE, 2004). This study evaluated three alternatives to improve habitat in
the area west of Bateman Island using multiple measures, including opening up the Bateman
Island Causeway and riparian improvements. The study highlighted concerns associated with
opening up the causeway and estimated that the improvements would cost on the order of
$2,000,000.

· 2011 – Benton Conservation District (BCD) performed an assessment of temperatures in the
Lower Yakima River (Appel et. al, 2011). This study took a close look at temperatures in the
Bateman Island vicinity, collecting continuous temperature data at five locations during the
summer of 2009. Longitudinal temperature profiles along the lower Yakima River, including the
Bateman Island vicinity, were also collected on August 14, 2008 and July 31, 2009. The study
confirmed that temperatures west of Bateman Island frequently exceed 30 degrees C, but also
found that temperature dynamics including interactions with the Columbia River were more
complex than initially thought.

· 2014 – MCFEG and BCD retained a consultant, INTERA, to perform an initial hydrodynamic
assessment of flow and temperature patterns in the vicinity of Bateman Island Causeway
(Wassell et. al, 2014). This study included collection of bathymetric data of the causeway vicinity
in June 2011 and the collection of continuous temperature data at six locations between August
2011 and October 2012. The bathymetry and monitoring data were used by the consultant as
inputs to a hydrodynamic model developed of the Bateman Island vicinity.  The analysis utilized
Environmental Fluid Dynamics Code (EFDC) to calculate flow distributions and MATLAB scripts to
calculate temperatures. The model was uncalibrated, but four different opening configurations
of the Causeway were evaluated and all indicated that temperatures on the west side of
Bateman Island would reduce if flow is allowed around the south end of the Island.
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2 HYDRODYNAMIC MODELING NEEDS AND APPROACH

Due to uncertainty about how modifying the causeway may affect the complex hydrodynamics that exist
in the vicinity of the Yakima River delta, a hydrodynamic model was needed to evaluate the alternatives
considered for the project. Hydrodynamic models provide powerful tools for visualizing and evaluating
modifications under a range of flow conditions. In order to support selection of a preferred alternative, it
was determined that no single model could address all of the modeling objectives. The primary modeling
needs and criteria outlined by the project team included:

· Scientifically defensible simulation of temperature. That is, it should simulate water-
temperatures within an acceptable level of match to observed data.

· Simulate how flow patterns around Bateman Island might be affected by modifying the existing
causeway.

· Simulate how the duration of high temperatures on the west side of Bateman Island would be
affected by modifying the existing causeway.

· Predict how changes in the causeway may affect sediment transport in the Bateman Island
vicinity, particularly through the marina located south of the island.

NHC staff reviewed available models and determined that application of a suite of three coupled models
would be the best approach to achieve the modeling objectives with the resources and schedule
available for the project. These models included the following:

· Adaptive Hydraulics (AdH) – This is a depth averaged two-dimensional model developed by the
U.S. Army Corps of Engineers Coastal and Hydraulics Laboratory. AdH was used to simulate the
distribution of flow around Bateman Island. The model also produced a depth averaged water
temperature solution based on a heat balance that utilizes meteorological data.

· CE-QUAL-W2 – Referred to as W2 for short. This is a laterally averaged two-dimensional
reservoir model developed by the U.S. Army Corps of Engineers Engineer Research and
Development Center and currently maintained by Portland State University. This model was
applied to simulate vertical temperature stratification that occurs on the west side of the
Bateman Island Causeway.

· HEC-RAS – The is a one-dimensional river hydraulics model developed by the U.S. Army Corps of
Engineers Hydraulic Engineering Center. The model was applied to calculate inflows and
downstream water-levels on the upstream and downstream boundaries of the AdH model. HEC-
RAS is less computationally intensive and allowed large reaches of the Columbia River to be
quickly modeled for extended simulation periods.

In addition to these three hydrodynamic models, a series of spreadsheet models were used to simulate
changes in sediment transport. Many two-dimensional models include sediment transport capabilities,
but none have well-utilized routines for simulating transport of cohesive sediments like those on the
west side of Bateman Island. This study combines geomorphic interpretation with numerical simulation
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to investigate the potential for sediment mobilization from the study area. The approach is discussed in
further detail under the Geomorphic Assessment Section of the report.

3 ENVIRONMENTAL INPUT DATA

Hydrodynamic modeling and the geomorphic assessment both rely on available data. The data used in
this study were assembled from eight different federal and local agencies. Data included instantaneous
and time-series records collected during field monitoring programs, and spatial information such as
orthophotos and bathymetry.

3.1 Time-Series Data Inventory
Simulation of temperature with hydrodynamic models requires time-series of observed water level,
flow, temperature, and meteorology data for the period to be simulated. An inventory of these datasets
is provided in Table 1, Table 2, Table 3, and Table 4 below. The locations of data collection sites are
presented spatially in Figure 1.
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INSERT FIGURE HERE

Figure 1: Site Locations from Data Inventory
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Table 1: Observed Water Level Data
Location Source Period of record Time-Step Comment
12514500
Columbia River at
Clover Island

USGS October 1, 2007 –
current
(earlier data
available)

15-minute

Port of Benton Navy November 3, 2010
– current

hourly

W3/W4/W5 West
Side of Causeway

BCD June 24, 2014 –
August 21, 2014
(remains in place)

hourly

E2/E8/E9
Columbia River
Downstream of
Bateman Island

BCD June 24, 2014 –
November 24,
2014

hourly

Table 2: Observed Flow Data
Location Source Period of record Time-Step Comment
12510500 Yakima
River at Kiona

USGS October 1, 2007 –
current
(earlier data
available)

15-minute

12472800
Columbia River
below Priest
Rapids

USGS October 1, 2007 –
current
(earlier data
available)

15-minute

Table 3: Observed Water Temperature Data
Location Source Period of record Time-Step Comment
PAQW, Left Bank
4.8 Miles Above
Confluence of
Snake and
Columbia Rivers

US Army Corps of
Engineers

2000 – current hourly

Port of Benton U.S. Navy November 3, 2010
– current

hourly

KIOW Station at
Kiona

U.S. Bureau of
Reclamation

June 3, 2001 –
February 14,
2011; January 22,
2012 - current
(daily)
July 1, 2009 –
September 2,
2009 (15-minute)

Daily minimum,
maximum and
average
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Table 3: Observed Water Temperature Data
Location Source Period of record Time-Step Comment
12510500 Yakima
River at Kiona

USGS April 20, 2004 –
September 30,
2008

Daily minimum,
maximum and
average

Note: values are
slightly different
than KIOW station

Yakima River near SR-240 Locations
“Yakima
Mainstem” (2009)

BCD June 23, 2009 –
September 24,
2009

15-minute

Yakima River
Railroad Bridge
(near SR-240)

MCFEG/BCD
(INTERA)

August 17, 2011 –
March 17, 2012;
April 3, 2012 –
October 22, 2012

15-minute

W6 Yakima
Mainstem at SR-
240 Bridge

BCD June 24, 2014 –
November 24,
2014

hourly

Yakima/Columbia River Confluence Region
W1 Yakima Delta
Channel

BCD June 24, 2014 –
November 24,
2014

hourly

Right Bank of Yakima River in Shallow Delta Region
“Yakima Mouth,
Shallow Delta”
(2009)

BCD June 23, 2009 –
September 24,
2009

15-minute Located about 380
meters west of
2014 W2 site

Delta (2012) MCFEG/BCD
(INTERA)

August 17, 2011 –
March 17, 2012

15-minute Located about 50
meters east of
2014 deployment
at W2

W2 Yakima Delta
South

BCD June 24, 2014 –
November 24,
2014

hourly

West of Causeway Region
“Causeway/Mud
Hole” (West side)
(2009)

BCD June 23, 2009 –
September 24,
2009

15-minute Located about 100
meters east of
2012 and 2014
deployments at
W3/W4/W5

“West Causeway”
Time-series (2012)

MCFEG/BCD
(INTERA)

August 17, 2011 –
March 17, 2012;
April 3, 2012 –
June 15, 2012;
August 9, 2012 –
October 31, 2012

15-minute
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Table 3: Observed Water Temperature Data
Location Source Period of record Time-Step Comment
West Causeway
Vertical Profiles
(2012)

BCD July 13, 19, 26, 30,
and 31, 2012 and
August 9 and 23,
2012

Instantaneous
profiles

At 1 foot intervals
between surface
and 12 feet of
depth

West Side of
Causeway (2013)

BCD May 23, 2013 –
August 22, 2013
(additional data
available through
December 20,
2013)

15-minute Logger was
unintentionally
moved to bank on
west side of
causeway on 8/23

W3/W4/W5 West
Side of Causeway
(2014)

BCD June 24, 2014 –
August 21, 2014
(remains in place)

hourly 2 sensors, one 2
feet of above bed
and another 5 feet
above bed

East of Causeway Region
East Side of
Causeway (2011-
2012)

MCFEG/BCD
(INTERA)

August 17, 2011 –
March 17, 2012

15-minute

East Causeway
Vertical Profiles
(2012)

BCD July 13, 19, 26, 30,
and 31, 2012 and
August 9 and 23,
2012

Instantaneous
profiles

At 1 foot intervals
between surface
and 12 feet of
depth

E1 East Side of
Causeway

BCD June 24, 2014 –
November 24,
2014

hourly

Downstream Columbia River Locations
E2/E8/E9
Columbia River
Downstream of
Bateman Island

BCD June 24, 2014 –
November 24,
2014

hourly

I-395 “Blue
Bridge”, upstream
of Clover Island
(2012)

MCFEG/BCD
(INTERA)

August 17, 2011 –
December 2,
2011; April 3,
2012 –October 22,
2012

15-minute

Upstream Columbia River Locations
Columbia River at
I-82 (2012)

MCFEG/BCD
(INTERA)

August 17, 2011 –
June 15, 2012

15-minute
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Table 3: Observed Water Temperature Data
Location Source Period of record Time-Step Comment
Columbia River at
I-82

BCD June 24, 2014 –
November 17,
2014

hourly NOTE: There was
in increase in
temperature
variability in the
primary logger
record after 8/22
so a duplicate
record was used
from 8/22 – 11/17

“Columbia River
Shelf” (2009)

BCD June 23, 2009 –
September 24,
2009

15-minute

Multiple Locations (raster dataset)
Yakima Delta
(upstream Yakima
data also
available)

U.S. Bureau of
Reclamation

August 15, 1997 Instantaneous Surface
temperatures
from aerial
thermography
image

Table 4: Observed Meteorology Data
Location Parameters Source Period of record Time-Step
WSU Tri-Cities
[46.3312, -
119.27016]

wind speed and direction, air
temperature, dew point
temperature, solar radiation,
atmospheric pressure

WSU-AgNet June 13, 1995 –
current

Hourly

Pasco
[46.25286, -
119.12736]

solar radiation WSU-AgNet Only used 2009
- 2011

Hourly

Tri-Cities Airport
[46.267, -119.117]

cloud cover NOAA January 1, 1973
- current

Hourly

3.2 Bathymetric Data

River bed elevation is the primary dataset needed to simulate the distribution of flows and to evaluate
sediment transport characteristics of the study area. Bathymetric data of the Bateman Island vicinity was
collected in July 2012 as documented in Wassell (2014). That dataset was refined as part of this effort as
follows.

· Corrected a 1.2 foot elevation error in the July 2012 survey that was most significant on the
Columbia River downstream of Bateman Island.
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· Adjusted irregularities in the digital elevation model representing the water-surface that existed
on the July 2012 bathymetric survey. Recalculated the bed elevations from measured water
depths. This change affected the bed elevations west of Bateman Island.

· Added 2011 bathymetric data covering the navigation channel of the Columbia River (NOAA,
2012).

· Added 2010 bare earth LiDAR data to define the above water topography. These data were
particularly helpful in defining the edge of water used to interpolate bed elevations along the
banks.

· Added new bathymetric survey collected by NHC on the afternoon of October 17, 2014. These
data were needed to fill in gaps identified in the July 2012 INTERA survey of the Yakima River
near the northwest edge of Bateman Island and on the east side of the causeway near the
marina. The project budget did not allow for a larger scale bathymetric survey, but key gaps in
the existing bathymetric data coverage were filled in.

· Added three sounding depths collected by Gray and Osborne surveyors from the public boat
dock east of Bateman Island Causeway in December 2014.

The accuracy of the resulting dataset, particularly the areas using the July 2012 survey, was spot checked
by comparing bed elevations to the 1997 "McNary Pool Survey".  This 1997 dataset includes ranges (i.e.
sections) of bathymetric elevations of McNary Pool that are spaced roughly 500 feet apart. The
soundings extend roughly 700 feet west of Bateman Island. These elevations were compared to the
adjusted July 2012 elevations and were found to typically agree within 0.1 to 0.3 feet on the west side of
Bateman Island.  This is a very good agreement, if one assumes that there was very little deposition
during the period 1997 - 2012.

3.3 Sediment Data
Sediment data collected and reviewed as part of this study are presented with the geomorphic
assessment discussed in Section 6.

4 HYDRODYNAMIC MODELING OF EXISTING CONDITIONS

4.1 Model Framework and Extents
Figure 4 illustrates the extents of the AdH, W2, and HEC-RAS models used for this project. The extents
and framework of each model are discussed below. The 2012/2014 model bathymetry discussed
previously in Section 3.2 was used in the vicinity of Bateman Island for all three models.

AdH Model

The AdH model covers a 2.4 square mile area centered over Bateman Island. The model’s upstream
boundary on the Columbia River is the I-182 bridge (at river-mile 336.0). The upstream boundary on the
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Yakima River is the SR-240 bridge (at river-mile 1.5). The downstream boundary is located at river-mile
333.6 on the Columbia River. An example of the AdH model mesh is shown in Figure 2, showing the
triangular elements and nodes that make up the model. Depth-averaged model results, including water
depth, velocity, and temperature, are simulated for approximately 6,500 nodes within the study area.

CE-QUAL-W2 Model

The W2 model extents are similar to the AdH model, except the model extends further downstream to
the USGS station at Clover Island (river-mile 328). Unlike the AdH model that is depth averaged, the W2
model is laterally averaged. The model grid includes 3 waterbodies, 75 model segments, and 44 model
layers. The thickness of each layer is uniform for each of the three waterbodies modeled, with 1, 0.4,
and 0.3 meter layer thicknesses for the Columbia River, Yakima River, and causeway reach, respectively.
An example of the layers from W2 segment 57 on the Yakima River is shown in Figure 3 below. Each
segment varies from 50 to 600 meters in length. The HEC-RAS model geometry discussed below was
used as the source of bathymetry data processed to build the CE-QUAL-W2 geometry. With few
exceptions, each W2 model segment ends and begins mid-distance between each cross-section in the
HEC-RAS model. Some additional splitting and merging of segments was also required as part of model
development.

HEC-RAS Model

The HEC-RAS model covers the most area, with 68 miles of the Columbia River (from the USGS Clover
Island gage at river-mile 328 upstream to Priest Rapids Dam at river-mile 396) and the lower 6.3 miles of
the Yakima River represented. This model’s primary use was routing flows measured at Priest Rapids
Dam 60 miles downstream to the upstream boundary of the AdH and W2 models. The model’s use
establishing boundary conditions is discussed in Section 4.2.

The model applied in this study was developed by merging two existing HEC-RAS models maintained by
the COE as part of the ongoing Columbia River Treaty Review (COE, 2012a and 2012b). The first model

Figure 2: (Left) Example of AdH Model Mesh at
Northern Tip of Bateman Island, Color Gradient
Indicates Depth

Figure 3: (Right) Example of W2 Model Layers,
Yakima River, Cyan Layer is at Average McNary
Pool Water-Surface Elevation
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obtained from the COE extended from Priest Rapids Dam downstream to river-mile 342 and the second
model extended from river-mile 345 downstream to McNary Dam. The two models were merged
together at river-mile 345 and then the model was truncated at USGS Clover Island station (river-mile
333.6).

This base model was further refined in the vicinity of Bateman Island to add the channel south of
Bateman Island, and the causeway itself. The original COE model did not include these features, which
were needed for development of the W2 model and also for testing of HEC-RAS temperature routines.
The HEC-RAS temperature routines were not used for evaluation of causeway modification alternatives,
so the module is not discussed further in this report. The 2012/2014 bathymetry referenced in Section
3.2 was used to define all of the cross-sections in the vicinity of Bateman Island.
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INSERT FIGURE HERE

Figure 4: Hydrodynamic Model Extents
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4.2 Boundary Conditions
Table 5 below provides a summary of the boundary condition datasets used with each of three models
applied in this study. The AdH and CE-QUAL-W2 models use similar boundary condition datasets, all of
which were compiled and gaps filled to produce complete records for the period January 2009 through
October 2014. The HEC-RAS model was primarily used for flow and stage calculations so datasets related
to temperature are not applicable to that model.

Table 5: Summary of Hydrodynamic Model Input Data Sources

Data Need Model
HEC-RAS AdH CE-QUAL-W2

Upstream Inflows Columbia River USGS Priest Rapids
Dam gage

HEC-RAS simulated flows at river station
336.016

Upstream Inflows Yakima River USGS Kiona gage x
multiplier of 1.0836

HEC-RAS simulated flows at river station
1.541

Downstream Columbia River Stage
Data

USGS Clover Island
gage

HEC-RAS simulated stages at river station
333.597

Upstream Temperature Columbia
River

Not applicable BCD records at I-82, or calculated with
regressions from observed data at Port of
Benton or PAQW station

Upstream Temperature Yakima
River

Not applicable BCD records at W6/SR-240, or disaggregated
hourly data from KIOW recorded daily
minimum and maximums

Air Temperature, Dew Point
Temperature, Wind Speed, Wind
Direction, Shortwave Solar Radiation

Not applicable WSU-TC

Cloud Cover Tri-Cities Airport
Air Pressure Not applicable WSU-TC Not applicable
Longwave Solar Radiation1, Latent
Heat of Vaporization2

Not applicable Calculated from data at
WSU-TC and Tri-Cities
Airport (pre- 8/10/2009)

Calculated
Internally

4.2.1 Upstream Inflows and Downstream Stages Used for AdH and W2 Models

As discussed previously, the primary purpose of the HEC-RAS model was to route flows observed at
Priest Rapids Dam 60 miles downstream to the upstream boundary of the AdH and W2 models. The HEC-
RAS model was also used to establish a downstream stage boundary for the AdH model using the
observed USGS record at Clover Island.  The HEC-RAS model does not include the 22.5 miles of the
Yakima River between Kiona and the SR-240 bridge, so the model could not be used to route the flows
observed there downstream.

1 Atmospheric longwave radiation was calculated using Wunderlich (1968, 1972)
2 Latent Heat of Evaporation was calculated using Brady et al. (1969)
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4.2.2 Upstream Water Temperatures Used for AdH and W2 Models

For each of the datasets used, the record had to be reviewed and gaps filled. Regressions were applied
to translate water-temperature records at the U.S. Navy Port of Benton and the U.S. Corps of Engineers
PAQW stations to the I-82 bridge site. Those regressions and associated R-square statistics, calculated in
degrees C using the June – August 2014 period of the BCD station at I-82, are as follows:

· Temperature at I-82 = Temperature at Port of Benton x 0.9718 + 0.1193 (R2 = 0.9720)

· Temperature at I-82 = Temperature at PAQW x 0.9943 - 0.1118  (R2 = 0.9846)

Data collected at the PAQW site were only used when neither the Port of Benton or BCD I-82 monitoring
data were available. The PAQW site does not record temperatures between September and March, so
there are missing values in the Columbia River record prior to November 3, 2010 when Port of Benton
gage record became available. As a result, the Columbia River inflow temperatures have been linearly
interpolated between September and March in 2008 and 2009. There was also a short period of
interpolation between September 2010 and November 3rd, 2010.  Simulated temperatures from these
periods were not evaluated in detail as part of this study so this interpolation should not impact
conclusions made from modeling output.

4.3 Calibration to Observed Data
The objective of the model calibration is to achieve a scientifically defensible simulation of temperature.
This means that the model should be accurate enough to make comparisons between causeway
modification alternatives and make relative decisions regarding their performance for a given
parameter. Data from 2009, and 2011 – 2014 monitoring periods were used for calibration. The water-
surface elevation was the first parameter calibrated to observed data. Without a good match to water-
level, there is no sense in looking at simulated velocities or temperatures, since these both depend on
water-level. Stream velocities were calibrated second and water temperature was calibrated last.
Discussions of each of these calibration processes follow.

4.3.1 Water Surface Elevation

There were two locations in the model domain that had recorded water surface elevation data during
2014 that could be used for model calibration. These are at BCD monitoring sites E2/E8/E9 and
W3/W4/W5 on the Columbia River downstream of Bateman Island and on the west side of the
causeway, respectively.   There were additional depth data collected in prior monitoring years, but the
data were not clearly tied to a vertical datum that could reliably be used for model calibration.

Water surface elevation data at E2/E8/E9 were used to confirm the HEC-RAS model calibration for the
reach of the Columbia River between the USGS stage monitoring station at Clover Island and the
downstream boundary of the AdH and CE-QUAL-W2 models. Figure 5 compares the HEC-RAS simulated
and the observed water-surface elevations for the period June 23, 2014 through October 31, 2014, the
end of the 2014 calibration period used for this study. The observed data are shown in orange and the
simulated HEC-RAS model data are presented in black. Simulated water levels were within 0.01 meter on
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average, and no adjustments to the HEC-RAS model channel roughness, or other parameters that
influence water-level were needed.

Figure 5: Comparison of HEC-RAS model Simulated and Observed Water Surface Elevations at
Downstream Columbia River Site E2/E8/E9

The water surface elevation data at the site on the west side of the causeway, site W3/W4/W5, were
used to confirm the water-level calibration of the AdH and W2 models. Figure 6 below depicts the water
surface elevations simulated with AdH and W2 for the period June 23, 2014 through October 31, 2014,
compared with the observed water levels for the same period. In this figure, and all subsequent figures,
the observed data are shown in orange, the simulated AdH model data are presented in light green, and
the simulated W2 data are shown in dark blue. The simulated water levels were found to be biased high
by 0.03 and 0.05 meters for the AdH and W2 models, respectively. This is considered adequate for the
purposes of this study.
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Figure 6: Comparison of Observed with AdH and W2 model Simulated Water Surface Elevations at
West Side of Causeway Site W3/W4/W5

4.3.2 Stream Velocity

Stream velocity data, collected with an Acoustic Doppler Current Profiler (ADCP), were used to calibrate
the AdH model. The only available ADCP data in the project vicinity were collected by INTERA on July 19
and 20, 2012 at the locations shown in Figure 20 of Wassell et. al (2014). Of the 19 transects collected,
only 12 were useful for calibration. The other seven were either in areas with effectively no flow velocity
and two others were outside the AdH model domain. Calibration was achieved by changing channel
roughness factors (AdH and W2) and eddy viscosities (AdH only). Figure 7, Figure 8, and Figure 9 show
the AdH model calibration results compared to absolute ADCP stream velocity, or stream speed, for
representative sections on the Columbia River, Yakima River, and at the causeway channel confluence
with the Columbia River, respectively. There is a large amount of noise in the ADCP data, but all three
sections provide an acceptable match to the scatter of observed velocities. The velocities observed at
the causeway section shown in Figure 9 are interesting because there is no net inflow through the
causeway under the existing condition. Velocities at this section are only effected by wind and/or
current eddies on the edge of the Columbia River.
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Figure 7: Comparison of Observed and AdH model Simulated Stream Velocities on the Columbia River
at Transect 18, located on the East Side of Bateman Island, river-mile 334.2

Figure 8: Comparison of Observed and AdH model Simulated Stream Velocities on the Yakima River at
Transect 4, located 1000 feet downstream of Hwy 240 Bridge, river-mile 1.0
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Figure 9: Comparison of Observed and AdH model Simulated Stream Velocities on the East Side of the
Bateman Island Causeway at Transect 21, located west of the Marina at Columbia River

4.3.3 Water Temperature

The AdH and W2 models were calibrated to achieve an acceptable match between simulated and
observed temperature for years 2009, and 2011 – 2014. The calibrations were evaluated using
monitoring data from three regions of the model:

· At the Yakima/Columbia River confluence (i.e. 2014 site W1)
· On the right bank of the Yakima River in the shallow region immediately south of the river

channel (i.e. 2014 site W2, 2012 site “Delta”, and in 2009 “Yakima Mouth”)
· The west side of the causeway (i.e. 2014 site W3, 2011/2012/2013 site “West Causeway”, and

2009 site “Causeway/Mud Hole”)

Water temperatures simulated with the W2 model were queried from the model output grid layer
corresponding to the elevation of the deployed temperature sensors. It is important that the model be
queried at the layer corresponding to where data were collected, particularly at times and/or locations
when the water column is stratified. Temperature sensors deployed by BCD were mounted on stands
that rise 2 feet above the river bed.  Because of this the elevation of the sensor, and corresponding
model layer, was calculated by adding 2 feet to the bathymetry elevation data at the coordinate noted
for each sensor. Due to an unknown amount of sinking of the stands into soft sediment, the sensor could
have been lower than 2 feet in some locations. There is also some uncertainty regarding the position of
the sensors. This uncertainty was most significant for sensors deployed by INTERA during the 2011 –
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2012 monitoring period when BCD was not involved in field operations.  For those years, sensor
positions were digitized from figures in the 2014 study report.

In addition to a sensor 2 feet above the bed, two loggers were deployed concurrently at the W3 site in
2014, one 2 feet above the bed and a second 5 feet above the bed.

4.3.4 Temperature Parameters

Both the AdH and W2 models were adjusted to achieve the best match to observed data. This process
included changing parameter values and also identifying errors in input datasets.

There have only been a handful of applications of the temperature module in AdH and, relative to W2,
there are only a few parameters that can be adjusted. NHC coordinated closely with Gaurav Savant at
the U.S. Army Corps of Engineers Research and Development Center (ERDC) during the calibration of
AdH temperature routines. Several improvements to the code were added to AdH as a result of this
project. One key change was how AdH handles the water temperature at the edge of water. The model
was particularly sensitive to this formulation in the low flow areas on the west side of Bateman Island.
This is now a user defined time-series that was populated for this project using a 48-hour moving
average of the observed air temperature.

W2 has been used for hundreds of reservoir modeling applications since development began in 1975,
and as a result a very large number of parameters are available to the user for calibration. The sensitivity
analysis utilized here varied the following W2 parameters:

· Wind sheltering coefficients (WSC)
· Vertical eddy viscosity formulations (AZC

and AZSLC)
· Manning’s Roughness Coefficients

(FRICC)
· Model grid slope and resolution
· Longitudinal eddy viscosity and eddy

diffusivity (AX and DX)

· Surface heat exchange method (SLHTC)
· Short-wave radiation method (SROC)
· Wind Speed formulation
· Vegetative and topographic shade

coefficients
· Evaporation formulation (RHEVC)
· Water surface roughness height (Z0)

In addition to these parameters, boundary condition datasets were also changed and varied to
determine if there were errors in the input data. One major error was identified in the solar radiation
data for the WSU Tri-Cities site that affected years 2009 – 2011. These data had to be replaced with solar
radiation data from WSU Pasco for the final calibration and production simulations.

Yakima/Columbia River Confluence (Site W1 [2014])

At the Yakima/Columbia River confluence site, known as W1, the water temperatures are very dynamic
due to oscillations between periods of greater influence from colder Columbia River water vs. warmer
water from the Yakima River. The Columbia River influence is greatest near the channel bed at this
location. Figure 10 depicts 2014 observed temperatures in orange, AdH simulated in green, and W2
simulated in blue. The AdH model matches well during most of the summer and fall months, but is about
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5 degrees warmer between June 21 and July 17. During this period, the AdH model is reflecting the
Yakima River temperature rather than the Columbia River that was measured by the sensor. The W2
model has a better match during this period, largely due to its ability to represent vertical stratification
and capture the colder Columbia River water closer to the bed. Between July 17 and approximately
August 20, the AdH model match to the observed temperatures are slightly better than the W2 model.
After August 20, when the Columbia River influence has decreased, both models track the observed
temperatures very closely.

Figure 10: Temperature Calibration, Yakima/Columbia Confluence (W1), 2014

Right Bank of Yakima River in Shallow Delta Region (Sites W2 [2014], Delta [2012], and Yakima Mouth
[2009])

The shallow delta region on the right bank of the Yakima River has fairly limited flow exchange; as a
result, temperatures here are somewhat independent from the river. In 2014, AdH simulated
temperatures are about 2.5 degrees higher than observed temperatures during the summer months,
while the W2 model tracks within 1 to 2 degrees (see Figure 11). During the fall, the W2 model begins to
underestimate the daily peak slightly.

The match in the shallow delta region for 2011-2012, shown in Figure 12, is poor relative to 2014 (and
2009). The source of the discrepancy is not clear. However, the agreement between the AdH and W2
model output relative to the observed data suggest that the model boundary condition data (e.g.
observed Yakima inflow temperatures or meteorological data) may be in error. Alternatively, the
location of the sensor, height of the sensor above the bed, or bathymetric data may be inaccurate for
the sensor deployed during this period.
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AdH and W2 simulated temperatures for 2009 have a good match to observed temperatures in the
summer and very good in the fall (see Figure 13). One exception is an overnight low around June 30.
That is likely due to an error in the boundary condition data time-series.

Figure 11: Temperature Calibration, Right Bank of Yakima River in Shallow Delta Region (W2), 2014

Figure 12: Temperature Calibration, Right Bank of Yakima River in Shallow Delta Region (W2), 2011-
2012 (note: observed data were not available after March of 2012)
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Figure 13: Temperature Calibration, Right Bank of Yakima River in Shallow Delta Region (Yakima
Mouth), 2009

West of Causeway (Site W3 [2014], West Causeway [2011/2012/2013], and Causeway/Mud Hole
[2009])

The most complicated temperature dynamics that exist under existing conditions are in the region west
of the Bateman Island Causeway where little, if any, streamflow occurs due to the blockage formed by
the causeway. This zone is vertically stratified and temperature dynamics are only marginally related to
the Yakima and Columbia Rivers. Development and calibration of a model capable of simulating vertical
stratification was outside the project scope-of-work. W2 was added to the project to help characterize
those processes, but resources were not available for a formal calibration including vertical stratification.
While the W2 model does not include a highly accurate characterization of vertical stratification, it still
does a better job than the vertically averaged AdH model at matching the available observed
temperature data in this region.

In 2014, temperature time-series were collected at two depths, 2 feet above the bed and 5 feet above
the bed. A plot of the W2 model simulated temperature and the data observed 5 feet above the bed in
Figure 14 illustrates a very good match between the two datasets. The simulated AdH model output
tends to be high relative to the W2 model or observed temperature at 5 feet above the bed, but is
acceptable. The W2 or AdH simulated temperatures are both biased high by as much as 3 degrees C
when compared to the temperature observed at 2 feet above the bed. There are many factors that
could be causing a lower temperature in the hypolimnion. One of those is a cool source of groundwater
that may be introduced into the region.
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The comparison to observed temperatures at the West Causeway site in 2013 and 2011-2012, shown in
Figure 15 and Figure 16, respectively, are both poor relative to 2014. However, observed data were only
collected at 2 feet of depth above the bed during those years so we have less information about what
temperatures might have been higher in the water-column.

The match to observed temperatures at the Causeway/Mud Hole site in 2009, shown in Figure 17, is
good given the lack of information about the remainder of the water column.

Figure 14: Temperature Calibration, West of Causeway Region (W3), 2014
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Figure 15: Temperature Calibration, West of Causeway Region (West Causeway), 2013

Figure 16: Temperature Calibration, West of Causeway Region (West Causeway), 2011-2012
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Figure 17: Temperature Calibration, West of Causeway Region (Causeway/Mud Hole), 2009

4.4 Model Usefulness Based on Calibration Results
AdH and W2 model calibrations to observed data were required to ensure that the models are capable
of informing decisions about the causeway modification alternatives and will meet the modeling needs
outlined in Section 2. Based on the water surface elevations, stream velocities, and water temperature
calibration results, NHC recommends that the AdH model be used for evaluation of impacts to flow
patterns, velocities, and spatial temperature patterns, but that W2 be used to calculate statistics from
simulated temperatures. The temperature calibration for AdH was adequate, but W2 was shown to
provide a better match to observed conditions. This is due to the more extensive parameters available
for calibration and the established set of default parameters that have been established by the author
and others who have applied W2 for temperature modeling.  With the exception of 2011-2012
temperature data at the delta location (see Figure 12), both models matched observed data relatively
well.  The relatively poor calibration to the 2011-2012 data at the delta location could not readily be
resolved.  Based on a lack of sufficient documentation of field activities associated with collection of that
monitoring dataset (i.e. location, depth, bed elevation, etc.), this observed data was ignored.
Documentation from the 2011-2012 monitoring period was limited for the other sites as well, but the
complexity of the flow patterns near the delta location demands a higher level of precision than the
other sites.

10

15

20

25

30

35

6/2 6/22 7/12 8/1 8/21 9/10 9/30

Te
m

pe
ra

tu
re

(D
eg

re
es

C)
West Causeway 2009

Simulated(AdH) Observed Simulated(W2)



Bateman Island Causeway Modification Project 27
Hydrodynamic Modeling And Geomorphic Assessment
Final Report

5 CAUSEWAY MODIFICATION ALTERNATIVES

A total of 8 alternatives were evaluated with AdH and W2 to identify a preferred causeway modification
alternative. Evaluated alternatives included one no action alternative, five causeway breach variations,
and two other variations. The components making up each of the alternatives are described in Table 6
below.  With the exception of Alternative 8, all of the alternatives were simulated with an existing bed
condition and do not reflect the bed that will exist after muddy sediment is mobilized from the area
west side of Bateman Island.

Table 6: Causeway Modification Alternatives

Alternative

Description of
Alternative

Causeway
Breach
Width
(feet)

Causeway
Breach

Alignment

Blocked
Connection
to Yakima

River

New
Channel
through
Bateman

Island

Breakwater
through
Marina

Bathymetry
West of

Bateman
Island

1 Existing
Conditions

None Existing, i.e.
2012

2 Blocked Right
Bank of Yakima
River

None Yes Existing, i.e.
2012

3 Full Causeway
Removal (560’)

560 Centered Existing, i.e.
2012

4 Causeway Shift Yes Existing, i.e.
2012

5 1/2 Causeway
Removal (260’)

260 Centered Existing, i.e.
2012

6 1/4 Causeway
Removal (130’)

130 Adjacent
to
Bateman
Island

Existing, i.e.
2012

7 3/8 Causeway
Removal (200’)

200 Adjacent
to
Bateman
Island

Existing, i.e.
2012

8 Full Causeway
Removal +
Breakwater,
Post Sediment
Mobilization
Bathymetry

560 Centered Yes Future Bed
Post
Sediment
Mobilization

With the exception of Alternatives 1 and 2, all of the alternatives are intended to open up a flow path on
the south side of Bateman Island.

Alternative 1 is a no action alternative that leaves the system in its existing state and does not address
any future sedimentation or other changes.
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Alternative 2 consisted of a barrier on the right bank of the Yakima River that prevented the exchange of
flow between the river and the pool of warmer water on the west side of Bateman Island. The
alternative was based on a theory that the pool of warmer water causes a net increase in Yakima River
channel temperatures.   The proposed barrier was aimed at stopping this exchange and lowering
temperatures in the Yakima .

The addition of a barrier on the right bank of the Yakima River was found to provide no significant
difference in Yakima River temperatures relative to the existing condition.  The alternative was removed
from additional consideration and, as a result, is not included with detailed reporting provided for the
other alternatives.

Alternative 4 is unique in that it included a new channel through Bateman Island. The purpose of
alternative was to preserve the inlet that the marina is currently located in as a near zero velocity zone,
ideal for boat navigation.

The new channel through Bateman Island was evaluated with the same detail as Alternatives 3 through
7.  However, due to challenges associated with implementing the alternative [i.e. disturbance of cultural
resources and substantially greater excavation costs], it is not included with detailed reporting provided
for the other alternatives.  The alternative performed very similarly to Alternative 5, a 260 foot breach
width that is included in detailed reporting in the remainder of the report.

Alternatives 3, 5, 6, and 7 all include some variation of a breach in the existing causeway. The position
and width of the breach varies for these alternatives.

Alternative 8, includes a full breach
through the existing causeway similar to
Alternative 3, but also has a breakwater
around the Marina and a modified bed
condition.  The breakwater around the
marina, shown in Figure 18, is intended
to exclude flow from the west and limit
stream velocities in the areas used for
boat parking.  The river bed bathymetry
has also been modified to represent bed
elevations estimated for a “post-
mobilization of sediment” condition that
will exist following project construction
and establishment of a new bed form on
the west side of Bateman Island.  The river bed bathymetry used in this alternative was developed by
subtracting the measured mud sediment depths shown in Appendix I from the 2012 surveyed bed
elevations.  This is based on an assumption that all of the muddy sediment that exists on the west side of
Bateman Island will be transported out of the area west of Bateman Island.  A discussion of expected
geomorphic changes is provided in Section 6.

Figure 18: Sketch of Proposed Alternative 8 Breakwater
Around Marina
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5.1 Hydrodynamic Model Derived Metrics for Evaluation of Alternatives
Eight key metrics derived from hydrodynamic model output were used to evaluate the performance of
each alternative with relation to both the fisheries and non-fisheries objectives. Other factors, not based
on model output, are addressed by others on the project team. The evaluated metrics included the
following:

Table 7: Hydrodynamic Model Derived Metrics
Parameter Metric Purpose of Metric

Fisheries
Temperature # of summer days (June 1 - October 15) with a

daily maximum temperature at the Columbia
River confluence that is greater than the
upstream Yakima temperature at the SR-240
bridge.  This metric has been referred to as the
“Delta through the Delta”

Reduce maximum temperature
experienced by adult salmonids in
the Yakima River thalweg (both
magnitude and exposure [i.e.
total time/distance traveled
through high temperature water])

Temperature Average summer (June 1 - October 15)
daily maximum temperature (Degrees C)1

Assess suitability of habitat for
salmonids and non-native
predators

Temperature Maximum spring (March 15 - May 31)
7-DADMax (Degrees C)1

Reduce predation on out
migrating juvenile salmonids
(lower temperatures reduce
predation rates)

Velocity Change in average velocity in Yakima River
thalweg

Change in travel time through
high predation zone; potential to
disrupt life cycles of walleye and
small mouth bass

Flow % of flow at confluence that is Columbia River vs.
Yakima River

Maintain clear, distinct cue for
upstream migration

Non-Fisheries Objectives
Velocity Change in average velocity within vicinity of

Marina
Assess navigability and use of
Marina under alternative
scenarios

Velocity Change in average velocity on West Side of
Bateman Island

Assess suitability for wake-
boarding and other recreation
uses west of Bateman Island

Sediment Transport and deposition of sediment in vicinity
of Marina

Assess impacts on aesthetics and
use of Marina

1 The 7-DADMax is the 7-day average of the daily maximum temperature.  The 7-DADMax is the Aquatic
Life Temperature Criteria for Fresh Water included in the Washington State Surface Water Quality
Standards (WAC 173-201A-200).



Bateman Island Causeway Modification Project 30
Hydrodynamic Modeling And Geomorphic Assessment
Final Report

5.2 Sensitivity to Columbia and Yakima River Inflows and Selection of Historic
Years Used for Comparison of Alternatives

The years 2012 and 2014 were selected for evaluation of these metrics because both had observed
Yakima River inflow temperature data and each represented distinctly different Columbia River inflows
to the study area relative to one another. In alternatives that include a breach of Bateman Causeway,
the volume of cold Columbia River water that flows south around the west side of Bateman Island is the
only significant environmental factor than can decrease the daily maximum water temperatures west of
Bateman Island to a temperature lower than that of the inflowing Yakima River. The flow around the
west side of Bateman Island is controlled by the size and configuration of a causeway breach and the
flow rate in the Columbia and Yakima Rivers. There are three spatial patterns of Columbia River and
Yakima River mixing that occur at different times as a result of these factors.  These patterns, presented
for Alternative 8 (560 foot breach with breakwater and post sediment mobilization bathymetry) in Figure
19 through Figure 21, are the following:

· Yakima River water flows south around Bateman Island (Figure 19)
· Yakima River water splits north and south around Bateman Island (Figure 20)
· Columbia River water flows south around Bateman Island (Figure 21)

Figure 19: AdH Simulated Temperature, Yakima Flows South Around Bateman Island, Alternative 8
(560 foot Breach with breakwater and post sediment mobilization bathymetry), June 1, 2012
Inflows

Existing (inset)
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Figure 20: AdH Simulated Temperature, Yakima Flows Split Around Bateman Island, Alternative 8 (560
foot Breach with breakwater and post sediment mobilization bathymetry), June 3, 2012 Inflows

Figure 21: AdH Simulated Temperature, Columbia River Flow Around Bateman Island, Alternative 8 (560
foot Breach with breakwater and post sediment mobilization bathymetry), July 8, 2012 Inflows

Existing (inset)

Existing (inset)
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To understand the temperature based metrics calculated for 2012 and 2014, it is helpful to first review
the flow conditions that occurred and how flow patterns around the island would have responded with a
breach through the causeway. Figure 22 shows the Columbia River discharge below Priest Rapids Dam
for the year 2012, as reported by the USGS. Similar plots for 2012 and 2014 for both the Columbia River
and Yakima River are also included as Figure A-1 through Figure A-4 in Appendix A. Both 2012 and 2014
have similar trends. Flows are typically below 115,000 cfs from September through March. Between
March and June they increase above 115,000 cfs but generally stay below 250,000 cfs. Flows decreased
below 115,000 cfs by September in both 2012 and 2014, but in 2012 there was a short increase above
250,000 cfs in July and August. The timing of flows on the Yakima River is generally similar with an
increase in spring. However, the Yakima River flows decrease below 3,000 cfs before the end of July in
both 2012 and 2014.

Figure 22: Columbia River Discharge 2012 (USGS)

For each breach width evaluated, there are different flow thresholds on the two rivers that will control
the volume of flow around Bateman Island. Figure 23 depicts Columbia River flows around the west side
of Bateman Island on the x-axis and upstream Columbia River discharges on the y-axis for Alternative 3,
a full breach of the causeway. Similar plots for Alternatives 6 and 7 (130 and 200 foot breaches,
respectively) are presented as Figure A-10 and Figure A-11 in Appendix A. The colors in Figure 23 have
been assigned to distinguish flows on the Yakima River; flows below 3,000 cfs are orange and flows
above 3,000 cfs are blue. The plot is useful at identifying the following thresholds:
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A. When the Yakima River is above 3,000 cfs water begins flowing around the west side of Bateman
Island when flow on the Columbia (upstream of the confluence) exceeds 250,000 cfs.

B. When the Yakima River is below 3,000 cfs water begins flowing around the west side of Bateman
Island if flow on the Columbia (upstream of the confluence) exceeds 115,000 cfs.

When the breach width gets narrower than Alternative 3, these thresholds increase and the magnitude
of the flow around the island decreases. Due to the slightly higher Columbia River flow rates in summer
of 2012 the flows around the island were greater that year. Other factors affecting the timing of flows
around the island, and as a result the number of days of cold water west of Bateman Island, are
identified in Figure A-5 through Figure A-8 in Appendix A.

Figure 23: Discharge Thresholds for Flow Around West Side of Island with Full Breach

5.3 Temperature Metrics
The three temperature metrics (defined in Table 7) were evaluated at four locations queried from the
W2 model.  These are identified in Figure 24 as W1 (segment 55), USofW1 (segment 54), “Southwest of
Island” (segment 66), and “Causeway Channel” (segment 72). Locations W1 and “Causeway Channel” are
located as close to the confluence of the Columbia River as possible. The site USofW1 was added to
evaluate a location with less Columbia River influence than site W1.  The site “Southwest of Island” was
only used to evaluate the spring metric, and was added to characterize the habitat of predators in the
area west and southwest of Bateman Island.
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Figure 24: Temperature Metric Analysis Locations (W2 model segment mid-points shown in purple)

5.3.1 Summer Season (June 1 – October 15)

The first summer season temperature metric, referred to as the “Delta through the Delta”, is calculated
as the change in Yakima River temperature between the SR-240 Bridge and each of the three analysis
locations near the confluence with the Columbia River. The metric results are presented in Figure 25 and
Figure 26 as time-series of temperature difference at the W1 location.  Summary statistics (i.e. a count of
the number of days the temperature increases) for all three analysis locations can be reviewed in
summary form in Table 8.  Time-series of temperature difference for locations USofW1 and the
“Causeway Channel” can also be found in Appendix B as Figure B-3 through Figure B-6.
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Figure 25: Simulated Yakima River Water Temperature Difference, Calculated between SR-240 Bridge
and W1 Location, Summer 2012

Figure 26: Simulated Yakima River Water Temperature Difference, Calculated between SR-240 Bridge
and W1 Location, Summer 2014
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When the temperature difference time-series are greater than zero on Figure 25 and Figure 26 (the zero
grid line is highlighted in red), there is an increase in temperature downstream of SR-240.  Conversely,
periods when the time-series is negative correspond to those when there is a decrease downstream of
SR-240. Under existing conditions, and most of the alternatives, a similar seasonal pattern of longitudinal
warming and cooling occurs.  A warming that begins in the spring persists until late June, a cooling effect
then begins and dominates into August, followed by neither a consistent warming or cooling period into
the fall. Similar trends were seen in 2009, 2011, 2012, 2013, and 2014 (though only the results for 2012
and 2014 are included here). Of these years, 2012 has the weakest warming trend in early summer.

Statistics for the “Delta through the Delta” temperature metric in Table 8 are presented for each of the
six reported alternatives. The alternatives are sorted by increasing breach width to aid interpretation.
Lower values of the metric, which aim to reduce the magnitude and total time that adult fish experience
elevated temperatures, are preferred. There is at least a minor cooling effect under all breach
alternatives. As expected, larger breach widths correspond to fewer days with temperature increases
through the delta.  The 260 foot breach width performs better than the smaller openings (e.g. half the
number of days with temperature increases in 2012)because the opening is large enough to allow the
cooler Columbia River water to flow around the west side of Batman Island in early June, a period that
has a significant number of days with temperature increase through the delta under the existing
condition. Alternatives 3 and 8, with full 560 foot wide breaches, have only minor improvements relative
to the 260 foot breach opening.  Alternatives 6 and 7, with the smallest opening widths, do not allow
cold Columbia River water around the west side of Bateman Island under most conditions.  However,
moderate cooling still occurs when warmer water is pushed out of the region west of Bateman Island by
Yakima River inflows under these alternatives.  And even the relatively warm Yakima River water is
cooler than the relatively stationary pool that exists now west of the causeway.  Alternative 8, has
offsetting elements.  The causeway breach width is similar to Alternative 3, but the proposed
breakwater around the marina limits the channel width to approximately 260’, similar to Alternative 5.
Based on opening width alone Alternative 8 would be expected to have similar temperature metric
results as Alternative 5, but they are better.  This difference can be explained by considering that
Alternative 8 also includes a post-sediment mobilization bed condition that was estimated to exist after
the project is complete and the muddy sediment west of Bateman Island has been transported
downstream.  This future bed will allow more relatively cold water from the Columbia River to flow
around the island than would occur under the existing bed condition.  The values shown in brackets
reflect results that would be achieved with a full breach but no breakwater in place.
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Table 8: Number of Summer Days (June 1 - October 15) on which Water Temperature at Downstream
Analysis Location is Greater than the Inflow Temperature at Hwy 240, “Delta through the Delta”

Alternative
2012 2014

W1 USofW1 Causeway
Channel W1 USofW1 Causeway

Channel
Alternative 1 - Existing Conditions 36 38 NA 32 38 NA
Alternative 6 - 130 foot Breach 27 28 54 29 36 34
Alternative 7 - 200 foot Breach 27 30 46 25 35 32
Alternative 5 - 260 foot Breach 13 18 31 12 26 26
Alternative 3 - 560 foot Full Breach 10 14 28 10 24 25
Alternative 8 – 560 foot Breach +
Breakwater, Post Sediment
Mobilization1

14
[8]

14
[12]

26
[22]

7
[5]

22
[17]

19
[17]

1 Additional model output for Alternative 8 was added to this and the following three tables to aid
interpretation of results.  The value shown without brackets reflects the results with the breakwater
in place and the value in brackets reflects results without the breakwater in place.

The second summer season temperature metric, calculated as the average summer daily maximum
temperature, is presented in Table 9. This metric characterizes the overall cooling effect of each
alternative. The metric is based on the concept that reducing the suitability of the area to salmonid
predators (e.g. walleye, small mouth bass, or catfish) will reduce predation on rearing fall Chinook in the
area west of Bateman Island. Like the “Delta through the Delta” metric, temperatures decrease with
increases in breach width. Alternatives 6 and 7, the smaller breach widths of 130 and 200 feet show
similar improvements to this metric at all analysis locations.  Alternatives 5, 3 and 8, the larger breach
widths of 260 and 560 feet, also show similar improvements. It is worth noting that the Washington
State temperature standard for salmonid spawning, rearing, and migration of 17.5 degrees C would
continue to be exceeded under all alternatives (the standard is calculated as the 7DAD-Max, which uses
a 7-day average rather than the 4 month average used for this metric).  Table 10 presents the percent of
summer days that the 7-DADMax would exceed 17.5 degrees C.

Table 9: Average Summer (June 1 – October 15) Daily Maximum Temperature (Degrees C)

Alternative
2012 2014

W1 USofW1 Causeway
Channel W1 USofW1 Causeway

Channel
Alternative 1 - Existing Conditions 20.1 20.3 NA 21.9 22.3 NA
Alternative 6 - 130 foot Breach 19.2 19.9 20.5 21.4 22.0 22.4
Alternative 7 - 200 foot Breach 19.2 19.9 20.4 20.8 21.6 22.4
Alternative 5 - 260 foot Breach 17.5 18.9 19.2 20.0 21.0 21.7
Alternative 3 - 560 foot Full Breach 17.4 18.8 19.0 19.9 21.0 21.6
Alternative 8 – 560 foot Breach +
Breakwater, Post Sediment
Mobilization

17.4
[17.2]

18.7
[18.6]

18.9
[18.7]

19.5
[19.3]

20.8
[20.6]

21.2
[21.1]
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Table 10: Percent of Summer Days (June 1 - October 15) 7-DADMax > 17.5 Degrees C

Alternative
2012 2014

W1 USofW1 Causeway
Channel W1 USofW1 Causeway

Channel
Alternative 1 - Existing Conditions 78 78 NA 99 99 NA
Alternative 6 - 130 foot Breach 77 78 82 98 99 99
Alternative 7 - 200 foot Breach 77 78 78 89 99 99
Alternative 5 - 260 foot Breach 48 72 72 80 92 99
Alternative 3 - 560 foot Full Breach 48 70 70 78 91 98
Alternative 8 – 560 foot Breach +
Breakwater, Post Sediment
Mobilization

48
[48]

72
[68]

72
[68]

74
[72]

91
[90]

98
[97]

5.3.2 Spring Season (March 15 – May 31)

The only spring season temperature metric, the maximum 7-DADMax between March 15 and May 31, is
calculated as the seasonal maximum of a moving 7-day average of daily maximum temperatures at each
of the confluence analysis locations. The metric results are presented for 2012 and 2014 as time-series
calculated at the “Southwest of Island” location in Figure 27 and Figure 28 and as tabulated statistics in
Table 11.  Time-series calculated at locations, W1, USofW1 and the “Causeway Channel” can also be
found in Appendix C as Figure C-1 through Figure C-6.

Figure 27: Daily Maximum Temperature, Calculated at “Southwest of Island” Location, Spring 2012
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Figure 28: Daily Maximum Temperature, Calculated at “Southwest of Island” Location, Spring 2014

Daily maximum time-series plots for the “Southwest of Island” location (Figure 27 and Figure 28)
illustrate the reduction in temperature that would occur throughout the area west of Bateman Island
and south of the existing Yakima River channel.  All of the alternatives result in one to two degree
decreases in maximum daily temperatures at that site.  This is consistent with the two degree decrease
in the 7-DADMax shown in Table 11 as well.  Results for the “Causeway Channel” location have a similar
trend to the “Southwest of Island” site, but the location lacks an existing condition suitable for
comparison since it is not currently connected to the Yakima River delta.  Water depths at the
“Causeway Channel” location are deeper than the “Southwest of Island” location.  Simualted
temperatures sampled in this deeper pool tended to have lower 7-DADMax statistics than the
“Southwest of Island” under all alternatives.

There was very little reduction in simulated maximum daily temperatures at the W1 or USofW1 locations
under any of the alternatives.  Periods when the daily maximum temperature decreases relative to the
existing condition at these sites, correspond to times when Columbia River water begins flowing south
around Bateman Island. This can be seen by comparing these plots with the time-series of flows around
Bateman Island shown in Figure A-5 or Figure A-6 in Appendix B for Alternative 3 (a full breach). These
moments with temperature decreases are rare in the spring, relative to the summer.  The most
significant being a 1.1 degree reduction (17.6 – 16.5 Degrees C) in late May of 2014 at site W1 in the full
breach Alternative 3.
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Table 11: Maximum Spring (March 15 – May 31) 7-DADMax (Degrees C)

Alternative
2012 2014

W1 USofW1 Causeway
Channel

SW of
Island W1 USofW1 Causeway

Channel
SW of
Island

Alternative 1 -
Existing
Conditions

15.7 15.6 NA 19.6 17.6 17.6 NA 21.1

Alternative 6 -
130 foot Breach 15.6 15.6 16.2 17.7 17.6 17.5 18.1 18.7

Alternative 7 -
200 foot Breach 15.6 15.6 16.0 17.6 17.6 17.5 18.0 18.6

Alternative 5 -
260 foot Breach 15.6 15.6 15.8 17.6 16.8 17.3 17.9 18.5

Alternative 3 -
560 foot Full
Breach

15.6 15.6 15.7 17.6 16.5 17.2 17.7 18.5

Alternative 8 –
560 foot Breach
+ Breakwater,
Post Sediment
Mobilization

15.6
[15.5]

15.6
[15.5]

15.6
[15.6]

17.6
[17.6]

16.2
[15.7]

17.2
[17.0]

17.6
[17.4]

18.5
[18.3]
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5.5 Velocity Metrics
The three stream velocity based metrics, defined in Table 7, are calculated as the change in average
velocity relative to the existing condition for each causeway modification alternative. However, the
objectives are slightly different for each metric, and they depend on stream velocities at different
locations around Bateman Island. The five analysis locations for which output from the AdH model was
queried for calculation of the velocity metrics are identified by purple dots in Figure 29. The change in
average stream velocity is tabulated for spring, March through May, in Table 12 and for summer, June
through September, in Table 13.  Negative values, indicating a reduction in average velocity, are
highlighted red. Maps showing spatial distributions of stream velocity around Bateman Island are
provided for Alternatives 5, 6, and 7 as Figure 30 through Figure 37. Seasonal average and maximum
stream velocities can also be found in Table D-1 through Table D-4 in Appendix D.

Figure 29: Velocity Metric Analysis Locations
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Table 12: Change in Average Stream Velocity Relative to Existing Condition, Spring Season (March -
May)

Alternative

Change in Average Speed (m/s)
2012 2014

W1 W2 W3 Marina
Approach

Within
Marina W1 W2 W3 Marina

Approach
Within
Marina

6 - 130 foot
Breach -0.05 -0.08 0.06 0.14 0.02 -0.04 -0.07 0.06 0.11 0.01
7 - 200 foot
Breach -0.10 0.02 0.14 0.26 0.02 -0.09 0.03 0.13 0.22 0.00
5 - 260 foot
Breach -0.21 0.22 0.32 0.27 0.17 -0.19 0.22 0.27 0.22 0.13
3 - Full Breach -0.23 0.25 0.34 0.26 0.20 -0.19 0.22 0.27 0.22 0.13
8 – 560 foot
Breach +
Breakwater,
Post Sediment
Mobilization

-0.25 0.19 0.32 0.541 0.03 -0.23 0.18 0.27 0.451 0.02

1 This analysis location is located north of proposed breakwater

Table 13: Change in Average Stream Velocity Relative to Existing Condition, Summer Season (June -
September)

Alternative

Change in Average Speed (m/s)
2012 2014

W1 W2 W3 Marina
Approach

Within
Marina W1 W2 W3 Marina

Approach
Within
Marina

6 - 130 foot
Breach -0.05 0.00 0.06 0.14 0.03 -0.03 0.02 0.04 0.07 0.00
7 - 200 foot
Breach -0.09 0.09 0.14 0.27 0.03 -0.06 0.11 0.09 0.14 0.00
5 - 260 foot
Breach -0.06 0.26 0.34 0.28 0.21 -0.05 0.22 0.18 0.13 0.08
3 - Full Breach -0.04 0.30 0.38 0.30 0.23 -0.05 0.23 0.19 0.14 0.10
8 – 560 foot
Breach +
Breakwater,
Post Sediment
Mobilization

-0.05 0.24 0.33 0.571 0.03 -0.05 0.20 0.19 0.301 0.01

1 This analysis location is located north of proposed breakwater

The primary analysis location used to evaluate average velocity change in the Yakima River thalweg was
W1. This location was selected to characterize a change in travel time for juvenile salmon outmigration
through what is considered a high-predation zone in the delta region. Average simulated velocities at
W1 decrease by approximately 0.2 meters per second in spring months, and less than 0.1 in summer for
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all of the causeway breach alternatives. The trend in average velocity change at W1 is not related
linearly with changes in breach width as might be expected. When the Yakima River is running high and
the Columbia River is running low, W1 will see a higher stream velocity with a smaller breach width.
Conversely, when the Columbia River is running high and the Yakima River is running low, W1 will see a
higher velocity with a larger breach width. These offsetting factors cause the 200 foot breach width to
have the largest reduction in average velocity at W1 relative to the other alternatives (Table 13).

The first non-fisheries related velocity metric was change in average velocity in the vicinity of the
marina, located on the east side of the causeway. That metric was evaluated using simulated velocity
data at the “Marina Approach” and “Within Marina” locations shown in Figure 29. Average simulated
velocities at the Marina Approach site increased by less than 0.2 meters per second for Alternative 6
(130 foot breach) and by approximately 0.3 meters per second for Alternatives 7, 5, and 3 (200’, 260’,
and a full breach).  Under Alternative 8 the Marina Approach site is located on the north side of the
proposed breakwater, so the simulated discharges, while higher, do not reflect a condition that would
need to be navigated by boats entering or exiting the marina.  At the Within Marina site, average
simulated velocities increased by less than 0.1 meters per second for both Alternatives 6 and 7 (130 and
200 foot breach widths), by less than 0.2 meters per second for both Alternatives 5 and 3 (260 foot
breach and full breach widths), and for Alterative 8 the proposed breakwater effectively limits increases
in average velocity to below 0.1 meters per second, similar to Alternatives 6 and 7.

In addition to the causeway breach width, represented in each alternative, an additional difference, the
breach alignment, also plays an important factor in velocities in the vicinity of the marina.  Maps of
simulated velocities for Alternatives 5, 6, and 7 are included below to show the impact of breach
alignment. Alternative 5 (Figure 30 and Figure 31) has the proposed breach opening centered on the
causeway, while Alternatives 6 and 7 (Figure 32 through Figure 35) have the breach located on the north
end of the causeway, adjacent to Bateman Island. The alternatives with the breach alignment on the
north end of the causeway direct the highest velocities to the north side of the causeway channel,
resulting in lower velocities inside the marina relative to a causeway centered breach alignment. This
effect is evident in the average velocity change tabulations as well as with lower velocities at the Within
Marina location relative to the Marina Approach site for Alternatives 6 and 7, but nearly balanced
velocities for Alternative 5.

A maximum velocity threshold that can occur while still allowing the marina to be usable is not clear.  A
value of 1 knot has been suggested during public meetings, which would correspond to approximately
0.5 meters per second. For the purposes of converting units to the knot, which is commonly used for
marine navigation, velocities reported here in meters per second should be multiplied by 1.94. In
Appendix D, Table D-1 and Table D-2 list the average velocities as less than 0.3 meters per second at
both the Marina Approach and the Within Marina sites during spring and summer months, both below a
threshold of 0.5 meters per second. The maximum velocity exceeds this threshold at the Within Marina
site during high flow periods for Alternatives 5 and 3 (breach widths 200 and 260 feet). At the Marina
Approach site, the maximum velocity exceeds the threshold for all breach alternatives except Alternative
6, the 130 foot breach.  As stated previously, the Marina Approach site is not meaningful for evaluation
of Alternative 8.
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The breakwater structure included in Alternative 8 is effective at limiting velocities in the marina, but
there are two potential negative impacts that it causes that can be seen in Figure 37.  First, there is an
eddy that forms at the east end of the breakwater that could be problematic for navigation.  This eddy
should be evaluated in further detail prior to final design.  If the eddy is excessively strong, variations in
the breakwater length or position, and/or additional flow deflection measures should be considered as
part of the final design.  Second, the breakwater forces flow up against the south side of the island
resulting in increased velocities and erosional forces along the bank.  Erosion protection measures on
the south side of Bateman Island, directly across from the proposed breakwater, should be considered if
a breakwater is included in the constructed alternative.

The second non-fisheries related velocity metric was change in average velocity on the west side of the
causeway, an area used for kayaking and wakeboarding. The metric was evaluated using simulated
velocity data from analysis locations W2 and W3.  All alternatives had increases in average velocity of
less than 0.4 meters per second or, in two cases at site W2, very small decreases.  Increases simulated
with smaller breach widths, Alternatives 6 and 7 (130 and 200 foot breaches), were limited to 0.2 meters
per second or less, while the larger breach width Alternatives 5, 3, and 8 had simulated changes in
velocity of approximately 0.2 to 0.4 meters per second at the two analysis locations.  Decreases in
average stream velocity simulated at location W2 for Alternative 6 were less than 0.1 meters per second
and only occurred during the spring season. No information was available regarding a maximum velocity
threshold associated with wakeboarding or kayaking. In Appendix D, Table D-1 and Table D-2 list the
average velocities as less than 0.4 meters per second for all alternatives at both W2 and W3 sites during
spring and summer months.  The maximum velocity is less than 0.3 at both sites for Alternatives 6 and 7
(breach widths 130 and 200 feet) and less than 1.0 meters per second for the larger breach widths,
Alternatives 5 and 3.
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Figure 30: Velocity Map for Alternative 5 (260 foot breach), Study Area Extents, June 29, 2012

Figure 31: Velocity Map for Alternative 5 (260 foot breach), Zoomed to Causeway Channel, June 29,
2012
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Figure 32: Velocity Map for Alternative 6 (130 foot breach), Study Area Extents, June 29, 2012

Figure 33: Velocity Map for Alternative 6 (130 foot breach), Zoomed to Causeway Channel, June 29,
2012
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Figure 34: Velocity Map for Alternative 7 (200 foot breach), Study Area Extents, June 29, 2012

Figure 35: Velocity Map for Alternative 7 (200 foot breach), Zoomed to Causeway Channel, June 29,
2012
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Figure 36: Velocity Map for Alternative 8 (560 foot breach, Marina Breakwater [shown in red], post
sediment mobilization bathymetry), Study Area Extents, June 29, 2012

Figure 37: Velocity Map for Alternative 8 (560 foot breach, Marina Breakwater [shown in red], post
sediment mobilization bathymetry), Zoomed to Causeway Channel, June 29, 2012
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5.6 Flow Metric
The last fisheries focused metric is that consisting of relative percentages of Columbia River and Yakima
River water at the Yakima River and Columbia River confluence(s). This metric was selected because
fisheries experts want to be certain that a clear distinct cue for adult salmonid upstream migration is
maintained under any selected alternative. This metric was evaluated using the flow flux calculation
option in the AdH model.

Inflows to the causeway channel, south of Bateman Island, were analyzed for both 2012 and 2014 flow
periods to determine the relative inflow volumes throughout the simulation period, March through
October. Annual flow volume percentages are tabulated in Table 14 below. Figure 38 and Figure 39 show
the resulting flow volume percentages for Alternative 5 (the 260 foot breach). Similar figures for the
other presented alternatives can be found in Appendix E as Figure E-3 through Figure E-10.

Figure 38: Flow Volumes by Source at Causeway Channel, Alternative 5, 2012
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Figure 39: Flow Volumes by Source at Causeway Channel, Alternative 5, 2012

Table 14: Percent of Total Flow Volume at Causeway Channel by Source
(March through October)

Alternative
Yakima River Inflows Columbia River Inflows

2012 2014 2012 2014
6 - 130 foot Breach 100% 99% 0% 1%
7 - 200 foot Breach 95% 93% 5% 7%
5 - 260 foot Breach 76% 83% 24% 17%
3 - Full Breach 72% 81% 28% 19%
8 – Full Breach +
Breakwater, Post
Sediment
Mobilization

75% 80% 25% 20%

More than 72% of the (March – October simulation period) flow volume in the causeway channel
originates from the Yakima River for all of the simulated alternatives.  However, that flow percentage
can drop below 20% for the larger breach widths for short periods during the late spring and summer
months as illustrated the time-series plots.  For the smaller breaches, Alternatives 7 and 6, individual
days can drop below 40% or 50% Yakima River derived flow, respectively.
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6 ASSESSMENT OF GEOMORPHIC CHANGES RESULTING FROM
CAUSEWAY MODIFICATION

The removal or modification of Bateman Causeway would restore flow from the Yakima and Columbia
Rivers around the western side of Bateman Island. The geomorphic change that could occur as a
consequence of flow passing around the western side of the island includes sediment mobilization and
potential impacts to the western and southern Bateman Island banks. The potential for sediment
mobilization and associated geomorphic impacts upon the removal of Bateman Causeway is the focus of
this section of the report.

6.1 Background of Geomorphic Significance

Bateman Island is within the backwater pool created by the McNary Dam. The dam is 42.3 miles
downstream of Bateman Island with a reservoir that extends 54 miles upstream. McNary Dam became
fully operational in 1957, and the area immediately around Bateman Island was flooded in the early
1950s. The effects of the McNary Dam pool on the Bateman Island area include a reduction in flow
velocities around the island, an increase in water level on the Yakima River side of the island, and a
frequent depth fluctuation that spans 4 feet.

The location of the island within McNary pool indicates that a large portion of the area west of Bateman
Island is land that was submerged when the reservoir pool was filled. There has likely been further
sediment inputs and accumulation since filling of McNary pool, particularly from the Yakima River prior
to installation of agricultural runoff controls. The lack of outflow from the area has led to the presence of
two types of muddy sediment on the west side of Bateman Island: a consolidated mud derived from
drowned land, and a more fluid mud resulting from agricultural sediment inputs. These muds have
different physical properties, mobilize at different flows, and erode at different rates.

6.2 Overview of Cohesive Sediment Modeling
Cohesive sediment transport models have not been generalized as well as those for non-cohesive
transport. Variations in particle size and water content have made the research findings reliant on
empirical data. The input required for modeling cohesive sediment mobilization and transport requires
information that can only be obtained from in field testing.

Fine cohesive sediments travel with the water flow once suspended. They are commonly considered to
be part of the washload for which the flow dynamic forces are more influential than gravitational forces.
Because their movement is with the water flow, modeling efforts are reliant on parameterizing the
necessary flow rate for initiating sediment movement and deposition. Part of the focus here has been to
identify the flows at which the muds begin to erode, the erosion rates once mobilized, and whether
there will be deposition of eroded muds in the area south of Bateman Island, including the causeway
reach and marina.
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The ability of a cohesive soil in a consolidated bed to resist surface erosion is known as erosional
strength (Zreik et al., 1998). Resistance to surface erosion differs from resistance to mass erosion. Mass
erosion is determined by the soil's undrained strength, or yield strength (Millar and Quick, 1998). A
common theoretical basis for estimating sediment erosion rate is through calculation of the excess shear
stress. Formulas built from this theory calculate both a shear stress in the channel and a critical shear
stress. Critical shear stress is the minimum force necessary to overcome the erosional strength of the
soil surface or the yield strength of the bed and mobilize the sediment. The difference between the two
shear stresses is the excess shear stress in the channel that transports the sediment downstream.

When mud sediments settle, they consolidate under their own weight to form a consolidated mud bed.
A common means for estimating the erosion rate for a consolidated mud and known flow conditions is
application of the Partheniades formula (1965) and its modifications (e.g. McAnally  et al., 2007; Krone,
1999; Papanicalou et al., 2007; Partheniades and Paaswell, 1970; Partheniades, 1993). The formula
applies the excess shear stress concept (equation 1),

∈=∈. equation 1

where e is erosion rate, the mass eroded per unit bed area per unit time, tb is bed shear stress from =
 (R is hydraulic radius, Sb is bed slope, r is water density, g is gravity), ts is the critical bed shear

strength necessary to erode the sediment, and eM is a constant determined for the sediment and is the
value of e when tb=2ts. This is the theoretical basis and equation format applied for estimating erosion of
a consolidated bed by various hydrodynamic models (e.g. Telemac, ADH). In all cases, the model is
dependent on the value of ts which must be determined for each site.

A fluid mud is distinguished from a consolidated bed by a suspended sediment concentration in the
water of between 50 – 300 kg m-3. Fluid mud is a high concentration aqueous suspension of fine grained
sediment in which settling is substantially hindered by the proximity of sediment grains and flocs, but
which has not formed an interconnected matrix of bonds strong enough to eliminate the potential for
mobility. It is subject to movement governed by turbulence, making the Richardson number important.
The Richardson number is defined by equation 2,

= ∆ equation 2

where Db is a measure of the buoyancy across the interface and defined as Db=g(r−ro)/ro, with r=fluid
mud density, ro =water or reference density, and h =average depth of the upper, low-concentration
layer.

The entrainment of fluid mud depends on turbulent energy from eddies in the water column. In water
with higher turbulent energies, turbulent eddies bring water from the overlying water surface
downward into the bed and into the pores of the mud layer. This action increases the fluid content of
the mud and can induce transport of the fluid mud. The mud becomes fluidized when the upward forces
in the pore waters increase to be greater than the settling velocity, increasing the water content of the
mud layer, and making it behave more as a fluid.
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The entrainment and transport of fluid mud is determined from an entrainment coefficient, equation 3,
which is a function of the Richardson number,

E*= Ue/U = f (Ri)-0.25 equation 3

where Ue =entrainment rate (dh/ dt). The entrainment coefficient, E*, decreases with increasing
stratification of suspended sediment concentration in the water column. There is an inverse relation
between entrainment rates and the bulk Richardson number, making it important to determine the
Richardson number for each site.

Cohesive deposition occurs when the gravitational forces acting on the cohesives in the water column
exceed the fluid forces maintaining suspension. Cohesive sediments join while in suspension through the
process of flocculation to form large groups called flocs. It is not particle by particle settling that is
important for deposition but instead the floc settling rate. Thus, floc size and shape affect the relative
gravitational and drag forces acting on the floc that will determine deposition rates. Floc settling and
deposition can be reduced where there is a water current that increases upward forces acting on the
flocs or a high water salinity which may impede flocculation. Settling rates generally increase with
suspended sediment concentration to settling velocities from 10-5 to 10-2 meters per second. A general
expression for settling velocity divided the settling range into four zones: free settling, flocculation
settling, hindered settling, and negligible settling, expressed as

= for
<

< <
<

equation 4

where C=total fine sediment concentration; Ws50 = free settling velocity; aw, nw, bw, and mw = empirical
settling coefficients; C1=0.1–0.3 kg m-3 or from an ASCE table, and C3=75 kg m-3. C1 and C3 are
concentration limits: C3 marks the transition to a consolidated bed while C1 marks transition from mixed
suspension layer to stratified suspension layer. Suspended sediment concentrations greater than the C3

value are unlikely to deposit. All the fitted coefficients are found by applying a least squares regression
to measured settling velocity (meters per second) and sediment concentration (kgm -3).

An alternative set of equations for calculating consolidated sediment settling velocities was put forward
by Shrestha and Orlob (1996) and used by EPA for contaminated sediment fate and transport modeling.
Here the Wsf value is found using the magnitude of the vertical shear stress due to the horizontal water
flux and directly accounting for the interaction between the shear forces maintaining sediment motion
and the settling forces encouraging deposition.

= ∝ (−4.21 + 0.147 ) equation 5

where a = 0.11 + 0.039G and G is the magnitude of vertical shear of horizontal flux, =  with m

the dynamic viscosity of the suspension.
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6.3 Data Collection
A number of questions pertinent to understanding the potential for sediment movement around
Bateman Island, upon causeway removal, became apparent following review of the site conditions. The
first was to determine whether the sediment would behave as a consolidated mud or a fluid mud. The
second was to determine the shear stress that would mobilize and transport the sediment. These
questions were addressed through application of a number of models built using the theoretical bases
described in the previous section. Application of the models required site specific information on both
the channel and the sediments.

Channel depth and velocity data were obtained from the AdH model runs performed by NHC. To ensure
that a range of values were evaluated, the flow velocities and depths from both high and low flow
periods were applied. The high flows were taken from 2012 and the low flows from fall, 2014.

Obtaining the necessary data on the sediment data required direct sampling in the field. On October 17,
2014 sediment cores and suspended sediment samples were taken around Bateman Island. Six sites
were chosen for sampling (Figure 40). These were identified prior to the sampling date using the history
of the site, data from past field measurements in the area, and the expected flow path upon causeway
removal.

Figure 40: Bateman Island with sediment sample sites (red triangles)
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At each site, a 500 mL water sample was taken from the lower segment of the water column. This
sample was saved for later suspended sediment concentration analysis. A diver then pushed a 0.6 meter
core tube into the sediment bed. It was possible to push the tube in by hand at each site. At sample sites
2 and 4 the diver reported encountering some resistance when pushing in the core, as if he was pushing
through a harder layer or a root mass. Cores were extracted from the bed and capped to prevent the
loss of the sediment and to minimize sediment disturbance. Each core was returned to shore for analysis
using a Gust Chamber along with a bucket of water from the sampling area.

The Gust Chamber refers to a system consisting of a portable turbidimeter, computer, motor, and
annular sample chamber (Figure 41).

Figure 41: (Left) is a photo of the full gust sampler set-up and (Right) is a close up photo of the sample
chamber

A sediment core sample was placed in the annular chamber such that the sample covered the bottom
plate. Water previously collected in the vicinity of each core sample was used to fill the chamber so that
the top plate maintained contact with the water surface. The motor rotated the upper plate at an
operator set rate, which induced a centripetal force on the water and a shear force on the sediment
sample. Sediment entered suspension as it eroded from the sample. Tubes provided a continuous supply
of water to the gust chamber and, following the chamber, to a flow-through turbidimeter. The measured
turbidity record was used as an indicator of when the sample had adjusted to the imposed shear stress
(Figure 42). With each increase in imposed shear stress, the turbidity immediately peaked and then
declined exponentially. The shear stress was increased incrementally until the turbidity reading
increased and remained high, indicating the sediment has been mobilized.



Bateman Island Causeway Modification Project 56
Hydrodynamic Modeling And Geomorphic Assessment
Final Report

Figure 42: Example turbidity record taken during gust chamber processing of sediment sample 3. Each
peak indicates an increase in the imposed shear stress [full data are in Appendix E].

As each shear stress increment was reached, a water sample was collected from the turbidimeter for
later suspended sediment concentration analysis. Turbidity alone is not informative of the critical shear
stress for sediment mobilization. However, turbidity can be related to suspended sediment
concentration. By doing this, the results from the gust chamber analysis were calibrated to the imposed
shear stresses and it became possible to identify the shear stress at which each sample began to erode
fully. This was done graphically and the results from sample #3 are provided as an example (Figure 43;
full data for all samples are in Appendix F). The dramatic increase in erosion rate indicates that sediment
will mobilize when flow conditions generate shear stresses equal or greater than 0.2 Pa.
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Figure 43: Shear stress vs. erosion rate for sample 3. The critical shear stress is identified as 0.2 Pa.

Each sediment sample was slightly different in its appearance and consistency (Appendix H). Sample 3
from the causeway area was a very smooth mud with high water content and little to no silt content. In
contrast, sample 2 appeared to have a large sand content and was composed of larger sediment sizes.
Sample 2 was the least cohesive of the samples and was also from an area that may have been exposed
prior to the filling of McNary Dam. Sample 4 had the highest apparent cohesive content as indicated by a
greater plasticity in the sample. Sample 4 also required a larger shear stress to initiate motion.
Differences between samples that were readily apparent upon collection were used in the analysis of
model results. The fraction of silt in the sample, defined as sediment sizes between 4-63 microns, and
clay, defined as sediment finer than 4 microns can be obtained through a detailed particle size analysis.
Such an analysis could only be performed on one sample, so sample 3 was chosen due to its proximity to
the causeway. Combined, silt and clay were 90% of the sample with clay comprising 8.6% of the sample.

6.4 Analysis of Sediment Transport
The sediment data collected from the field work provided the critical shear stress, sample density,
suspended sediment concentration of the water column, and particle size distribution. Using the AdH
analysis and the historic record, the maximum, median, and minimum flow velocities and water depths
were identified for high and low flow rates. Re-analysis of sediment thickness data collected by INTERA
(Wassell, 2014) provided a spatial distribution of sediment thickness around Bateman Island (Appendix I)
that was used to estimate the time required for full erosion of the mud layer.

Observations in the field indicated that the mud was more consolidated than a typical fluid mud. The
sample analysis confirmed this with suspended sediment concentrations lower than those needed to
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categorize the sediment as a fluid mud. However, once the sediment was disturbed, the mobilized bed
sediments remained in suspension. The settling rate for mud samples were calculated using the field
measured sediment concentrations, flow depth and velocity from the AdH model, and settling
coefficients from ASCE Manual 110 (Mehta and McAnally, 2008). For all cases, the settling velocity was
very low, on the order of 10-5 meters per second. The resumption of flow around the west side of
Bateman Island would have velocities greater than the sediment settling velocity, making it unlikely that
any sediment will settle in the Bateman Island area once mobilized. The influence of Columbia River flow
on suspended bed sediment was evident when Sample 6 was collected. The water column cleared
quickly after being disturbed. This was attributed to the influence of the Columbia River which
transported the suspended sediment downstream almost immediately upon its suspension. These
observations indicate that the muddy sediment west of Bateman Island and in the causeway area will
transport downstream once mobilized. Removal of the causeway will allow flows through the area that
will transport mobilized sediments out of the area and into the mainstem of the Columbia River. These
findings also indicate that as sediment is mobilized, the water in the area will have a temporarily
increased suspended sediment concentration.

The time frame required for the transport of the sediment will depend on the erosion rate, which varies
with the critical shear stress of the sediment and flow through the area. Field observations and particle
size analysis showed that the fraction of the sediment that was silt and clay was near 90%. The method
described in the ASCE Manual 110 was followed to estimate erosion rates for the different samples,
because it was developed for very fine grained, cohesive sediments. This method is built from the excess
energy theoretical base and has evolved to account for many of the variables that complicate cohesive
sediment transport, notably the effect of water temperature on erosion rate (equation 6).

∈=∈ ∆− ∧ − ( − ) − ( − ) equation 6

Because the critical shear stress was determined from field samples, the equation was made specific to
the Bateman data by substituting ( − ) =  as shown in equation 7,

∈=∈ ∆− ∧ − [ − ] equation 7

where e is erosion rate or the mass eroded per unit bed area per unit time (gm -2s-1), eNO is a sediment
erosion rate constant and can be set to 200 gm-2s-1 (Mehta et al., 1989), T is absolute temperature in
Kelvin, D and L are coefficients from ASCE Manual 110 (Mehta and McAnally, 2008), cs and ls are
sediment specific coefficients used to define the relationship between erosion rate constant, and bed
shear strength (Mehta et al., 1989), and tb is the shear stress calculated using the bed slope (Pa). Erosion
rates were calculated for the area around each sample location using sample specific data and three
flow scenarios according to the AdH output. Low flow corresponds to the lowest flows during the low
flow months, mid flow corresponds to the highs of the low flow months and also the lows of the high
flow months, and the high flow corresponds to the highest flows during high flow months. Erosion rates
varied over two orders of magnitude across flows and locations and over a single order of magnitude at
a location for the different flows (Table 15).
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Table 15:  Erosion rates by sample location

Sample
Low Flow Mid Flow High Flow
E (gm-2s-1) E (gm-2s-1) E (gm-2s-1)

1 0.054 0.878 2.967
2 0.067 1.084 3.662
3 0.040 0.661 2.235
4 0.007 0.133 0.451
5 0.040 0.661 2.235
6 0.128 2.053 6.927

Using the erosion rates and the area around each sample location, the time necessary to erode the mud
layer from each location and at each sustained flow rate was determined (Table 16).

Table 16: Time required for full erosion at each sample site

Sample
Low Flow Mid Flow High Flow

days weeks days weeks days weeks
1 90.3 12.9 5.5 0.8 1.6 0.2
2 86.3 12.3 5.3 0.8 1.6 0.2
3 405.4 57.9 24.5 3.5 7.2 1.0
4 783.9 112.0 43.2 6.2 12.7 1.8
5 83.6 11.9 5.0 0.7 1.5 0.2
6 26.1 3.7 1.6 0.2 0.5 0.1

The calculations for areas around each sample do not include the sediment in the Yakima River, the
small channel extending south from the Yakima River, or the area east of the causeway. Because no
sediment samples were taken in these areas, erosion rates are calculated separately using information
from the nearest possible sediment sample. For the Yakima River area, Sample 1 data were applied and
for the small channel extending south from the Yakima River, the data from Sample 4 were applied. East
of the causeway, there was no sediment accumulation on the channel bed. When all the data are
combined, the longest estimates for full mud erosion from the different areas around Bateman Island
were estimated based on a sustained low, medium, or high flow condition (Table 17). It is unlikely that
the small channel south of the Yakima River would be engaged in all but the highest flows.

Table 17: Time required for full erosion at each area around Bateman Island

Area
Low Flow Mid Flow High Flow

days weeks days weeks days weeks
North of Yakima
Inflow 83.6 11.9 5 0.7 1.5 0.2

Yakima River no movement 7.9 1.1 2.3 0.3
West Side of Island 783.9 112 43.2 6.2 12.7 1.8
Small Channel South no movement 1292.6 184.7 71.3 10.2
West of Causeway 405.4 57.9 24.5 3.5 7.2 1.0
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6.5 Bateman Island Bank Erosion and Scour Potential
The banks of Bateman Island have been affected by and adjusted to the daily 4-foot fluctuation in water
levels due to the raising and lowering of McNary Pool that has occurred since McNary dam was
constructed over 50 years ago. Many of the banks are perpendicular while others have been lined with
large rocks or tall aquatic vegetation (Figure 44).  The banks have adjusted to the flow regime.

Figure 44: (Left) A photo of vertical banks, and (Right) banks lined with large rocks. Both are of
Bateman Island.

Visual observations of bank conditions and modeled velocity results for the causeway modifications
were used to evaluate erosion potential along the west and south banks of Bateman Island.  The
backwater pool has a large influence on the flows around Bateman Island, greatly reducing velocities
while increasing depth. The AdH modeling indicates that flow velocities at the west and south banks of
Batman Island could reach a maximum of 0.4 meters per second during seasonal high flows under
Alternative 3, the full breach.  This velocity is slow relative to the velocity simulated in the center of the
causeway channel which would reach 0.7 meters per second.  Significant changes to the banks with full
removal of the causeway, or smaller center alignment breaches, are not expected.  Simulated velocities
through partial breach openings constructed adjacent to Bateman Island (e.g. Alternatives 6 and 7) are
expected to result in velocities of 2 meters per second along the banks of the island.

A landform on the south side of Bateman Island, located approximately 500 feet east of the causeway
and projecting 50 feet south into the causeway channel, would be subject to greater velocities under
Alternatives 6 and 7.  Higher velocities present an increased risk of bank erosion for alternatives with
breach openings aligned along the south edge of Bateman Island.   However, this erosion is expected to
be relatively minor given that the peak season velocities near the bank are 2 meters per second.
Counter measures to mitigate the erosion risk can be modest and are only necessary if the breach is
aligned next to the bank.
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The marina breakwater, proposed for Alternative 8, will also deflect flows north toward Bateman Island.
The Marina Approach analysis location, immediately north of the breakwater, has a maximum velocity of
1.3 meters per second, Table D-4.  Velocities in this area are slower than those imposed on the south
side of Bateman Island at the Alternatives 6 and 7 breach openings; as such only limited bank protection
measures are recommended.  Countermeasures would need to extend the length of the breakwater,
terminating at the southeastern tip of Bateman Island.

Design associated with partial breaching of the causeway and installation of a bridge or culvert will need
to address scour risk at the structure’s footings/abutments.   The nature of the bed material and low
velocities through the proposed openings will limit the scour potential around the constructed structure
to relatively shallow depths.

6.6 Summary of Sediment Transport Impacts Following Causeway
Modification

Removal of Bateman Causeway would impact sediments on the west side of Bateman Island and
causeway, have little to no impact on banks under the full breach scenario, and present only a minor
bank erosion hazard under scenarios including partial breaches or a marina breakwater. Flow rates and
velocities will increase south of Bateman Island following reconnection of the Yakima and Columbia
Rivers. Sediments on the west side of the island are derived from land that was submerged with filling of
McNary Pool and the accumulation of sediment inputs from the Yakima watershed, most notably the
agricultural areas prior to installation of erosion controls. Much of these sediments will be eroded once
the causeway is breached. Once mobilized in the water column, the sediment will flow into the Columbia
River and downstream. Yakima discharges will see a temporary increase in the suspended sediment
concentration, limiting visibility, and creating a brown appearance to the water. This condition will
persist until the sediment laden waters mix with the much greater volume of the Columbia River, making
their impact negligible. Sediment impact can be minimized by timing the causeway removal to coincide
with expected mid to high flow rates around the island. Under sustained mid to high flow velocities, the
sediment is expected to erode over 2-6 weeks for a full breach alternative. This estimate assumes high
velocities are sustained over the entire period and is likely overly conservative; 2-3 months is a more
reasonable “full breach” estimate considering expected variation in velocities. Alternatives with smaller
breaches are still expected to erode the sediment on the west side of the island, but additional time will
be required.

7 CONCLUSIONS FROM HYDRODYNAMIC MODELING

Hydrodynamic models AdH and CE-QUAL-W2 were used to simulate stream flows, velocities, and
temperatures needed to determine metrics for each alternative (see Table 7).  The modeling and
methods were employed with an adequate level of rigor to meet the following four hydrodynamic
modeling needs previously outlined in Section 2:
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A) a scientifically defensible simulation of temperature as illustrated by calibration to
observed data,

B) simulation of flow patterns around Bateman Island and how they may be affected by
modifying the existing causeway,

C) simulation of high temperature durations and how they may be affected by modifying
the exiting causeway, and

D) a predication of how modifications to the causeway may affect sediment transport in the
Bateman Island vicinity.

The calculated temperature metrics indicate that adding a breach to the existing causeway will decrease
water temperatures and improve salmonid habitat on the south and west sides of Bateman Island.  The
widest breach options, Alternatives 3, 5, and 8 produced the most benefit, but all of the alternatives
resulted in reduced temperatures south and west of Bateman Island.  Temperatures decrease as colder
Columbia River water is introduced into the area west of Bateman Island; Columbia River flow around
the island increases with larger breach widths.

An assessment of the sediment that has been deposited on the west side of Bateman Island found that it
is of a cohesive nature that is best characterized as fluid mud.  And, more importantly, that the mud will
be transported to the Columbia River under any of the breach alternatives considered and will not
redeposit within the project vicinity.  This prediction was based on application of theoretical equations
for modeling cohesive sediment mobilization/transport and output from the AdH model.

Stream velocities were also evaluated to determine how opening the causeway could impact users of
the marina and other recreation uses.  Stream velocities west and south of Bateman Island will increase
if the causeway is breached.  Increases in average stream velocity are fairly minor at less than 0.15
meters per second for the smaller breaches Alternatives 6 and 7, and more than double for the 260 foot
breach and larger.  As a mitigation measure, Alternative 8 included a breakwater around the marina that
would limit velocities under even the largest breach alternatives.  However, further investigation of the
eddy formed east of the breakwater is recommended to ensure that it does not impair navigation by
boats accessing the marina from the Columbia River (should a breakwater be included in the preferred
alternative).

Selection of a preferred alternative will need to weigh fisheries benefits, costs associated with each
alternative, construction funding opportunities, and other project objectives.  This final selection of a
preferred alternative is outside the scope of this report and will be addressed by other reporting being
completed by the Mid-Columbia Fisheries Enhancement Group.
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APPENDIX A: FLOW RELATIONSHIPS FOR 2012 AND 2014

Figure A-1: Columbia River Discharge 2012 (USGS)

Figure A-2: Columbia River Discharge 2014 (USGS)
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Figure A-3: Yakima River Discharge 2012 (USGS)

Figure A-4: Yakima River Discharge 2014 (USGS)
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Figure A-5: Columbia River Flows Around West Side of Bateman Island with Full Breach (Alt. 3) Spring
2012

Figure A-6: Columbia River Flows Around West Side of Bateman Island with Full Breach (Alt. 3) Spring
2014
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Figure A-7: Columbia River Flows Around West Side of Bateman Island with Full Breach (Alt. 3)
Summer 2012

Figure A-8: Columbia River Flows Around West Side of Bateman Island with Full Breach (Alt. 3)
Summer 2014
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Figure A-9: Discharge Thresholds for Flow Around West Side of Island with Full Breach

Figure A-10: Discharge Thresholds for Flow Around West Side of Island with 200 foot Breach
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Figure A-11: Discharge Thresholds for Flow Around West Side of Island with 130 foot Breach



Bateman Island Causeway Modification Project 71
Hydrodynamic Modeling And Geomorphic Assessment
Final Report

APPENDIX B: TEMPERATURE, SUMMER DELTA THROUGH DELTA

Figure B-1: Simulated Yakima River Water Temperature Difference, Calculated between SR-240 Bridge
and W1 Location, Summer 2012

Figure B-2: Simulated Yakima River Water Temperature Difference, Calculated between SR-240 Bridge
and W1 Location, Summer 2014
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Figure B-3: Simulated Yakima River Water Temperature Difference, Calculated between SR-240 Bridge
and USofW1 Location, Summer 2012

Figure B-4: Simulated Yakima River Water Temperature Difference, Calculated between SR-240 Bridge
and USofW1 Location, Summer 2014
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Figure B-5: Simulated Yakima River Water Temperature Difference, Calculated between SR-240 Bridge
and Causeway Channel Location, Summer 2012

Figure B-6: Simulated Yakima River Water Temperature Difference, Calculated between SR-240 Bridge
and Causeway Channel Location, Summer 2014
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APPENDIX C: TEMPERATURE, SPRING DAILY MAXIMA

Figure C-1: Daily Maximum Temperature, Calculated at W1 Location, Spring 2012

Figure C-2: Daily Maximum Temperature, Calculated at W1 Location, Spring 2014
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Figure C-3: Daily Maximum Temperature, Calculated at USofW1 Location, Spring 2012

 Figure C-4: Daily Maximum Temperature, Calculated at USofW1 Location, Spring 2014
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Figure C-5: Daily Maximum Temperature, Calculated at Causeway Channel Location, Spring 2012

Figure C-6: Daily Maximum Temperature, Calculated at Causeway Channel Location, Spring 2014
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APPENDIX D: STREAM VELOCITIES, AVERAGE AND MAXIMUM
SIMULATED BY SEASON

Table D-1: Average Stream Velocities, Spring Season (March - May)

Alternative

Average Speed (m/s)
2012 2014

W1 W2 W3 Marina
Approach

Within
Marina W1 W2 W3 Marina

Approach
Within
Marina

Alternative 1 -
Existing 0.5 0.1 0.0 0.0 0.0 0.4 0.1 0.0 0.0 0.0

Alternative 6 -
130 foot Breach 0.4 0.0 0.1 0.2 0.0 0.4 0.0 0.1 0.1 0.0

Alternative 7 -
200 foot Breach 0.4 0.1 0.2 0.3 0.0 0.3 0.1 0.1 0.2 0.0

Alternative 5 -
260 foot Breach 0.3 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.2

Alternative 3 -
Full Breach 0.3 0.4 0.4 0.3 0.2 0.2 0.3 0.3 0.2 0.2

Alternative 8 –
Full Breach +
BW – SED

0.2 0.3 0.3 0.61 0.05 0.2 0.3 0.3 0.51 0.05

1 This analysis location is located north of proposed breakwater

Table D-2: Average Stream Velocities, Summer Season (June - September)

Alternative

Average Speed (m/s)
2012 2014

W1 W2 W3 Marina
Approach

Within
Marina W1 W2 W3 Marina

Approach
Within
Marina

Alternative 1 -
Existing 0.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0

Alternative 6 -
130 foot Breach 0.2 0.0 0.1 0.2 0.1 0.1 0.1 0.0 0.1 0.0

Alternative 7 -
200 foot Breach 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.2 0.0

Alternative 5 -
260 foot Breach 0.1 0.3 0.3 0.3 0.2 0.1 0.3 0.2 0.2 0.1

Alternative 3 -
Full Breach 0.2 0.3 0.4 0.3 0.3 0.1 0.3 0.2 0.2 0.1

Alternative 8 –
Full Breach +
BW – SED

0.2 0.3 0.3 0.61 0.06 0.1 0.2 0.2 0.31 0.03

1 This analysis location is located north of proposed breakwater
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Table D-3: Maximum Stream Velocities, Spring Season (March - May)

Alternative

Maximum Speed (m/s)
2012 2014

W1 W2 W3 Marina
Approach

Within
Marina W1 W2 W3 Marina

Approach
Within
Marina

Alternative 1 -
Existing 0.9 0.3 0.0 0.0 0.1 0.8 0.2 0.0 0.0 0.1

Alternative 6 -
130 foot Breach 0.9 0.2 0.1 0.3 0.2 0.8 0.1 0.1 0.2 0.1

Alternative 7 -
200 foot Breach 0.8 0.3 0.3 0.6 0.2 0.7 0.2 0.2 0.4 0.1

Alternative 5 -
260 foot Breach 0.7 0.5 0.6 0.6 0.5 0.7 0.4 0.5 0.4 0.3

Alternative 3 -
Full Breach 0.7 0.5 0.8 0.6 0.5 0.7 0.4 0.5 0.4 0.3

Alternative 8 –
Full Breach +
BW - SED

0.6 0.4 0.6 1.11 0.1 0.6 0.3 0.5 0.81 0.1

1 This analysis location is located north of proposed breakwater

Table D-4: Maximum Stream Velocities, Summer Season (June - September)

Alternative

Maximum Speed (m/s)
2012 2014

W1 W2 W3 Marina
Approach

Within
Marina W1 W2 W3 Marina

Approach
Within
Marina

Alternative 1 -
Existing 0.7 0.2 0.0 0.1 0.1 0.4 0.1 0.0 0.0 0.0

Alternative 6 -
130 foot Breach 0.6 0.1 0.2 0.4 0.3 0.3 0.1 0.1 0.2 0.1

Alternative 7 -
200 foot Breach 0.5 0.2 0.3 0.7 0.3 0.3 0.2 0.2 0.4 0.1

Alternative 5 -
260 foot Breach 0.4 0.4 0.8 0.6 0.8 0.3 0.4 0.5 0.5 0.4

Alternative 3 -
Full Breach 0.5 0.6 1.0 0.8 0.7 0.3 0.4 0.6 0.5 0.4

Alternative 8 –
Full Breach +
BW - SED

0.4 0.5 0.8 1.31 0.1 0.3 0.4 0.5 0.81 0.1

1 This analysis location is located north of proposed breakwater
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APPENDIX E: RELATIVE FLOW VOLUMES AT CAUSEWAY CHANNEL

Figure E-1: Flow Volumes by Source at Causeway Channel, Alternative 5, 2012

Figure E-2: Flow Volumes by Source at Causeway Channel, Alternative 5, 2014
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Figure E-3: Flow Volumes by Source at Causeway Channel, Alternative 3, 2012

Figure E-4: Flow Volumes by Source at Causeway Channel, Alternative 3, 2014
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Figure E-5: Flow Volumes by Source at Causeway Channel, Alternative 6, 2012

Figure E-6: Flow Volumes by Source at Causeway Channel, Alternative 6, 2014
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Figure E-7: Flow Volumes by Source at Causeway Channel, Alternative 7, 2012

Figure E-8: Flow Volumes by Source at Causeway Channel, Alternative 7, 2014
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Figure E-9: Flow Volumes by Source at Causeway Channel, Alternative 8, 2012

Figure E-10: Flow Volumes by Source at Causeway Channel, Alternative 8, 2014
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APPENDIX F: TURBIDITY RECORDS FROM GUST CHAMBER SAMPLE
ANALYSIS
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APPENDIX G: PLOTS DEVELOPED FROM GUST CHAMBER DATA
ANALYSES
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APPENDIX H: NOTES FROM SEDIMENT SAMPLING

NHC Notes from Bateman Sampling on 10-17-2014

Collected samples at 6 sites

At each site got a 500 mL water sample from mid-way in the water column that was returned to SFU for
SSC analysis.

At each site got a core sample in a 2 foot long core. Samples did not always fill core and this is not an
indication of sediment depth – only required 8” of sample. Core was easy to push into the sediment.

Notes taken on boat:

Sample #1: easy to collect, diver sunk a bit into the mud. Water ~2 foot deep.

Sample #3: good sample where we didn’t expect any sediment. Sample settled very slowly in the
column. An algae string became exposed during the gust chamber work. Water ~10 foot deep. Mud was
very smooth with a high water content. No silt and very fine.

Sample #5: easy to push in and the diver sunk to his ankles. There was lots of star plant covering about
70% of the mudflat. This one had a very large air bubble that disturbed the sample and had to abort the
gust chamber testing of it. Water ~2 foot deep.

Phone GPS: N 46 15.073’ W 119 13.973’

Sample #6: clearer water as a result of the influence of the Columbia River. After the site was disturbed,
the water cleared quickly. We could see the diver the whole time and the sample was easy to collect.
Water ~7.5 foot deep.

Phone GPS: N 46 15.143’ W 119 14.065’

Sample #4: very shallow water, about 1.5 foot deep. Diver sunk about 6” and the mud had a sucking
force. There were roots or something in the mud that made the collection slightly harder. There was a
shell visible in the column sample. Water ~1.5 foot deep. Sample felt most plastic. It was very cohesives,
not at all silty. There was a jiggle (like jello) to the sample. Noted in the sampling that it required a higher
critical shear stress to erode than did samples 1-3.

Phone GPS: N 46 15.147’ W 119 14.064’

Sample #2: different from the others with what appeared to be a large sand content, micas were easy to
see. The sample settled quickly in the tube. During collection there was a layer that had to push through
to complete collection. Water ~2 foot deep. Sample was very silty to feel and not very cohesive. Mark
felt it was similar in appearance to the area soils.

Phone GPS:  N 46 14.572’ W 119 13.995’
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APPENDIX I: MEASURED SEDIMENT THICKNESS

Figure E-1: Sediment Thickness Measured by INTERA in July 2012 (Wassell et. al, 2014)
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PUBLIC MEETINGS RECORDS



Bateman Island Causeway Modification

Public Involvement Plan
February 11, 2014

Project purpose and need
Bateman Island sits at the confluence of the Yakima River with the Columbia River, in the city of
Richland, WA. The 160-acre island is connected to the mainland via a 500-foot long causeway.
Aerial photos indicate that the causeway was constructed between 1939 and 1940 for
agricultural access. The causeway is made up of earthen material and has been reinforced with
rip rap over time. Bateman Island is owned by the U.S. Army Corps of Engineers (ACOE) and is
managed under a 50-year lease agreement by the City of Richland.  No entity claims ownership
of the causeway.

Recent work to look at flow and water quality in the Yakima Delta area indicates that the
causeway at the southern end of Bateman Island decreases mixing of Columbia and Yakima
River waters by preventing flow around the large island. This results in stagnant water and
increased surface water temperatures.  In late summer, the high water temperatures prevent
salmon from moving up into the Yakima River to their spawning grounds.

The project partners, Mid-Columbia Fisheries Enhancement Group and Benton Conservation
District, would like to explore options for allowing the Yakima and Columbia Rivers to flow
around the southern end of Bateman Island.   These options may include the full or partial
removal of the causeway, and replacement with bridges or culverts.  The options have not yet
been developed, and the project partners will rely heavily on information from affected
stakeholders in the creation of alternatives.  The successful project outcome will improve
salmon habitat while accommodating human use in the Bateman Island area.

Public involvement goals and objectives
The goal of public participation in the Bateman Island Causeway Modification project is to explore a
causeway modification scenario in which salmon habitat objectives are achieved while human use is
accommodated in the Bateman Island area.  Salmon habitat objectives include reduced summer
water temperatures, shortened migration distance, and reduced non-native predator pressure.
Identified human use in the area includes wakeboarding, kayaking, fishing, hiking, birdwatching, and
boat moorage.

The objectives of the public participation plan are to:

· Identify stakeholders in the Bateman Island area;
· Work with stakeholders to create design criteria for causeway modification; and
· Develop one or more alternatives that meet the needs of multiple stakeholders.
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Timeline
Computer modeling of flow and water quality around Bateman Island began in 2011.  The final report
of flow and water quality modeling results will be released to the public in April, 2014.  Grant funding
requires that the conceptual design for modification alternatives be complete by June, 2015.

Public scoping for the project began with two articles in the Tri-City Herald (June 22, 2013, “Group
wants study on Bateman Island causeway”, and Dec. 7, 2013, “Breaching Bateman Island causeway
being studied”).  One comment was received after the December article.  Scoping continued with the
presentation of a poster at the Tri-Cities Sportsmen Show in Pasco, WA (Jan. 17 – 19, 2014).

Moving forward, public participation will be an integral component of the conceptual design process,
as described in the table below.

Table 1. Project timeline

March, 2014 Hire engineering firm to create conceptual designs of
causeway modifications.

April – June, 2014 Public input – meetings, articles, one on one
meetings, signs near boat launches and causeway, in
stores, City’s website, Facebook page, face to face
contact along causeway in teams of two, marina
owner, bass tournaments, wake boarding tournament

July  – September, 2014 Develop preliminary range of alternatives.

October – November, 2014 Review preliminary range of alternatives with
agencies and stakeholders.

January – February, 2015 Perform scour and flood modeling.  Revise
alternatives and develop cost estimates.

March – May, 2015 Review alternatives with agencies and stakeholders

June, 2015 Complete design report.

At least one causeway modification alternative will be developed to the point that it is sufficient
for permitting.  The final phase of this project will include final engineering design, permitting,
and implementation.  It will require funding that is not yet secure, and the timeline for
implementation is not yet known.

Project Contact:
Rebecca Wassell
Yakima Basin Program Director
Mid-Columbia Fisheries Enhancement Group
(509)281-1311
becca@midcolumbiarfeg.com



Public comments on Bateman Island Causeway Modification Conceptual Design
April, 2014

Last Name First Name Contact initiation Contact Date Comments
Albrecht Christopher Email, MCFEG 13-Apr-14 The fish are not that stupid. Salmon aren't going to hang out there long 

enough to kill them off. Nor will the spawn there. They will swing 

around the island and continue their journey. If you really believe that 

little 50+ yard area is hurting our fishery then your probably not 

qualified enough to make that call. Besides that slower warmer water 

attracts many other species of fish that do well there and are the 

primary game of most fisherman to visit the island anyways.

Artz Kenneth Voice Call, MCFEG 14-Apr-14 Has been a concern since he was young.  Has been fishing since he was 

young.  Dad had an old wooden boat – kids would take the boat all 

around the islands – could get all around the island.  Rick Adriennes 

would take them water skiing.  Has fished causeway 1000s of times.  

Has watched the area get silted up.  Why don’t Indians get involved in 

opening up causeway.  Used to see dead salmon (pretty decayed) on 

island side in the spring or fall – used to flood and wash out north side 

of causeway in the early 1960s.  Used mill tailings – shavings from 

metal – used as ballast – also old cars.  Southwest side of causeway – 

can see mill tailings (silver-colored), old cars.  Dave Nelson – PNNL 

physicist – agreed with Artz that the causeway was clogging the major 

artery to the Yakima.  Burke is an elder with Umatillas.  Talked with a 

Native American once whose people maintained the area.  Dads fished 

for sturgeon off Bateman Island – there are springs under water to the 

west of the island. Worked with BPA many years ago – sent BPA letters 

Used to be a dock on the north side of the causeway.

Bertermann Mark
Blair Mike Public Meeting-Kennewick Library
Cobb Marie
Cole Cal Public Meeting-Kennewick Library
Conner Max Public Meeting-Kennewick Library I am in favor of breaching the causeway
Cowy Robert
Cox John Public Meeting-Kennewick Library I'm not convienced the effort is going to make a seasurable difference 

in fish survival. There may be a better use for tax payer $

Dean Steve
Defoe Seth Public Meeting-Kennewick Library Good idea.
Dougherty Kevin Email, MCFEG April 21,2014 I would like to see the causeway taken out and a flat bridge wide 

enough that people could fish off of it installed. This would make for a 

great spot to fish and clear up the silt problem. As for the Marina and 

the $100,000 boats--- buy some bumpers for your boat. There are few 

non bank fishing areas for non boat owners to fish from around here. A 

good bridge built on pillings with a one foot side to keep things from 

rolling off and a handrail is a cost effective way to enhance both the 

river and fishing. 



Public comments on Bateman Island Causeway Modification Conceptual Design
April, 2014

Ford Greg Public Meeting-Kennewick Library
Ford Amy Public Meeting-Kennewick Library Concern about the sedimentation and current/windage of removal of 

the causeway. 

Freeman Chuck Public Meeting-Kennewick Library We have high interest in enhancing area to benefit salmonid species

Gerimes Mike
Grimm Nathan Public Meeting-Kennewick Library
Hubbard Cole Public Meeting-Kennewick Library
Hubbard John Public Meeting-Kennewick Library
Jourdain Nigel Public Meeting-Kennewick Library
Klashke Tim Public Meeting-Kennewick Library
Lowy Robert Public Meeting-Kennewick Library Has comments he has submitted regarding the geomorphology.    

Wondering about the old channel migration zone.  

Massey Jerry Public Meeting-Kennewick Library I am all for predation Control of Salmon Fry/Smolt. How about 

controling the pelican chow line at Horn Rapids Dam?

Neilson Austin Public Meeting-Kennewick Library
Nelson Walter Public Meeting-Kennewick Library Proposed another channel on the north side of the Yakima River Delta 

to allow the water and sediment flow to the north.  Wakeboarders ski 

in the early spring and use of the calm water.  Sedimentation of the 

east side of Bateman Island, maybe put in culverts and the current bass 

and catfish.  Salmon pool up by the thousands at the north end and the 

concern about the 

Petersen Bentley Public Meeting-Kennewick Library
Petersen Jared Public Meeting-Kennewick Library
Petersen Jay Public Meeting-Kennewick Library
Puls Darrell Public Meeting-Kennewick Library Boater moored on D dock, primary concern is the current and only 45 

foot of separation between docks, has current that is variable from the 

Columbia.  Stop pivot, back into the slip.  Does not have bow and stern 

thrusters.  Concern is that modifications could make the marina 

unusable, and the moorage for large boats is extremely limited.  Often 

go into the backwater for refuge.  Trees and causeway acting as a 

windbreak and boats take shelter.  Other concern with breaching is 

spring flood flows limiting access to the marina.  Concern about  Six or 

seven big boats on D dock.  The boats extend beyond the slip and so 

limits maneuverability.  Must have information from multiple sources 

and concerns.  Concerns about the current and the wind.  

Puls Carole
Revell Scott Public Meeting-Kennewick Library
Ritter Mike Public Meeting-Kennewick Library Possible of new causeway  to allow flow  through old channel at the 

Ritter Micheal Public Meeting-Kennewick Library



Public comments on Bateman Island Causeway Modification Conceptual Design
April, 2014

Schmitt Ted Email, MCFEG 16-Apr-14 I only use the causeway to access Bateman Island to walk occasionally.  

I do fish for salmon out in front of Bateman Island.  I’m in favor of 

opening up the causeway to improve salmon migration.  My concern is 

that if culverts are used, would it concentrate salmon through them? 

There would need to be some kind of fishing buffer to prevent people 

from snagging them while they’re stacked on top of each other.  Also, 

would the cooling the water increase the stray rate of steelhead?  

Perhaps a lower stretch of the Yakima could be opened to harvest 

those stray steelhead?

Shoemaker Kevin
Tanke Ben  Email, Rachel I understand that the Benton Conservation District is taking public 

input on possibly making changes to the Bateman Island Causeway.  I 

would be against making any changes as I use that area for recreration 

and believe there would be a negative impact if the causeway was 

breached.  

VanLiew Gene
Venetz Ted Public Meeting-Kennewick Library
Vogel Max Public Meeting-Kennewick Library I doubt if breaching the causeway will result in a lot of flow, the area 

west of bateman is very shallow and most of the Yakima flow will still 
go around the N. Side. If the causway is breached I prefer a bridge with 

clearance for small boats. A more effective way to help salmon up the 

Yakima when temps are high would be to pump water from the 

Columbai by the Yakima above the 240 bridge.

Wallin Brian Public Meeting-Kennewick Library
Watson Jason Public Meeting-Kennewick Library
Wireman Ginger Email, MCFEG April 11,2014 I was unable to make either of the public meetings and want to 

comment on the idea of changes to the Bateman Island Causeway. I 

have used Bateman off and on over the years for walking and fishing 

access with my kids.  My entire family understands the value of 

breaching the causeway somehow to improve the water conditions on 

the upstream side.  The 'mudhole' as it's known, is disgustingly hot and 

turbid all summer.  I hope that additional flow may clean it out some.  

My first choice would be to remove a big chunk and put a bridge for 

pedestrians only. It would be really cool to have a bridge structure that 

was a miniature replica of the Blue or Cable bridges. I understand that 

is unlikely - but just a fun thought to put in the public record. I suppose 

that emergency vehicle access and access for mosquito control will be 

necessary, so a bridge that can carry vehicles is probably required. 

Young Laine Public Meeting-Kennewick Library
Zinsli Lloyd Public Meeting-Kennewick Library Concerned about modeling assumptions re: dept vs route and years of 

sedimentation from 1940's. Rather see dredging and reformation north 

of Bateman Island Channel.



Public comments on Bateman Island Causeway Modification Conceptual Design
April, 2014

Gene Public Meeting-Kennewick Library Dissections for salmon in the classroom, first two had double classes 

and had one class



Bateman Island Conceptual Design
Stakeholder Committee Meeting

Richland Public Library
September 23, 2014

7PM – 8:30PM

Meeting began with introductions:
Rebecca Wassell with Mid-Columbia Fisheries; Rachel Little with Benton Conservation District
(BCD); Marcie Appel with BCD; Seth Defoe with Kennewick Irrigation District and on working
group for Yakima Basin Integrated Plan; Kevin Shoemaker with Mosquito Control Board; Max
Conner – Knows Delta, representing interest; Phil Pinard – City of Richland; Amy Ford –
Columbia Park Marina; Barry Baker – Gray & Osborne; Darrel Puls – Columbia Park Marina;
Ken Artz – Born and Raised, looking out for own interest; Nathan Grimm: fisherman; interest in
Delta area. No wake-boarders present.

Ken raised question of Nations Present in the Discussion?
Becca: Yes. We have Yakama Nation involvement through Fisheries.
Ken may have contact with Umatilla that can be given to Becca.  Umatilla = Bill Burk
(sp?); Dent Wagner (sp?).  Rachel knows one of the contacts.

Ken’s Remarks on historical perspective of the causeway from youth:
*Remembers flow overtopping the causeway during the major floods.  Remembers dead salmon
around the eastside of the causeway and being more open to flow and skiing on the west side.
Discussed the silting in off the west-side of the island

*Ken remembers water skiing in 14 ft wooden boat and bass fishing/skiing on west side and can
remember going up the river in aluminum boat.  Thinks it was the early 50’s to early 60’s.
Remembers that there was less silt and more depth.

*Remembers the river up to the HWY 240 was deeper and more open.  Contrasted to currently
plugged on the northern edge and open on the southern edge.

*Wants to see delta re-opened so that future generations can use it.

7:15 p.m. Becca: Provide background slides on the current historical reasons for project
(temperature; fisheries; timing; etc.). Amy Ford would like a copy of the presentation.

Becca showed new Northwest Hydraulic Consultants preliminary modeling results;
Becca discussed the fish biologist meeting and their goals -

Measurable criteria:
*Reduce predation on out-migrating salmon and steellhead
*Reduce number of summer days on which the confluence is warmer than upstream
*Reduce predation on rearing Fall Chinook
*Impact on quality and quantity of rearing habitat
*Impact on rate of avian predation



Darrell: Questioned the parameters put into the model and does it include the depth and shallow
areas in the model?  He questions the flow and is skeptical that Columbia River water would
actually come south because he does not feel it will flow that direction because of the mud flat
area.  Doubts the model results.  Future meetings will clarify that bathymetry is included in the
model.

Marina Concerns – primarily expressed by Darrell Puls

1. Current Concerns
a) that there will be a current where there is almost none presently
b) will create an economic hardship on marina owners
c) create a useless boat for Darrell and others due to limitations of other marina options in
area.  Columbia Park is the only private local Marina with room available.

2. Current Needs:
Presently, alleys are 50 ft wide if current is present then boats will crash into each other.

If breeze present then come in on other side of alley; he has little control and needs to coast and
back into the slip.  Raises concern about $100,000 boat if there is more flow added because there
will be too much water coming into the slip to safely dock it.  At present even ½ knot of current
is an issue when there is only a 40 ft allotment and ½ mile to get into slip.

Note:  Many boats back in.  There is 50 feet ally but reality is only 35 - 40 feet and if there is
wind then it is problematic.

Possibility Offered: Is there an increased width that would be helpful if rebuild?
Darrell: a) need to pull pilings and that’s not possible b/c pilings are in too deep at
15 feet.
b) More realistic option (but not cheap) is to put in breakwater with a 50 ft. gap
for 2 way traffic.  The biggest boat is on the furthest end (60 footer?)

3. Expansion Issues:
Breakwater may interfere with expansion of project? Possible, though if there is sufficient space
between Marina and breakwater then could possibly expand.

Amy Ford: To have the expansion would need to expand into the water, not along the shoreline.

G&O: Breakwaters are typically constructed of rock or sheetpile.  Noted that there is a need for
clear navigable water clearance for 50 feet.

Darrell: Needs water greater than 10 feet deep. Darrell’s boat has a draw of 3 feet.  Emphasized
need to have enough room for two boats to pass each other.

Expansion trade-off issue: Breakwater could help one issue (slow flow for boaters and give
enough room for expansion).  But current expansion relies on Corps permit for slack-water.



Opening up to flow may change ability to expand. Because it is a slack-water system then
expansion may be approved by Corps.  If open it then you could lose ability to expand because it
has current.

Other Issues:
a) Currently it is a static system.  No issues with silt, etc.
Amy:  Concerns about the ice; debris; spring runoff; sediment if it is opened.

b) Boat Usage timing:
 According to Darrell: Winterize in November and head back out in March.

c) Nathan: Brings up question of cost-analysis.  When is there a trade off between the breakwater
and rebuilding/expanding Marina to accommodate new flows?

Discussion of back-eddy current: back eddy that is on the east-side comes down
clockwise and goes out along shore.

Amy Ford: Have 100 slips in the Marina and it is full. Marina present since 1989/1992.

Darrel also asked about the fact that families like to enjoy the east-side slack for swimming and
the impact to recreation?

Recreational Use: Potential for recreation under open scenarios.

Wake boarders – one of the only local areas for wakeboarding.  The tournament is in July.
Phil thinks they use it March to September.  Table discussion until have wake-boarders
present.  Phil suspects fewer wake boarders out there then used to be due to conditions

Kayaks – would like to be able to have access to get through between the two sides.
*Water velocities desired? Less than 4 mph – but doesn’t expect to get this speed with
opening unless flooding occurs.

Fishing – potential for bank fishery if opened up causeway.  Lost the Ringold fisheries; Yakima
has potential for more Salmon fisheries for March thru October.

Walleye Fish: Impact on warmwater fishing availability as well.
Impact for bank fishery for Spring Chinook and Fall Chinook.
What about bow fishing for Carp needs?

Recreation: Improve both access and quality of recreation; Passive recreation opportunities
(e.g., bird watching, hiking, etc.)

Note: City of Richland would like to discourage ice-hockey in this area.

Mosquito Control Board: Flood water Mosquito species: If standing water is present for 4 days,
there is no benefit.  F.W. Mosquito occurs with high organic content and high water temps. Can’t
eradicate species.  Columbia River fluctuates frequently and see changes in mosquito amounts
with fluctuations.  The egg can live in the soil for 7 years then add water and the eggs hatch off.
This species does not really carry West Nile Virus.



For F.W. Mosquitos: drawdowns result in multiple layering. Fluctuations could result in
more hatchlings and multiple flood events could result in multiple hatch-offs.  Mosquito
control board wants to decrease stage changes.

Is it purely water stage or other factors with F.W. Mosquitos?  Water temp. is also a
major factor.  Kevin to get Becca a water temp threshold. Mosquito Control Board cost:
$100,000 to spray in the delta area.

Spraying mostly corn with bacteria.  Have West Nile Virus in Benton County – cases
seen August 21 to August 28.  3-15 day incubation period.  Control Board gets news 6
weeks after infection typically.

Noxious Weed Control – BCD to check with Noxious Weed Control Board. Common Reed
issue if opened up the causeway?

KID (Seth):  No issues at present.  No diversions impacted.  But K.I.D. vested interest in project.

Seth for Integrated Plan: Would like to make sure that the project proceeds and without
damaging any primary stakeholders.  Mentioned: With integrated plan the project ranked high
with strong interest.

Becca wrapped up with discussion of major points for each group as well as timeline for project.

Meeting concluded at 8:30 pm.



Bateman Island Causeway Modification Conceptual Design
Stakeholder Meeting at Kennewick Ranch and Home

Kennewick, WA

March 16, 2015

Presenting/Supporting Attendees:
Derek Stuart (Northwest Hydraulic Consultants), Barry Baker (Gray & Osborne),
Rebecca Wassell (Mid-Columbia Fisheries Enhancement Group), Rachel Little (Benton
Conservation District), Marcie Appel (Benton Conservation District)

Stakeholders:
Seth Defoe – Kennewick Irrigation District
Joe Schissel – City of Richland
Phil Pinard – City of Richland
Max Conner – Recreational kayaker
Rich and Linda – Coastal Conservation Association members
Amy Ford – Marina Owner
Nathan Grimm – Angler, fishery interest

Background included on meeting agenda:
Modifications to flow dynamics in the Bateman Island area are proposed to enhance
fisheries with the following objectives:

1. Reduce predation on outmigrating juvenile salmonids;
2. Reduce predation on rearing Fall Chinook in the Delta area;
3. Reduce maximum temperature experienced in the Yakima River thalweg; and
4. Maintain clear, distinct cue for upstream migration.

The successful project outcome will improve salmon habitat while accommodating
human use in the Bateman Island area.

Stakeholder concerns captured at September 23, 2014 meeting:
· Creation of current within 50 feet of marina
· Reduction of slackwater recreation options west and east of causeway
· Creation of access for kayaks all the way around the island
· Debris/sediment in marina
· Current velocities around the island <4mph
· Reduction in area of exposed mud flats/standing water to reduce mosquito

populations
· Increased bank fishing opportunities
· Impact on hiking and birdwatching

Review of preliminary alternatives & modeling results:



Derek Stuart presented the results of modeling flow and temperature under breach
scenarios.  At this meeting, the model results did not incorporate sediment movement
(this was added in the next model runs).
For summer, the factor determining how much of a temperature benefit can be gained
from flow is how much of the flow will be from the cooler Columbia River.

Under the full breach scenario, the base velocity within the marina is 1 knot.  The worst
case velocity (in 2012 or 2014) would have been about 3 knots.

Discussion of effects on stakeholder use and solutions
Full breach not needed to achieve much of the water temperature benefit

1.  Need to capture the flows for the 580 ft breech and show how the flow for 580 ft
compares to the 260 breach.  Modeling Results are available and we can send them to
stakeholders.

2.  Boats longer than 30 feet (in a 50 foot fare-way) have difficulty as there is a current
that creates difficulty with docking navigation; Can’t come in any faster than ½ knot.
Boat is 12 feet wide and coming in across a current at half a knot run risk of boat damage
($100,000 boat).  Owner is concerned about impacts on docking safety with increased
flow as the alleys are narrow. Change in velocity would affect floatation.

Possible Solution:
a. Hook shaped breakwater.
b. Widen fairways to what they have at clover island (75-80) feet.
Concrete pilings, revamp gangways, change the landside, change in leases
(DNR and Corps).  Utility costs, water, fuel, electricity, relocation issues
for tenants while under construction

3.  Access to the island and maintaining it?
a. The City staff present affirmed the desire to maintain access to the
island.
b.  Fire equipment access and need to be able to reach people on the
island.   If can’t reach people then need to cut off people access which is
not a favorable option

4.  Columbia Point Marina has netting to prevent trash in the Marina, safety concern for
the kayaks as they can get pushed up against the netting and trapped.  Kayakers want to
make sure that something similar won’t be installed at this Marina.

5.  Discussion that mobilization of material would not settle out within the marina and not
expect needing a net.  Would the new flow be enough to blow out sedimentation on the
main public dock to the east of boat ramps (4 ft deep now)?  That is a question of the
characteristics of the sediment under the dock and is likely sand not fines so take more to
push it out.



6.  Question by KID – do the results show that the 4 objectives are met?
Yes.  Likely full breach still has a greater benefit but the half breach also meets
the objectives.

7.  Nathan brought up effect of what about a low water year like 2015?   We may need to
look into this for more robust modeling.

8.  Can the breach be navigable by boats?
The breaches modeled included removal of 15 to 20 feet vertical from the top of
the existing causeway and a slope of 2H:1V which would result in a trapezoid
cross section.  For the 260 breach this would result in a 180 foot wide channel.

Removal or opening of the causeway in a manner that allows boat passage can
create issues with boats cruising through and having wake impact on the Marina
boats.  Impacts of boats moving through breach can make wake on the Marina.  Is
it possible to make it a no wake zone.  This may be a negative impact on the wake
boarders as they are concerned about a no wake zone.

9.  Make sure that out migrating juveniles don’t get stuck into an eddy that will trap them.
Maybe guide outmigrants with wing walls.  Want to make sure that in trying to help, we
aren’t creating another problem. (Nathan’s comment)

10.  Be aware of eddies for safety of the swimmers in the back water area.

11. Where does the City of Richland stand in this argument? Don’t know as a lessee what
are the rights and responsibilities?

Wrap Up of Meeting.
By May and June:  look at the final drafts of what a breach may look like.

The city’s main concern is their lease holder.

Amy’s concern for timeline:  5 years is suggested as a timeline by Becca.  But not
firm.

Send drafts of engineered designs to stakeholders prior to having a Q&A meeting.
Then hold another round of meetings to look at engineered drawing options.



APPENDIX G

STAKEHOLDER REVIEW RECORDS



Bateman Island Fisheries Objectives Meeting 
August 27, 2014 

9AM – 1PM 
Ben Franklin Transit Headquarters 

Richland, WA 
 
Time  Item  Outcome 
9am – 9:15am  Introductions, if needed   
9:15am – 
10:15am 

Review and discussion of assessment   Shared understanding of work 
accomplished to date 

10:15am – 
10:30am 

Break   

10:30am – 
11:00am 

Identify specific fisheries objectives for 
changes to the Delta area (e.g. reduced 
predation on outmigrating smolts) 

List of fisheries – focused objectives  

11:00am – 
11:45am 

Describe known data and data gaps that 
relate to each objective 

 How could gaps be filled? 

Thorough description of what we know 
and what we don’t for each objective. 

11:45am – 
12:00pm 

Break   

12:00pm – 
12:45pm 

Shape objectives into measurable 
criteria by which causeway modification 
alternatives can be compared 

List of measurable criteria that can be 
used to determine whether causeway 
modification alternatives meet fisheries 
objectives. 

12:45pm – 
1:00pm 

Conclusion   
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Bateman Island Fisheries Objectives Meeting 
Wednesday, August 27, 2014 

Ben Franklin Transit Headquarters, Richland, WA 
9AM – 1PM 

NOTES 
In attendance:  

Rebecca Wassell, MCFEG; Rachel Little, BCD; Marcie Appel, BCD; Sean Gross, NMFS; Alex Conley, YBFWRB; 
Richard Visser, USFWS; Eric Bartrand, WDFW; Mike Ritter, WDFW; Dave Fast, YN; Geoff McMichael, Mainstem 
Fisheries Research.  On the phone for the first hour: Robyn Redekopp, Meridian Environmental, Inc.  

Discussion on previous modeling work: 

Concerns about validation on flow, temperature, DO 

Did model account for large eddy at abutment of I‐82 bridge?  Probably – the bridge was the boundary 
of the model – will impact flow behind island 

Could we look at a greater range of dates – need to identify cusp dates – relate to Kiona at 73 or 74 F 

There would be value in getting spatial distribution of temperatures on one particular day 

Model will never be perfectly predictive – will tightening the model change the management direction? ‐
‐ Robust predictions may be necessary for communication with the public 

What amount of change is feasible? 

Management decisions are made with best available information 

Do we have a problem that needs fixing?  Project has not established that there is a migration problem. 
Present conditions allow fish to thermoregulate. Alterations may pull fish into unfavorable area. 

Fish Objectives: 

1. Increase return rate, survival and spawning success of adult steelhead, summer chinook and sockeye 
salmon in the Yakima River.   

a. Shorten the duration and spatial extent of thermal barrier at the confluence of the Yakima & 
Columbia Rivers …Where and when do you want the block to be? Do we know where and when it is 
now?  What is temperature gradient from river down to confluence? 

b. IS there significant warming BECAUSE of the causeway? Can we reduce the peak of any warming? 
c. Would slowing particle travel time lead to increased smolt mortality? 

i. How real are travel time estimates? 
ii. Travel time concerns should be tempered by closer proximity of cool Columbia River water. 

d. Slow, warm areas may contribute to production – offer areas where rearing fish may grow fastest 
e. Look at McNary Detection time and Prosser time for returning adults for summer and fall chinook 

(sockeye are not PIT tagged); identify temperatures where fish are moving; collect temperature 
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profile on days when fish are likely to be moving. Use sort by code, place acoustic tag in fish headed 
for Yakima, and see what fish do on their way back.  Existing literature offer details on bio costs of 
holding. 

f. This can impact Spring Chinook in hot, dry years.  2012 and early 2013 were cool years. 
g. Changes in holding conditions – east or west side of Bateman 
h. Temperature/behavior – Clearwater – fish follow the cool water in the water column 
i. Working to figure out whether this could make a difference for adults 

 
2. Juvenile salmon 

a. Reduce predation on outmigrating juvenile salmon and steelhead 
i. Delta area is an early nursery for bass, walleye population is on the increase 

1. Potential benefit of having flowing water through area to reduce recruitment of 
walleye, possibly reduce suitability for smallmouth bass 

2. Can effectively reduce smallmouth bass populations through redd disturbance  
ii. Late 1990s study indicated that reducing temperature in lower Yakima by 2.5 C would can 

reduce predation by 23% (Geoff McMichael) 
b. Reduce predation on rearing Fall Chinook  (Columbia and Yakima) 
c. Decrease travel time through an area of presumed high predation and warmer water temperatures 

i. Don’t know current travel times 
d. Risk of helping predators – making signal of Yakima more diffuse, harder to navigate 

3. Reduce fish predator abundance – fall/winter 
a. Bass/walleye/catfish –nursery and overwintering  
b. Reduce extent and suitability of nursery and overwintering habitat for non‐native predators 

4. Reduce rates of fish predation – spring 
a. Complex ecological interactions 

i. If bass remain and juvenile carp abundance decreases, could that lead to increased 
predation on juvenile salmonids? 

5. Reduce or don’t increase rates of bird predation 
a. Terns prey on rearing fall Chinook 
b. Bird predation rates relate to water depth 
c. Spring chinook and steelhead more susceptible to avian predator than falls 

i. Falls tend to travel deeper in water column 
ii. If fish follow cold water, they will be lower in column as warm water on top 

 

Discussion:  

Need to assemble fish data that are available, determine whether available data are sufficient 

Criteria should include potential negative impacts 

If looking to “restore” migration dynamics to pre‐alteration, then blocking off the Delta might be 
appropriate 
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Entire Yakima River system is highly managed/artificial  

Is thermal barrier a speedbump on the way to spawning grounds or a wall that we might move but fish 
can’t overcome?  

Dredging can be part of an alternative  

Toward the end of the meeting the assembled group was polled for their opinions on whether the project 
warrants further work.  Group members had expressed concern about the continued investment of salmon 
recovery funds into assessment and modeling, and the project partners wanted to know whether the group 
would rather see the project end and the remaining funds returned.  The group members responded as 
follows : 

If we’re only looking at fish migration, project may not be compelling.  Rearing, life history of juveniles 
still interesting. 

Potential implications for nursery habitat for non‐native predators – interest in exploring ideas for 
negatively impacting habitat for smallmouth bass/walleye/catfish. 

Investment to date warrants further investigation, and will allow for a better informed decision. 

Desire to see this through to the design of realistic options (cost, spatial feasibility) 

Could be a lot of restoration potential here – worth determining if there’s a real project to be done.  
Need a thorough literature review/data synthesis for relevant metrices. 

Project is being thoroughly discussed, evaluated.  Need to document discussion. 

Is there enough room to accommodate marina needs and maintain flow along southern side of island? 

 

The meeting closed with the drafting of a matrix that could be used to evaluate causeway modification 
scenarios.  The matrix is found on the last page of these notes. Discussion on the matrix included: 

 What is relative importance of outcomes?  How are they weighted?  Are there species with more 
weight? 

Data sources:  small sample size for Roza study,  

Predation – abundance/concentrations of predators, rate of feeding (temperature), creating separation 
between predators/prey, alternative food sources 

Metrices for returning adults – degree‐days/temperature units, overshot rates (steelhead currently 10 – 
12 %), increase return fidelity to Yakima 
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The meeting concluded at 1PM.  The project partners (MCFEG and BCD) met to discuss next steps the 
following week.  They agreed on the following: 

1. Marcie Appel will work on displaying the maximum temperatures experienced at Kiona, the maximum 
temperatures experienced in the Yakima thalweg as it approaches the Columbia, and the differences 
between the two.  She will then work with the contracted hydrologist to display how the model predicts 
that difference might be impacted by changes in flow around the island. 

2. Becca Wassell will work with the contracted fish bio to correlate adult returns and smolt outmigration 
with temperatures, and to address the question of whether predators can be negatively impacted 
through managed flow. 

3. Outstanding questions include:  How can we optimize conditions for target species?  Who would 
manage logistics of any proposed flow management? 
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Draft matrix of criteria for evaluating proposed changes in the Bateman Island area.  8/27/2014 
Juveniles  Reduce 

predation on 
early 
outmigrating 
salmonids 

Reduce 
predation on 
late 
outmigrating 
salmonids 

Reduce 
predation on 
rearing Fall 
Chinook 

Impact on 
salmonid 
rearing habitat

Rate of avian 
predation 

  Certainty/ Data 
needed 

               
               
               
               
               
               
Adults  Reduce 

maximum 
temperature 
experienced in 
the thalweg 
between Delta 
and upstream 
location  

Maintain clear, 
distinct cue for 
upstream 
passage 

        Certainty/ Data 
needed 

               
               
               
               
               
               
 

 



Bateman Island Causeway Modification 
Fisheries Technical Advisory Group 

Monday, March 16, 2015, 10am to noon 
415 Wine Country Road, Prosser, WA 

AGENDA 

Modifications to flow dynamics in the Bateman Island area are proposed to enhance fisheries with the 
following objectives: 

1. Reduce predation on outmigrating juvenile salmonids; 
2. Reduce predation on rearing Fall Chinook in the Delta area; 
3. Reduce maximum temperature experienced in the Yakima River thalweg; and 
4. Maintain clear, distinct cue for upstream migration. 

10am – 10:10am  Introductions   

10:10am – 10:20am  Review of tasks from last meeting 

• Longitudinal profile of temperatures 
• Delta delta 
• Correlate adult returns and smolt outmigration with 

temperatures 
• Address question of whether predators can be negatively 

impacted through managed flow 

Becca 

10:20am – 10:40am  Update on predation studies  Geoff 

10:40am – 11:10am  Presentation of modeling results  Derek 

11:10am – 11:40am  Discuss significance for salmonids in context of decision matrix  Becca 

11:40am – noon  Refinement of alternatives  Barry 

  Project next steps 

• Reach survival work  ‐‐ do we need to collect temp data 
to allow for correlation between ADH and smolt 
movement? 

 

 

 



Draft matrix of criteria for evaluating proposed changes in the Bateman Island area.  8/27/2014 
  Juveniles  Adults   
Options: 

 
Alternative: 

Improves function 

Allows potential function 

Neutral/no change 

Reduces potential function 

Eliminates function 

Unknown 

Reduce 
predation* 
on early 
outmigrating 
salmonids 

Reduce 
predation* 
on late 
outmigrating 
salmonids 

Reduce 
predation* 
on rearing 
Fall 
Chinook 

Impact 
on 
salmonid 
rearing 
habitat 

Impact on 
rate of 
avian 
predation 

  Reduce 
maximum 
temperature 
experienced 
in the 
thalweg 
between 
Delta and 
upstream 
location  

Maintain 
clear, 
distinct 
cue for 
upstream 
passage 

Certainty/ Data 
needed 

                   

 
 
 

                 

                   

                   

                   

                   

 



Bateman Island Causeway Modification 
Fisheries Technical Advisory Group 

Monday, March 16, 2015, 10AM to 12:30PM 
415 Wine Country Road, Prosser, WA 

In attendance: Paul Hoffarth, Eric Bartrand, Michael Porter, Rebecca Wassell, Sean Gross, Alex Conley, 
Geoff McMichael, Rachel Little, Mark Nielson, Mike Ritter, Marci Appel, Barry Baker, Derek Stuart, Cathy 
Reed, Laine Young 

1. The meeting began with a review of the project’s objectives: 

Modifications to flow dynamics in the Bateman Island area are proposed to enhance fisheries with 
the following objectives: 

1. Reduce predation on outmigrating juvenile salmonids; 
2. Reduce predation on rearing Fall Chinook in the Delta area; 
3. Reduce maximum temperature experienced in the Yakima River thalweg; and 
4. Maintain clear, distinct cue for upstream migration. 

 
2. The group then reviewed the tasks from the last TAG meeting: 

• Longitudinal profile of temperatures 
• Delta delta 
• Correlate adult returns and smolt outmigration with temperatures 
• Address question of whether predators can be negatively impacted through managed flow 

 
3. Geoff McMichael gave an update on predation studies: 

• Northern Pikeminnow probably dominate predation in Yakima R from Prosser Dam and 
upstream; Smallmouth Bass probably dominate from Prosser to the mouth, and from the mouth 
to McNary (but that’s speculation at this point). 

o Spring sampling, May ‐ June 
• From 2000‐2010 change in NPM catch from 5 fish/day, now over 7 fish/day 

o Increased catch per unit effort 
• Harnish et al 2014 = 200 acoustic tag wild fall Chinook, arrays from Hanford Reach to Bonneville 

o 70% mortality juvenile PIT from Hanford Reach to McNary 
o 50% mortality juv acoustic from Hanford Reach to McNary 
o Tagged 1st week of June 
o Through next several dams, about 28% survival to Bonneville 
o Juveniles move more quickly through free‐flowing areas immediately below dams 
o American shad as additional prey base, have created fall “smolt” resource for predators 

• Upcoming study in spring 2015 – 100 acoustic subyearling Chinook 
o Collect at Chandler, release in Benton City 
o Receivers at downstream of Benton City (bunny nose), above & below Wanawish, golf 

course, 240 bridge 
 Above turn off to mudhole, inside mudhole, northern tip of Bateman Island 



 Also 3 across Columbia near outlet of swale 
• Will use walleye larval sampling gear (bongo nets) in delta area 

o Determine when/whether predator spp larva in delta 
o Walleye probably spawn around early to mid‐April 

• Also will look at predator fish (smallmouth & walleye) stomach contents 
o ODFW to do northern pikeminnow 

• Saltonstall‐Kennedy pending funding (McNary to Priest Rapids) 
o Reducing freshwater predator loss of juvenile upriver brights in McNary pool/Hanford R 
o Consumption rates/stomach & gut contents SMB, NPM, WAL, channel catfish 
o ID of spawning areas of SMB, WAL, NPM with combo of radio/acoustical tags 

• Objectives – is predation loss to fish or birds? 
o Eventually look to identify & prioritize actions that would reduce predator # 
o Potential opportunities 

 Flow management during spawning 
• Published lit on SMB nest failure 

 Reduce recruitment success 
• Flow management during critical early life stage 
• Low velocity water that warms quickly as nursery 

 If drop McNary pool, even within 5 ft range, can flush water out of Delta 
• Lower flow out of Priest 
• Will also affect Casey Pond 
• Walleye lifespan 12 years 
• Create an attractive spawning area then flush out or leave high & dry 
• 24 hour drawdown might be late April or into May 

• Data gaps 
o Who are the predators? 
o Where are predators vulnerable 

 Adults/spawners 
 Larval or 0‐age fish 

o Intern opportunity – looking through fish larvae to id walleye larval recruitment ; 
sampling begins in mid‐April 

 

4. Derek Stuart, with Northwest Hydraulic Consultants, presented the results of hydrodynamic 
modeling.  Results are displayed in the attached presentation, and summarized below. 
• 3 models used 

o HecRAS, AdH‐2D vertically averaged model, CE‐QUAL‐W2‐2D, horizontally averaged 
(commonly used for reservoir models) 

o Models calibrated to data in years ‘09, 11, 12, 13, 14 
o ALT 1 – no change 
o ALT 2 – blocked off mudhole 



o ALT 3 – full causeway removal 
o ALT 4 – swale 
o ALT 5 – (260’ breach) ½ causeway removal 
o ALT 6 – (130’ breach) ¼ causeway removal 
o ALT 7 – (200’ breach) partial causeway removal 
o Causeway width modeled to be wider at the top, with 2:1 slope coming in 
o Spring = March thru end of May 
o Summer = June thru September 

• Both 2012 and 2014 are high flow Yakima years – good years for smolt outmigration 
• Lower the Yakima flow, the greater the Columbia River influence 

o With smallest breach, less frequent CR water around BI (only when YR water flow is < 
3000 cfs) 

o Not much of a temp diff btwn ½ breach & full breach 
• Results based on data at northern tip don’t demonstrate delta warming above what is caused by 

solar radiation (meaning, we do not seem to see an impoundment effect at the northern tip of 
Bateman Island), but breaching & moving Columbia River water around the island would cool 
the delta 

• Scenario 6, the breach at the northern end of causeway, would create a back eddy (predator 
haven & boat danger), that appears larger than the eddies simulated in the other scenarios. 

o Note: There are eddies in all three of these scenarios.  The extent of the eddie is larger 
in Scenario 6 due to the fact that there is more channel width to the south of the 
breach.   

• Sediment sampling with gust chamber 
o Helps to calculate how much erosion at different sheer stresses 
o Estimate of time required for full erosion of sediment 7 days to 784 days 
o When mud has scoured out, the depth of channel will be deeper, and flow around BI will 

increase. 

 

5. Meaning in relation to fisheries objectives 
• Concern about attracting returning adults to warm water west of island.  July migration – 

concern about fish encountering warm water 
• If much of predation loss is occurring directly around Bateman Island, then introducing flow 

around the island is substantial.  If not, then it’s not.  Pulsing the Columbia River flow in and out 
of the area may have positive impacts on reducing predator populations. 

 

Reviewing in relation to objectives: 

1. Reduce predation on outmigrating juvenile salmonids; 
a. Allowing flow around the island has the potential to reduce predation. 



2. Reduce predation on rearing Fall Chinook in the Delta area; 
a. Allowing flow around the island has the potential to reduce predation. 

3. Reduce maximum temperature experienced in the Yakima River thalweg; and 
a. Allowing flow around the island would reduce the maximum temperature experienced 

in the Yakima thalweg by introducing Columbia River water. 
4. Maintain clear, distinct cue for upstream migration. 

a. Not a clear answer: % of Yakima river discharge moving around the island?  At any given 
moment, what percent of flow would be Yakima and what would be Columbia? 

b. Would there be confusion between Yak fish and other fish? 
i. Genetic similarities with Deschutes. 

Discussion: 
 

• The project is looking compelling for improving salmon conditions.   
• Have we looked at invasive plants?  This would improve DO conditions. 
• Are all of our conclusions assuming that the predation problem is real?  Are we waiting on 

results of further work? 
• Does marina contribute to predator habitat? 

 
6. Alternative refinement: 

• Potential to use vertical energy dissipation instead of lateral? 
• How would on/off dynamics impact wakeboarding? 

 
Need to look at size and location of breach.   

• 260‐ft opening appears to have similar effects to full breach.  Offers cost benefits while 
giving similar fish benefits.    Is there something in between that would be “good 
enough”?  What does the 260‐ft alternative look like if you shift it north? 

Managed flow?  Do we still want to pursue that?   
• Tide gate‐type structure? 
• Sounds expensive and would require active management 
• Flow management between the rivers would get at that 
• Advantages for wakeboarders and marina 

Impacts on other users? 
• Breakwater scenarios 
• Relocation of marina ‐‐ expensive and difficult 
• Purchase the marina – how would cost relate to breakwater or other concerns 

o Would also impact City of Richland for lost lease payments 
• Shifts in the marina and how it’s used over time 

o Are there incentives to change the marina?  Change the size/type of boats 
accommodated? 
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Regulatory Planning
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Tel  206 522-8282    Fax  206 522-8277    www.meridianenv.com

April 20, 2015

Craig Cooper and Barry Baker
Gray and Osborn, Inc.
3710 168th Street, Building B, Suite 210
Arlington, WA.  98223

Subject:  Bateman Island Causeway Modification

Dear Craig and Barry:

Enclosed for inclusion in the draft Bateman Island Conceptual Design Report is Appendix H,
Regulatory Steps.  This includes the requested permit matrix along with an explanatory narrative.

Sincerely,
Meridian Environmental, Inc.

Joan Nichol
Environmental Planner

cc: Letter Report
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Bateman Island Causeway Modifications
Appendix H: Regulatory Steps

Alternative causeway breeching approaches have narrowed significantly during the study process.  The
approaches reflecting a measurable benefit for fisheries are generally similar from a permitting
perspective.  Differences may emerge as the design is refined and specific locations and timing of
impacts become clearer.  At this stage, we can summarize the likely regulatory scenario as it pertains to
current causeway removal approaches.  Generally, this approach assumes that Bateman Island itself will
be minimally affected, with some limited construction staging occurring here and modifications to
improve emergency vehicle access.  Additional evaluation will be needed if the selected alterative
includes a breakwater or other measure related to marina use.

This letter report is organized by federal, state and local processes, followed by a table summarizing
expected steps (Attachment 1).

Federal Approvals

NEPA:  The proposed action that could trigger compliance with the National Environmental Policy Act
(NEPA) will be construction staging on Corps of Engineers (Corps)-administered shoreline property.  A
real estate instrument, expected to be a Short-term Real Estate License, will be required for use of the
shoreline in the City of Richland that is under Corps jurisdiction.  The required NEPA approach is
expected to be the most abbreviated, a Categorical Exclusion.

Endangered Species Act:  Consultation under Section 7 of the Endangered Species Act (ESA) will be
required with both National Marine Fisheries Service (NMFS) and the US Fish and Wildlife Service
(USFWS), collectively referred to as the Services.  Causeway modifications may fall within a
Programmatic Biological Assessment (BA) entered into between the Services and the Corps of Engineers
(Corps) for Restoration Actions in Washington State (Corps 2008 as revised).  The proposed action will
likely fit within Category 9, Debris and Structure Removal, which is intended for the removal of
manmade structures from freshwater habitats.  Project information will be submitted to the Services
describing the proposed action.  If its effects would vary from those identified in the Programmatic BA,
detail on these would be provided.  This submittal is expected to be a Biological Opinion Coordination
Document instead of a Biological Assessment.

Clean Water Act: Section 404: Activities within jurisdictional shorelands and in navigable waters trigger
review under Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbor Act, both
administered by the Corps.  Causeway modifications are expected to fall within the criteria of
Nationwide Permit No. 27 for Habitat Restoration, Establishment and Enhancement Activities.  This
streamlined review process typically does not trigger an individual NEPA evaluation because the types of
actions authorized are programmatically considered to have minimal adverse effects.
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State of Washington

State Environmental Policy Act: Request for a state or local government decision will trigger an
environmental review under SEPA.  Such a request could be a Shoreline Substantial Development Permit
from the City of Richland, a Hydraulic Project Approval from the Washington Department of Fish and
Wildlife (WDFW), or an Aquatic Lands Use Authorization from the Department of Natural Resources
(DNR).  To date, the DNR has expressed a willingness to be the SEPA lead agency.  When a project
approach is confirmed, the steps and timeline will be refined with the DNR, including public involvement
plans.  It should be noted that this project is likely exempt from SEPA compliance with WDFW
confirmation that it meets criteria as a Fish Habitat Enhancement project (see HPA below).

Hydraulic Project Approval: This application is a component of the state’s Joint Aquatic Resources
Permit Application (JARPA) process, and in the case of this project, will include an additional form called
the Application for Streamlined Process for Fish Habitat Enhancement Projects.  To qualify, a project
must meet certain criteria, two of which are removing manmade fish passage barriers and being
sponsored by a watershed restoration group.  If WDFW confirms this eligibility, the project will be
exempt from SEPA, the Shoreline Management Act and other local government reviews and fees.

If other aspects are added to the project, such as modifications to the marina or construction of a
breakwater, these elements would be reviewed under standard HPA criteria and the described
exemptions would not pertain.

Aquatic Use Authorization:  This application is a component of the state’s JARPA process through which
the DNR will enter into an agreement for the use of state-managed aquatic lands.  These include the
causeway and proposed modifications which will occupy state-managed aquatic lands.

Clean Water Act:  Compliance with the federal Clean Water Act is administered by the Washington
Department of Ecology (Ecology).  Section 401 of this act will be required to document that the project
will be consistent with state water quality standards during construction and upon completion.  This is
one component of the JARPA.  If the Corps confirms that the project is eligible for Nationwide Permit
No. 27, Section 401 will be required only if disturbance exceeds 0.5 acres.  If an individual certification is
required, submittal components include a stormwater management plan and a water quality mitigation
plan.

Modification of State Water Quality Standards: Instream work may temporarily exceed state water
quality standards for turbidity and approval to exceed this standard may be requested from Ecology.

National Pollution Discharge Elimination System (NPDES):  The need for this permit will be determined
when construction plans are more advanced and if they show that 0.5 acres or more of upland will be
disturbed during construction.  It is intended to reduce waterway pollution from non-point sources, such
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as erosion from exposed banks.  Ecology will confirm consistency with NPDES requirements, which
include a Stormwater Pollution Prevention Plan.

Local Approvals

Shoreline Substantial Development Permit:  Under the City of Richland’s Shoreline Master Program
(SMP), Bateman Island is designated as Recreation Conservancy and the adjacent City shoreline is
designated Recreation.  Minimal modifications would be allowed to the Bateman Island shoreline
character, while in areas designated as Recreation, high degrees of modification are allowed.  The City’s
initial review will be triggered by submittal of the JARPA and it will determine if the project is
substantially consistent with the SMP.  One consistency criteria allows modifications to aquatic habitat
for restoration or if it “corrects a past shoreline modification that disrupted natural stream geomorphic
conditions and adversely affected aquatic or terrestrial habitat”.

Other than an initial consistency review, the requirement to obtain this permit would be waived if
WDFW concurs that the project meets criteria for the streamlined process for Fish Habitat Enhancement
Projects.  One question to clarify in a subsequent design phase is what effect being designated a fish and
wildlife Habitat Conservation Area under the City’s Sensitive Area Ordinance has on the City’s shoreline
consistency review since by definition, fill is restricted.

Sensitive Area Ordinance (City of Richland):  Bateman Island and upstream portions of the Yakima River
are identified as “Priority Habitat and Species” in the City’s Sensitive Area Ordinance (Section
22.10.170).  Critical habitat includes a burrowing owl nest site and a palustrine wetland on the island
and inwater habitat for salmonids.  One provision of the ordinance states that ..”alteration of habitat
and/or their buffers may be permitted by the department subject to the following standards:  (1) Critical
Habitat:  Alterations of critical habitat shall be avoided, subject to the reasonable use provisions of this
chapter.”  “Reasonable use provisions” aren’t clearly defined, but there are numerous performance
standards listed that are typical construction best management practices.  When more detail is available
about construction approaches and timing, reasonable use is something to be clarified by the City if the
project could affect priority species or their habitat.

Floodplain Development Permit:  The causeway is within a mapped floodplain and therefore would be
reviewed by the City to ensure channel flood capacity is not diminished.  Grading and filling information
should be provided to the City.



Attachment 1: Permits and Approvals Expected for Bateman Island

No.
Permit/

Approval Agency Permit Trigger Information Required/Prerequisites
Design Stage for

Submittal Review Time
1 State Environmental Policy Act

(SEPA) Declaration of Non-
significance (DNS) or Mitigated DNS

DNR or
City

Request for a state or local government
decision triggers an environmental review;
exempt if WDFW determines it meets criteria
as Fish Habitat Enhancement project

Submit checklist at 30% design stage.  Describe current site conditions, habitats and resources;
describe effects of project and measures to minimize effects.  The Project appears to be eligible
for a SEPA exemption as a Fish Habitat Enhancement Project (RCW 77.55.181).  This also
requires local government to determine that project is substantially consistent with its SMP.

30% design Depends upon approach;
assume 9-12 months
unless exempt

2 National Environmental Policy Act
(NEPA) Categorical Exclusion or
Environmental Assessment

Corps Occupancy or alteration of real estate owned
by Corps, including a short-term lease for
construction staging

Construction staging expected to require a Short-term Real Estate License for use of Corp
property.  This will be evaluated under a NEPA Categorical Exclusion.

Concept to 30%
design

2.5 - 3 months

3 Endangered Species Act Section 7
Biological Assessments; or
potentially a Biological Opinion
Coordination document

NMFS Presence of listed anadromous fish or their
essential habitat in project-affected area

Evaluate the effects of project construction and implementation on ESA listed species and their
designated critical habitat.  If the project design meets certain criteria, it may be consistent with
a Programmatic Biological Opinion (e.g., 2008 Corps/Services Programmatic BA for Restoration
Activities) and a Biological Opinion Coordination Document would be prepared instead of a BA.

30% design 9-12 months for BA;
shorter time for
Concurrence Document
(3-6 months)

USFWS Presence of listed resident fish, wildlife or
plants or their essential habitat in project
affected area

4 Clean Water Act Section 404 (likely
a Nationwide No. 27);  Section 10
Rivers and Harbors Act-

Corps Disturbance of jurisdictional shoreline or
wetlands; Section 10 triggered by work within
navigable waterways

A component of the JARPA.  Nationwide Permit (NWP) No. 27 (aquatic habitat restoration and
enhancement) requires (1) enhancement or restoration agreement with plans and map; (2)
report on baseline conditions; (3) consent of land owners.  Complete JARPA including project
description, amount, type and reason for dredge or fill material; habitat description; current
land uses; measures to avoid effects; identify affected property owners; construction methods;
delineation of affected wetlands; cultural survey results

60% design For NWP 27: 30-45 days

5 Shoreline Substantial Development
Permit

City Disturbance within 200 feet of Yakima River
and improvement valued ≥ $2500; exemption
possible with WDFW approval

Initial review uses JARPA form.  Requirement would be waived as a Fish Habitat Enhancement
Project (RCW 77.55.181).  This requires local government to determine that project is
substantially consistent with its SMP.

60% design 120 days if required

6 Richland Sensitive Area Ordinance City Disturbance within Bateman Island area that
is designated by WDFW to protect Priority
Habitat and Species

Project area is identified by WDFW as a Biodiversity Area supporting habitat for burrowing owl,
Chinook, coho, bull trout, rainbow and steelhead trout, and palustrine wetlands.  Assess effects
on these habitats if the project would affect them.

30% design

7 Easement for use of aquatic lands DNR New or modified structure on state owned
submerged land

Complete Attachment E of JARPA, provide location map and legal description 60% design 30-60- days

8 Hydraulic Project Approval WDFW Activity that affects natural flow or bed of
waters of the state.

Component of the JARPA. Submit at 60%+ stage when inwater work timing is clear and extent of
disturbance is established.  Complete Fish Habitat Enhancement Project form for streamlined
process exempting it from SEPA, local permits and fees.

60% design 45- 60 days

9 National Historic Preservation Act
Section 106 and State Executive
Order 05-05

DAHP Ground disturbance and/or work that could
affect a National Register eligible property.
Potentially a component of Nationwide 27 or
SEPA

Review historical and archaeological background information. Site-specific surveys required if
there is potential to affect sensitive resources.  Consult with DAHP and Tribes.

Concept design
sufficient to define
an Area of Potential
Effect

45 days +

10 Clean Water Act Section 401 WDOE Application for a Corps permit This is one component of the JARPA.  If project eligible for NWP No. 27, Section 401 is required
only if disturbance exceeds 0.5 acres.  If an individual certification is required, include
stormwater management plan and mitigation plan

60% design 1-12 months

11 National Pollution Discharge
Elimination System Permit-
Construction Stormwater General
Permit

WDOE Disturbance of ≥0.5 acres of upland. SEPA must be complete before this will be issued.  Prepare Stormwater Pollution Prevention
Plan.  Complete electronic Notice of Intent and publish public notice; then WDOE begins its
review.

60+% design 60 days

12 Floodplain Development Permit City Work within a mapped floodplain Information on grading or filling with the 100-year floodplain 30% design 60 days
Abbreviations used:  DNR- Department of Natural Resource; WDFW- Washington Department of Fish and Wildlife; City- City of Richland; Corps- US Army Corps of Engineers; USFWS- US Fish and Wildlife Service; NMFS- National Marine Fisheries Service; ESA-
Endangered Species Act; DAHP- Dept of Archaeology and Historic Preservation; WDOE- Washington Department of Ecology; JARPA- Joint Aquatic Resources Permit Application; SMP- Shoreline Master Program
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EXHIBIT A 
 

SCOPE OF ENGINEERING SERVICES 
 

BATEMAN ISLAND CAUSEWAY MODIFICATION CONCEPTUAL DESIGN 
 
The Mid-Columbia Fisheries Enhancement Group (MCFEG) and its partner Benton 
Conservation District are seeking a conceptual design of alternatives for breaching the 
Bateman Island Causeway (the causeway) to reconnect the historic channel and allow 
river flow along the south side of Bateman Island in Richland, Washington, thereby 
improving migratory conditions for steelhead and salmon at the confluence of the 
Yakima and Columbia Rivers.  An earlier phase of investigation (Phase 1) concluded that 
modifications to the causeway will improve the circulation of flow and lower water 
temperatures on the south side of Bateman Island. 
 
Work described in this scope will build on what has been completed to date to develop a 
series of causeway modification concepts that improve migratory conditions for steelhead 
and salmon.  Objectives in support of the goal include: 
 

• Determine how the Bateman Island Causeway could be modified to 
improve migratory conditions for salmonids while protecting cultural 
resources, maintaining emergency vehicle access to the island, and 
accommodating human uses in the area; 
 

• Describe how modeled changes in water quality and hydrology might 
impact native and non-native fish utilization of the Bateman Island area; 

 
• Identify how causeway modification would impact other resources in the 

areas; 
 
• Actively engage the public and other stakeholders in the design process; 
 
• Conduct preliminary outreach to appropriate regulatory agencies and 

develop a project-specific permitting strategy; 
 
• Articulate how causeway modification might proceed; and 
 
• Summarize the anticipated costs of modifying the causeway. 

 
Gray & Osborne, Inc. and its subconsultants (the Consultant Team) will provide a 
conceptual-level design report of conceptual alternatives development and 
recommendation of a preferred alternative as detailed in the following tasks. 
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TASK DEFINITIONS 
 
Task 1 – Project Management, Quality Assurance/Quality Control  
 
Gray & Osborne’s project manager will ensure timely and efficient communication with 
the MCFEG Project Manager, direct the project team’s resources, maintain the project 
schedule and deliverables, and oversee monthly billings.  Project budget, schedule of 
deliverables, and scope will be summarized at each internal QA/QC meeting (5 percent, 
50 percent, and 95 percent levels of completion). 
 
Deliverables 
 

• Monthly progress reports. 
 
Task 2 – Compile and Review Existing Data 
 
The Consultant Team will collect available biological, physical, and engineering 
information to understand existing conditions relating to the project and the basis for 
proposed modifications.  Information will include existing data collected by MCFEG and 
its partners or created by INTERA during Phase 1 of the project, historic photographs, 
historic aerial photographs, and prior studies or reports (e.g., water quality data, hydraulic 
and water quality modeling, sediment characterizations, flow and regulation of flow, 
geotechnical and geologic data, geospatial data, native and non-native fish habitat and 
population data, results from public outreach, etc.). 
 
The review of available existing conditions data will be conducted to assess the quality of 
the existing data, and to identify data gaps that will require collection or supplementation 
during focused field investigations (Task 4) for completion of subsequent tasks.   
 
Assumptions 
 

• MCFEG or INTERA will provide the data collected or created as part of 
Phase 1 of the project.  These datasets are expected to include: dissolved 
oxygen data, temperature data, the Environmental Fluid Mechanics Code 
(EFDC) model input and output, MATLAB scripts for pre- and post-
processing EFDC output, bathymetric data, sediment depth data, 
meteorological data, water-level data, ADCP velocity data, Yakima and 
Columbia River hydrology data, GIS datasets showing locations of 
samples, and the project report.   
 

• MCFEG will provide the Consultant Team with any other related data it 
may have. 

 
• The spatial and temporal adequacy of the data collected during Phase 1 

will be reviewed but the quality of the field sampling and laboratory 
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methods will be assumed to be adequate and a detailed review of those 
procedures will not be necessary.   

 
• Data review will include an assessment of the Phase 1 model calibration 

quality, but no rigorous review of the model routines or procedures is 
included in the current Scope of Work.  The results of the review of Phase 
1 work products will be communicated via a recommendation for 
additional modeling or additional data collection. 

• No formal review of existing data collection and/or QA/QC procedures is 
included in the scope of work.   

 
Deliverables 
 

• All collected data will be available to MCFEG at their request. 
 

• A memorandum identifying data gaps and data collection to be performed 
in Task 4 (Field Investigations) will be available via the project file. 

 
Task 3 – Topographic and Bathymetric Survey 
 
Gray & Osborne’s survey crew will establish horizontal and vertical control (to North 
American Vertical Datum of 1988), and acquire topographical features suitable to support 
the design and mapping of the project corridor.  The mapped corridor will extend through 
the causeway between the south shore area of Bateman Island and north shore area north 
of Columbia Park Trail from the Columbia River and west approximately 1,400 feet west 
of the causeway.  Approximate property lines will be established based on existing 
assessor maps.  Identification will be made of property addresses of adjoining properties, 
including the owner’s name based on county assessor information.  Record drawings for 
utility providers and locates provided as part of this project will be included in the base 
map.  Locates for existing utilities will be field marked prior to field survey. 
Control for survey and mapping will be established for a drawing scale of 1"=20' 
horizontal and 1"=5' vertical.  Topographic data will also include access route alignments 
to the causeway, existing culvert inverts and dimensions connecting to the water, surface 
grades, pavement edges, utilities, utility structures, major grade breaks, and in-water 
structures (e.g., marina, boat launch) and any other pertinent physical features found in 
the project corridor deemed necessary to adequately map the project area for the purpose 
of representing existing conditions and designing conceptual alternatives. 
 
Assumptions: 
 

• Gray & Osborne will be responsible for collecting topographic survey. 
 

• MCFEG will be responsible for obtaining property owner permission to 
conduct surveys on private land (e.g., within the marina).   
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• There is an area in the INTERA bathymetry that has been noted as 
“uncertain” on the south side of Bateman Island, just east of the marina at 
the confluence with the Columbia River.  If possible, this gap in the 
bathymetric data should be filled in with enough detail to update the 
hydraulic model and develop conceptual designs for the site.  Budget 
constraints prohibit a formal bathymetric survey to collect this data.  If 
time allows during the geomorphic assessment field day outlined in 
Task 4, depth soundings from the Benton Conservation District boat will 
be performed.  If that is not possible, this area will need to be corrected via 
other means.  These means may include use of a historic bathymetric 
dataset of McNary pool (if one exists) or soundings performed by Tribal 
staff or volunteers. 

 
• There is a second gap in the Phase 1 bathymetry within the marina itself.  

It is assumed that Gray & Osborne surveyors will be able to perform 
measure downs from the marina dock to calculate the elevation of the 
channel bed in this vicinity. 

 
Deliverables 
 

• Copy of electronic field data collected for the project, as well as copies of 
any survey notes, calculations, plat maps, assessor maps, etc., pertinent to 
the project. 
 

• Hard copy and electronic file of survey mapping products (plan view 
drawing of the project corridor, and plan, profile and sections through the 
causeway). 

 
Task 4 – Field Investigations 
 
Field data needs identified from Task 2 will be collected during Yakima River low-flow 
(July/August) over a 2-day period. 
 
The Consultant Team will travel to the project site to assess the physical conditions of the 
study area and collect additional data needed for the project.  This site assessment will 
examine channel/floodplain relationships, geomorphic setting, channel bed material, 
stability concerns, and any constructability issues at the site.  Special attention will be 
paid to the anticipated response of the delta bed material and its sediment transport 
characteristics.  The primary data need is a characterization of the bed material in the 
Yakima River delta region, which is needed for sediment transport calculations.  
Available data indicates that the west side of the delta region is dominated by fine 
material of a cohesive nature.  The sediment transport characteristics of cohesive material 
are more uncertain than non-cohesive sediments. To address that uncertainty we plan to 
conduct two tests to characterize the bed material; these include sieve analyses to 
measure the bed material gradation and a Gust chamber test to measure properties of 
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cohesion and shear stress.  Approximately five samples will be collected for sieve 
analysis, focusing on the Yakima River delta transition and the area immediately west of 
the causeway.  Gust chamber tests will be performed on three samples in the delta area 
west of the causeway that are expected to be fine cohesive material.  This investigation is 
critical for understanding how the river bed will likely respond to opening the causeway 
and what the character of sediment transported east toward the marina will be.  One full 
12-hour day in the field (including travel) is budgeted for the site assessment and 
sediment sampling, and a half day is budgeted for preparation and post-processing data. 
 
An assessment will be made to qualitatively verify on-site geology and soils on the 
causeway and on Bateman Island adjacent with the causeway with information 
researched with the review of existing data (Task 2); a subsurface exploration program 
will not be completed in the conceptual design phase.  The on-site geology and soils 
assessment will be documented with a preliminary geotechnical memorandum to identify 
probable geotechnical constraints and conceptual level recommendations to assist the 
project team with evaluating appropriate causeway breaching and structural alternatives. 
 
Assumptions: 
 

• Gust chamber testing will be performed by a post-doctoral student from 
Simon Fraser University for $2500 or less. 

 
Deliverables 
 

• Field notes, sample materials, and raw data from the field investigations 
will be synthesized and prepared for analysis (as part of Task 5). 
 

• Memorandums summarizing the purpose and log of the field data 
collection will be posted to the project file. 

 
Task 5 – Delta Processes Analysis and Modeling  
 
Following field investigations (Task 4) the Consultant Team team will conduct data 
analyses to characterize river and deltaic sediments, prepare qualitative descriptions of 
geomorphic and physical processes, refine the bathymetry in the project corridor, analyze 
spatial and temporal patterns in sediment dynamics from historic aerial photographic 
records, and calibrate and model the flow hydrodynamics in the delta.  Model calibration 
will utilize long-term hydrometric records and historic cross-sections to assess deposition 
rates, movement of sediment slugs, and mobility of sediment under various flow regimes. 
 
Task 5.1 – Geomorphic Characterization 
 
Information from the Phase 1 bathymetry and Phase 1 sediment depth data, from the on-
site geomorphic assessment and sediment sampling (Task 4), and from other GIS data 
layers collected in Tasks 2 and 3, will be further incorporated into a geomorphic 
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characterization of the delta that focuses on the area west of the causeway and the 
sediment transport processes that are likely to be affected by a causeway modification.  
This characterization will provide a map of areas currently storing fine sediments or 
gravels and an estimate of the critical shear stress for material that has potential for 
transport into or through the causeway.  This geomorphic characterization will provide 
the background information critical for sediment transport calculations associated with 
hydrodynamic modeling. 
 
Assumptions: 
 

• No additional review of USGS sediment records at the Konia gage site 
will be performed.  This data will be used as currently documented in 
NHC (2013). 
 

Deliverables: 
 

• Geomorphic characterization narrative and map in a PDF digital format. 
 
Task 5.2 – Geology and Soils Characterization 
 
The Consultant Team team’s geotechnical engineer will collect and review available 
geotechnical, geologic, and soils data for the site, including Bateman Island and land 
forms adjacent to the delta.  Data may include geology maps; WSDOT geotechnical 
reports for the nearby SR 240 project (I-82 to Columbia Interchange); various 
investigations by USACOE and others for subsurface investigations, construction, and 
restoration of local levies; and soils surveys available from the NRCS.  A field 
reconnaissance will be made along the project area shorelines and of the causeway to 
qualitatively characterize surficial soils, river banks, and revetments.  Project geologists 
will then prepare a summary of available information, identify potential geotechnical or 
geologic constraints, and assist project engineers with conceptual-level recommendations 
for evaluation of alternatives. 
 
Assumptions: 
 

• A subsurface exploration program will not be conducted in this phase of 
the project. 

 
Deliverables: 
 

• Geologic and soils characterization narrative and maps in a PDF digital 
format.  
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Task 5.3 – Fish and Habitat 
 
The Consultant Team will collect and review available biological and engineering 
information to better understand existing fish habitat conditions at the Bateman Island 
site and the basis for the proposed modifications.  Project biologists will then prepare a 
summary of this available information, determine if any new information is needed to 
fully evaluate the biological risks and benefits associated with each project alternatives, 
and assist project engineers with the development of design concepts.  In addition, the 
G&O team’s biologists will be available throughout the design and permitting process to 
provide guidance related to WDFW, Ecology, DNR, and the Corps permitting 
requirements and any additional data needs. 
 
Assumptions: 
 

• All biological analyses of the proposed alternatives will be conducted 
using existing and readily available information.   

 
Deliverables: 
 

• A brief summary report describing the proposed project’s biological 
objectives and an assessment of the risks and benefits associated with each 
of the proposed alternatives.   
 

Task 5.4 – Hydrology 
 
Assessment of the impacts of causeway removal requires the characterization of three 
aspects of the hydrology of the Yakima River delta and the site.  These include the 
summer low flows expected through the causeway for water-quality assessment, the 
frequency of channel forming stream velocities for sediment transport characterization, 
and the frequency of extreme stages for assessment of flood hazards assessment.  The 
first of these was assessed at some level during Phase 1 of this project, but the latter two 
aspects require further assessment.    
 
The hydrology of the Yakima River delta is affected by inflows from the Yakima River, 
inflows from the Columbia River, and the operations of McNary dam.  The Phase 1 
EFDC modeling performed by INTERA utilized flow records from USGS Kiona gage, 
USGS gage at Priest Rapids dam, and a short term record of stages at the Highway 395 
Bridge collected during the Phase 1 project.  The timing of high flows on the Yakima and 
Columbia Rivers, and the expected flows through different causeway openings, will be 
assessed using the long-term gage records utilized in Phase 1.  Additional information 
pertaining to the McNary pool water-levels will be incorporated by reviewing the 
McNary dam operations manual and, if needed, application of an existing HEC-ResSim 
model of the McNary reservoir.  The outcome of this task will be two sets of model 
boundary conditions.  First, a set of boundary conditions to enable routing a long-term 
time-series of flows that characterize the frequency of sediment mobilizing flows through 



SCOPE OF ENGINEERING SERVICES Bateman Island Causeway Modification Conceptual Design 

G&O #14542 Page 8 of 14 

the causeway.  The second allows for characterizing with- and without-project 100-year 
flood water surface elevations potentially impacted by the project (the east side of the 
causeway, south of Bateman Island). 
 
Deliverable 
 

• Boundary condition flows, and water-levels used for hydrodynamic 
modeling simulations in time-series format. 

 
Task 5.5 – Hydrodynamic Modeling and Sediment Transport 
 
In Phase 1, site hydrodynamics were modeled to simulate temperature effects and other 
hydraulic characteristics, but sediment transport and other smaller scale design aspects 
were not addressed.  Under this task, NHC will apply hydrodynamic modeling to: 
(1) assess the sediment transport expected under various causeway removal options, 
(2) inform the details of the breach opening design, and (3) evaluate and minimize any 
flood hazard risks.  Phase 1 hydrodynamic modeling used an EFDC model mesh that was 
defined by grid cells ranging from 30 to 120 meters each.  The model simulated daily 
average flow conditions during the 2012 monitoring period (March 15 through 
October 15, 2012).  That model configuration was appropriate for water-quality 
modeling, but a longer model simulation and additional mesh refinement is needed to 
calculate sediment mobilization and transport that occurs relatively infrequently (and not 
adequately characterized by 2012 daily mean flows alone).  
 
NHC will develop a model mesh with adequate refinement in the vicinity of the 
causeway by utilizing the bathymetric data collected in Phase 1 for the EFDC model and 
adding additional survey data described in Task 3.  Rather than apply the EFDC model 
hydrodynamics, which are limited to short model simulations and fairly course model 
meshes, NHC will apply the AdH or optionally the Telemac 2D model framework to 
support hydrodynamic modeling needed for sediment transport and detailed causeway 
removal alternatives.  Changing model frameworks is relatively quick and will allow the 
necessary simulations to be made much more quickly and at a lower cost than could be 
achieved with the EFDC model in its current state.  We do not anticipate additional 
modeling of DO during this project but additional temperature modeling will be provided 
under optional Task 5.6 if authorized by MCFEG. 
 
The resulting 2D model will be applied to simulate hydrodynamics and calculate 
expected sediment transport characteristics of the delta and a new causeway opening 
under multiple opening alternatives in two phases.  In the first modeling phase, the five 
opening configurations evaluated in the previous work (0%, 16%, 33%, 50%, and 100%) 
will be simulated with fairly generic causeway opening geometries to evaluate the long-
term flow regime through the causeway reach resulting from each opening.  The model 
output from these initial simulations will be used to determine:  
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• If the fine material to the west of the causeway, characterized in Tasks 4 
and 5.1, will be mobilized;  
 

• What a new channel through the delta and the causeway would likely look 
like at a future equilibrium state if the bed material is mobilized;  

 
• If mobilized sediment is expected to deposit and become a problem for the 

marina or navigation east of the causeway; and  
 
• What increases in flood levels are expected on the east side of the 

causeway.   
 

Using the outcome of the initial five simulations, a set of three conceptual alternatives 
will be developed and then modeled under the second modeling phase.  These concepts, 
developed under Task 6, will include specific bridge/culvert types and variations that 
may include:  
 

• Changing the location of a partial opening to direct flow to the north or 
south side of the channel; 
 

• Deeper or shallower openings through the causeway; 
 
• Addition of a jetty or breakwater around the marina;  
 
• Construction of a channel through the delta; 
 
• Relocation of the causeway; 
 
• Habitat features, or others.    
 

The preferred alternative will be selected using the results from the second phase of 
modeling.  An assessment of the potential for bank scour, under the preferred alternative 
geometry, will be included in the final report. 
 
Assumptions: 
 

• If the review of Phase 1 work products identifies a need for additional 
water-quality modeling, we understand that either MCFEG will contract 
directly with INTERA, or this scope of work will need to be amended to 
allow NHC to perform the needed water-quality modeling. 
 

• MCFEG will coordinate with FEMA to confirm that a no-rise submittal is 
not required.  If FEMA requires submittal of a technical analysis the SOW 
should be amended appropriately to include a no-rise analysis submittal. 
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Deliverables: 
 

• Existing condition and preferred alternative model mesh and input control 
files for hydrodynamic model. 
 

• Technical documentation of modeling and sediment transport calculations 
will be provided in a memorandum. 

 
Task 5.6– Temperature Modeling of Causeway Scenarios 
 
Preliminary review of the Phase 1 temperature modeling results indicates that water 
temperatures simulated with the EFDC and MATLAB models do not match observed 
temperatures with a level of accuracy necessary to answer questions relating to fish 
predation and mortality.  Due to limitations in the Phase 1 EFDC and MATLAB codes, 
temperature will instead be added to the two-dimensional hydrodynamic model 
developed in Task 5.5 for sediment transport calculations.  Under this task meteorological 
time-series that control water temperatures will be added to the model and the model will 
be calibrated to match observed water temperatures recorded by BCD monitoring 
programs during 2009, 2012 and/or 2014.  The model used under Task 5.5 is a vertically 
averaged model that does not include vertical temperature stratification, so simulated 
temperatures will be calibrated to match the average temperature in the water column.  
The calibrated model will then be applied to determine how the causeway breach 
scenarios will shorten or lengthen the duration that average water column temperatures 
exceed temperature thresholds critical to fish.   The model will also be used to 
characterize the spatial distribution of temperatures during critical seasons for fish. 
 
Assumptions: 
 

• If the model cannot be calibrated to observed temperatures without using a 
vertically stratified model, then we recommend that a simple laterally 
averaged 2D model, CE-QUAL-W2, be developed for the area west of the 
causeway that is known to be vertically stratified.  CE-QUAL-W2 cannot 
calculate the flow splits through the causeway, but if it is applied in-
tandem with the vertically averaged 2D model, it could be used to provide 
simulation of vertical stratification in the area west of the causeway.  CE-
QUAL-W2 modeling is not currently included in the budget and it would 
need to be added to the budget if a vertically averaged solution is not 
sufficient. 
 

• MCFEG will provide up to three temperature thresholds critical to fish 
that will be used to for the analysis.   

 
  



SCOPE OF ENGINEERING SERVICES Bateman Island Causeway Modification Conceptual Design 

G&O #14542 Page 11 of 14 

Deliverables: 
 

• A tabulation of durations that temperature thresholds critical to fish are 
exceeded will be reported at a minimum of two locations within the study 
area. 
 

• Figures showing the spatial distribution of temperatures in the causeway 
vicinity during seasons critical for fish.  At a minimum these figures will 
be provided for two seasons within 1 calendar year. 

 
Sum of Task 5 Deliverables 
 

• Existing conditions sections of technical memorandums (biological basis, 
geomorphic and physical processes, hydraulic and sediment transport 
modeling, preliminary geotechnical summary). 
 

Task 6 – Develop Conceptual Alternatives 
 
Specific outcomes from this task include identification of alternatives for achieving the 
project objectives, evaluation of how well the alternatives meet the project objectives, 
and selection of the preferred alternative that will form the basis of design for 
development into the final engineering plans in future project phases.   
 
In addition to a “No Action” alternative, the Consultant Team will identify three different 
alternatives for modifying the causeway that aim to maximize the circulation of water 
around the causeway for the purposes of improving water quality (i.e., decreasing 
temperature and increasing dissolved oxygen), while ensuring that impacts to the marina 
and other stakeholders are minimized.  Some of those potential impacts include sediment 
transport and deposition in the vicinity of the marina to the east of the causeway, 
increases in flood levels on the east side of the causeway, and limitations on access to 
Bateman Island.  NHC will identify up to three conceptual alternatives that meet the 
hydrodynamic and sediment transport objectives of the project.  These will then be 
drafted and further developed by the Consultant Team into alternatives that fully address 
costs, maintenance, other uses (e.g., access to island), and likely approval from permitting 
and grant funding agencies.  This information, and a matrix comparing the pros and cons 
of each alternative, will be incorporated into a draft conceptual alternative design report 
that will be distributed and discussed at a design workshop conference call with the 
MCFEG, BCD, and their technical review group.  After the report has been reviewed 
internally by the Mid-Columbia Fisheries and BCD, a meeting will be held with the 
stakeholders to present and discuss the results and select a preferred alternative (this is 
the second meeting included in Task 7). 
 
Design criteria for alternatives development will be guided by requirements to meet the 
project’s objectives, and will consider public input and regulatory requirements (see 
Tasks 7 and 8). To aid in selection of the preferred alternative, technical information will 
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be synthesized into a comparative matrix and short alternatives assessment report.  The 
alternatives evaluation matrix will be constructed in coordination with the MCFEG and 
BCD.  Each alternative will consider local, state, and federal regulatory requirements, as 
well as cost and constructability.  The short alternatives assessment report will describe 
and include:  
 

• Alternative concepts and preliminary cost estimates. 
 

• Evaluation matrix to present the pros and cons, benefits, and impacts of 
each alternative. 

 
• A sketch of each concept prepared on a scaled topographic base map. 
 
• Summary to define the permits likely to be required, along with necessary 

actions and schedules for preparation/review. 
 
• Benefits to habitat conditions such as temperature, dissolved oxygen. 
 
• Expected impacts to island access. 
 
• Future maintenance considerations (e.g., sedimentation, etc.). 
 

A conceptual design report with technical appendices will be finalized in accordance with 
guidelines presented in Manual 18 Appendix D (Washington State RCO February 2014).  
The conceptual design report will describe the design criteria required to support the 
habitat forming processes identified in this task, the alternatives evaluated and the 
selected alternative, conceptual layout, construction sequence, potential mitigation and 
maintenance issues, and engineer’s conceptual construction cost estimate.  Plans will 
contain sufficient detail to convey the project elements to stakeholders and regulatory 
officials.  The conceptual design report will form the basis for future project phases of 
final design development. 
 
Deliverables 
 

• Conceptual design meeting agenda. 
 

• Conceptual design meeting notes. 
 
• Conceptual design plan, profile, and rendering of conceptual designs (one 

full-size hard copy plan set, seven 11" x 17" hard copy plan sets, 
electronic copy in PDF of 11" x 17", and CAD). 

 
• Engineer’s conceptual-level construction cost estimates for each 

conceptual design. 
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• Conceptual design report, including a matrix summarizing each of the 

alternatives, highlighting the pros and cons of each. 
 

Task 7 – Stakeholder Review and Public Outreach 
 
Gray & Osborne assumes the team will attend three meetings; one meeting for public 
outreach and two meetings with stakeholder/agency personnel.   
 
Public Outreach We understand that informational public meetings have been held and 
that the public input has been solicited on uses and modifications.  We anticipate that a 
final informational public meeting will be held in the Tri-Cities area to present the array 
of conceptual design alternatives.  This meeting will be attended by Gray & Osborne’s 
Project Manager. 
 
Stakeholder Review Two meetings will be held with stakeholders and agency personnel 
in the Tri-Cities area.  The first meeting will be convened as a project “kick-off’ to set up 
lines of communication, present the project goals and objectives, review project history, 
and solicit an understanding of sensitive issues and constraints relative to project 
elements and likely approaches.  As a component of this effort, outreach will be made to 
fisheries staff of the Yakama Nation, Confederated Tribes of the Umatilla Indian 
Reservation, Colville Confederated Tribes, Confederated Tribes of the Warm Springs 
Reservation, and the Nez Perce Tribe to provide an opportunity for tribes to identify their 
interests and concerns early in design development.  This meeting will be attended by 
Gray & Osborne’s Project Manager, and the team’s hydraulics engineer and 
environmental planner. 
 
The second meeting will be convened as an alternatives selection workshop with the 
stakeholder group following development and analysis of conceptual alternatives.   Work 
will focus first on confirming an evaluation matrix by reviewing its rating criteria and the 
criteria’s weighting.  The alternatives will then be assessed and ranked within the context 
of the evaluation matrix, and the preferred alternative selected.  This meeting will be 
attended by Gray & Osborne’s Project Manager, and the team’s hydraulics engineer and 
fisheries biologist. 
 
Deliverables 
 

• Records of minutes for each meeting, to include discussion summaries, 
action items, and decision outcomes. 

 
Task 8 – Regulatory Process and Permitting Strategy Development 
 
When preliminary design concepts have been formulated, contact will be made with 
regulatory entities to identify environmental compliance requirements, steps and planning 
level schedules.  Likely contacts will include Benton County, Army Corps of Engineers, 
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Department of Natural Resources, Department of Ecology, Washington Department of 
Fish and Wildlife, US Fish and Wildlife Service, National Marine Fisheries Service, and 
tribal entities identified in Task 7.  Each contact will be documented.  This information 
will be used to formulate a basic permitting “fact sheet” that identifies submittal 
requirements, processing timelines and dependencies.  Under this task, we will also 
suggest a strategic approach for environmental compliance and describe the variations 
that could be expected under each design alternative. 
 
Deliverables 
 

• Memorandum identifying permitting submittal requirements, processing 
timelines and dependencies, and strategic approach for environmental 
compliance expected for each design alternative. 

 
Task 9 – Project Closeout and Final Reporting 
 
Specific elements in this task include: 
 

• Transfer hard copies and electronic copies (PDF and editable versions) of 
all draft and final reports, permit review, survey, and design plans, 
specifications and cost estimates to MCFEG.  Transfer all original records 
to MCFEG. 
 

• Submittal of final progress report and pay request. 
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