COMMENTS OF SAVE THE SAN FRANCISCO BAY AND DELTA FOUNDATION
BUREAU OF RECLAMATION 2-GATES FISH PROTECTION DEMONSTRATION PROJECT

I.

INTRODUCTION AND OVERVIEW OF COMMENTS

This office represents the Save the San Francisco Bay and Delta Foundation
(―SFBDF‖) in the comment phase of these proceedings and is submitting these comments
on behalf of SFBDF. SFBDF is a public interest organization committed to working with
local, state, and federal government to create a balanced plan that offers water for
everyone and also makes the California Delta and San Francisco Bay a safe and healthy
environment for all who live here. Members of SFBDF will be directly affected by the 2Gates project. Members include kayakers, water skiers, wake boarders, fishers, and
owners of sailboats and power boats ranging from canoes to small runabouts to large
vessels, all of whom regularly use Old River, Connection Slough, and the south and
central Delta. Many members also live in Discovery Bay, California, and have docks
attached to their homes on deep water. Many members, and their children, swim in the
delta, both off of their docks in Discovery Bay and at locations throughout the delta,
including the sites of the proposed gates. Members also have frequent and substantial
contact with the waters of the Delta during water sports activities. SFBDF also has a
number of members who own water related businesses that will be affected by changes in
boating and recreational habits associated with the 2-gates project. Finally, individual
members also recreate by hiking in the vicinity of the proposed Connection Slough gate.
As proposed, the project would alter the hydrodynamics of a significant portion of
the Delta comprising over 250 square miles of area and many linear miles of slough and
river channels. See 2-Gates Fish Protection Demonstration Project Draft Environmental
Assessment (―Draft EA‖) at Fig. 3.4-1, p.124. As described by the Draft EA, the
proposed project would have dramatic effects over this very large area: ―Operation of the
gates would affect a large area in the Delta, including the in channel sites where
construction would take place, as well as an extensive area of the central and south Delta
where changes would occur to channel flows (direction, magnitude and/or duration) and
water quality (primarily turbidity or salinity).‖ EA at 123.
SFBDF is very concerned about the proposed project‘s probable impacts on the
affected aquatic environment, including secondary and cumulative effects. To help us
understand and comment on the proposed project, SFBDF has retained the services of an
environmental hydrology firm, Philip Williams and Associates (―PWA‖). Because of the
extremely limited time allowed for comments and our limited financial resources, PWA‘s
review was severely circumscribed. However, even within the very short timeframe
allowed, PWA identified several very significant potential negative environmental
impacts that were not given serious attention by the Bureau of Reclamation‘s (―BOR‖)
environmental consultants in preparing the Draft EA.
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For example, the Draft EA fails to assess impacts on water quality over the area of
influence. ―The project has the potential to locally and/or regionally increase residence
time and light penetration south of the gates, with resultant potential for algal blooms and
periods of low dissolved oxygen (DO). Assessment for this potential effect on water
quality does not appear to have been evaluated. Algal blooms and periods of low
dissolved oxygen over the regional area of influence may present a significant negative
environmental impact.‖ PWA Review at 3 (attachment one). See also comments of
Reclamation District 800 (significant negative impact on water circulation in Discovery
Bay absent additional analysis) (Attachment Twelve).
In addition to the PWA review, a prominent panel of scientists has conducted a
peer review of the proposed project. Among other shortcomings, the panel found that
there was ―little rigor in any assessment of potential impacts on juvenile salmon (e.g.
Central Valley fall Chinook, Onocorbynchus tshawytsha) or other species of concern or
sensitivity, such as Sacramento splittail (Pogonichthys macrolepidotus) or Sacramento
tule perch (Ysterocarpus traski traski). Although the potential for predator aggregations
around the gates has been mentioned, we found no assessment of the likelihood or scale
of such a response and nothing mentioned about potential piscivorous bird responses.‖
CALFED Science Program Science Review of the Two Gates Project, September 29,
2009 (―CALFED Science Review‖) at 18 (attachment two).
It is a surprise to us that environmental impacts as significant as effects on
species listed under the Endangered Species Act and impacts on regional water quality
have not been seriously considered.
Which brings us to the take home point of these comments: A project of this
magnitude and scope, which alters the hydrodynamics, water quality, and aquatic
resources over a vast area, simply cannot be evaluated through an EA and Finding of No
Significant Impact (―FONSI‖). The facts and the law require you to prepare a thorough
Environmental Impact Statement (―EIS‖), identify all of the reasonably foreseeable
significant environmental impacts, and identify clearly defined mitigation measures
before any decision on the project is made. Because additional comments on the
presently circulating Draft EA will likely be valuable to you in preparing the required
EIS, we would strongly recommend, and hereby request, that the comment period for this
EA be extended by 90 days.
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II. LEGAL FRAMEWORK
We frame our comments within the legal requirements that you and your partners
are required to fulfill in evaluating this project because we believe that the initial
proffering of the EA and FONSI for a project of such magnitude, far reaching impacts,
and great uncertainty demonstrates inadequate attention to the requirements of the
National Environmental Policy Act, 42 U.S.C. §§ 4321–4370f (―NEPA‖) and its
pertinent implementing regulations, promulgated by the Council on Environmental
Quality, including, inter allia, 40 C.F.R. Chapter V(―CEQ Regulations‖). The CEQ
Regulations are binding on all federal agencies. Sierra Club v. United States Forest
Service, 843 F.2d 1190, 1193 (9th Cir. 1988). It also appears that no steps have been
taken to comply with the requirements of the California Environmental Quality Act, Cal.
Pub. Resources Code Division 13 (―CEQA‖).
When it enacted NEPA, Congress declared ―a national policy which will
encourage productive and enjoyable harmony between man and his environment.‖ 42
U.S.C. § 4321. To this end, NEPA spells out a process that federal agencies are required
to follow when considering a proposed federal action, and requires within that process
―disclosure of all foreseeable direct and indirect impacts.‖ 40 C.F.R. § 1502.16.
Through NEPA‘s procedures, federal agencies must adequately consider a project‘s
potential impacts and the consideration given must amount to a ―hard look‖ at the
environmental effects. Marsh v. Oregon Natural Resources Council, 490 U.S. 360, 374
(1989).
The heart of NEPA is the requirement that federal agencies prepare a detailed EIS
for all ―major federal actions significantly affecting the quality of the human
environment.‖ 42 U.S.C. §4332(2)(c). A preliminary inquiry by an agency to determine
if a proposed action requires the preparation of an EIS is known as an EA. 40 C.F.R.
§1508.9(a)(1). An EA is intended to be ―a concise public document that briefly provides
sufficient evidence and analysis for determining whether to prepare an EIS or a finding of
no significant impact.‖ 40 C.F.R. § 1508.9. If, upon this preliminary inquiry, an agency
determines that no EIS need be prepared, the relevant regulations require it to issue a
FONSI. 40 C.F.R. § 1508.13. Here, BOR has determined that the EA prepared for this
project justifies the issuance of a FONSI instead of preparing an EIS. We believe the EA
does not meet the legal requirements necessary to support a FONSI and therefore BOR‘s
determination is erroneous.
An EIS must be prepared if ―substantial questions are raised as to whether a
project. . . may cause significant degradation of some human environmental factor.‖
Blue Mountains Biodiversity Project v. Blackwood, 161 F.3d 1208, 1212 (9th Cir. 1998).
The ―plaintiff need not show that significant effects will in fact occur, but if the plaintiff
raises substantial questions whether a project may have a significant effect, an EIS must
be prepared.‖ LaFlamme v. FERC, 852 F.2d 389, 397 (9th Cir. 1988). The ―standard to
determine if an action will significantly affect the quality of the human environment is
whether the plaintiff has alleged facts which, if true, show that the proposed project may
significantly degrade some human environmental factor.‖ Sierra Club, 843 F.2d at 1193.
Where an agency elects not to prepare an EIS, the burden is on the agency to provide ―a
convincing statement of reasons to explain why a project‘s impacts are insignificant.‖
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Blue Mountains, 161 F.3d at 1212. Whether ―there may be a significant effect on the
environment requires consideration of two broad factors: context and intensity.‖ National
Parks & Conservation Ass‘n v. Babbitt, 241 F.3d 722, 731 (9th Cir. 2001) (internal
quotations and citations omitted).
The CEQ Regulations at 40 C.F.R. § 1508.27 provide detailed requirements for
consideration of context and intensity. Context requires that an action be analyzed
throughout the affected region and across all the affected interests. 40 C.F.R. §
1508.27(a). Intensity requires the consideration of ten enumerated factors:
(1) Impacts that may be both beneficial and adverse. A significant effect may exist
even if the Federal agency believes that on balance the effect will be beneficial.
(2) The degree to which the proposed action affects public health or safety.
(3) Unique characteristics of the geographic area such as proximity to historic or
cultural resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or
ecologically critical areas.
(4) The degree to which the effects on the quality of the human environment are
likely to be highly controversial.
(5) The degree to which the possible effects on the human environment are highly
uncertain or involve unique or unknown risks.
(6) The degree to which the action may establish a precedent for future actions with
significant effects or represents a decision in principle about a future consideration.
(7) Whether the action is related to other actions with individually insignificant but
cumulatively significant impacts. Significance exists if it is reasonable to anticipate a
cumulatively significant impact on the environment. Significance cannot be avoided
by terming an action temporary or by breaking it down into small component parts.
(8) The degree to which the action may adversely affect districts, sites, highways,
structures, or objects listed in or eligible for listing in the National Register of
Historic Places or may cause loss or destruction of significant scientific, cultural, or
historical resources.
(9) The degree to which the action may adversely affect an endangered or threatened
species or its habitat that has been determined to be critical under the Endangered
Species Act of 1973.
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(10) Whether the action threatens a violation of Federal, State, or local law or
requirements imposed for the protection of the environment.
40 C.F.R. § 1508.27(b)(1–10). Failure to adequately satisfy any one of these factors is
sufficient to require preparation of an EIS. National Parks & Conservation Association v.
Babbitt, 241 F.3d 722, 731 (9th Cir. 2001) (noting that where Park Service failed to
adequately account for two factors, ―[e]ither of these factors may be sufficient to require
preparation of an EIS in appropriate circumstances‖). We believe that the following
impacts analysis, organized by assessing the ten CEQ intensity factors, demonstrates that
the 2-Gates project fails to satisfy all ten.
III. IMPACTS ANALYSIS
(1) Impacts that may be both beneficial and adverse. A significant effect may exist
even if the Federal agency believes that on balance the effect will be beneficial.
BOR Believes That Altering The Smelt‘s Range Will Overall Be Beneficial, But
Has Overlooked A Significant Potential Negative Effect On The Delta Smelt,
That By Altering The Smelt‘s Range, The Project Will Exclude The Smelt From
Large Areas Of Its Customary Critical Habitat.
The purpose of the project is to reduce entrainment of the delta smelt in the State
Water Project (―SWP‖) and Central Valley (―CV‖) export pumps in the south Delta.
Through its analysis, BOR believes that the project will succeed in achieving that goal
and that reducing entrainment will result in a net benefit to the smelt: ―Overall,
entrainment risk is expected to be lower under the Proposed Action and would be a net
benefit to the delta smelt.‖ EA at 129. However, under CEQ factor one, BOR‘s belief
that on balance the effect will be beneficial does not relieve BOR of the responsibility of
preparing an EIS because by its nature, the effect on the smelt excludes a threatened
species from substantial areas of its critical habitat. Reduction in entrainment is
achieved by ―[r]estricting the presence of pre-spawning adult delta smelt from some
portions of the south Delta.‖ EA at 7. The United States Fish and Wildlife Service
(―USFWS‖) ―listed the delta smelt as threatened effective April 5, 1993.‖ EA 112.
Critical habitat for delta smelt as defined by the USFWS (1994) as ―the entire Delta.‖
EA at 112.
The EA cites one study of modeled simulations of net available acreage for Prespawning delta smelt habitat, before and after project. However, the simulations were
based on ―a single dry water year type and therefore do not necessarily represent all year
types, and support the assumption that gate operations would have small overall effects
on salinity and turbidity in dry years.‖ EA at 127 (emphasis added). No assertion is
made that modeling one atypical dry year would have any predictive power for typical
conditions in average years, or in wet years. This is a substantial and unexplained
omission.
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Unless BOR can demonstrate through further modeling or other analysis that the
project will have no significant negative impact on the smelt in typical and wet years
through altering its habitat, BOR is required to prepare an EIS. After elucidating the
negative side of the ledger and considering mitigation measures, it may well still
conclude that the project is an overall benefit to the smelt (or further information may
convince it otherwise). However, NEPA does not allow conclusory ―on balance‖
shortcuts.
(2) The degree to which the proposed action affects public health or safety.
The Project May Have Significant Adverse Effects On Public Health and Safety,
Including Adverse Effects On Human Health Through Environmental Exposure
to Impacted Waters, Human Consumption of Adversely Affected Drinking Water,
and Adverse Effects on Boating Safety and Emergency Services.
Impacts to Public Health from Degraded Surface Water and Drinking Water
The Town of Discovery Bay maintains a sewage outfall on Old River just south of
Highway 4. See Town of Discovery Bay Comments on 2-Gates Fish Protection
Demonstration Project, November 16, 2009, and attached report from Herwit
Engineering, dated November 11, 2009 (―Herwit Report‖) (attachment three). The
Herwit Report explains that the project will ―decrease water flow in this portion of Old
River,‖ and will result in ―longer periods of stagnation‖ around the outfall location. As a
result, ―it is likely,‖ this ―will result in a direct impact on aquatic life for both chronic and
acute toxicity conditions.‖ In addition to impacts on aquatic life, Old River is used for
water sports that will implicate substantial human contact with polluted waters.
The Herwit Report also explains that the Town of Discovery Bay may be required
to switch its current source of drinking water from groundwater to drawing water from
Old River. Herwit noted that the 2-gates project will exacerbate ―background water
pollution concentrations in Old River,‖ including the potential for increased
concentrations of heavy metals. This pollution of a drinking water source represents a
potential significant negative impact on human health.
Herwit also notes that the EA does not contain any modeling or studies of toxicity
in Old River that may result from the project. Herwit‘s conclusions are bolstered by the
PWA Review as cited above. It is also supported by the CALFED Science Review: ―In
particular, the changes induced by Two Gates would most obviously be felt in Old River,
since southward flows that occur now when exports are substantial could nearly be
eliminated.‖ CALFED Science Review at 7.
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Degraded water quality in the bays of Discovery Bay, frequently used by children
and adults for swimming, is another likely impact of the project. See PWA Review at 3
(decreased dissolved oxygen and increased algal blooms); Comments of Reclamation
District 800 (project would effectively shut down circulation system for bays of
Discovery Bay).
Unless it can demonstrate conclusively that these impacts will not occur, BOR is
required to prepare an EIS assessing water quality impacts and identifying appropriate
mitigation measures.
Impacts to Public Safety by Creating Hazardous Boating Conditions
Numerous experienced boaters have established a factual record through expert
comments that the project will substantially alter current patterns of boat traffic and may
have a significant adverse effect on boating safety. One of the two gates will be located
on Old River just north of Holland Cut. Commenters establish that ―Old River is the
north south highway for boats.‖ Comments of Bill Knaus. See also Comments of Hal
Whitlow (―Historically Old River was called the ‗Bethel Island Freeway‘ because it is so
heavily used by boats heading north‖)(currently an avid boater and commenting from
sixty-one years of Delta boating experience). All of the experienced commenters agree
that the installation of the Old River gate would cause owners of large boats to make
frequent and long detours around the gates. For example, Bill Knause explains:
I have read about the schedule for the gate on Old River and this is too
complicated to allow use of Old River. I would have to detour to Middle
River via Railroad Cut and then up the San Joaquin River. If for example
I was going to the San Joaquin Yacht Club on Bethel Island [from
Discovery Bay], this would at least triple the distance I would have to
travel.
See also comments of Dick Jamison (detour around gates); Bill Scanlin (significantly
increased boat traffic through Bacon Island Bridge): Steve Messick (tide-based, adaptable
management of gates will cause detour around gates); Hal Whitlow (detour around
gates); John Stevens (not practical to time trips to gate openings, would detour); June
Jardin (gates will cause constriction of free boat travel, shutting off main artery north,
Old River); Stan Dickson (not practical to keep up with gate schedule or wait for gates to
open, would go around the long way).
BOR has proposed, as partial mitigation for blocking boat traffic, to install a
―portage‖ facility, consisting of boat ramps on either side of the Old River gate and a
trailer and tow vehicle that boaters could use to move boats of 24 feet or less around the
gates. However, owners of smaller boats made clear that boaters would not use the
portage facilities offered in mitigation: ―As an owner of three small boats, I can tell you
that we would not use the portage facilities but would detour around the gates.‖
Comments of June Jardin. See also comments of Bob Beauregard (―When I am out on
the water with my family and friends in my 24 foot boat, the last thing I would want to do
is haul the boat back out of the water, especially on a strange trailer‖).
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The EA doses not consider how disrupting boat traffic patterns will affect boating
safety. Commenters observe that when the gates are closed there will be no route out of
Discovery Bay for larger vessels except through the Bacon Island Bridge. Bill Scanlin
described in detail his concerns about safety due to disrupting established boating routes:
With a lot more boats channeled through the Bacon Island Bridge there
could be a back up of boats waiting for this bridge. Only one boat at a
time can fit through the Bacon Island Bridge. With many boats stacked up
waiting there is an increased risk of collision, especially in conditions with
significant wind or current.
You should also be aware there is a sharp bend in the river north of the
Bridge. Boats stacked up and waiting to pass through the bridge from the
south cannot see boats approaching from the north. This presents a
collision hazard.
Attachment four is a photograph of Old River looking north just below the proposed
location of the gate. Old River is a wide channel with few obstructions. Attachment five
shows the approach to the operable portion of the Bacon Island Bridge, illustrating the
hazardous conditions described by Mr. Scanlin. Attachment six shows the approach to
the fixed portion of the Bacon Island Bridge, likely to be used by smaller vessels, and
exhibiting the same narrow condition.
Commenters also point out other safety concerns, including congestion at the Old
River gate, and detours along Railroad Cut, which is a narrow channel customarily used
by ski boats, not large vessels:
I think boat traffic through Railroad Cut would drastically increase.
Railroad Cut is traditionally used by water skiers and wake boarders and
fisherman and is currently not a primary route for larger boats like mine.
The introduction of a lot of larger vessels into the slough would surely
result in increased boating accidents, especially among less experienced
boaters.
Comments of Steve Messick.
No consideration was given to how the project will alter boat traffic and the
potential for decreased boating safety due to that alteration. No effort was made to do an
organized survey of boaters to determine how they would react to the gates. As several
commenters point out, an entire segment of the boating community is being left out of the
comment process:
You have opened the comment period in the winter time and only allowed
a short time for comments. Many, if not most, boats of 24 feet and under
are either rack stored or trailered in from the bay area or other areas.
These boaters are here only during the summer months. You are missing a
complete segment of the boating community. The first these people will
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know about the gates is when they return next summer and are surprised
by them.
Comments of Bob Beauregard. Mr. Beauregard suggested that BOR work with marinas
and boating organizations to design and disseminate a survey that will give them an
accurate idea of how boaters will respond to the gates. The impacts on boating safety
and appropriate mitigation measures could then be considered. With 10,000 registered
vessels in Discovery Bay that all use Old River as the route north, the effect of the gates
on disrupting boating traffic is a significant concern that remains unaddressed. See
comments of Bob Beauregard (10,000 vessels registered in Discovery Bay).
The evidence in the record all suggests that the project, as currently proposed, will
have significant unmitigated negative impact on boating safety.
Impacts to Public Health From Increased Diesel Emissions
The EA gives appropriate consideration to diesel emissions that will result from
construction activities, providing detailed analysis on potential impacts on public health,
including pm10 and pm2.5 resulting from diesel emissions during construction. The EA
also discusses potential mitigation measures for these construction related emissions. EA
at 94–105. However, the EA overlooks entirely a much more significant source of diesel
emissions: increased travel by diesel powered boats detouring around the gates. See, e.g,
Comments of Bill Knause (gates would cause detours tripling distance traveled).
Although not themselves focused on diesel emissions, commenters establish that
many larger vessels that would detour around the gates are diesel powered:
I often travel to San Francisco Bay in my boat from Discovery Bay. I will
have to detour around the Old River Gate. My route would take me up
Middle River to the San Joaquin River, and then on the bay adding
significant time, distance, and fuel use to my trip.
Comments of Hal Whitlow (54 foot Vessel with twin 635 horsepower diesel motors).
See also Dick Jamison ( would detour in 45 foot vessel with twin diesel engines); Bill
Knause (would detour in 32 foot vessel with twin 110hp diesel engines); Bill Scanlin
(would detour in 48 foot vessel with twin 375 hp diesel engines); Steve Messick ( would
detour in 48 foot vessel with twin 500 hp diesel engines); John Stevens (would detour in
34 foot vessel with twin diesel engines) Stan Dickson (increased travel time and fuel
use); June Jardin (would detour in 32 foot vessel with twin diesel engines).
Because BOR has failed to conduct a survey or any research into the likely
response of boaters to the gates, the only evidence in the record is that many boaters
would take long detours around the gates. With 10,000 boats in Discovery Bay and tens
of thousands more using the Delta, a substantial portion of them diesel powered, the only
evidence in the record suggests that thousands of diesel powered boats will regularly
detour around the gates, creating significantly increased diesel emissions.
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Unless the BOR can convincingly demonstrate that increased diesel emissions
resulting from increased boat travel will not have any significant negative environmental
impact (through an analysis as rigorous as that performed for construction related diesel
emissions), then the BOR must prepare an EIS identifying increased diesel emissions and
providing appropriate mitigation measures. This is an especially serious concern because
air quality in the San Joaquin valley is already severely impacted.
Impacts to Public Safety by Interfering with Emergency Services
The Contra Costa Sheriff‘s Department has submitted comments identifying
negative impacts on public safety resulting from the gate‘s interference with its ability to
respond to emergencies with its marine patrol boats. See comments of Contra Costa
County Sheriff. There are already a number of boating accidents in the Delta; it is not
unusual for there to be serious injuries that sometimes result in fatalities. The gates may
significantly exacerbate this situation. The ability of the sheriff‘s patrol boats to respond
rapidly, without hindrance is crucial to public safety. The sheriff has pointed out that
BOR‘s assumption that opening the gates for emergency vehicles to pass will mitigate the
gates‘ impact on emergency services to a level of insignificance is erroneous. The delay
caused by waiting for the gates to open will severely hinder the Sheriff‘s ability to
respond to emergencies.
The obstruction to barge traffic posed by the gate on Old Rive will also likely
interfere with emergency levy repairs needed in response to flood events, as documented
by comments from Reclamation District 800. Reclamation District 800 has also
documented likely effects on levee scour, that may increase potential for problems with
levee stability. Comments of Reclamation District 800.
Unless BOR can identify additional mitigation measures that will mitigate these
impact to a level of insignificance, it must prepare an EIS adequately quantifying the
negative impact on public safety and identifying mitigation measures that may lessen the
impact.
Alternatively, because Old River is a main arterial for commercial, recreational,
and emergency boat traffic, and obstruction of Old River will have serious impacts on all
these vital functions, BOR should consider how the project might be accomplished by
placing gates somewhere else. For example, the suggestion of CALFED Science Review
to place one gate on Georgiana Slough, instead of the proposed two gates, should be
given serious evaluation before any decision on the project is made.
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(3) Unique characteristics of the geographic area such as proximity to historic or
cultural resources, park lands, prime farmlands, wetlands, wild and scenic
rivers, or ecologically critical areas.
The EA identifies both sites as having multiple unique characteristics as defined
by CEQ factor 3. Both gates are located within the Bacon Island Rural Historic District,
which is eligible for inclusion in the National Register of Historic Places (―NRHP‖). EA
at 182–183. See also EA at 191 (―The Bacon Island Rural Historic District appears to be
eligible for inclusion in the NRHP‖). Both sites are located amid prime farmlands. EA at
86. Old River ―is identified as a scenic waterway by Contra Costa County, and
Connection Slough is near the terminus of the portion of Bacon Island Road that is
designated as a scenic route by San Joaquin County; therefore, views of Old River from a
distance and views from Bacon Island Road could be considered scenic vistas.‖ EA 84.
However, the EA gives short shrift to the impacts of the project on these
resources. It misses entirely an important aspect, and further bases its conclusion of no
impact on several demonstrably false assumptions.
The EA Fails to Consider the Connection Slough Bridge
The EA fails entirely to consider (or even mention) the Connection Slough
Bridge. The connection slough bridge is located a few hundred feet from the proposed
Connection Slough gate. Attachment seven is a picture of the Connection Slough bridge
taken from the levee near the site of the proposed Connection Slough gate. Attachment
eight is a close-up of the plaque on the bridge, indicating that it was built in 1905, making
it contemporaneous with the exploits of George Shima, the ―Potato King‖ from whom the
Bacon Island Rural Historic District derives some of its significance. See EA at 181.
Attachments nine and ten show details of the bridge‘s construction.
These photos establish the presence of a 1905 swing bridge immediately adjacent
to the site of the connection slough gate. A 1905 swing bridge would be considered an
early and rare remaining example of movable bridge types built in the Sacramento-San
Joaquin Delta. The Pratt Truss approaches also are pin connected which makes it a
somewhat rare remaining example of that bridge building technology. We believe that
this bridge meets the criteria for a significant example of a bridge type, under the
engineering criterion used to determine historic significance of bridges. This bridge, and
the historic nature of the local, is also relevant to consideration of CEQ factor (8).
The proposed placement of the Connection Slough gate, just downriver from the
bridge, would obscure views of the bridge from the south, impacting scenic enjoyment of
this area. Driving sheet pile perilously close to the bridge as well as alterations in
hydrodynamics could also physically threaten the bridge.
The EA Erroneously Assumes that Boaters Cannot see Scenic and Historic Vistas
A unique and scenic characteristic of the Delta is that the surface of the
waterways are often significantly higher in elevation than the adjacent farmland. This is
true of proposed locations for the gates. BOR has overlooked this important
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characteristic and this oversight has caused it to base its conclusion of no significant
impact on an erroneous assumption: ―The Proposed Action facilities would be visible to
boaters, but the facilities would not restrict views of the surrounding areas because the
existing levees already block views of the land on the adjacent islands.‖ EA 84. In
addition to the in-channel gates, BOR proposes to construct support facilities on the
farmland adjacent to the gates. BOR believes there will be no visual impacts of these
support facilities because the sites are remote for land-based visitors to access and boaters
cannot see over the levees. However, boaters can see over the levees:
My flying bridge sits 23 feet above the water. One of the charming
aspects of the delta is that the surface of the water is higher than the
surrounding farm land. I very much enjoy the vista from my flying
bridge, where I can clearly see the corn growing on adjacent farm islands.
I will very much be able to see all of the facilities associated with these
gates.
Comments of Bill Scanlin. See also Comments of John Stevens (can see down onto
islands from boat). With tens of thousands of vessels in the Delta, at least several
thousand of them are large enough so that boaters can see down over the levee,
implicating the gates and their supporting infrastructure in obstructing and marring scenic
vistas.
The EA Does Not Take Account of Public Interest and Sensitivity to the Sites
The EA outlines criteria for assessing visual impacts:
Visual resources also have a social setting, which includes public values,
goals, awareness, and concern regarding visual quality. Social setting is
addressed as visual sensitivity or the relative degree of public interest in
visual resources and concern over adverse changes in the quality of that
resource. Visual sensitivity is key in assessing how important an effect on
the visual resource would be and whether it represents a significant
impact. Recreational uses are generally considered to have high visual
sensitivity, as are views from scenic routes or corridors, or along scenic
highways and wilderness areas.
EA 83.
The inclusion of the sites in a rural historic district, the designation of Old River
as a scenic waterway by Contra Costa County and the designation of Bacon Island Road
as a scenic route by San Joaquin County establish that there is public interest in these
resources. Commenters establish that recreational users are very sensitive to these sites
and that the gates will have a significant negative impact on these resources: comments
of Bill Scanlin (―[the gates]will negatively impact my aesthetic enjoyment of Old River
and Connection Slough. These are both lovely areas‖); comments of Bill Knaus (―I think
that the gates will also ruin the aesthetics of Old River and Connection Slough. I care
deeply about the scenery in the delta and this will definitely have a negative impact on
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my recreational enjoyment of the delta‖); Comments of Dick Jamison (―The gates
themselves also would be placed in two very attractive areas and would negatively affect
enjoyment of Old River and Connections Slough‖); comments of John Stevens (―I also
object to the ugly sheet pile design of the gates. Both Connection Slough and Old River
are very scenic areas. I travel through them often and am familiar with the scenery.
These gates would very negatively impact my recreational enjoyment of the scenery at
these locations‖).
The key criteria identified by BOR itself, concern over adverse changes, and the
reaction of recreational users, all indicate that the gates will have significant negative
impacts. As BOR has done nothing to assess how the public will actually react to the
gates, except draw conclusions without any empirical support, the only evidence in the
record is that the public is very sensitive and will be significantly negatively impacted.
The EA Erroneously States that the Locations of the Gates are not Scenic and that
there is no Vegetation in the Vicinity of the Gates
After discussion of channel modification and other factors the EA concludes that
―these immediate views are not considered a scenic vista.‖ EA 84. The EA further
concludes that because levees are often cleared of vegetation, vegetation in the vicinity is
not considered as scenic resource. EA 85. As discussed above, commenters do consider
the immediate vistas to be scenic. Moreover, there is substantial permanent vegetation in
the vicinity of the gates. Figure 1.1 at Appendix J shows large areas of vegetation on
islands just upstream from the location of the Old River gate. The Islands are shown in
more detail on Figure 2.1. Attachment eleven is a photograph of the vegetated island just
upstream of the gates, illustrating the tranquil and scenic character of the locale. The
vegetation on these islands is not cleared as a part of maintenance activities. In fact,
BOR‘s hydrodynamic analysis relies on the fact that vegetation on these very islands will
remain throughout project duration. ―If the tule stands [on the islands adjacent to the Old
River gate] remain in good health—and there is no reason to suppose otherwise—the
peak flow velocities shown here are not anticipated to exacerbate erosion on the inchannel islands.‖ First page of Appendix A, which is an Appendix to Appendix J and is
un-paginated. This presents the awkward scenario that in order to find no significant
impact with regard to aesthetics, the EA assumes that there will be no vegetation; but in
order to find no significant impact with regard to erosion, the EA assumes that there will
be vegetation in the same location.

13

(4) The degree to which the effects on the quality of the human environment are
likely to be highly controversial.
No candid observer of this process could possibly conclude that this project is
about anything other than the allocation of water resources. BOR is well aware that
allocation of water resources in the west is a subject of perennial controversy. The fact
that all observers believe that MWD is being cagey about its intentions only inflames
controversy. If ―a foreseeable project outcome is that the operation of the gates . . .
allows modification of OMR OCAP flow restrictions (through applying for appropriate
regulatory modifications), then this should be stated explicitly.‖ PWA Review at 2. The
―proponents should make explicit [their intentions regarding] increasing exports.‖
CALFED Science Review at 15. Making ―this goal clear is important because it bears on
all aspects of the design of the monitoring and operation of the project.‖ CALFED
Science Review at 11.
As Mark Twain is said to have observed, ―in the west whiskey is for drinking;
water is for fighting over.‖ MWD‘s perceived opacity will surely validate Twain‘s
wisdom.
The effects of experimentally altering the hydrodynamics of most of the Delta are
by their nature scientifically controversial. The CALFED Science Review characterizes
the project as a ―major initiative to try and resolve some of the conflicts surrounding the
management of the Bay-Delta region.‖ CALFED Science Review at 5. Toward this end,
it is ―a large scale adaptive management experiment.‖ Id. By tackling the controversial
area of Delta management, the project steps into the center of an extended scientific
debate about Delta management and takes front stage in that debate. The CALFED
Science Review noted that the project draws its ―concepts and ideas from these extended
debates.‖ CALFED Science Review at 20. To be fair, CALFED does not criticize the
project for stepping into the center of a perennial debate about managing Delta resources,
but rather lauds the project sponsors for their courage in doing so. The courage of the
project sponsors, however, does not change the fact that they are treading in a
scientifically very controversial arena.
Agencies ―must prepare environmental impact statements whenever a federal
action is ‗controversial,‘ that is, when substantial questions are raised as to whether a
project ... may cause significant degradation of some human environmental factor, or
there is a substantial dispute about the size, nature, or effect of the major Federal action.
A substantial dispute exists when evidence, raised prior to the preparation of an EIS or
FONSI, casts serious doubt upon the reasonableness of an agency's conclusions.‖
National Parks, 241 F.3d at 736.
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Serious doubt has been cast on many of BOR‘s conclusions used to support its
FONSI. BOR has concluded that the project will have no significant adverse effects.
However, this conclusion has been cast into serious doubt as documented herein:
•

BOR has failed to consider potential negative impacts on the smelt from
the intended effect of the project, altering the smelt‘s range.

•

BOR has failed to adequately consider the impacts of the project on
regional water quality, including reduced dissolved oxygen and increased
algal blooms.

•

BOR has failed entirely to consider the impact of increased diesel
emissions resulting from increased boat travel.

•

BOR has failed to consider implications to boating safety.

•

BOR has failed to adequately consider the impact on scenic and historic
resources.

•

BOR has failed to consider impacts on human health due to pollution of
surface and drinking water.

•

BOR has failed to consider impacts on public safety through interference
with emergency services.

•

BOR has failed to adequately consider impacts to tidal wetlands.

•

BOR has failed to adequately consider impacts to species listed under the
Endangered Species Act.
BOR has failed to consider impacts on circulation system for bays of
Discovery Bay.

•

Our conclusion that these failures cast doubt on the finding of no significant impact is
supported by scientific experts:
In the absence of consideration and documentation of the range of
potential operations in the EA, we are unable to conclude that the project
will have not significant environmental effects to hydrodynamics and
water quality.
PWA Review at 2.
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A regional evaluation [which has not been done] of water quality impacts
would be needed to support the conclusion that the project will have not
significant environmental effects.
Id. at 3.
A regional evaluation of sedimentation impacts [which has not been
done]—locations and depth of deposits—would be needed to support the
conclusion that the project will have not significant environmental effects.
Id.
Further degradation or loss of tidal wetlands[due to project operation]—
even small remnant marsh islands—could be ecologically significant. . . .
[W]e are unable to conclude with a high level of certainty that the project
avoids significant losses to tidal wetlands.
Id. at 4.
Lacking a more complete discussion of clearly defined monitoring and
mitigation measures, and depending on the degree of mobilization, and the
expected transport and fate of entrained sediment, the severity of this
potential impact cannot be properly evaluated.
Id. at 5
The Panel feels that considerable uncertainty remains around potential
unanticipated consequences of the Two Gates Project operation, as
designed to maximize benefits to delta smelt, for other species of concern
or interest.
CALFED Science Review at 18.
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(5) The degree to which the possible effects on the human environment are
highly uncertain or involve unique or unknown risks.
Serious Doubt Has Been Cast on the Intended Effect of the Project.
First and foremost, the central defining assumption of the project, and its intended
effect, that it will alter smelt behavior in specific ways has been called into serious doubt.
This makes the effects of the project uncertain:
A critical element of project design, the smelt behavior model, is
incomplete and not connected to existing literature on fish behavior
models. . . . Since the behavioral rules are biologically questionable, the
assumptions that they will capture the response of fish to the Two Gates
operations is a central defining aspect of the project that needs
substantiation and comparison with alternative assumptions.
CALFED Science Review at 11. CALFED characterized this central defining
element of the project as ―poorly formulated.‖ Id.
The project sponsors assume that the smelt will have a detailed response to
operation of the gates based the behavioral model developed by the project. But
the studies that project sponsors rely on do not in fact support their conclusions
about how smelt will respond to the project. ―The studies to date do not provide
direct clear evidence for the detailed response inferred in the behavioral model.‖
CAlFED Science Review at 12. CALFED remarks that one study critical to
project viability, the tidal monitoring study, ―is not sufficiently developed and
connected with biologically realistic hypotheses for how delta smelt sense and
respond to their environment.‖ CALFED Science Review at 12. CALFED notes
that another critical study, the turbidity model, ―is not rigorous and the model
results should be considered preliminary at best.‖ CALFED Science Review at
13.
Because the Goals of the Project Remain Undefined its Possible Effects
are Highly Uncertain
The CALFED Science Review concluded that the ―[p]roject goals are not
adequately defined.‖ CALFED Science Review at 10. The project does ―not make clear
the extent to which the project is designed to aid delta smelt recovery versus enabling
higher levels of export than are currently permitted.‖ CALFED Science Review at 11.
Whether water exports will be increased, and to what level, will significantly affect how
the project affects the environment. ―Increasing exports may affect negative Old and
Middle River (OMR) flows. If negative OMR flows are increased, environmental
consequences may be different for those considered. . . . Currently there is substantial
uncertainty about the goals and effects of the project.‖ PWA Review at 2. It is unclear
whether any benefit to the smelt will accrue from the project. The project sponsors, since
they are water exporting agencies, may reasonably be assumed to use the project to ―do
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no more harm‖ to the smelt while substantially increasing water exports. On the other
hand, the project could be used to substantially aid smelt recovery while keeping water
exports at or near their current levels.
Indeed, the No-Action Project Alternative describes no action as continuing
pumping at current levels under current regulatory constraints. EA at 80. This implies
that the project could involve modifications to current regulatory constraints and a
concomitant increase in exports.
MWD‘s carefully worded response, that it will comply with required RPA‘s,
including OMR flows, really does little to clarify the situation because it also states that if
the test is effective, compliance with RPA‘s also applies to ―subsequent periods of
potential increased deliveries.‖ MWD Response at 2. We understand that the project is
designed to justify increased water exports. But it is unclear how this could be done
without altering OMR flows, and it is unclear whether the smelt would receive any
benefit from the project. Further, the statement that there is no intent to seek operations
beyond existing requirements in the BOs does little. Because if smelt entrainment can be
reduced through operation of the gates, the BOs would not restrict water export levels.
Moreover, a statement of lack of current intent would in no way preclude MWD from
later seeking regulatory modifications. This is a reasonably foreseeable result of the
project regardless of the proponents attempts to minimize it.
The Consequences to Species Other than Smelt are Highly Uncertain
After reviewing BOR‘s documentation of its conclusion that the project would
have no significant adverse impact on other species, the CALFED Science Panel
disagreed: ―The Panel feels that considerable uncertainty remains around potential
unanticipated consequences of the Two Gates Project operation, as designed to maximize
benefits to delta smelt, for other species of concern or interest.‖ CALFED Science
Review at 18.
The Project‘s Nature, as an Experiment, Makes it Effects Uncertain
The EA and project sponsors repeatedly mention that the project is an experiment.
―The Proposed Action is an EXPERIMENTAL PROJECT.‖ EA at 6 (capitalization
original). Although not explicitly stated, it appears that the project sponsors believe that
because the project is experimental, their burden of NEPA review is lightened. Not so.
By its nature, the results of an experiment are uncertain. CALFED characterizes the
project as ―a large scale adaptive management experiment,‖ and notes that adaptive
management experiments by their nature ―test uncertainties.‖ CALFED Science Review
at 6.
The Project Involves Unique and Unknown Risks
The project is unique, the first of its kind: ―Despite considerable debate during
the past decade, this project is probably the first detailed attempt to implement
scientifically-based adaptive management on a large scale in the Delta.‖ CALFED
Science Review at 20. Operation of the gates can ―effect large-scale changes in Delta
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circulation and transport patterns.‖ CALFED Science Review at 7. The project uses
hydrodynamic modeling to predict the effect of gate operation on Delta circulation.
However, ―[m]odeling Delta hydrodynamics is extremely challenging, despite the depth
of experience on the study team. There appear to be disparities between model
predictions and observations.‖ CALFED Science Review at 20. In other words, project
sponsors do not really know what will happen when they begin manipulating the gates,
but they do know that the gates have the potential to make a large impact. The ―chance
of catastrophic outcomes arising from unanticipated consequences of the Two Gates
Project is likely low, but the Panel feels is still uncertain without a formal adaptive
management structure that would anticipate (hypothesize) and evaluate such alternative
outcomes.‖ CALFED Science Review at 10.
Large scale, uncertain changes in the Delta‘s ―Channel flows (direction,
magnitude, and/or duration) and water quality (primarily turbidity and salinity)‖ represent
a unique and unknown risk. EA at 123. It is also a risk that can be substantially reduced
by performing the additional analysis recommended by the CALFED Science Panel and
others in the context of an EIS for the project.
The Adaptive Management Plan, Offered to Monitor and Mitigate Significant
Adverse Impacts is Vague and Undefined
The CALFED Science Panel concluded that the proffered adaptive management
plan was ―vague and undefined.‖ CALFED Science Review at 14. The ―team does not
appear to have developed a process to develop an adaptive management plan.‖ CALFED
Science Review at 14. The CALFED Review continues:
If it continues to be ignored or left to later stages of project development, the lack of a
practical decision analysis system will threaten the project‘s ultimate performance, or at
least resolution of major uncertainties. Even Fundamental components of a basic
adaptive management plan have yet to be identified, not to mention the necessary
analytical management structure. . . . Development of the framework, operational
structure and process of adaptive management should not be put off any longer.
CALFED Science Review at 15–16.
The EA offers monitoring and adaptive management as a panacea to prevent
significant adverse impacts. For example, protection of species listed as federal species
of concern and federally threatened species depends entirely on monitoring and adaptive
management: ―Given the implementation of monitoring and adaptive management of the
proposed facilities before and after the VAMP period, impacts to out-migrating Chinook
salmon and steelhead molts would be minor to moderate.‖ EA at 134. Likewise the EA
promises that sediment mobilization and channel bottom erosion will be kept to minimal
levels because they will be ―monitored, and remedial actions would be implemented
should observable sediment transport be detected; thus, operations would result in
minimal effects on channel sediments.‖
As the CALFED Science Review pointedly makes clear, the project sponsors do
not yet have even an idea of what their monitoring program will look like nor have they
identified any concrete mitigation measures that can be employed in response to observed

19

impacts. There is simply a vague and undefined promise to ―monitor‖ and ―take
appropriate action.‖
NEPA requires that BOR do much more. ―Omission of a reasonably complete
discussion of possible mitigation measures would undermine the ―action-forcing‖
function of NEPA. Without such a discussion, neither the agency nor other interested
groups and individuals can properly evaluate the severity of the adverse effects.‖
Robertson v. Methow Valley Citizens Council, 490 U.S. 322, 351 (1989). ―The
mitigation must be discussed in sufficient detail to ensure that environmental
consequences have been fairly evaluated.‖ Northern Alaska Environmental Center v.
Kempthorne, 457 F.3d 969, 979 (9th Cir. 2006). The agency must identify ―the means to
mitigate adverse environmental impacts.‖ Id.
The absence of a reasonably complete discussion of possible mitigation measures
makes the effects of the project highly uncertain.
(6) The degree to which the action may establish a precedent for future actions
with significant effects or represents a decision in principle about a future
consideration.
In its response to comments, the primary financial backer of the project, the
Metropolitan Water District of Southern California, states that ―The 2-Gates Project is a
five-year test only, and separate from any follow-on project.‖ Responses to CALFED
Science Program Science Review of the Two-Gates Project Submitted by the
Metropolitan Water District of Southern California, November 15, 2009 (MWD
Response) at 2. Since MWD acknowledges that this is a test for a follow on project that
it has in mind, it clearly establishes a precedent for future actions with significant effects,
i.e., significantly increasing water exports through manipulation of Delta turbidity.
BOR also acknowledges that the project may set precedent for a future action.
―Should a permanent project be implemented in the future, it would be subject to separate
environmental review and permitting processes.‖ Since a permanent 2-Gates project is
obviously on the minds of both BOR and MWD, at the very least the 2-Gate project sets a
precedent for future actions manipulating turbidity in the delta in order to keep smelt
away from the export pumps and thereby allow increased water exports.
Since the project sets a precedent for future actions with significant effects, an
EIS must be prepared discussing all reasonably foreseeable impacts, including those
reasonably foreseeable effects of the anticipated future action.
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(7) Whether the action is related to other actions with individually insignificant
but cumulatively significant impacts. Significance exists if it is reasonable to
anticipate a cumulatively significant impact on the environment. Significance
cannot be avoided by terming an action temporary or by breaking it down into
small component parts.
A number of other operable gate projects are under consideration, in the planning
stages, or have been approved for various locations in the Delta. An operable gate on
Three Mile Slough is among these projects. SFBDF does not have full information on
the extent or status of these projects.
Instead, we rely on BOR to provide a discussion of other gate projects, including
the relationship of the proposed 2-Gates Project to the other projects, and the cumulative
impacts of all the reasonably foreseeable gate projects together. We do not have the
resources to run down all this information and compare it with the proposed action to
determine the combined effects of these projects. That is why CEQ factor 7 places this
responsibility on the federal agency proposing the action. Our review of the documents
so far provided has not uncovered such a discussion.
In a number of instances BOR and its partners have sought to avoid significance
of adverse impacts by terming them temporary. See, e.g., EA at 85 (discussing temporary
nature of aesthetic impacts): MWD Response at 2 (―five-year test only‖). BOR and
MWD are apparently under the impression that terming the project ―temporary‖ or ―test‖
renders its impacts insignificant or lessens its burden under NEPA. Not so. This is
directly contrary to CEQ factor 7.
The same rationale apples to the attempt to break the action down into small
component parts. Separating the ―test‖ from the foreseeable follow on project in its
printed materials, does not alter the substance of what is being done, nor does it relieve
BOR of the responsibility of considering the cumulative effects of all reasonably
foreseeable actions on the environment.
Likewise, BOR‘s acknowledgement that ―separate environmental review‖ would
be required for a ―permanent project‖ indicates that there is environmental review that it
would do if it considered the project permanent but is not doing now because it terms the
current project ―temporary.‖ Any additional review that would be required for a
―permanent‖ project is clearly required to be done now, not later. This is precisely the
loophole that factor 7 was developed to close.
Unless BOR can convincingly demonstrate that all impacts are insignificant,
without relying on terming them temporary, or breaking the effects down into component
parts, an EIS is required.
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(8) The degree to which the action may adversely affect districts, sites, highways,
structures, or objects listed in or eligible for listing in the National Register of
Historic Places or may cause loss or destruction of significant scientific, cultural,
or historical resources.
The discussion under factor 3 above, is equally applicable here.
(9) The degree to which the action may adversely affect an endangered or
threatened species or its habitat that has been determined to be critical under
the Endangered Species Act of 1973.
As discussed above, at factor one, the project may adversely affect the delta smelt
(a federally threatened species) and its critical habitat. The North American green
sturgeon, the Sacramento River winter-run Chinook Salmon, the Central Valley springrun Chinook Salmon, and the Central Valley steelhead are all federally listed as either
threatened or endangered. The EA acknowledges that all of these species are potentially
affected by the project. EA at 109, Table 3.4-2.
Here again, the finding of no significant impact depends in large measure on
monitoring and mitigation measures that do not exist. The project has identified the use
of an experimental ―trawl cam‖ to be used in monitoring to ―[i]dentify key potential
impacts on other species that would be addressed by the Scientific Investigation Program
and Monitoring Plan.‖ EA at 47. The trawl cam would be employed ―particularly in
regard to potential impacts on other listed species.‖ Id. However, the trawl cam is only
in development at this point, and it is not known if it will work. The trawl cam‘s
sampling methods will be used only ―if they become available during the duration of the
project.‖ EA at 53. ―if the methodology is not ready for deployment by the end of the 2Gates
Project,
this
study
element
would
not
be
conducted.‖
EA at 53. In the absence of the trawl cam, no other monitoring of threatened and
endangered species is proposed.
Likewise, the EA makes reference to studies of acoustically tagged salmon and
steelhead that have been conducted by others in the past. EA at 52. Figure 2-21 at page
56 of the EA shows potential salmon out migration studies using acoustic tagging
methods. Such studies could ―evaluate how salmon and steelhead move past the gate
structures and into and through the central delta.‖ EA at 53. However, there is no intent
of the project sponsors to conduct such studies, only to support them if others decide to
conduct them. ―If similar studies are anticipated during proposed operations, the plan
would support additional acoustic tagging and remote recording sites on either side of the
gate.‖ EA at 53.
However, at page 60, figure 2-24 shows that both the trawl cam and acoustic
studies (neither of which may occur) are crucial components of the proposed
―Management structure for the 2-Gates Monitoring Program.‖ EA at 60.
And finally, at page 134, the EA concludes that ―Given the implementation of
monitoring and adaptive management of the proposed facilities before and after the
VAMP period, impacts to out-migrating Chinook salmon and steelhead smolts would be
minor to moderate.‖

22

The EA bases its conclusion of no significant impact on federally threatened and
endangered species on monitoring, to which it is not committed, and in fact states may
not occur. What adaptive measure might be adopted in response to non-existent
monitoring also remains chimerical.
The record does not support BOR‘s conclusion that impacts on threatened and
endangered species will be insignificant, and an EIS must be prepared to address this
issue.
(10) Whether the action threatens a violation of Federal, State, or local law or
requirements imposed for the protection of the environment.
As discussed at factor two, the project will impact the Town of Discovery Bay‘s
sewer outfall on Old River. As a ―result, it is likely that the Town‘s effluent discharge
will increase background river concentrations above the limits established by the Basin
Plan.‖ Herwit Report. This will result in a violation of state and federal law with regard
to permitted outfalls. As the EA did not consider the impact of the project on Discovery
Bay‘s outfall, or upon the many other outfalls located in the project‘s area of influence, it
is likely that substantial violations in other locations will also occur.
IV.

CONCLUSION

Because BOR has not demonstrated that the project will not have significant
adverse environmental impacts, an EIS, rather than the proposed EA and FONSI, is
required. This result is not at all surprising because the project is large in scope and of
intense magnitude with all the uncertainties intrinsic to a project of this nature.
We request that BOR extend the comment period for 90 days, and use the
information gathered during the extended comment period to prepare a thorough EIS that
identifies and evaluates all significant negative environmental impacts, and identifies all
mitigation measures reasonably feasible to mitigate those impacts as much as practicable.
To this end, the EIS should also include serious discussion of the alternative action of
placing one gate on Georgiana Slough, as suggested by CALFED, instead of the two
gates currently proposed.

Submitted on behalf of Save the San Francisco Bay and Delta Foundation,
November 30, 2009.
s/ Michael Brodsky
Law Offices of Michael A. Brodsky
SBN 219073
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ATTACHMENT ONE

TECHNICAL MEMORANDUM
Date:

November 29, 2009

To:

Michael Brodsky

From:

Setenay Bozkurt

Subject:

PWA Review of Two Gates Environmental Assessment

U.S. Bureau of Reclamation’s (USBR) Two Gates Project consists of installing two operable gates in Old
River and Connection Slough to manipulate flows, transport patterns, and the turbidity field in the Central
Delta. The USBR developed an Environmental Assessment (EA), issued a Findings of No Significant Impact
(FONSI), and allowed a comment period for public input by November 30, 2009.
At your request, PWA reviewed the Two Gates Environmental Assessment. This memorandum documents
our review comments. We reviewed Section 3.9 of the EA (Hydrology and Water Quality) and Appendix J
(Hydrodynamic Analysis). We also scanned other sections of Chapter 3, select sections of Chapter 2 (Project
Description), and the CALFED Science Review of the Two Gates Project (September 29, 2009). Our
comments are based on limited review within a very short timeframe. It is likely that a more thorough review
of the EA would result in additional comments and may change the comments provided. Our review of the
project documents focused on potential impacts related to hydrodynamics, erosion, deposition, water quality
(dissolved oxygen, nuisance algae blooms), wetland hydrology, and adaptive management. We did not assess
other impacts of the project that are outside our area of expertise, such as those related to boat traffic and
public safety. Our comments are described below.
The project goals should be clarified and stated explicitly and prominently.
We echo the CALFED Science Panel’s recommendation that “the project goals should be clarified and stated
explicitly and prominently” and that “the proponents should make explicit the extent to which the project is
focused on helping delta smelt recover versus understanding links of turbidity and entrainment of delta smelt
versus increasing exports while doing no additional harm”. As stated in the CALFED Science Panel’s report
[p.11]:
“The goal of substituting protection of delta smelt by manipulating tidal flows in place of restrictions
on Old and Middle River flows (OMR flows) that essentially restrict export seems obvious, and has
been stated publicly by elected officials, yet this was not made clear in presentations given during the
review. Interestingly, it is stated more clearly in the project documentation, where the text, ‘ ....To
provide equal or improved protection of delta smelt with higher than the minimum allowed water

exports..’ appears on page 2 of the project summary. Making this goal clear is important because it
bears on all aspects of the design of the monitoring and operation of the project. For example, with
the above goal, the question naturally arises as to under what circumstances or after what period of
time changes in export rules might be considered”.
Increasing exports may affect negative Old and Middle River (OMR) flows. If negative OMR flows are
increased, environmental consequences may be different from those considered. Clearly identifying project
goals would provide the ability to identify potential changes to OMR flows, thus providing clarity and more
certainty to the analysis of impacts. Currently there is substantial uncertainty about the goals and effects of the
project, as described in more detail below.

The Environmental Consequences evaluation needs to consider the full range of potential operations
proposed by the project.
If a foreseeable project outcome is that the project operates within the current OMR flow requirements at
higher negative flow/export rates (because impacts to Delta smelt are lessened as a constraint), then the
environmental consequences sections needs to evaluate increasing the frequency and duration of these higher
negative flow operations. Alternatively, if a foreseeable project outcome is that the operation of the gates
prevents or reduces smelt entrainment, and thereby allows modification of OMR OCAP flow restrictions
(through applying for appropriate regulatory modifications), then this should be stated explicitly and
appropriate analysis for this scenario should be clearly identified.
All consequences need to be evaluated for the range of potential negative OMR flow operations, including
operations most likely to affect the environment. It is not clear that this has been done. Instead of a range of
operations, potential consequences could be evaluated for operations when environmental consequences are
expected to be most pronounced (e.g., a reasonable “worst case” scenario) to demonstrate a lack of
environmental consequence, should that be the case. One way of clearly evaluating a range of operations
would be to identify the upper and lower bounds each as distinct project alternatives. In the absence of
consideration and documentation of the range of potential operations in the EA, we are unable to conclude
that the project will have no significant environmental effects to hydrodynamics and water quality.

The EA needs to clearly identify the range of operations evaluated in the Environmental Consequences
section.
Section 3.9 and Appendix J of the EA do not clearly identify the range of negative flows/exports that were
considered for the analysis and do not specify how the negative flows/ exports were incorporated into the
hydrodynamic model. The model runs performed under this project are not clearly linked to the upper and
lower ranges reported. For instance, there are several tables and figures that present results under “Upper
Bound” and “Lower Bound” conditions; however, these bounds are not defined [Table 3.9-2; Figures 3.9-10
to 3.9-18]. The lack of clarity on what has been modeled under what conditions limits the reader’s ability to
understand what has been done and form relevant observations/comments on the assessment.

Detailed results of the hydrodynamic analysis for Closed Gates Scenario do not appear to be presented.
The Hydrodynamic Analysis in Appendix J presents results of the conveyance analysis, flood stage analysis,
scour study, and navigation study comparing existing conditions to Proposed Action conditions with open
gates only [App. J, p8]. The Table of Contents of Appendix J includes Figure 3.12 and 3.13 which are stated
to represent DSM-2 results for Closed Gate Scenario in Old River and Connection Slough, respectively.
However, those figures are not included in Appendix J.
The references to the analysis of Closed Gates Scenarios in the reviewed documents are the following:
• Appendix J Section 2.4 Boundary Conditions
Section 2.4 of the Hydrodynamic Analysis refers to Contra Costa Water District (CCWD)’s Delta
Simulation Model II (DSM-2) included in Appendix B of Appendix J for results of simulations
assuming closed gates [pAppJ-6, pAppJ-8]. However, Appendix B of Appendix J is a short summary of
potential flood effects of the proposed Two Gates project and does not include any results on the
conveyance and scour potential under Closed Gates Scenario.
• EA Section 3.9 Hydrology and Water Quality.
Section 3.9 includes Tables 3.9-3 through 3.9-5 that compare existing peak total flows to proposed
action under closed gates scenario. However, no other results that relate to changes in flows, stages, and
velocities under Closed Gates Scenario appear to have been reported in this chapter.

The EA needs to evaluate the potential for effects on regional water quality.
The project has the potential to locally and/or regionally increase residence time and light penetration south of
the gates, with resultant potential for algal blooms and periods of low dissolved oxygen (DO). Assessment for
this potential effect on water quality does not appear to have been evaluated. Algal blooms and periods of low
dissolved oxygen over the regional area of influence may present a significant negative environmental
impact. A regional evaluation of water quality impacts would be needed to support the conclusion that the
project will have no significant environmental effects.
The EA states that the project will install DO sensors. The project description needs to clearly state how the
DO monitoring will be linked to performance measures and identify management actions that would be taken
in the event of algae blooms and low DO. The use of monitoring to avoid or remedy poor water quality
should be identified in the adaptive management information.
The changes in flow have the potential to change sedimentation patterns in the project area. The EA states that
“[t]urbidity would decrease through settling as a result of the extended travel time” [Ch.2, p.13]. Such
settling would modify sediment deposition patterns. Section 3.9 includes a segment titled “Erosion and
Sedimentation” [Ch.3, p.236] addressing only the potential impacts to erosion patterns. Consideration of
potential regional deposition was not included in this section or in Appendix J. A regional evaluation of
sedimentation impacts – locations and depth of deposits – would be needed to support the conclusion that the
project will have no significant environmental effects.

The potential for changes in tides to affect tidal marsh habitat needs to be fully evaluated.
Section 3.5 of the EA indicates that modeled high tides are up to 10 and 13 inches lower for the Lower Bound
and Upper Bound conditions, respectively. High tides are lowered by at least six inches over a sizeable region
south of the gates. Given the documented changes to high tides, it is likely that the proposed project would
also result in higher low tides (poor low tide drainage). Tidal wetlands are highly sensitive to inundation and
duration of daily tidal flooding. An elevation difference of 6-12 inches at the upper or lower end of the tidal
range can result in vegetation community shifts. On the high end of the tide range, lower water levels can
result in a shift from predominantly emergent aquatic to woody vegetation. On the low end of the tide range,
higher water levels (poorer drainage) can result in a shift from predominantly emergent aquatic to unvegetated
flat.
Preservation and restoration of tidal marsh has been identified as a regional priority in the Ecosystem
Restoration Program (ERP) Strategic Plan and other regional planning efforts. Wetlands provide important
ecological benefits, such as primary productivity and habitat for sensitive species. The historic loss of 97% of
the Delta’s freshwater tidal wetlands (TBI 1998)1 is believed to be a contributing factor in the decline of
species of concern. Further degradation or loss of tidal wetlands – even small remnant marsh islands –
could be ecologically significant.
The potential effects of the proposed project on tidal wetlands are discussed in the EA, but we recommend a
more detailed assessment. We recognize, as stated in the EA, that changes to the modeled tide range are
limited in duration over the course of the year. This makes it difficult to find a natural analogue for the withproject tidal hydrology. Recognizing this constraint, we recommend that the more detailed assessment
quantify the changes in inundation-duration-frequency over some relevant period of time (such as one year, or
the growing season) under the range of potential operations and link these changes to plant growth by
vegetation type. The more detailed assessment should identify the locations and extent (acreage) of wetlands
likely to be affected. Based on the information reviewed, we are unable to conclude with a high level of
certainty that the project avoids significant losses to tidal wetlands.
If appropriate evaluation results in a decision to go forward with the project, then the project should monitor
the effects of gate operations on wetlands in the region most likely to be affected and include appropriate
action triggers if wetland loss is observed.

The Adaptive Management Plan needs to be fully formulated.
We support the CALFED Science Panel’s recommendation that “a rigorous Adaptive Management Plan
needs to be formulated that includes the decision process and specification of how is responsible to make
decisions [CALFED Review, p15].” For example, the EA [Ch.3, p.244] describes expected sediment
mobilization: “increased water velocities near the gates could result in localized sediment mobilization and
the potential for channel bottom erosion” and “this effect would be monitored and remedial actions would be
implemented should observable sediment transport be detected”. The monitoring protocol for these effects

1 The Bay Institute. 1998. From the Sierra to the Sea: The Ecological History of the San Francisco Bay Delta Watershed.
282 pp.

should be clearly defined, triggers for implementing remedial actions should be explicitly identified, and
potential remedial measures should be identified and clearly described. We have not found where this has
been done. Lacking a more complete discussion of clearly defined monitoring and mitigation measures, and
depending on the degree of mobilization, and the expected transport and fate of entrained sediment, the
severity of this potential impact cannot be properly evaluated.
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1. Introduction
Developed by the Metropolitan Water District of Southern California (hereafter
referred to as “Met”), the Two Gates Project is designed to manipulate water flows,
transport patterns and the turbidity field in the Sacramento-San Joaquin Delta so as to lessen
entrainment of federally (ESA threatened) and state (California CESA endangered) protected
juvenile and adult delta smelt (Hypomesus transpacificus) by state and federal pumps in the
south Delta. The central idea is that gates located in Old River and in Connection Slough
(see Figure 2 of “2-Gates Fish Protection Demonstration Project Summary Document”) can
be operated on a tidal basis so as to rectify flows in the central Delta. That is, closing the
gates on flood tides and leaving them open on ebb tides will eliminate the southward tidal
flow, producing a mostly northward flow in Old River and in the Franks Tract complex west
of Connection Slough.
The evidence used to justify this strategy is based to varying degrees of quantitative certainty
on four premises:
1. Entrainment is identified as key stressor and factor in the survival of delta smelt;
2. There is a significant statistical correlation between turbidity and delta smelt
distribution;
3. There is a significant statistical correlation between turbidity and salvage of delta
smelt at the pumps; and,
4. 15 NTU is an empirically established threshold (trigger) to qualify a low turbidity
zone.
The direct goals of these flow manipulations are two-fold:
1. create a low turbidity “bridge” across the central Delta that will serve to keep adult
delta smelt from swimming towards higher turbidity water near the pumps, where
they can be entrained;
2. enhance tidal dispersion in the central Delta so as to reduce entrainment of juvenile
delta smelt.
An explicit contingency of these manipulations is that they have no adverse effects on other
ecosystem functions of the central Delta, and specifically that no other at-risk resources or
water quality would be deleteriously impacted.
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If successful, the project proponents believe that operation of Two Gates will
“...provide equal or improved protection to delta smelt (reduced entrainment at the export pumps)
with higher than the minimum allowed water exports described in the Operations Criteria and Plan
(OCAP) Biological Opinions (BOs) Reasonable and Prudent Alternatives (RPAs) of the U.S.
Fish and Wildlife Service and National Marine Fisheries Service, while operating within the other
water management requirement (D-1641).” 1
In short, the Two Gates Project aims to increase export levels above current levels set by
recent legal opinions (e.g. Wanger) and currently extant BOs.
In large part, the project was developed using modeling combining hydrodynamics
and fish behavior. i.e., physical (albeit computer-based) models were used to investigate how
gate operations would affect flows and turbidity in the Delta. The behavior of delta smelt
was developed combining a hydrodynamic circulation and particle tracking model. In this
case, the particles responded according to rules that encapsulated the assumed behavior of
delta smelt. As the smelt moved around in this simulated Delta, the primary response rule
was to the turbidity field encountered where the governing rules were designed to keep them
in water that had turbidities in excess of 12 NTUs. Finally, the operational rules for the gates
and the overall performance of the Two Gates concept were determined by keeping track of
virtual “fish” entrained at the pumps.
Most importantly, as proposed, the Two Gates Project poses the opportunity for an
exemplary experiment in adaptive management because it has the potential to include
detailed hydrodynamic and fish behavior modeling to generate predictions and test
alternatives; extensive monitoring of physical and water quality variables, most notably
turbidity and fluxes of chlorophyll a and salt; quantification of uncertainty and error; and
additional monitoring of delta smelt.

This information would be used to assess the

effectiveness of the project, and (presumably) project operations adjusted accordingly.
Indeed, the project integrates both construction and operation of facilities with new
monitoring and research.
On August 6th, 2009, having been provided with a report detailing the project and
the methodology used to develop the project, this panel met to review the Two Gates
Project, hearing a series of presentations from the project proponents along with a brief
1

Summary report p. 1
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discussion of the regulatory issues given by representatives of the fisheries agencies charged
with formulating BOs concerning the project. In keeping with the panel’s charge, this report
focuses on the scientific issues the project entails, in particular evaluating the methods and
models used to develop the project and to make predictions of its possible benefits as well as
how the project would actually would be implemented in terms of the proposed enhanced
monitoring and how that monitoring would be used to determine project success at reducing
delta smelt entrainment. The panel charge did not include assessing other impacts of the
projects, e.g. the effects of gate operations on boat traffic and public safety issues, nor did
we consider policy issues such as funding mechanisms for the project and/or associated
monitoring or the expedited timetable of the project. Finally, the panel recommendations do
not extend to recommending for or against the project.
In the sections below we present our evaluation of the project as proposed, listing
aspects of the project that we viewed as being positive, then aspects of the project that we
viewed as having major shortcomings, finishing with a set of recommendations aimed at
improving the project and its associated monitoring and modeling.

2. Positives
This project represents a major initiative to try and resolve some of the conflicts
surrounding the management of the Bay-Delta region through an innovative approach that
has an objective of providing significant control over the circulation patterns in the south
Delta. As we discuss below, the panel felt that the project had some significant positive
merit.
2.1 Overall strategy
The panel was impressed (in a general sense) with the overall strategy used to
develop the project. The project started with hypotheses and the best, albeit meager,
available empirical data about how physical factors, turbidity and mean flows might affect
entrainment of delta smelt. The project proponents then used advanced engineering tools to
design and evaluate the project. The physical manipulations Two Gates would make possible
represent (a) an excellent opportunity for large scale adaptive management experimentation
and (b) potential for increased operational flexibility by effecting changes in mean circulation
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comparable to large changes in exports. Finally, the project appears to have been designed to
minimize impacts on other listed species. Each of these aspects is elaborated below:
2.1a The findings of the study are based primarily on the use of hydrodynamic, sediment
transport (turbidity) and fish transport/behavior models. The sediment and fish models are
run after the water movement dynamics have been completed. The models employed are all
consistent and reliable techniques and have been extensively evaluated during the past
decade. This means the capabilities and limitations of the models are known and have been
described in other recent reviews (for example: http://www.iep.ca.gov/suisun/modeling/
and http://cwemf.org/). While each of the models could be used in more rigorous fashion,
their use suggests that the study has been designed well. Monitoring is a key here. The
model findings to date are not intuitively obvious and suggest that observations must be
available to substantiate the modeling and to serve as a first line of defense in case the
modeling is not completely correct and ensure corrective capability exists in the management
plan to adjust as more becomes known about the behavior of smelt. From the presentations
in the workshop and subsequent discussion in the afternoon session, the monitoring plan
appears strong but the details need to be fleshed out and the deployment of instrumentation
guaranteed throughout the lifetime of the gates.
2.1b The project location, participants, coordination of science and modeling proposed for
the Two Gates Project provide a rare opportunity to actually conduct a large scale adaptive
management experiment, especially given the potential five-year time frame. Since the early
origins of adaptive management (e.g. Hollings 1978), environmental managers have been
struggling with the challenges of practically implementing experiments to test uncertainties in
a decision-making structure that actually allows iterative experimentation and adjustment of
management alternatives and refinement of decisions (NRC 2004; Lee 1999; Nybert 1999).
Environmental decisions are typically under tight time restrictions and demands for results
to allow the iterative learning process (“learning wheel” Nybert 1999) of: (1) assessing the
shared understanding of key social-economic-ecological interrelationships and associated
problems and opportunities, where characterizing the management problem and developing
a range of hypotheses that predict how indicators might be affected by alternative actions is
most effectively developed using conceptual (or preferably, dynamic) models; (2) designing
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management actions as experiments that address biophysical, social and institutional criteria
and uncertainties; (3) implementing explicit tests of hypotheses and assumptions; (4) monitoring
feedback from performance measures and indicators that were defined in the assessment
phase; (5) evaluating options for future actions and changes based on monitoring results; and,
(6) adaptively modifying experiments (as well as hypotheses and assumptions) based on what
was learned (Nybert 1999; Williams et al. 2007). That all of these elements, and particularly
the rigorous hydrodynamic and fish behavior modeling required to frame alternative
hypotheses and management actions, are present or possible in the context of the Two
Gates Project speaks to the possibility of an implementable adaptive management approach
to assessing and perfecting the project objectives.
2.1c The Two Gates Project would give the water project operators (DWR/USBR) increased
operational flexibility, i.e., as demonstrated in the modeling appendices to the summary
project report, operation of the gates can effect large-scale changes in Delta circulation and
transport patterns. We note that operation of similar existing facilities, notably the Delta
Cross Channel and Montezuma Slough gates currently play a major role in management of
the Delta pursuant to environmental regulations and goals for protection of habitats and
species. In particular, the changes induced by Two Gates would most obviously be felt in
Old River, since southward flows that occur now when exports are substantial could nearly
be eliminated. On the other hand, conservation of mass requires that the overall southward
flow from the Sacramento to the San Joaquin side of the Delta requires that southward flows
in Middle River and in the main stem of the San Joaquin must increase to compensate for
reductions in such flows in Old River. This produces a substantial residual counterclockwise
circulation in the central Delta. Thus, the effects of the gate operations on tidally averaged
Delta circulation could be comparable to relatively large changes in exports.
2.1 d The potential impacts on other species of ecological concern or interest would appear
to be comparatively low.

Although this question has not been addressed with much

scientific diligence and requires further investigation (see below), the proposed structure and
operation of the gates does not appear to present an obvious or significant impediment to
other fish and wildlife. It might even be argued that the vulnerability of other fish and
nekton associated with delta smelt to be entrained by the pumps will be reduced similarly.
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2.2 Commitment to Project
As shown by the substantial investment made to date in designing the project, the
project proponents have demonstrated a commitment to make the project work as a whole,
i.e. not only to build the facility, but to support the modeling, monitoring, and research into
delta smelt behavior that are integral to understanding how gate operations are affecting
flows, turbidity and entrainment of delta smelt, and to incorporate this into an adaptive
management framework. The panel is strongly supportive of incorporating science directly in
the project. Indeed several of the current panel members participated in reviews of the
Environmental Water Account (EWA) and recall unsuccessfully recommending that science
to evaluate the hypothesized effects of EWA be included as part of the EWA directly.
2.3

Integration of Modeling with Project Design
This project has been conceived based on the current scientific knowledge regarding

the dynamics of the Delta and builds upon the extensive experience of the modelers and
scientists who developed the plan. The hydrodynamic models used have been calibrated,
tested and evaluated extensively during the past decade and the capabilities and limitations
are well known not just to the modelers but also the agencies and scientific community
working on Delta issues. The Panel was impressed by the frankness of the modelers and
scientists in the Q&A sessions of the workshop regarding the limitations surrounding the
use of 2-d models and the simplifications involved in the preliminary turbidity algorithms.
This bodes well for the future as one of the benefits of the proposed monitoring will be to
quantify the uncertainties in the modeling as articulated by members of the Panel and
experts such as Dr. Pete Smith (verbal contribution at workshop and subsequent personal
communication to Panel). This monitoring will also facilitate the refinement of the turbidity
algorithm to an appropriate level to give confidence in the management of the gates.
2.4 Recognition of the Importance of Integrated Modeling and Monitoring
The project intention of integration of monitoring and modeling will provide
valuable information that will help evaluate the major project hypothesis that turbidity is a
trigger that initiates migration of delta smelt from Suisun Bay into the western Delta. The
monitoring project is strongest in characterizing the tidal distribution and fluxes of salt and
turbidity through the Delta. The project plans two levels of monitoring: wide-area and site8|Page

specific monitoring programs. The wide program will use fixed sites to track the
hydrodynamic and water property distribution associated with the gate operations. The site
specific program is intended to study the movement of fish during the first winter flush of
turbidity. The combination of the two component programs is a strong aspect of the project.
In particular, the site specific monitoring will provide valuable information to test and
improve the smelt behavior model. This link between model development and monitoring is
particularly innovative, which the panel strongly encourages.
2.5 The project builds on existing “scientific infrastructure” of the Delta.
By this we mean that the project:
(a) draws substantially on scientific knowledge about the physics of the Delta and about
delta smelt behavior and population distributions. Although, as we discuss below, some
of the statements made in the summary report and appendices about delta smelt and
turbidity are likely stronger than what is in the original source material. In many respects,
the project makes best use of understanding of Delta hydrodynamics gained by the
USGS over the past years (albeit the paucity of peer-reviewed documentation of this
understanding).
(b) utilizes substantial investments made in developing, calibrating, verifying the RMA
circulation models, work that has been carried out as part of the Delta Risk Management
Strategy (DRMS) effort as well as other smaller projects. This development effort has
included an effective set of post-processing tools that include versatile particle tracking
(especially useful in the present context), and graphical representation of model output.
(c) is designed to largely use existing USGS-operated monitoring networks for flows,
temperatures, and salinities, along with existing California Department of Fish and Game
fish surveys.
By using what is known about the Delta and about delta smelt, the chances that the
project will succeed are enhanced. From a practical standpoint, the use of existing tools
and monitoring networks is efficient in terms of both resources and time.
2.6 The use of Bay-Delta-live website to distribute information and communicate is laudable.
A key to the success of the Two Gates Project will be independent confirmation of
the impacts and benefits. This independent confirmation will be from academic scientists
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and environmental engineers. The project is taking advantage of the Bay-Delta-live website
to disseminate the observational data collected by the monitoring program in a timely
fashion and to provide information on impacts in almost real-time. An interested party
should be able to evaluate the effectiveness of the Two Gates operation on their own.
2.7 Potential Rapid Reversibility
The chance of catastrophic outcomes arising from unanticipated consequences of
the Two Gates Project is likely low, but the Panel feels is still uncertain without a formal
adaptive management structure that would anticipate (hypothesize) and evaluate such
alternative outcomes. If the additional monitoring and attention being given to this project
by state and federal agencies and NGOs were to be formalized in an adaptive management
framework, such trends and changes to the aquatic environment will be assessed and
detected well before reaching a significant level. The resolution to most adverse trends
would be to leave the gates open and the hydrodynamic model result indicates relatively
small impacts on the overall circulation in the south Delta, but these alternative actions have
yet to be evaluated. The Panel is also concerned that it is unclear who would be responsible
for making the ultimate decision (e.g., how and who would organize and manage the
adaptive management plan) if the gate operation was dramatically altered or even left fully
open during certain periods, seasons or permanently.
3. Negatives
The project proposal also has some significant shortcomings and problems. These
issues were partly due to lack of specific details and partly with the scientific approach.
Some of these problems have to do with the way the modeling was done to develop the
project, notably the panel found that the current version of the delta smelt behavior model is
a valuable first step but represents an oversimplification of what is known about delta smelt.
Specific problem areas are discussed below:

3.1 Project goals are not adequately defined
While the project proponents made clear that the Two Gates Project is about
reducing entrainment losses of delta smelt, they did not make clear the extent to which the
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project is designed to aid delta smelt recovery versus enabling higher levels of export than
are currently permitted. The goal of substituting protection of delta smelt by manipulating
tidal flows in place of restrictions on Old and Middle River flows (OMR flows) that
essentially restrict export seems obvious, and has been stated publicly by elected officials, yet
this was not made clear in presentations given during the review. Interestingly, it is stated
more clearly in the project documentation, where the text,
“..To provide equal or improved protection of delta smelt with higher than the minimum
allowed water exports...”
appears on page 2 of the project summary. Making this goal clear is important because it
bears on all aspects of the design of the monitoring and operation of the project. For
example, with the above goal, the question naturally arises as to under what circumstances or
after what period of time changes in export rules might be considered. This means showing
conclusively not only that the project reduces entrainment, but by how much.
3.2 Poorly Formulated Smelt Behavior Model
A critical element of project design, the smelt behavior model, is incomplete and not
connected to existing literature on fish behavior models. The behavioral model takes a topdown approach using specific rules to produce a pattern similar to that observed between
fish and turbidity in salvage. It implicitly assumes that producing an observed pattern implies
that the movement rules sufficiently capture fish behavior throughout the Delta and, more
importantly, that the rules will capture fish behavior when the patterns between flow, salinity
and turbidity are disrupted by the operations of the Two Gates. The signals that cue fish
behavior in the model are rather complex and many are based on km-scale horizontal
gradients. However, organisms respond to events and forces they can detect in their
immediate environment, and have no capability to respond to distant conditions (Kimmerer
2004). In short, the behaviors are biologically tenuous. Since the behavioral rules are
biologically questionable, the assumptions that they will capture the response of fish to the
Two Gates operations is a central defining aspect of the project that needs substantiation
and comparison with alternative assumptions. Some of the issues involving the behavior
model are detailed Appendix II, which compares the model with an alternative that takes a
bottom-up approach beginning with the fish’s response to its immediate environment.
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3.3 The turbidity/behavior linkage is weakly statistical, not mechanistic.
Again this is a central, defining aspect of the project that needs substantiation. The
link between the distribution of turbidity and behavior is largely made through concurrence
of the fish and turbidity in salvage (Grimaldo et al. 2009). The relationship, while statistically
significant, is weak. Furthermore, a major hypothesis is that the first winter flush of turbidity
draws fish out of Suisun Bay and into the Delta. However, Suisun Bay is 70 km from the
pumps so inferences on fish response to the first winter flush from the salvage pattern is
tenuous. The studies to date do not provide direct clear evidence for the detailed response
inferred in the behavioral model. The Grimaldo et al. (2009) study also demonstrated that
salvage loss depends on the seasonal occurrence of fish near the pumps and the direction of
the net flow at the time. This may suggest that a relationship between fish and turbidity is
more correlation than causation. The project does partially recognize this possibility and
addresses the issue with the proposed tidal monitoring study. However, this study is not
sufficiently developed and connected with biologically realistic hypotheses for how delta
smelt sense and respond to their environment.
3.4 The hydrodynamic model needs better substantiation and quantification of
uncertainty/reliability.
The hydrodynamic/turbidity modeling component of the Two Gates impact analysis will
be a key factor in getting the right answer for the right reasons. The modeling done to date is
based on a 2D vertically integrated hydrodynamic model, RMA-11, and a recently developed
sub-module that calculates turbidity using a simple first-order decay. The RMA models have
a long and successful history and are well known to professionals in the field; thus, they are
suitable for use here. As with any model, the proof of its validity is how well the model and
its attendant data inputs can reproduce past conditions and project current and future
responses. There is never enough data to completely resolve the predictive and replicative
capability of the model and careful thinking is required to substantiate the results.
The use of RMA-11 for the Two Gates impact analysis has been extensive. The many
comparisons with hydrodynamic observations (water level, temperature salinity, currents) are
impressive. The calibration is reasonable based on visual comparisons. The tidal time scale
results are good but the longer time scale dynamics like the net flow are less convincing.
Quantitative metrics of model quality were not given in the reports and it is very difficult to
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critically assess the ability of RMA to simulate the Delta system for this application. The use
of quantitative metrics should be factored into all subsequent analysis.
The turbidity component of the model is rudimentary. The turbidity modeling is based
on simplified sediment transport dynamics. The model consists of transporting a passive
scalar representing sediment. The role of sediment deposition and erosion is handled
through the use of an exponential decay function. The Frank’s Tract depositional area in
particular may not be modeled well. The use of this simplified approach, while not
necessarily bad, must be validated by careful comparisons with observational data.
The turbidity model calibration is not rigorous and the model results should be
considered preliminary at best. The calibration is based on only one water year 2008. That
year was an extremely dry period with very low flows and not representative of conditions
under which the Two Gates operation is likely to occur in most years. Moreover, there was
little data for comparisons in key areas like the Mokelumne River. It is strongly suggested
here that results from other years should be included in the analysis. Modeling years without
extensive turbidity data will be useful as well to provide a sense of how sensitive the results
are to natural variability.
Although it appears that there is reasonable correlation between turbidity and the
suspended sediment algorithm used in the current study, there are several processes that
should be quantified as insignificant or included into the refined turbidity algorithm explored
in the discussion sessions of the workshop.

Specifically, the role of organic material

(particularly the variation on a seasonal basis) and the effects of flocculation and
resuspension should be explored. This is important if the project will affect salinity and bed
shear in some areas so that the historic turbidity correlations may no longer be valid under
some conditions.
3.5 Fish-turbidity studies are not clearly designed
•

The design for sampling is not sufficiently detailed and should be NSF quality and
detail. The fish turbidity studies need to focus on defining the local environment
experienced by the fish. Vertically averaged measures of turbidity, salinity and
velocity are not sufficient to evaluate the hypothesis in which fish move by surfing
the tides. The studies need to characterize how the environment asymmetrically
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changes with the tides and how the fish respond. Some of the issues are discussed in
Appendix II.
•

Performance metrics are needed in the experimental design. In particular,
characterizing the surfing response of fish over a tidal cycle presents observation and
analysis challenges. The system is dynamic and separating directed “surfing”
movement of fish from the movement of neutrally buoyant particles will require
considerable thought involving scientists with the right expertise, i.e. fish biology,
estuarine hydrodynamics, fish behavior, modeling and field sampling.

•

Connections between fish and turbidity are only qualitative and anecdotal, especially
for places other than salvage. The tidal monitoring study needs greater emphasis.
The information from the study will be essential for testing and further developing
the behavioral model.

3.6 Despite the potential “power” of an effective adaptive management framework to
evaluate and refine the Two Gates Project toward its intended objectives, at present any
actual plan is vague and undefined.
The team does not appear to have developed a process to develop an adaptive management
plan. As a result, it is impossible for the Panel to evaluate whether:
•

the specifications for monitoring, assessment, and modeling of project performance
and evaluation are clearly identified;

•

implementation of the proposed monitoring, assessment and modeling plan lead to
adequate assessment of project performance;

•

metrics are likely to be sensitive enough to detect effects of gate operations; or

•

there are adequate resources provided for project monitoring, assessment and
evaluation.
If it continues to be ignored or left to the later stages of project development, the

lack of a practical decision analysis system will threaten the project’s ultimate performance,
or at least resolution of major uncertainties. Even fundamental components of a basic
adaptive management plan have yet to be identified, not to mention the necessary analytical
management structure, which includes:
14 | P a g e

(a) alternative hypotheses under different biophysical model conditions or assumptions;
(b) predictions of outcomes - what if the project is a success (assuming this is
defined….What will happen then?);
(c) quantitative performance measures associated with the alternative hypotheses;
(d) management decision tree (e.g. as was developed for EWA – something that took
several years)
(e) indicators, thresholds and triggers that are required for the assessment process,
which should be derived from an expanded conceptual model to develop
hypotheses/predictions;
(f) identification of the project management, team components or institutions/agencies
responsible for the adaptive management plan.
Development of the framework, operational structure and process of adaptive
management should not be put off any longer. The project involves very complex players
and relationships, with different authorities and responsibilities. Given this complexity and
short planning horizon, the Panel suggests that the team consider bringing in a respected
advisor or consultant who specializes in organizing adaptive management systems and
provide them with the independence and authority to draft an appropriate adaptive
management plan.
4. Recommendations
4.1 The project goals should be clarified and stated explicitly and prominently.
The proponents should make explicit the extent to which the project is focused on
helping delta smelt recover versus understanding links of turbidity and entrainment of delta
smelt versus increasing exports while doing no additional harm. We recognize that all these
issues are interlinked, but making clear what the project is designed to do will facilitate
formulation of a definitive adaptive management plan, and make clear the extent to which
the project functions as designed. It will also help clarify any future misunderstandings or
criticisms from other interested parties.

15 | P a g e

4.2 Adaptive Management Plan
A rigorous adaptive management plan needs to be formulated that includes the
decision process and specification of who is responsible to make decisions (refer to Section
3.6 above).
4.3 Commitment for monitoring, analysis and synthesis of results
Currently there are extensive efforts at the national (NOAA NMFS, NSF) and state
level to develop distributed data management systems that allow managers and researchers
to access information in a form that can be used and understood easily. These approaches
do not rely on developing ‘super-databases’ that require extensive maintenance and
management, but rather leaves the management of individual monitoring programs with the
responsible agencies and developing the cyberinfrastructure framework for assimilation of
data from multiple sources and the data mining, synthesis and display tools to make this data
contribute to the knowledge of the system (for example, Atkins et al., 2003 and the CUAHSI
Hydrological Information System).
The Panel concurs with the project team that the monitoring and adaptive
management are absolutely essential and should be funded adequately. Data management
and transparency have been a priority for the CALFED Science Program for the past three
years, refer for example to summary report by Mike Healey (former CALFED Lead
Scientist) to the Delta Vision Blue Ribbon Task Force and the recommendations by Dr. S.
Luoma (former CALFED Lead Scientist, currently USGS and UC Davis). Depending on
the availability of funding, consideration should be given by the Science Program and project
proponents for a joint initiative to use the Two Gates monitoring program as a ‘test-bed’ to
demonstrate these tools for future data management in the Bay-Delta.
The proposed monitoring for the Two Gates Project will supplement existing
monitoring programs. A contingency plan should be developed and contingency funding
allocated in the event of the elimination or suspension of any external data-streams that the
Two Gates adaptive management relies upon.
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4.4 Testing of mechanistic linkage is key and must be strengthened
4.4a Need a more detailed plan for mechanistic sampling especially for fish – these should be
at the level of sophistication/detail of an NSF proposal. A targeted workshop should be held
to help project scientists design experiments [the panel could help with this]. Appendix II
illustrates a more biologically based hypothesis of the type that the panel believes is required
for planning a sampling program. In particular, the tidal study needs to be developed with a
3D model that integrates hydrodynamics and water properties with specific hypotheses on
fish behavior. The 3D model can then be used to evaluate the ability of sampling schemes to
provide useful information on the behavioral hypotheses. In effect, by modeling the
collection properties of the fish sampling gear within the 3D model, it is possible to evaluate
in “silico” the ability of a sampling program to distinguish fish behavioral responses to the
physical environment.
4.4b Construct several different behavior models and test them using an open/closed
operations strategy on a week time scale – getting the physics accurate is relatively easy, but
fish sampling (as described above) needs some thought. Design needs to be based on a set of
hypotheses such is outlined in Appendix II.
4.4c Use a 3D model to confirm 2D hydrodynamic and particle tracking results. Today’s
state of the art in hydrodynamic/turbidity modeling is quite advanced. The approach taken
here is based on simplified model physics (2D not 3D) and the effects of this simplification
need to be quantified. Comparisons with results from other Delta models, e.g. 3D models
like UNTRIM as well as 1D models like DSM2, to check flow changes predicted by RMA
would increase the level of reliance that can be placed on model predictions. These
comparisons would help confirm that RMA model-predicted changes in flows associated
with project operations would be realized In addition, the particle tracking methodology
upon which the fish behavior model is based has not been validated. Although this
methodology is difficult to validate using field data, at a minimum the project modelers
should compare particle tracking and scalar transport results for the release of virtual dye
clouds at key points throughout the Delta (see Simons et al. 2007 for an example of this
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comparison). The rationale for this comparison is that the model’s ability to predict salinity
distributions reflects its ability to accurately compute scalar transport.
4.5

Consequences to Other Species
The Panel feels that considerable uncertainty remains around potential

unanticipated consequences of the Two Gates Project operation, as designed to maximize
benefits to delta smelt, for other species of concern or interest. We acknowledge that the
team has made efforts to: identify beneficial and adverse effects to listed species; consider
effects to critical habitat and its primary constituent elements; identify effects to essential
fish habitat; and, evaluate construction and operational effects on sensitive species. But we
find little rigor in any assessment of potential impacts on juvenile salmon (e.g., Central
Valley fall Chinook, Oncorhynchus tshawytscha) or other species of concern or sensitivity, such
as Sacramento splittail (Pogonichthys macrolepidotus) or Sacramento tule perch (Hysterocarpus
traski traski). Although the potential for predator aggregations around the gates has been
mentioned, we found no assessment of the likelihood or scale of such a response and
nothing mentioned about potential piscivorous bird responses.
We understand the difficulty in making such an assessment. The team has depended
on the IEP sampling network for the primary data, which is not really designed to address
such questions or hypotheses. However, the response of juvenile salmon, splittail and tule
perch and their habitats to Two Gates construction and operation should be quantified even
if the finding is unlikely to be significant.

The Panel recommends two elements be

incorporated into the project: (1) continued, more in-depth investigation of datasets,
modeling and other information sources that could at least lead to development of
conceptual models of different response scenarios by such species of concern; and, (2)
incorporation of monitoring for these other species into the Two-Gates project assessment.
For instance, other Delta species have different salvage patterns that reasonably reflect
differences in their distributions and behaviors in response to the local environment.
Expanding the modeling study to represent the distributions and salvage patterns of other
species (e.g. Kimmerer, 2002, 2004) should provide valuable information on viability of the
modeling system and would provide a valuable tool for a more comprehensive management
of fish assemblages in the Delta.
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The proposed monitoring of delta smelt around the gates should be augmented or
complemented with further fish and habitat sampling to at least consider monitoring local
fish composition, distribution and abundance. Unlike delta smelt, many of these other fish
species offer the opportunity to employ PIT or hydroacoustic tags that could be detected
with receiver arrays at and around the gates. While it is unlikely that a proxy can be found for
delta smelt, a better understanding of how other species respond to tidal cycles will provide
valuable information for understanding how fish, including delta smelt, use tidal cycles to
move about the Delta.
4.6 Involve the CALFED Science Program in the project.
This program could serve as a strong example of coupling science, engineering, and
policy for the Delta. The CALFED Science Program should be involved immediately in
working with the USBR if the project goes forward. For example, why not use a focused
Proposal Solicitation Process (PSP) process to aid with the science aspects of the project? i.e.
the USBR (as the lead agency) could engage the CALFED Science Program to solicit and
review proposals for work designed to test the hypotheses advanced by the project
proponents, or to advance and test alternative hypotheses. We also recommend that there be
continued participation of the Science Program in annually reviewing the progress of the
monitoring and research activities associated with the project, more or less to objectively
assess the extent to which the project’s goals are being met, and to make sure that the data
collected by the project is analyzed and written up in a timely manner. This is similar to
what was done during the life of the EWA. Most importantly, since any likely review would
be a public process, it would serve to make public the successes and failures of a highly
visible and potentially contentious project, thus helping to ensure acceptance, especially in
the Delta science community, of any conclusions drawn about its efficacy.
5. Summary/conclusions
The Two Gates proposal is a carefully prepared initiative that represents large-scale
innovative thinking to provide greater flexibility in managing the Delta. The benefits of
understanding the response of a controlled perturbation could provide insights of the
dynamic functions of the Delta that extend beyond just the Two Gates Project. The project
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will provide considerable flexibility in operations.

It is also founded on an adaptive

management framework with a solid scientific basis that can evolve over time as the
monitoring program generates a better knowledge of the current conditions and induced
changes by the gates. The Two-Gates Project is not, and the project proponents do not
claim, that this is the long-term panacea for balancing ecosystem recovery with flow
diversions. The concept shows great potential for introducing some control over circulation
patterns in the Delta, which would provide managers with greater flexibility. However, the
Panel recommends several precautionary steps if the decision is made to proceed with the
project.
•

Clarify the goal of the project. Is the goal (a) species recovery, (b) maintaining the
ecological status quo and increasing the duration and rates of pumping, or (c) some
intermediate balance. If the goal is both ecological recovery and increased exports,
how will the exact balance be made on a season-to-season basis? Who will make the
ultimate decision and what will be the criteria for making these decisions?

•

Despite considerable debate during the past decade, this project is probably the first
detailed attempt to implement scientifically-based adaptive management on a largescale in the Delta. The design team should be recognized for taking the concepts and
ideas from these extended debates and developing a workable framework. However,
some of the exact criteria and thresholds for intervention need to be clarified.

•

Modeling the Delta hydrodynamics is extremely challenging, despite the depth of
experience on the study team. There appears to be disparities between model
predictions and observations, specifically related to net flows and particle tracking.
Further analysis of model results for particles (delta smelt) through Old River and
Middle River should be explored. During the proposed monitoring, these possible
disparities should be quantified and the cause of uncertainties quantified.

For

example, how much is likely to be caused by the 2D simplification of a 3D flow field
and in which areas are these uncertainties most significant.
•

The proposed improvements to the turbidity algorithm as described in general by
Dr. DeGeorge should be developed and included within the model when more field
data become available to define the essential components of the revised algorithm.
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•

The hypothesis regarding the response of delta smelt to high turbidities should be
tested in the field under a broader range of conditions and this could be a good
potential topic for the CALFED Science Program PSP.

•

The monitoring data collected to supplement existing IEP and other ongoing efforts
could provide a demonstration of how distributed data management systems could
work throughout the Bay-Delta system. This could provide a transparent, near realtime, depiction of conditions around the two gates that could be accessed by any
interested party.

•

The request by the project proponents for independent scientific review
demonstrates commitment to science-based management and policy.

It is

recommended that the project retains a level of independent scientific review,
through the CALFED Science Program.
•

As part of the detailed design and adaptive management process, the Design Team
may wish to consider alternative locations of gates that could be less expensive and
achieve the same diversion objectives. In particular, the suggestion to construct a
smaller gate on Georgiana Slough seems to merit investigation.
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Appendix I: Meeting Agenda: August 6, 2009
CALFED Science Panel Review
Independent Review of the 2 Gates Fish Protection Demonstration Project
Thursday, August 6, 2009
8:00 a.m. – 5:00 p.m.
650 Capitol Mall, 5th Floor, Delta Room
Sacramento, CA 95814
________________________________________________________________
Purpose and Product
The 2 Gates Project has been proposed as an adaptive management experiment using
infrastructural modifications (operable gates) for protection of sensitive species and
management of water supply. Two temporary, removable gates would be placed in the
central Delta to manipulate flows in an effort to reduce entrainment of delta smelt at the
water export facilities.
This independent scientific review will focus on:
a) the adequacy of the assembled information as justification for such an experiment;
b) an assessment of the proposed data collection, synthesis protocols, and performance
measures for determining the success of such an experiment, and;
c) the likelihood for achieving the stated objectives of the adaptive management experiment.
The meeting will facilitate communication between an independent Review Panel and
project proponents during the review of the 2 Gates Fish Protection Demonstration Project.
AGENDA
Order of agenda items and listed times are subject to change.
8:00 a.m.
1. Introduction and Review Process
2. Presentation of the 2 Gates Project
3. Regulatory Context – US Fish and Wildlife Service and
National Marine Fisheries Service
4. Question and Answer session with Review Panel
5. Public Comment
12:00 p.m. Lunch
6. Panel deliberates in private
3:30 p.m.
7. Presentation of key points in Review Panel report
8. Additional discussion with Review Panel
9. Public Comment
5:00 p.m. Adjourn
________________________________________________________________
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Appendix II:

Comparison of the smelt behavior model with an alternative
biologically-based model

Here the smelt behavior model (SBM) presented in the Resource Management Associates
DRAFT REPORT: June 16, 2009 is compared with a more biologically based alternative
behavioral model (ABM) presented at the American Fisheries Society 2007 annual meeting
in San Francisco (Anderson 2007).
Smelt Behavior Model Description
The SBM is implemented on top of the RMATRK particle-tracking model. At each step, the
transport velocity is computed for a neutrally buoyant passive particle moving with the
streamline velocity computed by the RMA Bay Delta Model and subject to a random
velocity component representing turbulent dispersion. Then the behavior model adjusts to
the transport velocity utilizing the local concentration and gradient of electrical conductivity
(EC, simulated as a surrogate for salinity) and turbidity computed by the RMA Bay-Delta
model.
SBM algorithm contains five rules:
If the local EC is greater than the required maximum limit
n Surf toward lower EC.
Else if the local turbidity is lower than the required minimum limit
If the local turbidity gradient is greater than the minimum detectible gradient
o Surf toward higher turbidity
Else if the local turbidity gradient is lower than the minimum detectible gradient
p Hide.
Else if the local EC is lower than the desired minimum limit
q Surf toward higher EC.
If the local EC and local turbidity are within required limits
r Randomly move (explore desirable habitat).

The surfing behavior, in which fish move in a rectified movement with the tidal flow, is
implemented by applying a scalar velocity factor to the transport velocity vector computed
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for neutrally buoyant particles. To resist the tidal flow the velocity factor is set to zero and to
move with the tidal flow the factor is set to 1.2. Hiding is also implemented with a user
defined scalar velocity factor, which causes the particles to move slowly or stop.
SBM characteristics
The horizontal movement from behavior is controlled by rules n through r, which are
triggered by salinity (EC) and turbidity levels and gradients. The possible interactions are not
easily understood from the information available in the reports. However, the general
character of the model can be illustrated in an idealized scenario (Figure 1).
Panel A represents the state of adult delta smelt located in the western Delta prior to the first
winter flush when turbidity is lower than the minimum Tmin. For fish that had previously
been transported by tides or net outflow into the high salinity region, n, the SBM moves
them east back into intermediate salinity where they hide p, presumably at the bottom. Fish
in position q experience low salinity and turbidity above Tmin. The SBM moves these fish
west back into intermediate salinity water. In a boundary region o, the salinity and turbidity
are low but the turbidity gradient is detectable and the SBM moves the fish up the turbidity
gradient. Under the scenario of panel A, the fish either hide in the X2 region or oscillate
about XTmin as they switch between moving into the turbidity and salinity gradients.
Panel B represents the first winter flush where the turbidity gradient becomes detectable and
signals the fish hiding in the X2 region to move up the turbidity gradient which consequently
displaces them to the east o. Again, once the turbidity exceeds Tmin the eastward movement
is terminated by low salinity which induces downstream movement of fish q.
Panel C represents high winter turbidity in the central and eastern Delta. Fish in the west are
directed upstream by behavior o and turbidity and salinity are sufficiently high that fish
move randomly in the central Delta r.
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Figure 1. Fish movement in response to salinity (EC ⎯) and turbidity ( — —) . A: Movement of fish
prior to the first flush, B: movement during first flush, C: movement after first flush.
Alternative Behavior Model (ABM)
The alternative model assumes that tidal surfing behavior of delta smelt results because fish
coordinate their vertical movements with tides using small spatial-temporal scale changes in
turbulence and turbidity. At the scale of the fish, the vertical gradients dominate horizontal
gradients. In the ABM, fish produce rectified movements with tides using the asymmetry in
flow over the tidal cycle (Figure 2). Importantly, with asymmetries in flow, fish have
information on the tidal stage: with the flow asymmetry, vertical turbulence and buoyancy
increase on the flood tide and decrease on the ebb tide (Rippeth et al. 2001). Furthermore,
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because of changes in shear stress and vertical mixing, turbidity resuspension is expected to
follow a similar pattern. The time scale of sediment settling is on the order of 1 hour. In
general, variations over the tides are significant. For example, in the Carquinez Strait, west of
Suisun Bay, a turbidity maximum of suspended sediment appears on the flood tide and is
controlled by local stratification, turbulent mixing and settling – not horizontal advection
(Schoellhamer 2001). Thus, physical studies show that vertical structure of small-scale
turbulence and turbidity are asymmetrical with the tidal cycle and depend on freshwater
outflow and channel shape.
For fish to utilize these changes, they need to detect small-scale local variations. Here again
the biological literature indicates that fish sensory systems are sufficient: the lateral line can
detect direction and speed of vortices across a fish’s body (e.g. Chagnaud et al. 2008) and the
eye can detect variations in turbidity of a few NTU (e.g. Gregory 1993). Beyond being able
to detect asymmetrical changes over the tidal cycle, fish must also evolve behaviors that
move them from their adult feeding habitats to their spawning habitat. Studies in other
species, such as salmon, indicate that behaviors facilitating a life cycle migration are strongly
heritable and so it is inevitable that delta smelt have evolved behaviors that produce their
Delta migration. Qualitatively, in an ABM the movement behaviors are vertical and,
functions of the intensity of the local environment, i.e. small-scale temporal variations in the
vertical structure of turbulence and/or turbidity. Fish should move up in the water column
when turbulence and turbidity increase and down when the vertical gradients diminish. Thus,
fish would exhibit strong surfing behavior under conditions with strong vertical gradients
and when the gradients diminish, the fish should loose their ability to detect the tidal
asymmetries and so move randomly over the tidal cycle. The signal for vertical movement
should be strongest in the winter freshwater flush when strong vertical gradients in
stratification and turbidity occur. In the inner Delta, the vertical salinity gradient is weak and
the pattern between turbidity and the tidal pattern is expected to be more variable because of
the multiple sources of turbidity and the complexity of the Delta connections. Thus, in the
inner Delta, the coherence between vertical patterns and the tidal transport is expected to
diminish and so the ability of fish to exhibit rectified movement with the tidal cycle should
also diminish and fish should move randomly in the inner Delta.
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Figure 2. Alternative hypothesis, fish detects change in vertical buoyancy, (i.e. vortices) or turbidity over
smalls scale. If fish migrate up when buoyancy and turbidity exceed thresholds, Tmin, and down or move
randomly below the thresholds then their net movement will be with the flood tide. Illustration from Rippeth et
al. (2001).
Comparison of models
We now compare the SBM and the ABM to evaluate the similarities, attributes and issues in
the two approaches.
Mechanism for surfing behavior
•

The SBM assumes the fish move, or surf, on the tidal cycle by adjusting their vertical
position over the cycle in response to specific thresholds or gradients of salinity or
turbidity. In response to salinity, with behavior n fish move on the flood tide and
are transported into lower salinity water. With behavior q they move on the ebb
tide and are transported to higher salinity water. In response to turbidity, behavior
o, fish move on the flood tide when the turbidity is low and the horizontal gradient
exceeds a threshold. This flood tide behavior should move them upstream when
turbidity is produced by resuspension or when it is transported with freshwater flow.
However, in Old River when the Sacramento River is the major source of turbidity
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and the net flow is towards the pumps, then the net flow and turbidity source are
from opposite directions. It is unclear how the fish might respond in this condition.
The SBM switches fish surfing behavior with tides in complex ways. It is unclear
what behavioral processes might induce such reversal of response to gradients or the
effect of these changes on the fish migratory pattern.
•

The ABM assumes fish respond to local short-term increases in turbidity/turbulence
or loose the asymmetric signal associated with the tides and thus drift randomly with
the net flow, whether it results from freshwater outflow or reversals due to pumping.
In either case, the behavioral response is the same and the model requires simple and
consistent response to the local environment.

Signal detection
•

The SBM assumes fish detect turbidity and salinity gradients and thresholds averaged
over tidal cycles. Fish visually detect minute variations in turbidity but they do not
have organs to detect small-scale variations in salinity.

•

The ABM assumes fish detect turbidity and small-scale turbulence that occur within
the tidal cycle. Fish detect turbulence with their lateral line senses.

Gradient detection
•

The SBM requires that the fish detect tidally averaged mean horizontal gradients in
both salinity and turbidity. The horizontal gradients are many orders of magnitude
smaller than the vertical and temporal gradients of these properties. In particular, in
the SBM fish detect a gradient of 0.0001 NTU/m. Daily variations exceed 10 NTU
over the tidal cycle and so it is unlikely that delta smelt can detect the tidally averaged
horizontal gradients in turbidity. The model also assumes the fish reverse behaviors
with respect to the gradients when the tidally averaged turbidity and salinity exceed
thresholds. Fish are unlikely to have these capabilities.
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•

The ABM requires that fish only experience and respond to local variations in
turbidity and turbulence on the scale of their body length over a tidal cycle. Fish are
readily capable of sensing these levels of variations.

Effects of secondary factors
•

The SBM requires that fish respond to tidally averaged salinity (ECmax, ECmin), a
turbidity threshold (Tmin) and salinity and turbidity gradients. The values are averages
over the tide and the water column. Vertical stratification, gravitational flow, effects
of topography and variations in neap and spring tides are not explicitly expressed
through the thresholds. It is not clear if these secondary effects on fish movement
are captured by the thresholds.

•

Although the ABM is a conceptual model it is driven by vertical local gradients and
so in theory the resulting behavior should be affected by second order physical
factors such as the effects of topography, monthly variations in tidal intensity and
interactions with pumping and river flow. These properties require a hydrodynamic
model that deals with vertical structure or some manner of inferring how vertical
structure changes using information contained in more aggregated horizontal
structures such as flow and turbidity loading. Expressing approximate vertical
dynamics relevant to fish will require evaluation of the suitability of a vertically
integrated hydrodynamic model by a comparison with a 3-D model.

Need for behavior in the juvenile model
•

The larval/juvenile model is separate from the SBM. It models the early life stage of
delta smelt movement as passive particles without behavior. This appears adequate
for the early stages but is inadequate for the later juvenile stage. The model predicts
that the later juvenile stage drifts further west than is observed. A plausible reason
for the model error is that juveniles actually exhibit vertical tidally-rectified flow as
they enter Suisun Bay. This behavior could be model by including the adult behavior
algorithms in the juvenile model, but this approach would incur the issues involved
with the SBM discussed above.
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•

Including juvenile stages in an ABM may be a more tractable approach to developing
a life history model that tracks the spatial movement of a population from egg to
spawner. One approach for this linkage might be to express vertical swimming
behavior as a function of fish age or length. A complete spawner-recruit model for
delta smelt would not be a trivial undertaking but would provide valuable insights
concerning the ranges of processes and model parameters required to sustain the
population within the Delta.

Conclusions on model comparison
In both the SBM and the conceptual ABM, salinity and turbidity are variables that drive
adult delta smelt movement, but they do so with significantly different approaches. The SBM
is a top-down model using specific rules to approximate the observed pattern between fish
and turbidity. It implicitly assumes that fitting observations implies that the model’s rules
capture fish behavior and will reproduce fish distributions when flow, salinity and turbidity
are further altered by Two Gates operations. However, the signals that cue fish behavior in
the SBM, and the rather complex nature of the behaviors, are biologically tenuous. The
ABM uses a bottom-up approach in which vertical movement rules are cued from local
asymmetrical properties of tidal flows. While having a more plausible biological foundation
is valuable, the ABM is qualitative and it has not been demonstrated that the behavioral rules
will produce realistic movement patterns in the Delta or when altered by the Two Gates
Project. Therefore, more development of behavioral rules is needed and the resulting model
must be tested with field experiments.
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