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Abstract

CALFED is a cooperative venture of Federal and State water and environmental resource
management agencies. CALFED’s objectives are to provide improved fish protection and
increased water supply reliability using the existing storage and pumping facilities. The water
supply targets require considerable Delta export pumping. Efforts to reduce fish entrainment
would restrict export pumping. The basic strategy is to allow the greatest possible pumping in
periods with low risk of entrainment and reduce pumping when entrainment risk is high. One
necessary component will be real-time fish monitoring to detect high fish densities. The second
component is an Environmental Water Account (EWA) that will allow direct control over
pumping restrictions necessary to reduce entrainment.

A gaming approach has been used to interactively simulate the effects of fish protection measures
on Delta flows and water supply conditions. A combination of a monthly planning model run in
a year-by-year mode and daily operations models were used in the interactive gaming sessions.
The monthly DWRSIM results for a year were used to approximate the baseline conditions that
might include different facilities or operating constraints. The daily models were used to show
the daily patterns of reservoir releases and Delta inflows and the effects of various Delta
objectives on required Delta outflow and allowable export pumping. The daily Delta model
included the historic Central Valley Project (CVP) and State Water Project (SWP) fish salvage
density data, which were used to guide the EWA adjustments to export pumping in a month-by-
month gaming exercise, and to calculate the fish entrainment protection achieved.

Introduction

The CALFED Water Management Strategy (WMS) goal is to develop a coordinated approach to
operating existing federal and state water projects with new facilities and operational schemes to
improve water supply reliability and the quality of water exported, and reduce impacts to fish
(CALFED 1999). A Water Management Development Team (WMDT) was formed in 1999 with
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agency and stakeholder representatives to develop recommendations for the CALFED EWA.

The EWA is designed to reduce the loss of fish at state and federal pumping plants in the south
Delta and improve habitat conditions including stream flows in Central Valley rivers and Delta
channel flows. The EWA would be operated in conjunction with other water management
programs such as the CVPIA Anadromous Fish Restoration Program (AFRP), and would provide
additional protection compared to existing in-stream flow and Delta flow objectives.

Fish Entrainment Reduction Measures

Fish entrainment losses occur when a vulnerable life stage of a fish species is directly entrained
at the pumping facilities or indirectly drawn towards the vicinity of the pumping facilities. The
daily entrainment loss is assumed proportional to the density of fish in the south Delta water and
the volume of water diverted. The existing fish salvage facilities were designed to effectively
screen some of the larger fish life stages (i.e., chinook and striped bass). These fish screening
facilities may not be as effective for smaller fish (i.e. Delta smelt). The density of fish in the
south Delta is governed by natural spawning and migration events, but may also be influenced by
the hydrodynamic transport conditions that are controlled by the Delta inflow and south Delta
pumping patterns. The distribution and abundance of each fish population is influenced by the
hydrodynamic conditions within the Delta, but is also a function of other habitat conditions
important to the various life stages of each fish. The entrainment of fish in the Delta exports may
be reduced with the following water management actions:

(1) Sacramento River inflow can be increased to control conditions for fish entering the Delta
from the Sacramento River corridor, and to regulate Delta outflow and other channel flows.

(2) The Delta Cross-Channel (DCC) gates can be closed to reduce the diversion of fish into the
central Delta. The DCC directly influences hydrodynamic conditions in the central Delta.

(3) San Joaquin River inflow can be increased to control conditions for fish entering the Delta
from the San Joaquin River corridor, and to regulate central Delta hydrodynamic conditions.

(4) The Head of Old River (HOR) barrier can be closed to reduce the diversion of fish into the
south Delta channels, and to influence hydrodynamic conditions in the south Delta.

(5) Delta export pumping can be reduced to protect vulnerable life stages of fish species of
interest during periods when high densities of these fish are observed in the south Delta or in
central Delta habitat. This shifting of export pumping is the focus of this paper.

Water Supply Targets
The water supply delivery targets assuming 1995 level-of-demands require about 6 million acre-

feet (MAF) of Delta exports. The demand follows a seasonal pattern with the majority of water
needed in the summer months for agricultural purposes. The San Luis Reservoir capacity of
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2,038 TAF, with an assumed carryover storage of 250 TAF, allows some (i.e. 1,775 TAF) of the
water supply to be pumped in the winter period and stored until needed in the summer. Demands
for the October-March period total about 1.8 MAF, so the exports during these months cannot be
more than about 3.5 MAF (with existing storage and demand patterns). The remaining exports
(2.5 MAF) must occur during the April-September period of high demands.

The currently permitted maximum combined CVP and SWP pumping rate is about 11,280 cfs,
which allows a maximum of about 22 TAF of exports per day. The 6 MAF water supply target
would require about 275 days of maximum permitted pumping. If full pumping capacity at SWP
is allowed (i.e. about 15,000 cfs combined capacity), then a maximum of about 30 TAF can be
exported per day, and about 200 days of maximum capacity pumping could supply the 6 MAF
water supply target.

To fill San Luis Reservoir by the end of March from an initial volume of 250 TAF and to meet
the 1.8 MAF of demands would require 160 days of maximum permitted pumping, leaving less
than 30 days of suspended (i.e., minimum) pumping during this period. To meet the demands in
the second half or the year would require 115 days of maximum pumping, leaving a maximum of
about 65 days of suspended pumping for fish protection.

Because the relatively high inflows necessary to allow full pumping under current Delta water
quality control plan objectives are not available during all years, some fish protection is already
obtained because of the water supply limitations on Delta export pumping. In dry years there are
very limited opportunities to further restrict pumping without causing a water supply reduction.

Environmental Water Account Assets

The basic actions of the EWA would be reservoir release flow changes and export reductions.
The EWA as presently proposed by CALFED would have assets that would allow changes in
upstream reservoir releases that would benefit fish populations. Other EWA assets would
provide for export reductions at specified times to reduce fish losses at pumping plants or to
improve fish passage through the Delta. The EWA could also change operations of the Delta
Cross Channel gates, and the Head-of-Old-River barrier to enhance EWA measures in reducing
fish losses at the pumping plants or to improve fish passage through the Delta.

EWA assets may be obtained from several potential sources, such as relaxation of existing
standards, allocated "shares” in new water facilities, storage of "surplus” water in new storage
facilities, or purchases with public funds from willing sellers. To be effective an EWA needs
access and use of CVP and SWP pumping, storage, and conveyance facilities. A unique aspect
of the EWA observed in gaming simulations was that assets will often only be needed as
collateral or insurance. Exports reductions may occur without penalty to the EWA if San Luis
reservoir can refill after the export reductions and all necessary deliveries can be made from San
Luis Reservoir before the summer low-point. If export reductions can be matched with cutbacks
in upstream storage releases, the EWA can bank the water in the upstream reservoirs for possible

later release and export to make-up the EWA export reduction (i.e., delivery debt). Reservoir
releases requested by the EWA may occur without penalty to the EWA if reservoirs later refill to
flood control levels (i.e., spilf).

Interactive Simulation of Fish Protection Actions

A gaming approach has been used to interactively simulate the effects of fish protection measures
on flows and water supply conditions. A combination of a monthly planning model runin a
year- by-year mode and interactive daily operations models are used in the interactive gaming
sessions. The monthly DWRSIM results for a year were used to approximate the baseline
conditions that might include different facilities or operating constraints. The daily models were
then used to show the daily patterns of reservoir releases and Delta inflows and the effects of
various Delta objectives on required Delta outflow and allowable export pumping. The daily
model included the historic CVP and SWP fish salvage density data, which were used to guide
the EWA adjustments in 2 month-by-month gaming exercise. The recent period of record (i.e.
1981-1995) was used for the gaming because it covers both wet and dry conditions and historical
fish salvage records from the CVP and SWP facilities are available.

The daily models include the historic flows, reservoir storages, diversions, and Delta export
pumping records. Historical conditions and operations provide a reference that many people
recognize and understand. Historical operations can be used as the initial reference for
comparison with results from the monthly planning model. The daily model imports the monthly
values from the planning model and displays these monthly values along with the historical daily
patterns. The graphical display of daily historic records increases the participation by project
operators who are familiar with daily patterns. Environmental conditions can vary substantially
within a month, so that accurate evaluations of habitat conditions and fish entrainment effects
under alternative operations can only be performed with daily models.

The daily Delta simulation model uses historical inflows, channel depletions and south of Delta
deliveries that are adjusted to match the monthly DWRSIM results. The difference between the
monthly model and the historical monthly average is added to the daily values to match the
planning model results while retaining the historical hydrograph pattems. The daily Delta model
calculates daily outflow requirements and export/inflow ratio limits on pumping, calculates the
maximum permitted pumping (that depends on the San Joaquin River flows) and the maximum
pumping for deliveries if San Luis Reservoir is filled. Figure 1 shows these various possible
limits on combined CVP and SWP export pumping for 1985. The daily simulated baseline
exports were 6,200 TAF. The historical pumping under water right decision D-1485 objectives
was 5,470 TAF, and the monthly model exports were 6,568 TAF. The monthly model exports
are generally higher than daily simulated pumping because the monthly averaging of inflow
hydrographs uses flow that is greater than export capacity to balance lower inflow periods.

The daily Delta model can simulate fish protection trigger(s) or specified export restrictions that
are based on historical salvage records for selected fish species. Export limits or reductions can
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be specified weekly during the gaming sessions. The daily model can also be used to simulate
increased exports that could have been made if some operational limit were relaxed. The daily
model can simulate additional exports that could have been made if water supply demands or
available storage had been greater than historical values. The daily Delta model allows the
effects of operational flexibility and possible fish protection measures, as well as various
methods of managing the EWA under a wide range of hydrological conditions to be explored.

The daily reservoir model simulates daily operational constraints and targets for Shasta
(Sacramento River), Clair Engle (Trinity River), New Bullards Bar (Yuba River) Orovilie
(Feather River), Folsom (American River), and New Melones (Stanislaus River) Reservoirs. The
model starts with historical daily inflows, storages, diversions, and releases for each reservoir
along with downstream Sacramento River flows at Freeport and San Joaquin River flows at
Vernalis. The monthly maximum flood control storage and minimum carryover storage values
are specified for each reservoir. Diversion targets are specified for each tributary (including
Trinity exports to Sacramento). Monthly minimum fish flow targets can be fixed values or can
vary with reservoir storage and projected inflows. New Melones Reservoir releases for salinity
control at Vernalis are calculated from historical salinity (EC) and San Joaquin River flows.

Initial storage values for each year of simulation are specified to match the monthly planning
model values. The DWRSIM calculated storage and reservoir release values are imported and
displayed along with the historical values. Adjustments in the release flows for increased fish
protection or improved habitat conditions (i.e. temperature) are made during the gaming sessions.
Opportunities to reduce reservoir releases during periods of export reductions for fish protection
are also identified during the gaming. Figure 2 shows the Sacramento River inflow at Freeport
for 1985. The historical flow is given as the thin line. The baseline adjustments from the
monthly planning model results (big circle) are shown as triangles. December had the greatest
adjustment from historical flows. Upstream reservoir releases were increased during the EWA
gaming to improve habitat and migration conditions in October (2000 cfs), December (1000 cfs),
January (3000 cfs), June (2000 cfs) and September (3000cfs). These adjustments may have
allowed greater exports or increased the Delta outflow compared to the baseline conditions.

Calculation of potential biological benefits

Perhaps the most difficult tasks for operating a successful EWA will be the development of the
biological decision-making framework for EWA actions and performance measures for
evaluating EWA fish protection actions. The biological effects are much more difficult to
estimate and quantify than the water supply effects.

The daily Delta model calculates the fish salvage for five fish with historic exports, baseline
exports, and EWA adjusted exports, using the daily CVP and SWP salvage densities, as the basic
measure of fish protection. The daily model also provides estimates of salmon survival indices
for historical, baseline and EWA adjusted flows and expotts as another measure of fish
protection achieved. Projecting the effects of the EWA export adjustments on fish populations is

beyond the modeling capabilities and current biological understanding. Figure 3 shows the
historical 1985 fish densities from the SWP pumping facility. The density (i.e., fish per TAF of
pumping) is displayed each day that fish were salvaged on a logarithmic scale. The historical
SWP export pumping is also shown to indicate when fish density estimates are relatively
uncertain because of low pumping rate. The striped bass were numerically the most abundant
fish salvaged in 1985. Fish biologists use fork-length and seasonal life-stage information to
interpret the fish density data.

Fish protection “templates” were designed to guide EWA actions during the simulations based on
the perceived needs of key fish species in terms of flows and export restrictions as determined
from the historical operation and hydrology conditions and fish density information for each year
of the gaming simulation. Each need or concern identified was given a priority based on
perceived risk to the respective fish populations, which included the state of the fish population
in the year in question. Fish protection actions were applied during the gaming sessions based on
the fish templates and systems operations information as the daily allowable exports were
simulated. Actions included export reductions and upstream storage releases. Upstream releases
provided instream benefits as well as potential outflow or export benefits. Export reductions led
either to increased outflow or lower upstream storage releases.

Figure 4 shows the EWA adjusted exporis for 1985. The EWA adjusted exports were 6,110
TAF. Export reductions for fish protection were specified by the fish biologists in December,
February, March, April, and May. Increased exporis were achieved in October, January, June,
and September from the increased inflows caused by increased upstream reservoir releases. The
total export pumping that was reduced for fish protection from the baseline was about 665 TAF,
and the increased exports achieved in other periods were about 575 TAF. The net export
reduction of about 90 TAF exports would have been purchased by EWA from CVP or SWP
willing sellers.

Summary of Interactive EWA Modeling Results and Findings

Figure 5 shows the San Luis Reservoir storage for 1985. The baseline daily simulation of San
Luis Reservoir storage using the monthly planning model specified delivery targets differs from
the monthly planning model results, because the simulated daily exports are different (i.e., 300
TAF lower) than the monthly model exports. The historical storage pattern is different because
the deliveries and exports were different than simulated. The EWA adjusted storage indicates
the seasonal effects of reductions in export pumping that were made for fish protection, increases
in exports from upstream releases, and delivery reductions achieved through purchases.

Figure 6 shows the simulated delivery pattern specified from the monthly planning model
compared with the historical delivery. The historical delivery of 5,510 TAF was considerably
less than the monthly model projection of 6,700 TAF. Because the daily model indicated that
less water could be exported, a reduction in the monthly model deliveries of 250 TAF was made
during the EWA gaming session (50 TAF reduction for May-September). Some of these
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reductions would be considered as necessary changes in the monthly baseline, and the 100 TAF
of export reductions for fish protection would have been achieved with EWA purchases.

‘ Gaming simulations have identified obvious water supply and EWA benefits from the SWP and

CVP operating under a more flexible Joint Point of Diversion (JPOD) and Coordinated
Operations Agreement (COA) for Delta exports and storage in San Luis Reservoir. Increasing
the permitted SWP export capacity, with some necessary improvements in fish screening
facilities and south Delta channel conditions, will substantially increase the export pumping
flexibility needed to avoid high pumping during periods with high fish density. Gaming also
identified opportunities to share upstream storage facilities that would provide mcreased
environmental as well as water supply benefits.

The EWA gaming sessions have been very successful in providing an opportunity for agency and
stakeholder representatives to increase their understanding of water management system
operations and the potential environmental consequences of alternative reservoir releases and
export patterns. The combination of monthly planning model results and the daily operations
models with fish density information has provided an exceptional learning environment.

Model simulations have reinforced our understanding that several environmental water
management actions may provide cumulative resuits that are quite substantial. Although the
EWA actions generally shift only about 10-15% of the export pumping, the potential reductions
in fish entrainment losses are considered worthwhile. The EWA is viewed as an important
supplemental measure-of fish protection management actions that may be more effective than
additional fixed monthly minimum Delta outflows and other prescribed export limitations. The
EWA is viewed as an adaptive management framework for manipulating flows and exports
without further reducing water supplies.
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