Delta Division Analysi (pg 313 -433 in BO)

Slide 1:  Key Elements
There were more than a dozen elements associated with the project description for the OCAP consultation

This presentation will focus on the 6 elements listed on the screen.

It should be noted that although climate change is predicted to have effects on the Delta operations of OCAP, it is not part of the project description and changes in climate will occur in the future regardless of whether the OCAP project is implemented.

I will briefly describe the effects of the project elements on the Delta and then give a short explanation of the RPAs associated with elements.  This presentation is not intended to be an exhaustive review of the Delta Division analysis and the RPAs associated with the opinion.
Slide 2:  Temporal Occurrence
This table illustrates the temporal occurrence of NMFS’ listed species in the Delta.

In order to assess the impacts of the proposed project on the listed species, the overlap of project actions with the presence of listed fish must be determined.

As seen in this table, listed fish have the potential to be present in the Delta in most months of the year.  The darker cells indicate a greater potential for occurrence in the delta, while lighter cells indicate a lower chance of occurrence.

Listed salmonids are present in the delta mostly in the winter and spring months as both adults and juveniles are moving through the delta at this time as part of their migratory behavior.

Juvenile green sturgeon are present throughout the year in the Delta since they use the delta to rear.  Adult presence typically occurs from March through late fall as fish move upstream to spawn and then come back downstream to reenter the ocean.

Slide 3:  Climate Change
Climate change is projected to have impacts on the project’s actions in the Delta compared to the baseline conditions seen in Study 9.0 (the future conditions without climate change).  

Most changes are predicted to occur in the fall and winter seasons according to the modeling.

In the drier climates simulated in the modeling, OMR flows were more negative in the wetter water year types compared to the current climate (as represented by study 9.0).  Increases risk of entrainment at exports.  In the drier water year types, less water is exported since water quality and instream flow limitations are controlling.  Minimal change in OMR compared to current climate and thus minimal change in entrainment risks in winter.
In the wetter climate simulated in the modeling, there is more positive OMR flows in winter during wet and above normal water year types.  Reduces entrainment risk compared to current climate.  However, drier water year types have slightly increased exports over the study 8.0 climate conditions and slightly increased entrainment risk.
Slide 4:  DCC Ops 1st slide
The DCC gates are located on an outside bend of the Sacramento River near the town of Walnut Grove, approximately 25 miles south of the City of Sacramento.
The spatial distributions of emigrating salmonids in the river channel cross-section are skewed towards the outside bend of the river, and this puts the fish in close proximity to the inlet channel of the DCC.

When the gates are open, fish are advected into the DCC channel with the flow of water and enter the Mokelumne River system.  

Slide 5:  DCC Ops 2nd slide
The DCC was constructed in the early 1950’s to convey high quality Sacramento River water through the Delta interior towards the CVP pumps near Tracy in the south Delta.  It has also been used as a tool to reduce salinity intrusion in the lower San Joaquin River.  It was designed to convey flows up to 6,000 cfs when the gates are open, which is approximately 20 to 25 percent of the Sacramento River flow under normal conditions.

The gates are typically open during the summer and fall to convey water and closed during the winter and spring to protect emigrating salmonids.  From November through January, the gates are frequently open, which increases the vulnerability of emigrating fish to advection into the Mokelumne River system.  The level of advection is influenced by river flow, tidal cycle, and time of day. (Vogel 2004, 2008, Perry and Skalski 2008, 2009, Horn and Blake 2004, Burau et al 2007)

The survival rate of fish within the interior delta is considerably less than that for fish that remain within the main stem of the Sacramento River. (Vogel 2004, 2008, Perry and Skalski 2008, 2009, Burau et al 2007, Brandes and McLean 2001).  The ratio of interior delta survival to main stem survival is less than 50 percent (0.44) (Newman 2008).
Based on current operations, early migrating salmonids, such as winter-run, yearling spring-run Chinook salmon are vulnerable to advection into the delta interior through the open DCC gates.  Their survival is unlikely.  This represents a loss of a unique segment of the life history strategies displayed by these fish.

Slide 6:Knights Landing RST Graph
This slide shows the temporal occurrence of winter-run juveniles at the Knights Landing rotary screw trap during the late fall and early winter.

The data from the trap indicates that endangered winter-run juveniles begin to show up in the lower Sacramento River beginning in late November and continue to pass through in December and January.

Data from FWS monitoring efforts indicate that winter-run juveniles are present in the vicinity of the DCC gates in December and January (FWS 2001, 2003, 2006, and 2007).  DWR documents (DWR 2005) report that approximately 40 percent of the winter-run juvenile population passes into the Delta during December and January from the upper Sacramento River.  Taken together, the temporal distribution data indicates that a substantial proportion of the winter-run Chinook salmon population is vulnerable to the open gates configuration in November, December, and January.  Likewise, early migrating steelhead and yearling spring-run are moving into the delta at this time too.
Slide 7:  DCC RPA
The RPA actions for the DCC gate operations integrate triggers and operations already in place as described in the Salmon Decision Tree (Appx. B of the BA) with new procedures such as the mandatory closing of the gates in mid-December to protect downstream migrants from entrainment into the DCC.
The RPA also calls for weekly evaluations of the fish monitoring data and water quality indices by the Delta Operations for Salmonids and Sturgeon technical team.  The DOSS team then makes recommendations to NMFS and the Water Operations Management Team regarding weekly operations of the DCC gates based on their evaluation of the weekly data.

The RPA actions are also flexible in their implementation.  The RPA allows for experiments to be conducted under defined conditions both before and after the mandatory gate closure.  Likewise, at the request of Reclamation or DWR, the gates can be opened for up to 3 days to help with water quality issues in the Delta after the mandatory closure in mid-December.  Export levels would also be managed at the same time in a coordinated fashion to achieve the necessary water quality goals.
Finally, the RPA actions require that alternative engineering solutions to control access of listed fish to the interior Delta waterways be evaluated and implemented if deemed feasible.  An example of this sort of alternative engineering is the recent testing of the non-physical barrier in the south Delta during the spring of 2009.
Slide 8:  Export Changes
Export levels for the current, near future, and future export rates were modeled using the CALSIM 2 computer simulation.  In both the near future and future simulations export levels were increased over the current export levels.

The export increases occurred during the months of December, January, and February.  This is the same time that listed salmonids, such as steelhead, winter-run, and yearling spring-run are entering the delta.

Additional increases in modeled exports were also observed in April and May when typically exports were reduced for fish protection.  These increases are related to the reduction of the environmental water used to offset export reductions.  Previously the availability of environmental water allowed exports to be reduced outside of the VAMP period, creating shoulders to the export reductions. 

Slide 9:  Export effects
Increasing export levels are expected to increase the risk level of fish emigrating through the Delta, either through direct entrainment at the export facilities, or by redirecting the movements of fish and thus delaying their migration through the delta waterways.  This exposes them to additional stressors, such as predators and contaminants.

Increased exports create a larger net negative flow through the waterways of the central and southern Delta towards the state and federal export pumps.  This is reflected in the Old and Middle River flow value – OMR flows.

The magnitude of the OMR flow value reflects the extent of the zone of influence of the pumps, its foot print.  The more negative the value, the greater is the extent of the pumping effects on the delta waterways and the farther away from the pumps the zone extends.  Particle tracking Model simulations can help to define this zone of influence by looking at particle entrainment.

Advection of fish into the zone of influence in the southern delta interior results in the loss of a greater percentage of fish than those that remain outside of the zone.  Losses can come from multiple sources, such as predation by non-native predators like striped bass, or from exposure to contaminants coming from urban and agricultural runoff.  Losses can be quite high, reaching 90 percent or so of the fish exposed to the interior waters. (VAMP studies, Vogel 2004)
Fish from the San Joaquin River basin, including the Mokelumne and Calaveras River basins face increased risks compared to those fish emigrating from the Sacramento River basin.  These fish must move through the zone of influence for an extended period of time as the migrate through the lower San Joaquin River reaches before reaching the western Delta and Suisun Bay.

Slide 10:  Flow Patterns
This map illustrates the general flow patterns in the delta under the influence of the export pumps.

The red arrows represent flows from the San Joaquin River basin, the blue arrows flows from the Sacramento River basin.

Within the south delta, net flows typically are reversed in the waterways and move towards the export facilities.

The orange shading indicates the general region that is under the influence of the export pumps.  This zone radiates out from the location of the pumps northwards and eastward towards the San Joaquin River main channel.  

Slide 11:  OMR flows
OMR flows can be used to assess the impacts of increased exports in the waterways of the central and south delta.  The more negative the OMR flow value is, the greater the vulnerability of entrainment is to fish moving within the waterways of the central and southern delta.
This slide presents OMR flows estimated from the CALSIM 2 modeling runs for the OCAP consultation.  The modeling runs indicate that OMR flows are frequently more negative than -5,000 cfs.  Those months with flows more negative than -5,000 cfs are highlighted in yellow.  
Slide 12:  PTM injection site map
Particle tracking model simulations when combined with OMR flows can be used to assess the effects of increased export levels on entrainment vulnerabilities.  
This map shows the locations of different injection points in the delta for the particle tracking model simulations conducted for the OCAP consultation.  

Particular attention should be given to station 815 on the San Joaquin River.  It is the injection point that will depict the fate of fish from the Sacramento River basin entering the San Joaquin River from Georgiana Slough or the Mokelumne River system.
Slide 13:  PTM graphic
This slide illustrates the potential for entrainment as related to increasing exports.  Increasing exports are reflected by the more negative OMR flows (x-axis).  Entrainment potential is related to the percentage of particles entrained (y-axis).  As OMR becomes more negative (which represents increasing the export levels) the percentage of particles injected at the different locations in the delta increase.

The graph also shows how location can influence the entrainment percentage and rate.  Entrainment is greater for injection sites located closer to the export location and also is more rapid.
Sta 815 confluence of Mokelumne R and San Joaquin R

Sta 902 Old R near Quimby Isl

Sta 915 Old R near Discovery Bay / Orwood Tract (closest station to pumps)
Slide 14:  OMR loss graphic
This slide is based on information provided by DWR during the consultation.  It illustrates the non-linear increase in loss of older salmonids at the State Water Project with increasing exports, as represented by the OMR values.

More negative OMR values indicate higher export levels and result in higher losses of fish at the export facilities.

The modeled winter OMR values in December, January, February, and March for the proposed project are more negative than -5,000 cfs and frequently more negative than -7,000 cfs.
The blue shaded area indicates loss which occurs when OMR flows are more negative than -5,000 cfs.  This condition is predicted to occur frequently based on the computer simulations for the proposed operations.

Information for the CVP indicates that there are similar relationships between OMR flow and loss.

Slide 15:  RPAs for exports
The RPA for exports integrates current fish salvage triggers with new export management actions.  They use the daily monitoring of fish density and salvage numbers to adjust exports when threshold trigger levels are exceeded.
The exports are managed to maintain OMR flows to be no more negative than -5,000 cfs during the period of listed salmonid emigration.  This level is protective of fish as indicated by the loss data presented in the previous slides.

When density or salvage triggers are exceeded, exports are reduced in 2 stages.  When the first trigger level is exceeded, exports are reduced to meet an OMR flow of -3,500 cfs, and if fish densities or numbers continue to increase, then exports are further reduced to meet an OMR flow level of -2,500 cfs.  Reductions are held for a minimum of 5 days and must have 3 consecutive days where the salvage of fish is below the trigger levels before resuming the normal export level of -5,000 cfs.  This allows fish still currently in the system an opportunity to move out of the system and away from the influence of the exports.
The DOSS team will monitor the RPA actions and discuss any changes that may be needed before making recommendations to NMFS and WOMT for operational changes.

This RPA is fully compatible with the FWS actions for Delta smelt and does not preclude actions that they may take to protect smelt.

Slide 16:  Direct Entrainment
Once fish are carried into the south delta waterways, they may survive to be entrained at the export facilities and enter the fish salvage process.  Survival through the facilities is estimated to be quite low.  At the CVP only 1 out of 3 fish (35%) fish survive the salvage process.  At the SWP only 1 out of 6 fish survive salvage (16%).

Survival through the salvage process is dependent on many factors.  Factors include: louver efficiency, the loss to predation prior to encountering the louvers, and the survival of salvaged fish following release back into the system.

Efficiency of the louvers can be degraded by alterations in flow past the louvers, removal of the louvers for cleaning as seen at the CVP, or gaps or holes in the louver plates.  It should also be noted that the design of the louvers is 40 to 60 years old at this time and relies on behavioral methods rather than physical exclusion.
Predation is a significant factor in the low survival rate seen at the SWP.  Loss of fish to predation in Clifton Court Forebay is estimated to be at least 75 percent on average and has been greater in some studies (Gingriss 1997, DWR 2008).  Predation also occurs in front of the louvers, within the bypass channels in the facilities, and within the collection tanks themselves.
The success of releasing fish salvaged fish back into the San Joaquin River or Sacramento River is hampered by predation that occurs at the point of release.  Predators have become habituated to the release process and recent studies have shown that this predation can become significant (DWR 2009).

Slide 17:  Salvage facility survival slide
This table presents the methodology for calculating the facility survival estimates at the SWP and CVP.  The left column contains the 4 main elements affecting survival.  The middle column is the estimated survival percentage for each element, and the right column presents the running survival percentage through the facility.
The different survival estimates were derived from published studies and reports from the two facilities over the past several decades.

Slide 18:  RPAs for Salvage Facilities
The overall goal of the RPA actions that address the export facilities is to increase survival through the salvage process.  The RPA target is to achieve 75 percent efficiency as measured by total survival of fish that go through the salvage process.
The RPA identifies specific actions at each facility to improve efficiency.  For example, screening efficiency at the Federal facility has been identified as a specific action to be addressed.  Likewise, the state operations are required to address the high levels of predation that occur in Clifton Court.  Both facilities are required to make their reporting methodology more accurate and to then make the salvage and loss data accessible on the internet within a few days of collection.

Finally, measures to improve survival after release are called for in the RPA.  This may include releases from moving barges in the delta, multiple alternative release sites rather than just the 4 currently used, or other strategies designed to increase survival and avoid predators keying in on the release operations.  As stated earlier, the overall goal is to increase the survival of salvaged fish and allow these fish the chance to successfully get to the ocean.
Slide 19:  Indirect Mortality
An additional element of the project that required assessment was the loss of fish moving across the Delta both due to export related factors as well as “non” export related factors. 

I used several published reports and as well as agency studies to address this issue.  The assessment of effects incorporated the Delta Survival Model developed by DWR to look at the potential levels of loss associated with the proposed project exports in relation to non-export related mortality.  The user inputs to the model were derived from the CALSIM modeling efforts for the project, and included export levels and delta inflow for each study by month (Dec –June) and water year type.  
In addition, the results of several recent studies utilizing acoustic tag studies were included in the assessment of the project impacts in the Delta.  Recent reports included those by Perry and Skalski (2008), Vogel (2004 and 2008), and Burau et al. (2007), as well as the series of reports for the VAMP experiments in the San Joaquin River (San Joaquin River Group 2007 to 2009) that used acoustic tags.
Slide 20:  DWR Delta Survival Results
This slide summarizes the main findings of the Delta survival model.  

Direct monthly loss averaged between <1 percent to 15 percent of the fish population entering the Delta between December and June from the Sacramento River basin.  Monthly indirect mortality ranged from 3 to 32 percent of the fish population entering the Delta from the Sacramento River between December and June.  
Based on the model output, fish loss increases with increasing export to inflow ratio.  Since export pumping increases in the future, and delta inflow decreases, the near future and future conditions have elevated losses compared to the current conditions (study 7.0).
There were also seasonal changes in the loss rates based on the changes in exports.  Water year type also influenced the loss of fish through changes in the monthly export pattern.

Finally, it should be noted that although useful, the Delta survival model only looked at fish populations originating in the Sacramento River basin, and does not apply to populations of fish moving out of the San Joaquin River basin.  Different results are likely based on the different hydraulic characteristics and influence of exports in the south and central delta.
Slide 21:  RPA actions for Indirect Mortality
Indirect mortality is that mortality that is not directly associated with actions of the project.  This would include predation in the waterways of the delta, advection into waterways leading to the delta interior such as Georgiana Slough, exposure to contaminants, or entrainment into agricultural diversion.

However it is clear that project actions can influence the level of indirect mortality experienced by emigrating fish.  For example, fish redirected in their movements by net negative flows in the southern delta are exposed to a different level of predators than those that continue on their normal migratory pathway.

The suite of RPA actions which reduce the direct effects of the project elements, such as closing the DCC gates at the appropriate time or reducing the net negative flows in the Old and Middle River channels, can reduce exposure to sources of indirect mortality.

Slide 22:  San Joaquin River Inflow to the Delta.
1. The project description for the long term operations of the CVP and SWP (OCAP) did not clearly describe the future operations of the project in the San Joaquin Basin.  

2. This vagueness was very problematic for assessing project impacts in this region.  

3. The project description indicated that VAMP like flows and export reductions would continue, but did not specify what these actions were going to be.  Given the “sunset” of VAMP in the near future, it was considered very likely that flow contributions from the other 2 tributaries would change, thus changing the hydraulics in the lower San Joaquin River main stem and increasing the risk to all salmonids in the basin including listed steelhead.

4. Currently, based on the survival estimates for fall-run Chinook salmon derived during the VAMP studies, the survival rate for San Joaquin River basin steelhead smolts emigrating to the ocean is believed to be very low.  This is a result of exposure to numerous stressors associated with both project and non-project sources

5. Historical data and previous studies have shown a consistent trend that increased spring flows result in higher survival rates for emigrating juvenile salmonids and higher adult escapement in subsequent years.

Slide 23:  SJR Fall run to flow graph
1. This graphic represents the adult escapement of fall-run Chinook salmon in the San Joaquin River basin shifted 2.5 years to correspond with spring river flows during their outmigration as juveniles, assuming a 3-year life history periodicity.  

2. Fall run are used as a surrogate for the basin’s steelhead population, which is considerably smaller than the fall run populations but require similar but not identical water qualities and hydrology for their survival.  

3. There is a consistent overlap with higher spring flows and subsequent adult returns.

Slide 24:  Total adult SJR escapement to flow relationship
Strong relationship between spring time flows when juveniles leave the system with subsequent adult returns
Slide 25:  Total adult SJR escapement to inflow to export ratio

Significant relationship between adult escapement and the sjr inflow to export ratio in the spring 2.5 years earlier.

Slide 26: RPA for SJR inflows to Delta
1. Flow criteria were based on historical gaged flows at Vernalis that were present with impaired flows.  Flows are substantially less than unimpaired flows. Vernalis flow targets are limited by the availability of only one source of water– the Stanislaus River, which is under the control of Reclamation.

2. Increasing Vernalis flow targets and the duration of the pulse flow window are a reflection of the numerous studies conducted in the central valley and the watershed to date.

3. Over 40 computer simulations were run with the help of Derek Hilts, USFWS, testing different combinations of input parameters such as reservoir storage indices, water year type, flow to export ratios, drought cycle off ramps, flow targets, flow pulse windows, etc.  The impacts of the RPA action were examined from different perspectives, including reservoir drawdown, water quality goals, export levels, etc.

4. RPA is phased in with 2 parts.  The interim San Joaquin River Inflow to Export ratios last 2 years.  Initially use New Melones Index for determining flow ratio to use at Vernalis.  After this 2 year period, the final phase is initiated and water year type based on San Joaquin River Index used to set flow ratios. .

· The action has inherent flexibility.  The San Joaquin flows at Vernalis are tiered to water year types and allows for multiple year drought conditions to trigger an exception procedure to protect human health and safety.

· A six year study based on the use of acoustically tagged fish is designed to increase our knowledge of factors affecting salmonid survival in the San Joaquin basin and southern Delta.  It will look at factors such as flow and export relationships on fish behavior, route selection at channel junctions, distinct reach survival including the tributaries, and overall survival through the Delta.  Tagging of predators is also anticipated.  The results of these studies are intended to provide the information necessary to effectively manage the system in an adaptive manner into the future.

