
Annual Report of Activities 

October 1, 2010, to September 30, 2011 
  

 
 

Delta Operations for Salmonids and 
Sturgeon (DOSS)  

Technical Working Group 

October 2011 



2 
 
 

Table of Contents 
Acronyms and Abbreviations……………………………………………………………………3 

Chapter 1—Background………………………………………………………………..………..4 

1.1 Background………………………………………………………...………………..4 
1.2 Membership…………………………………………....…………………………….5 
1.3 Summary of Key Delta RPA Actions………………………….…………………….6 

Chapter 2 – Summary of Meeting Discussions and Advice/Recommendations………..………..8 

Chapter 3—Operations Summary………………………………………………………….……20 

Chapter 4—Monitoring Activities………………………………………………………………24 

Chapter 5— Assessment of Effectiveness of RPA Actions …………………………………….28 

Chapter 6—Requests for Feedback………………………………………………………...……42 

Appendix A:  2010/2011 Salmonid and Green Sturgeon Incidental Take and Monitoring Report 

Appendix B:  The 2011 and 2010 VAMP Study 

Appendix C:  2011 CVP & SWP Operations & Delta Conditions 



3 
 
 

 

Acronyms and Abbreviations  
BiOp  Biological Opinion 
CDFG  California Department of Fish & Game 
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Chapter 1 – Background 

1.1 Background  

On June 4, 2009, NOAA’s National Marine Fisheries Service (NMFS) issued its Biological 
Opinion and Conference Opinion on the Long-Term Operations of the Central Valley Project 
(CVP) and State Water Project (SWP, NMFS BiOp).  Action IV.5 of NMFS BiOp reasonable 
and prudent alternative (RPA) called for the formation of the Delta Operations for Salmon and 
Sturgeon (DOSS) Technical Working Group.  DOSS is a technical team that is comprised of 
biologists, hydrologists, and operators with relevant expertise from the U.S. Bureau of 
Reclamation (Reclamation), California Department of Water Resources (DWR), California 
Department of Fish and Game (CDFG), U.S. Fish and Wildlife Service (FWS), State Water 
Resources Control Board (SWRCB), U.S. Geological Survey, (USGS), U.S. Environmental 
Protection Agency (EPA), and NMFS that provides advice to NMFS and to the Water 
Operations Management Team (WOMT) on issues related to fisheries and water resources in the 
Delta and recommendations on measures to reduce adverse effects of Delta operations of the 
CVP and SWP to salmonids and green sturgeon.   

The purposes of DOSS are to: 

1) provide recommendations for real-time management of operations to WOMT and NMFS, 
consistent with implementation procedures provided in the RPA; 

2) review annually project operations in the Delta and the collected data from the different 
ongoing monitoring programs; 

3) track the implementation of Actions IV.1 through IV.4; 

4) evaluate the effectiveness of Actions IV.1 through IV.4 in reducing mortality or impairment 
of essential behaviors of listed species in the Delta; 

5) oversee implementation of the 6-year acoustic tag experiment for San Joaquin fish provided 
for in Action IV.2.2; 

6) coordinate with the Smelt Working Group (SWG) to maximize benefits to all listed species; 
and 

7) coordinate with the other technical teams identified in the RPA to ensure consistent 
implementation of the RPA. 
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1.2 Membership 

DOSS consists of the following representatives:   
U. S. Bureau of Reclamation (Reclamation)  

  Thuy Washburn 
Josh Israel 

 
U. S. Fish and Wildlife Service (FWS) 

  Nick Hindman 
  Roger Guinee 
 

National Marine Fisheries Service (NMFS) 
  Bruce Oppenheim 
  Barb Byrne 
  Garwin Yip 
  Jeff Stuart 
 

California Department of Fish and Game (CDFG) 
  Dan Kratville 
  Joe Johnson 
 

Department of Water Resources (DWR)  
  Andy Chu 
  Mike Ford 
  Angela Llaban 
 

State Water Resources Control Board (SWRCB) 
  Kari Kyler 
  Diane Riddle 
 

U. S. Environmental Protection Agency (EPA) 
  Bruce Herbold 
 

U.S. Geological Survey, (USGS)  
(Non-participant in 2011) 
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1.3 Summary of Key Delta RPA Actions 
  
Key RPA actions relating to Delta operations (topics) on which advice was provided to NMFS 
and WOMT are summarized below: 

 
1. Delta Cross Channel (DCC) gate operations (IV.1.1–IV.1.2) 

 
• Action IV.1.1:  Monitor and provide alerts to trigger changes in DCC operations to 

provide timely information for DCC gate operation that will reduce loss of emigrating 
winter-run, spring-run, California Central Valley steelhead, and green sturgeon. 

 
• Action IV.1.2:  Modify DCC gate operations to reduce direct and indirect mortality of 

emigrating juvenile salmonids and green sturgeon in November, December, and 
January. 

(Note:  For Action IV.1.3, refer to presentation on the Georgiana Slough non-physical  
barrier study by DWR) 

 
2.  Old and Middle River (OMR) flow management (Action IV.2.3): 

 
• Control the net negative flows toward the export pumps in Old and Middle Rivers to 

reduce the likelihood that fish will be diverted from the San Joaquin River or 
Sacramento River into the southern or central Delta. 

 
3. San Joaquin Inflow-to-Export (I/E) ratio (Action IV.2.1): 

 
• Increase the inflow-to-export ratio to reduce the vulnerability of emigrating California 

Central Valley (CV) steelhead within the lower San Joaquin River to entrainment into 
the channels of the south Delta and at the pumps from diversion of water by the 
export facilities in the south Delta.  Enhance the likelihood of salmonids successfully 
exiting the Delta at Chipps Island by creating more suitable hydraulic conditions in 
the mainstem of the San Joaquin River for emigrating fish, including greater net 
downstream flows. 
 

4. Entrainment/salvage reporting (Actions IV.4.1–IV.4.3) 
 

Action Suite IV.4:  Modify the operations and infrastructure of the CVP and SWP fish 
collection facilities to achieve 75 percent performance goal for whole facility salvage at 
both state and Federal facilities  
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• Action IV.4.1:  Implement specific measures to reduce pre-screen loss and improve 
screening efficiency at Federal facilities (Tracy Fish Collection Facility). 

• Action IV.4.2: Implement specific measures to reduce pre-screen loss and improve 
screening efficiency at state facilities (Skinner Fish Collect Facility). 

 
• Action IV.4.3: Improve overall survival of listed species at facilities (Tracy and 

Skinner) through accurate real-time salvage reporting and state-of-the-art salvage 
release procedures.  This reporting is also necessary to provide the data needed to 
trigger OMR actions. (e.g., CWT reading, fish triggers, spring-run surrogate loss). 

 
5. Green sturgeon salvage at the pumps 

 
A special DOSS subgroup was formed to update the status of green sturgeon in light of 
increased juvenile abundance observed during 2011. 

 
 



8 
 
 

 

Chapter 2 – Summary of Meeting Discussions 
and Advice/Recommendations 

The following agenda items were discussed in conference-call meetings from October 5, 2010, 
through June 21, 2011.  Full meeting notes, DOSS advice, and NMFS determinations on Delta 
RPA actions are posted on the DOSS website: http://swr.nmfs.noaa.gov/ocap/doss.htm. 

WEEKLY DISCUSSION TOPICS   

• Water operations for the CVP and SWP 
• Fish monitoring and weather forecasts 
• DCC gate closure 
• San Joaquin River at Vernalis flows 
• VAMP and non-physical barrier 

at Head of Old River 3/29  
• Spring-run Chinook surrogate releases  
• Old & Middle River (OMR) flow management 
• Updates from other technical teams (e.g., SWG, SOG, B2IT, and WOMT) 
 

OTHER DISCUSSION TOPICS 

The following list of DOSS topics were discussed by DOSS over the past year.  Some minor 
discussions are documented here but notes can be found at the DOSS website. 

• Science review panel 
• Sacramento River new monitoring station requirements 
• Green sturgeon data 
• Documentation for DOSS monitoring needs  
• DCC gate closure and Mokelumne River pulse flows  
• Refinements to winter-run juvenile production estimate  
• Structure of DOSS  
• Daily monitoring over the weekend/holidays  
• Georgiana Slough non-physical barrier update  
• USGS First Flush Study  

 
2.1 Actions 

Topic 1.  DCC Gate Operations:  The following are discussions that took place with regard to 
the DCC gate closure beginning October 30, 2010.   



9 
 
 

 
DOSS held an emergency call on Saturday, October 30, 2010, because the Knights Landing 
Catch Index (KLCI) for salmon exceeded the trigger threshold for DCC closure.  There was a 
concern about weekend and/or holiday DCC gate closures and protocols to ensure boater/public 
safety.  DOSS discussed how to proceed over the weekend and decided at least 48 hours’ notice 
was needed to notify public boaters.  The DCC gates were closed at 10:00 a.m. Monday,  
November 1, 2010,  and were to remain closed for 3 days or until the catch index dropped to 
below 3 (Figure 2.1).  DOSS’ advice was to reopen the DCC gates on Wednesday, November 3, 
2010, unless the current index is >3 fish/day.  DOSS advised that the gates be opened on 
Wednesday at 10:00 a.m. if the KL index is <3 fish/day.  
 
Although the action response assumed closure could be done quickly, it was recognized that 
there would be a time lag because the public would need to be notified in advance.  If this were 
to be required on a weekend, the operators would need data on whether a trigger was reached 
(e.g., 2.5 fish/day or rounded up to 3.0 fish/day) by late Thursday to be able to make a decision 
and notify workers and the public.  Water quality (WQ) was not yet an issue at this point but can 
quickly change with tidal influence.  DCC closure and timing would be evaluated on a case-by-
case basis.  If WQ is bad, the gates might not be closed. 
 
Pursuant to the NMFS BiOp, Reclamation scheduled closure of the DCC gates from December 
1, 2010, to July 15, 2011.  The DCC gates typically are opened after May 15, pursuant to D-1641 
requirements, but due to high flows this year, they remained closed into the summer.  In 2010, 
the Lower Mokelumne River Partnership [CDFG, FWS, and the East Bay Municipal Utilities 
District (EBMUD)] submitted to DOSS a study proposal to close the DCC gates for 10 days in 
October to determine the effectiveness of gate closures in conjunction with pulse flows to attract 
adult salmon into the Mokelumne River.  DOSS generally supported the study design, but did 
not provide advice.  Due to water quality concerns, Reclamation granted a 2-day DCC closure 
for the study in 2010.  In June 2011, the Lower Mokelumne Partnership again submitted a 
proposed study to close the DCC gates for 10 days in October combined with a pulse flow in the 
Mokelumne River.  Extensive modeling using DSM2 was performed by DWR and permission 
was granted this year due to favorable hydrology.  The effectiveness of the study is being 
evaluated this year by DFG and EBMUD.  
 
Summary:  The DOSS used the KLCI and water quality data effectively to assist with the 
management of the DCC gates during the period of time when juvenile salmonids were entering 
the Delta.  The closure of the DCC gates kept these fish in the mainstem Sacramento River 
where studies have shown survival is higher.  It is unknown what effect DCC gate closures have 
on green sturgeon. 
 
From October 5, 2010, to June 21, 2011, Chinook salmon and steelhead salvage was monitored 
and loss density was calculated at the CVP and SWP facilities and reported weekly to the DOSS 
members.  Monitoring reports and tables are made part of the DOSS notes that are posted on the 
DOSS website at http://swr.nmfs.noaa.gov/ocap/htm.   
 



A summary of the KL data and other fish monitoring data from October 2010 to June 2011 is 
provided as Appendix A, “2010/2011 Salmonid and Green Sturgeon Incidental Take and 
Monitoring Report.” 
 
 

 
 
Figure 2.1.  Knights Landing fish monitoring data showing when winter-run and spring-
run Chinook salmon, and steelhead entered the Delta.  It also shows flows, water 
temperature, and turbidity timing.  October 1, 2010, to June 27, 2011 (source DFG weekly 
reports to DOSS). 
 

Topic 2.  OMR Flow Management  
 
Action IV.2.3 Old and Middle River Flow Management 

From January 1 through June 15, exports were reduced, pursuant to this action, to limit negative 
flows to no more negative than -2,500 to -5,000 cfs in Old and Middle Rivers, depending on the 
presence of juvenile salmon and steelhead salvaged at the pumps (i.e., fish triggers expressed as 
fish density/TAF).   Reverse flows were managed within this range to reduce flows toward the 
pumps and increase survival of outmigrating juveniles originating from the San Joaquin basin 
and Sacramento River.  This action required daily reporting out of fish loss densities, which was 
not part of the usual fish facility reporting process.  See Figure 2 in Appendix A for the daily loss 
and loss density of wild (non-clipped) winter-run length and older juvenile Chinook salmon at 
the Delta fish facilities from October 1, 2010 through June 30, 2011).  DOSS implemented 
procedures to meet the new reporting requirements to cover weekends and holidays.  Several 
emergency calls took place on Fridays (see NMFS determinations and DOSS notes at 
http://swr.nmfs.noaa.gov/ocap/doss.htm).   

10 
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In terms of salvage and loss at the pumps, winter-run Chinook salmon loss increased 
considerably in 2011 compared to the previous 6 years (Appendix A Figure 3).  Combined 
expanded loss of juvenile winter-run Chinook salmon was 4,360 for water year 2011, or greater 
than one percent of the estimated juvenile production entering the Delta.  Winter-run loss 
reached 66 percent of the incidental take limit permitted in 2011.  Spring-run Chinook salmon as 
measured by monitoring surrogate releases never reached one percent of any individual Coleman 
National Fish Hatchery surrogate release (i.e., one percent is the incidental take level for these 
releases).  The December spring-run surrogate release was 0.15 percent of the total hatchery 
release and the January spring-run surrogate release was 0.040 percent (Appendix A).  CV 
steelhead salvage decreased considerably from last year (28 percent lower).  The total combined 
(CVP and SWP) non-clipped CV steelhead expanded salvage was 738.  The decrease in salvage 
could mean that the OMR flow management action was effective in keeping CV steelhead away 
from the pumps, that the wet year and increased flows through the Delta reduced salvage, or the 
CV steelhead population is continuing to decline.  Other monitoring stations reported fewer wild 
steelhead observed this year, for example Knights Landing reported only one unclipped 
steelhead caught all year (Appendix A Figure 19).  Results of the 6-year study may provide 
valuable data and results on the many variables (e.g., route selection, flows) that affect survival 
of CV steelhead emigrating from the San Joaquin River Basin. 
 
Topic 3.  San Joaquin Inflow to Export (I/E) ratio (IV.2.1) 

 
To reduce the vulnerability of emigrating CV steelhead within the lower San Joaquin River to 
entrainment into the channels of the south Delta and at the export pumps because of diversion of 
water by the export facilities in the south Delta, by increasing the inflow-to-export ratio (Figure 
2a).  To enhance the likelihood of salmonids successfully exiting the Delta at Chipps Island by 
creating more suitable hydraulic conditions in the mainstem of the San Joaquin River for 
emigrating fish, including greater net downstream flows. 
 
The timing of the Vernalis Adaptive Management Program (VAMP) experiment and the 
expected operations under the I/E ratio are discussed in Appendix B, “Summary of 2011 and 
2011 VAMP Studies.”  Flows were relatively high in the San Joaquin Basin due to precipitation 
and flood control releases.  In March, flows averaged 10,000 cfs and increasing to a peak of 
28,575 cfs on April 2.  The San Joaquin River at Vernalis was projected to be below 21,750 cfs 
by April 28, 2011.  Flows at Vernalis were decreasing going into the VAMP period (Figure 2b).  
DWR projected stable combined exports of about 5,000 cfs throughout the VAMP period (which 
started on May 15).  Although DOSS does not have the authority to advise on export pumping 
during the VAMP study, it did discuss the timing of export reductions in light of the 6-year 
acoustic tag experiment (NMFS RPA Action IV.2.2).  With three fish studies being implemented 
concurrently (i.e., VAMP, 6-year study, and Temporary Barriers Project study), the best scenario 
would be to have a 10- to 14-day notice of what the exports would be based on Vernalis flows 
(see Appendix B for more details).  
 
Phase I: Interim Operations in 2010–2011 
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According to the BiOp, combined CVP and SWP exports shall be restricted through the 
following:  
 

Flows at Vernalis (cfs)  Combined CVP and SWP Export  
0-6,000  1,500 cfs  

6,000-21,750* 4:1 (Vernalis flow:export ratio)  
21,750 or greater  Unrestricted until flood recedes below 21,750  

 
According to the California Data Exchange Center (CDEC) gauge, the flood warning stage at 
Vernalis is 24.5 feet and at this point, flow is 21,750 cfs.  Flood stage is equal to 29 feet with a 
corresponding flow of 34,500 cfs.  A special DOSS subgroup was convened to determine 
implementation procedures and clarify the intent of the action (see Chapter 5.1 for 
implementation procedures).  The DOSS subgroup decided that the I/E ratio would start when 
Vernalis flows decreased to 21,750 cfs, or a stage of 24.5 feet, whichever was lower.  

From April 1 through May 31, if Vernalis flows >21,750 cfs, (based on a 3-day average as 
monitored by DWR) exports from CVP and SWP would be unrestricted.  Export pumping would 
be scheduled based on the daily flows at Vernalis.  The intended implementation of the 4:1 I/E 
ratio is based on a 14-day running average.  If Vernalis flows drop to close to 6,000 cfs, the 
projects are expected to reduce pumping to a health and safety minimum of 1,500 cfs combined, 
with a 7% buffer.  In most years, flows at Vernalis would not change this dramatically.   

The DOSS I/E subgroup noted that there were three different fish studies going on in the south 
Delta this spring (VAMP, Temporary Barriers Project, and the 6-Year Study).  The acoustic 
tagged fish for VAMP releases were completed on May 26.  Wild juvenile steelhead (and 
Chinook salmon) from the San Joaquin basin were emigrating later than usual with the higher 
flows and lower temperatures (Figure 5, Mossdale Trawl).  Delta temporary barriers (Grant Line, 
Old River, and Middle River) were constructed in late May through mid-June.   The June 
releases of both salmon and steelhead began on June 15 and ran through June 20.   
 
Results:  Since steelhead data are only reported as salvage, a formula for calculating loss had to 
be determined.  Based on steelhead studies in CCF (DWR 20081), prescreen steelhead loss was 
considered similar to Chinook salmon loss.  In water year 2010, DOSS looked at the salvage-to-
loss adjustment for CVP/SWP Chinook salmon and applied the same ratio/adjustment to 
steelhead.  Because several assumptions were made to do this, DOSS is seeking other 
suggestions on how to get more accurate loss data from salvage information.  Neither the fish 
biologists nor the facility operators had a different proposal.  The steelhead loss estimator 
continues to be 4.3 for salvage data at the SWP and 0.68 for the CVP until a new calculation is 
developed. 

                                                            
1 California Department of Water Resources.  2008.  Quantification of pre-screen loss of juvenile steelhead within 
Clifton Court Forebay.  Draft.  September.  119 pages. 
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From May through June 2011, there were several instances when steelhead loss density, as 
calculated, exceeded the first-stage trigger; however, loss density returned to below trigger levels 
within a day.  There was no action taken on OMR flows because they were already considerably 
positive.   

The DOSS also discussed actions that would simultaneously apply to more than one RPA action, 
such as Action IV.2.1 and IV.2.3 in April and May.  The former applies to inflow-to-export ratio 
and its effects on outmigrating steelhead, and the latter refers to OMR flows and its effects on 
outmigrating salmonids from the Sacramento River.  It was noted that the controlling action is 
the more conservative one at any given time and that, in most water years, Action IV.2.1 would 
most likely be controlling (see also Chapter 5 for model results from this action).  

Action IV.2.2.  Conduct a 6-year acoustic tag experiment to confirm proportional causes of 
mortality from flows, exports, and other project and non-project adverse effects on 
steelhead smolts outmigrating from the San Joaquin basin and through the southern Delta.  
 
DOSS received the initial draft proposal of the 6-year study to review and provided comments on 
how it will use the data to assess flows, survival, and behavior effects.  This study underwent an 
independent review by Science Advisors guided by the Delta Science Program.  Revisions were 
made based on the Science Advisors’ comments.  On the San Joaquin River, there are several 
barriers, such as the head of Old River, that must be considered in the study design.  
Approximately 1,800 total hatchery steelhead were released between March and May for the 6-
year study, and approximately 900 additional steelhead were released in May and June as part of 
the DWR South Delta Temporary Barriers Fish Investigation.  Reclamation reported that 480 
steelhead were released the second week in March on the San Joaquin River in groups separated 
by 6 hours.  Juvenile Chinook salmon, pursuant to the VAMP study, were released at the same 
time as the last three steelhead releases to investigate the surrogacy of fall-run Chinook salmon 
for Central Valley steelhead.  This design should make it possible to compare survival and 
migration speed between the two species. 

Results and analysis of the data from this year’s study would not be available for approximately 
12-18 months.  It was important to get this study off the ground because each year’s actions 
would be informed by the previous year’s results.  If there is a delay in being informed, it is 
difficult to make comparisons and decisions in subsequent years.   

(Note: see presentation on the 6-year study for more information.) 

Georgiana Slough non-physical barrier update:  DWR constructed and placed a 400-foot non-
physical barrier in Georgiana Slough the week of March 1, 2011, to monitor 1,500 acoustically 
tagged late fall-run Chinook salmon that were released every 3 hours over a 45-day period 
beginning on March 7, 2011.  The barrier was turned off every 25 hours to coincide with the tidal 
cycle.  Data should provide information on survival and predation in the area.  It should also 
provide information on whether salmon smolts will travel under the barrier.  The barrier was 
removed in May.  (See presentation by DWR for more details.) 
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Topic 4.  Entrainment at the CVP/SWP exports and salvage reporting (Action IV.4.1–
IV.4.3) 
 
In 2011, DWR added a new public website to report the daily salvage and loss at the CVP/SWP 
exports pursuant to Action IV.4.3(2) concerning salvage reporting.  This information is reported 
weekly to the DOSS and includes the species and number of fish counted, as well as the volume 
of water exported in graphical format. 
 
The following salvage and export data is reported at: 
http://www.water.ca.gov/swp/operationscontrol/calfed/calfedmonitoring.cfm 

• Juvenile Chinook salmon monitoring (all locations upstream and in the Delta used by 
DOSS) 

• Juvenile Chinook salmon salvage data 
• Winter-run Chinook salmon loss data 
• Spring-run Chinook salmon surrogate loss (table of release group recoveries at the Fish 

Facilities) 
• Non-clipped steelhead salvage data 
• Non-clipped fry/smolt Chinook salmon data 

 
A summary of the 2011 salvage and loss data is provided in Appendix A.  In addition, CDFG 
reports daily loss and salvage data as density of fish/TAF on their website at: 
http://www.dfg.ca.gov/delta/apps/salvage/Default.aspx 
 
Several new technical teams were formed in 2011 to facilitate the improvements of the CVP and 
SWP fish facilities (Action IV.4.1).  These new teams are designing new release sites, 
completing whole facility efficiency studies, and investigating methods of reducing pre-screen 
loss. 
 
Spring-run surrogate releases (See Appendix A, “2010/2011 Salmonid and Green Sturgeon 
Incidental take and Monitoring Report”) 
 
Currently, there are two surrogate hatchery releases, one in December and one in January.  These 
releases are timed to mimic the yearling spring-run emigration pattern from Deer, Mill and 
Antelope Creeks.  Coleman National Fish Hatchery (CNFH), juvenile late-fall-run Chinook 
salmon are used as surrogates to estimate yearling spring-run Chinook salmon emigration timing 
and incidental take at the Delta export facilities.  These fish are specially marked with an 
adipose-fin clipped and CWT before being released.  In addition to the surrogate releases 
approximately 83% of the production is released in the upper Sacramento River as one large 
group in early January.  The CNFH late fall-run Chinook salmon are considered appropriate 
surrogates for spring-run Chinook salmon because they are reared to a similar size to that of wild 
spring-run yearlings and released in the upper Sacramento River at a similar time (first storm or 
high flow event).   

http://www.water.ca.gov/swp/operationscontrol/calfed/calfedmonitoring.cfm
http://www.dfg.ca.gov/delta/apps/salvage/Default.aspx
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When surrogates show up at the pumps, turbidity, temperature, tide flows, etc., are added to data 
to assess behavioral response in migration timing.  The relationship is “total Chinook movement” 
and there is a relationship between turbidity, temperature, and flow.  Hatchery production 
releases of late fall-run Chinook salmon are made between Thanksgiving and the end of each 
calendar year.  They do not occur on a set date but coincide with high flow events on the 
Sacramento River.  The CNFH late-fall production release is usually over by the end of 
December. 
 
Topic 5: Green Sturgeon salvage (Action IV.3) 
 
Reduce Likelihood of Entrainment or Salvage at the Export Facilities  
  
Four juvenile green sturgeon were reported salvaged, for an expansion of 48, plus the expanded 
salvage of two earlier in the year for a total of 50 for the year, or about 2/3 of the take limit (74 
salvaged/year).  NMFS did not expect the annual salvage and loss of green sturgeon to exceed 
the 10-year average of 74 and 106 juveniles, respectively (and therefore, applied that as the 
incidental take limit), however, there is currently no calculation for sturgeon loss rates.  NMFS 
conducts a status review of its jurisdictional listed species every 5 years. The last status review 
for Southern DPS of green sturgeon was in 2006, so the next one should be this year.  Upon 
checking with NMFS, no review was underway for this year.  The incidental take statement for 
green sturgeon (page 777 of the NMFS BiOp at 
http://swr.nmfs.noaa.gov/ocap/NMFS_Biological_and_Conference_Opinion_on_the_Long-
Term_Operations_of_the_CVP_and_SWP.pdf) stated, “ …incidental take should be reassessed 
at every NMFS status review (i.e., every 5 years) and adjusted as new information becomes 
available.  Considering the new information of wet-year conditions, and that juvenile 
abundance of green sturgeon at Red Bluff Diversion Dam had increased significantly in 2011, 
WOMT requested that DOSS convene a subgroup to determine whether there was new 
information that warranted a reassessment of the incidental take limits the methods used to 
calculate incidental take for green sturgeon. 
 
Results:  It was expected that the population of juvenile green sturgeon would increase with wet-
year conditions (higher flows); therefore, green sturgeon incidental take should be adjusted 
accordingly.  The expansion rate (i.e., 30-minute counts vs.10-minute) makes the data difficult to 
compare.  Tracy Fish Facility biologists were asked to verify the identification of the green 
sturgeon caught because they were so small (<148 mm).  Photos were taken of three of the 
sturgeon and DNA samples were sent to U.C. Davis, for genetic identification.  Two weeks later, 
the DNA results confirmed that the three juvenile sturgeon genetically tested were white 
sturgeon (non-listed), and not green sturgeon as originally identified.  Two other green sturgeon 
were salvaged, but not confirmed genetically:  one green sturgeon in March was expanded to 
two, and one green sturgeon in June expanded to 12.  Therefore, the combined salvage of green 
sturgeon at the fish facilities was 14 for water year 2011.  USBR is considering changing 
sampling protocols at the fish facility to include DNA sampling for any sturgeon < 100 mm. 
 

http://swr.nmfs.noaa.gov/ocap/NMFS_Biological_and_Conference_Opinion_on_the_Long-Term_Operations_of_the_CVP_and_SWP.pdf
http://swr.nmfs.noaa.gov/ocap/NMFS_Biological_and_Conference_Opinion_on_the_Long-Term_Operations_of_the_CVP_and_SWP.pdf
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Generally, a sturgeon at 60 mm would be about 4–6 weeks old; 100 mm would be about 8 weeks 
old.  It is surprising that these sturgeon are getting to the south Delta so quickly.  It is possible 
that the sturgeon this small are able to get through the louvers and not be counted; however, 
larger sturgeon (average 330 mm in size) would continue on into the holding tanks.  This makes 
the data difficult to analyze because the presence or absence of sturgeon tends to be size 
dependent.   
 
A technical subgroup comprised of biologists from DWR, Reclamation, CDFG, NMFS, and 
FWS with expertise in green sturgeon monitoring studies was convened.   The text below reflects 
the results of the subgroup discussions and presentation to the DOSS members. 

Final notes and rationale: DOSS subgroup on green sturgeon  Conf. call 6/17/11 

Purpose:  On 6/14/11, WOMT requested that DOSS reassess the incidental take limit for green 
sturgeon at the CVP/SWP export pumps in light of this year’s atypical hydrologic conditions.  
The BiOp allows for a change in incidental take if new information becomes available:  

“As the Proposed Action is implemented in the future, the green sturgeon population is expected 
to increase to varying degrees, resulting in an increase in incidental take. Therefore, incidental 
take should be reassessed at every NMFS status review (i.e., every 5 years) and adjusted as new 
information becomes available.” (p.777) 

DOSS formed a technical subgroup to consider the request from WOMT. The subgroup was 
made up of agency biologists: Alicia Seesholtz (DWR); Josh Israel (USBR); Marty Gingras and 
Dan Kratville (DFG); Bruce Oppenheim, David Woodbury, and Jeff Stuart (NMFS); and Bill 
Poytress (USFWS) with expertise in recent green sturgeon monitoring studies both in the Delta 
and upstream at RBDD. 

Objective:  To assess whether the current incidental take limit of 74 salvaged green sturgeon at 
both the CVP and SWP should be adjusted in light of this year’s wet-year conditions and any 
new information regarding the current year’s population of green sturgeon. 

Biological Rationale:  The technical subgroup reviewed the historical salvage record at the 
Delta fish facilities and rotary screw trap data on the Sacramento River below spawning 
locations above Red Bluff.  The subgroup decided to use the same methodology used by NMFS 
in the 2009 BiOp to assess incidental take of green sturgeon at the export pumps.  This involved 
using an average based on salvage figures in 6 wet years (i.e., 1995 to 1999 and 2006) from the 
same data used in the NMFS BiOp rather than just an average of the last 15 years (Table 13–6 
p.775, NMFS 2009).  The subgroup considered this to be more representative of the anticipated 
salvage for this year (a wet year) for the following reasons: 

1) This is an extremely long-lived species with a high fecundity rate; therefore, the right 
conditions (as this year) combined with a strong year class can produce years of high 
juvenile abundance as in 1995 and 2006. 

2) Wet-year conditions1 have created high--flow conditions that are conducive to green 
sturgeon spawning both by attracting greater numbers of adults and dispersing spawners 
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into new areas; therefore, more juveniles are likely to be observed at the fish salvage 
facilities this year.  

3) A greater number of acoustically tagged adult green sturgeon were observed in the 
Sacramento River this year, as well as 45 tagged during fish rescues at the Yolo Bypass 
and Sutter Bypasses (i.e., Fremont and Tisdale weirs). 

4) Evidence of spawning areas were discovered for the first time this year on the Feather 
River (eggs documented at Thermolito Afterbay outlet pool) and 4–5 adult sturgeon were 
observed downstream of Daguerre Dam on the Yuba River (but no spawning was 
documented).  These areas are likely used intermittently under high-flow conditions.  
This may lead to greater numbers of adults spawning overall. 

5) Other pertinent information from the San Joaquin River:  White sturgeon eggs (a similar 
species) were discovered in the San Joaquin River in April 2011 and green sturgeon were 
reportedly caught by anglers on the San Joaquin River.  This could mean suitable 
spawning habitat exists in the San Joaquin Basin for green sturgeon. 

6) Regulatory protection: this was the first year that green sturgeon were fully protected on 
the spawning grounds due to implementing DFG fishing restrictions and NMFS BiOp 
actions (i.e., RBDD gates were open during the majority of the adult migration and 
spawning period). 

7) From their life history biology, sturgeon tend to survive the millennia due to unusually 
strong years classes of production under infrequent highly favorable conditions.  
Conditions this year appear to be highly favorable.  The highest annual catch of juveniles 
by USFWS in traps from RBDD spawning areas was 1,358 in 1995 (i.e., 16 years ago).  
Assuming that some of the progeny of the 1995 brood are entering their first year(s) of 
maturity2, the number of spawners this year may be the highest in decades.  Catch at 
RBDD this year by FWS as of 6/14/2011 is a record-high 1,551 fish.   

 
Recommendation:  Because of the above rationale, the subgroup concluded that this year’s 
juvenile abundance appears exceptionally high compared to that of the last 15 years.  Since the 
current incidental take is based on an average of the previous 15 years of salvage data, which 
included multiple years with no salvage and numerous year’s when salvage was low, the 
subgroup determined that the incidental take should be changed to reflect salvage typifying a wet 
year pattern, similar to this year.  Using the average green sturgeon salvaged in wet years (1995 
and 2006), the incidental take in the form of combined expanded salvage should be changed 
from 74 to 128 this year.  If the combined expanded salvage reaches 96 (80% of the take limit), 
the subgroup will reconvene.  The subgroup also recommended genetic confirmation of species 
identity, especially for juveniles <150 mm. 

1. CDEC water year classification: http://cdec.water.ca.gov/cgi-progs/iodir/WSIHIST 
2. Nakamoto, et al. 1995, Van Eenennaam et al 2006, female green sturgeon typically 

spawn at 13 to 27 years old when sexually mature. 
 

Green Sturgeon Topic Summary:  WOMT reviewed the information provided by the DOSS 
subgroup and decided that any change to the green sturgeon incidental take limit would have to 
be determined by NMFS (which would require an amendment or re-initiation of the BiOp).   
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Other Topics: 

Smelt Working Group (SWG):   

In the interest of coordinating operations within the Delta, a representative from DOSS attends 
the SWG meetings, and a representative from the SWG attends DOSS meetings.  The SWG 
notes are posted on the FWS website at:  http://www.fws.gov/sfbaydelta/ocap/ 

The SWG convened its first meeting on 11/29/10 and reported out weekly on the DOSS calls.  
Very few delta smelt and longfin smelt were reported in the salvage monitoring at the fish 
facilities.   By February, the Kodiak trawls had caught 128 delta smelt; most were from the 
Sacramento ship channel; Kodiak trawl #3 was in the field the previous week but no data had 
been received.  No longfin or delta smelt were salvaged at the facilities.   Most monitoring 
indicated that adults and larvae were to the west at the Sacramento River side.  There was no 
elevated risk; water level increases in the rivers was a good for delta smelt.  Turbidity continued 
to be monitored and SWG looked at more sites rather than just three for turbidity monitoring.  
Any wind at Holland may bias the reading and this issue would come up in the winter months.  
Since the OMR flows were being controlled by salmon criteria, which also protects delta smelt, 
there were no recommendations from the SWG.   

Winter-Run Juvenile Production Estimate (JPE) 

On December 8, 2010, NMFS received a letter from DFG with the official winter-run Chinook 
salmon escapement estimate of a total of 1,596 fish, including fish collected for broodstock for 
Livingstone National Fish Hatchery.  This is the lowest estimate in 10 years.  NMFS calculated 
the JPE entering the Delta for incidental take purposes at the pumps using two methods this year: 
1) the current method, 2) revised method using a new Goldsim model (Cramer Fish Sciences) 
that accounts for uncertainty.  NMFS ended up using the current method to estimate the JPE, 
which was 332,012 naturally-produced (non-clipped) juveniles that would enter the Delta.  The 
incidental take limit for combined loss at the fish facilities was set at 6,640 natural winter-run 
(2% of the JPE) and 667 hatchery-produced winter-run. 
 
USGS First Flush Study  
 
USGS conducted a new study starting in November 2010, called “The First Flush Study,” which 
looked at turbidity and delta smelt movement near the confluence of the San Joaquin and 
Sacramento rivers.  Intensive night-time Kodiak trawling was conducted at Decker and Jersey 
Island.  USGS theorized that turbidity associated with the first storm event of the winter would 
influence delta smelt movement.  They looked for lateral and longitudinal distribution of delta 
smelt (upstream and downstream points).    

 
Historically, delta smelt have been observed near the confluence early, but usually it is mid-
December or later (after the first flush event) before they are detected.  CDFG scheduled staff 
through February to conduct this study under the Interagency Ecological Program.  The study ran 
for 3 weeks, sampling every other day for 24 hours a day.  Some tidal and turbidity effects on 
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juvenile Chinook salmon were detected, with fish moving laterally and up and down with the 
tide.   Fish were recirculating back and forth with the tides and not moving down to the bay as 
presumed.  
 
USGS sampled through January 2011.  They were getting quite a few delta smelt; 22 winter-run 
Chinook salmon, 50 spring-run Chinook salmon, and 10 steelhead.  Interesting enough, USGS 
caught steelhead in the first flush study before monitoring stations upstream (Knights Landing 
and Sacramento Trawl data) showed any steelhead caught.  The total catch includes trawls and 
seines.  USGS temporarily called off the study due to turbidity not being high enough.  They 
wanted turbidity to be in the 100s NTUs, not in the 10s NTUs.  It is unknown which length-at-
date method they were using (Delta or river model).   
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Chapter 3 – Operations Summary 
 

3.1 Water Year 2011 

Background 

Water-year 2011 started off with relatively high CVP storage: Shasta at 3.3 MAF; Folsom at 
623.4 TAF; and New Melones at 1.275 MAF, which increased in March and April and then 
nearly filled in May.  SWP storage in Oroville started out low at 1.75 MAF, but filled by the end 
of June at 3.53 MAF.  Both basins were classified as “wet year” hydrology.  The CVP and SWP 
export facilities pumped record amounts of water (6.6 MAF) to fill southern California reservoirs 
suffering from 3 years of drought.   Export pumping was high in December and January due to 
large storm events and dropped to zero for a day in March when capacity south of the Delta was 
met and demands for water ceased (Figure 2a).  There were no export cuts in winter/spring 
explicitly for delta smelt in water-year 2011.  The only export curtailments were to meet NMFS 
RPA requirements for salmon and steelhead, and a 2-week action under CVPIA (b)2 in June at 
the CVP exports to protect the outmigration of San Joaquin River origin fall-run Chinook 
salmon.  
 
Operational highlights for the Delta are described monthly below.  For daily operations and what 
was controlling:  see Appendix C. 
 
October 2010 

• DCC closed for 2 days for Mokelumne River pulse flow experiment.  No apparent water 
quality cost. 
 

November 2010 

• Keswick Reservoir release to the Sacramento River of approximately 5,800 cfs to meet 
Wilkins Slough flow objective 

• Delta excess conditions declared November 27. 
 

December 2010 

• Winter precipitation started; some reservoirs increased releases to meet flood space 
requirements. 

• Keswick Reservoir release to the Sacramento River flows varied from 5,000 to 14,000 
cfs. 
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January 2011 

• Default OMR limit of -5,000 cfs required, NMFS RPA Action IV.2.3.  Undetermined 
export impact at SWP at this time; no apparent impact at CVP. 

• OMR limit of -3,500 cfs triggered January 23–27 per to NMFS RPA Action IV.2.3; no 
apparent impact on CVP exports. 

• Keswick Reservoir release to the Sacramento River flows decreased to 4,000 cfs 

• The Northern Sierra 8-Station Precipitation Index for January was only 23% of average 
for the month 

• Tuolumne River in flood control mode January–July. 

• Merced River in flood control mode late January –mid-July. 

February 2011 

• Sacramento River:  In mid-February, Reclamation proposed to reduce releases to 3,250 
cfs to conserve storage in Shasta Reservoir as per BiOp RPA Action I.2.3B.  After 
considering potential impact to the cold water pool in Shasta Reservoir and the potential 
impact that decreasing releases could dewater fall-run/late fall-run Chinook salmon redds 
and potentially strand listed salmonids, the fishery agencies recommended to 
Reclamation to hold releases at 3,900 cfs.  Reclamation concurred with this 
recommendation. Additional details are provided in the Sacramento River Temperature 
Task Group annual report. 

• Federal side of San Luis Reservoir fills by approximately February 7. 

• Precipitation significantly increased in mid-February. 

• OMR limit of -2,500 cfs triggered February 22 through March 1, per NMFS RPA Action 
IV.2.3. 

March 2011 

• OMR limit of -3,500 cfs triggered on March 2, per NMFS RPA Action IV.2.3. 

• OMR limit of -2,500 cfs triggered on March 3 – 29, per NMFS RPA Action IV.2.3. 

• March 14–21 first CVP export curtailment due to OMR constraints. 

• Friant Dam in flood control mode to 7,000 cfs mid-March–Mid-July. 

• Stanislaus River in flood control mode late March–present. 
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• March 24:  Because of high inflows from the San Joaquin River, daily OMR goes 
positive. 

April 2011 

• NMFS RPA Action IV.2.1 requires 4-to-1 San Joaquin inflow to export ratio April 1–
May 31; however, Vernalis flows were above monitor stage (21,750 cfs) from April 1 
through April 29 and unrestricted exports were allowed by the RPA action.  High San 
Joaquin flows into the Delta resulted in strongly positive OMR flows (>10,000 cfs) in 
early April. 

• April 7: OMR limit of -3,500 cfs triggered per NMFS RPA Action IV.2.3 (steelhead loss-
density trigger). 

• OMR limit relaxed to -5,000 cfs April 12 per NMFS RPA Action IV.2.3. 

• April 30:  exports cut to meet 4:1 San Joaquin inflow-to export ratio per NMFS RPA 
Action IV.2.1. 
 

May 2011 
• Stanislaus River in flood management mode all month. 

• OMR flows remain positive. 

• VAMP May 1–31:  San Joaquin River flows high, due to flood operations no additional 
tributary contributions were required for VAMP and no assets for DWR export cut.  
Instead, both projects operated to 4:1 San Joaquin inflow-to-export ratio per the NMFS 
RPA.  Vernalis flow averaged 12,600 cfs for the period. 

June 2011 

• June 1:  daily OMR goes negative for the first time since March 24. 

• June 1-15:  OMR limit of -5,000 cfs triggered per NMFS RPA Action IV.2.3. 

• June 1-15:  start 1:1 San Joaquin inflow to export ratio per NMFS RPA Action IV.2.2 
(also, start 6-year steelhead study per RPA Action IV.2.2). 

• CVPIA (b)2 action to hold Jones pumping plant exports at 3,000 cfs June 8–22, to protect 
San Joaquin basin juvenile fall-run Chinook salmon and Central Valley steelhead.  
Immediately challenged by San Luis Delta Mendota Water Agency and went to District 
Court June 15.  Judge Wanger ruled from the bench and denied the plaintiff’s request for 
temporary restraining order and preliminary injunction. 
 

July - September 2011 

• Exports resume full pumping, no restrictions. 



 

Water Year 2011 CVP and SWP Exports 

 

Figure 2a & 2b. Water Year 2011 Export Pumping and San Joaquin River Flows at 
Vernalis combined with Daily E/I ratio, October 2010 to September 2011.  (See also 
Appendix C, Daily Operations for WY 2011). 
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Chapter 4 – Monitoring Activities 
 
Section 11.2.1.3., “Reporting and Monitoring,” of the 2009 RPA with 2011 amendments, 
provides specific guidelines for fish monitoring and reporting.  From October 5, 2010, to 
September 30, 2011, the DOSS members monitored and reported fish activities in the following 
areas: 

• Chipps Island Midwater trawls (see Appendix A, Figs. 13 and 14) 
• Sacramento River Kodiak trawls (see Appendix A, Figs. 13 and 14) 
• Mossdale Kodiak trawls 
• Beach seines (Verona, Elkhorn, Garcia Bend, Clarksburg, Steamboat Slough, Wimpy’s, 

Koket, Isleton, Verona, Discovery Park, American River, Miller Park, King’s Island, 
Point Pinole East, Terminous, Keller Beach, Colusa State Park, B&W Marina, Berkeley 
Frontage Road, Ward’s Landing, Treasure Island, Rio Vista, San Quentin Beach, 
Sturgeon Bend, Sandy Beach, Tiburon Beach, Sand Cover, Knights Landing, Weatherby, 
Sherman Island, McNears Beach, China Camp, Mossdale, Eddo’s, Dos Reis, Antioch 
Dunes, Dad’s Point, Liberty Island, Lost Isle, Medford Island, Cruiser Haven, Woodward 
Island) 

• Knights Landing rotary screw traps 
• Tisdale rotary screw traps 
• Moulton Weir rotary screw traps 
• Deer & Mills Creeks rotary screw traps (see Appendix A, Figures 7 and 8) 

 
Sacramento River new juvenile monitoring station [Action 11.2.1.3(8)c, page 12 in the 2009 
RPA with 2011 amendments] 
 
This action required a new monitoring station between RBDD and Knights Landing in order to: 
(1) provide early warning of fish movement downstream, and (2) determine survival of ESA 
listed fish leaving the spawning areas. 
 
Two new monitoring stations were added in 2011 to replace the former rotary screw trap site at 
the Glen Colusa Irrigation District diversion on the Sacramento River and meet the NMFS 
monitoring requirement for a new station.  One at located at Moulton Weir, and one at Tisdale 
Weir on the Sacramento River.  Both are rotary screw traps (RSTs).  The DOSS recommended 
continuing with the Tisdale location for use in managing the DCC gate operations.  DOSS 
decided to continue with Tisdale monitoring until it could come up with a more expansive 
objective and focus on the methods and getting the most out of the data.  It was noted that the 
NMFS monitoring requirement required only one additional monitoring station. 
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Additional monitoring to improve the frequency and content of salvage data is required to meet 
NMFS RPA Actions IV.2.1, 1V.2.3, IV.4.1, IV.4.2, and term and condition 13.4, for review by 
technical teams such as DOSS and WOMT.  
 
On January 1, 2011, Action IV.2.3 began.  OMR flows were measured at -4,200 cfs.  The 5-day 
running average was approximately -4,900 cfs. The official 5-day monitoring began on January 
6, 2011, to meet Action IV.2.3 (no more negative than -5,000 cfs from January 1 to June 15).  
DOSS monitored the 5-day average, but actual compliance (trigger) is based on the 14-day 
average.  Because of tidal variation in the Delta, averages are accurate to approximately 100–150 
cfs.  The 14-day average allows for tidal fluctuations.   
 
DOSS used the Metropolitan Water District (MWD, also called the Hutton equation) formula to 
predict OMR flows and found that the measured and predicted flows were very close using the 
MWD formula; however, compliance was still determined based on measured OMR.  DOSS 
monitored both measured and predicted flows to assess whether they matched.    
 
Results 
 
First Trigger 
 
The first (winter-run JPE-based) OMR trigger was exceeded on January 19, 2011, with data 
reported on January 20, 2011.  An emergency WOMT meeting on Friday afternoon (January 21, 
2011) confirmed the numbers, and WOMT agreed to implement OMR at no more negative than -
3,500 cfs.  Exports were reduced beginning on Sunday afternoon, January 23, 2011.  DOSS 
discussed at length the process of reducing and increasing flows and the time it takes to comply 
with the RPA.  It was noted that the intent of the RPA is to measure losses/salvage and have low 
salvage over 3 “consecutive” days.  If there is a minimum of 5 days with flows at -3,500 cfs, the 
RPA requirement will have been met.   
 
Second Trigger 
 
A workable second fish trigger was provided in the 2009 NMFS RPA and amended in 2011. 
 
Third Trigger 
 
The third trigger is based on spring-run surrogate loss rates as determined from reading CWTs 
recovered at the Delta Fish Facilities.  In 2011, an adjustment was made to the third trigger to 
delete the second stage, as it was the same as the first stage.  The third trigger was not met in 
water year 2011. 

Second Trigger 
 

A workable fourth fish trigger, for unclipped steelhead, was provided in the 2009 NMFS RPA 
and amended in 2011. 
 
Salvage and Loss Monitoring (Actions IV.2.1 and IV.2.3) 
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In order to improve the daily reporting of salvage and loss to meet the fish triggers identified in 
the NMFS BiOp, DWR and Reclamation met internally during 2011.  The following CDFG 
report summarizes results of improvements that will be implemented in water year 2012.   
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SUMMARY OF REAL-TIME SWP/CVP SALVAGE REPORTING NEEDS 

Prepared by CDFG on September 19, 2011 

CDFG Stockton staff prepared a quick summary (see below) of the rapid salvage data needs of 
the DOSS, SWG, the federal BOs for delta smelt, winter-run and spring-run Chinook salmon, 
steelhead, and green sturgeon, and longfin smelt under the DFG Incidental Take Permit from the 
SWP and CVP fish salvage facilities. 

Weekday posting of DFG’s entire Access database, a smelt summary spreadsheet, and 
implementation of user-definable web page reporting system has addressed a significant portion 
of the perceived needs for the rapid reporting of salvage information.  Currently unmet reporting 
requirements are shown in italics.  DFG Stockton staff with the approval of the export and 
federal regulatory agencies can quickly and independently meet the high-lighted requirements.   

The requirements shown in red will require additional agreement or cooperation by the 
aforementioned agencies.  Agreement on the loss equations for steelhead and green sturgeon and 
authorization for a continuous DFG reporting structure (if required) are the most significant 
issues.  For further details on these specific unmet needs or options to address these needs please 
contact Bob Fujimura at (209) 947-7097. 

DOSS Group Needs (October 1 through June 30) 

1) Daily salvage and loss of Chinook salmon by race (based on Delta model), steelhead, and 
green sturgeon*  

2) Daily loss density (fish/TAF) of unclipped older juvenile salmon and steelhead* 

3) Cumulative salvage and loss totals for (1) by reported by the week or annually 

SWG Group Needs (October 1 through June 30) 

3) Daily salvage of juvenile and adult delta* and longfin smelt 

4) Daily larval delta smelt observations 

5) Cumulative salvage and loss totals for (3) and (4) by week or season 

NOAA Fisheries BO Salvage Reporting Requirements 

6) Website reporting to the public the following salvage count parameters/statistics within 2 days 
of observation*: 

a) duration of count in minutes 
b) species of fish salvaged 
c) fish counts 
d) estimated fish salvage 
e) volume of water in acre-feet 
f) average daily flow in cfs 
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g) daily average channel velocity and bypass ratio in each primary and secondary 
channel/system 

h) average daily water temperature 
i) average daily electrical conductivity 
j) periods of non-operation due to cleaning, power outages, repairs 

 
* Coverage during holidays, weekends, and furlough periods dependent on salvage trends 

Results and Recommendations: 

A special meeting on real-time monitoring for the NMFS BiOp was held on September 30, 2011.  
CDFG agreed to report daily salvage by race and loss density (fish/TAF) to DWR, who would 
distribute the information among the technical groups.  CDFG will change from weekly to daily 
reporting starting in November.  Outside this period, CDFG will report updates by email. 

Steelhead Loss rate:  This topic requires further discussion as to use of an interim formula for 
calculating loss.  All parties agree to modify the formula as more information becomes available.  
For now, the following equations are typically used based on Chinook salmon loss estimates; 

 SWP loss = salvage x 4.33 

 CVP loss = salvage x 0.68 

CDFG will report loss density of unclipped older juvenile salmon as defined in the NMFS BiOp 
(fish greater than the winter-run size at length criteria).  DWR will continue to run loss density 
calculations to cross check the data.  Weekend reporting will be on an as need basis. CDFG can 
provide weekend reporting if necessary during critical periods (close to a fish trigger).   

 In addition, For 2011/2012 salvage season the CVP Tracy fish collection facility and the SWP 
Skinner delta fish protective facility plan on starting a new program to process CWT fish on-site 
and provide tag reading data on a daily basis to the technical teams. 
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Chapter 5 – Assessment of Effectiveness of  
RPA Actions 

 
The ability to assess actions in 2011 is limited to the monitoring data at hand (salvage, loss and 
juvenile presence or absence at various monitoring locations).  Since we will not have 
information on returns for 3 years, it is difficult to say how the actions this year benefited 
salmon.  Also, the ability to detect changes in operations from changes in weather events remain 
to be seen.  We can look at timing of actions in relation to when fish moved through the Delta 
and when they showed up at the pumps and make comparisons with historical trends.   
 
Below, we provide some assessments of how effective specific RPA actions were in achieving 
their objective, linked to pertinent biological information to the extent it is available. 
 
5.1 San Joaquin Inflow-To-Export Ratio Action IV.2.1  

 
The following is a report from the DOSS subgroup charged with setting up protocols for 
reviewing the intent of the RPA action, agreeing on protocols for implementing the action, and 
measuring compliance. 
 
Implementation Procedures for the I/E ratio under Action IV.2.1 of the NMFS RPA 
The implementation procedures described below represent a consensus of the DOSS technical 
team for 2011 implementation. 
 
1. When does implementation of the I/E ratio begin? 
a. Is the threshold for I/E implementation based on flow (21,750 cfs) or stage (24.5’)? 
b. Is there any lag time to accommodate operational constraints? 
2. When does implementation of the I/E ratio end? 
3. How is compliance with the I/E ratio measured? 
4. Once implementation of the I/E ratio begins, how are operations managed and what 
kind of reporting is initiated? 
 
1.   When does implementation of the I/E ratio begin? 
a. Is the threshold for I/E implementation based on flow (21,750 cfs) or stage (24.5’)? 
 
The 21,750 cfs flow threshold mentioned in the NMFS BiOp was an approximation of the 
level of Vernalis flow associated with the 24.5’ flood monitor stage in April 2006. Changes in 
channel morphology can alter this stage-flow relationship. In April 2011, for example, the 
24.5’ flood monitor stage is associated with a Vernalis flow of 22,400 cfs; this stage-flow 
relationship may change several more times during 2011 as the USGS updates the rating 
curve at Vernalis. 
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The DOSS group recognizes that the tables in both Phases I and II allow for unrestricted exports 
based on a flow threshold per the guide in footnote 10 on p. 69 of the 2011 RPA. In order to 
lessen the burden on the levee system along the San Joaquin in times of high water events, DOSS 
recommends that unrestricted exports be allowed whenever the stage at Vernalis is at or above 
24.5’ or the flow at Vernalis is at or above 21,750 cfs (even if the stage at that flow is <24.5’). 
 
b. Is there any lag time to accommodate operational constraints? 
 
Implementation of the I/E ratio begins on April 1 when the stage or flow at Vernalis is below the 
threshold of either 24.5 feet or 21,750 cfs; however, should the stage or flow at Vernalis be above 
the threshold after April 1, then implementation of the I/E ratio begins within three days after 
flow or stage falls below the threshold. For example, suppose that Vernalis stage decreases from 
25’ to 24’ (or that Vernalis flow decreases from 22,000 cfs to 21,000 cfs) on April 13. The 
operators would then find out the next day on April 14 that the threshold was reached, and then 
would schedule exports (two days out, i.e. for April 16) as an appropriate fraction of Vernalis 
flow. In this example, day 1 of the I/E implementation (and the first day of the progression to a 
14-day running average) would be April 16, the earliest schedulable day following the 
trigger/threshold being reached. 
 
Also, if the I/E ratio changes due to an updated San Joaquin Valley water year hydrologic 
classification which occurs in early April and in early May, implementation of the new I/E ratio 
begins three days after the change in water year classification. For example, suppose the San 
Joaquin Valley water year classification was updated to “Above Normal” (based on the April 
forecast) from “Below Normal” (based on the March forecast). The operators would then 
schedule exports two days out as an appropriate fraction of Vernalis flow. Day 1 of the I/E 
implementation (and the first day of the progression to a 14- day running average) will begin the 
second day. If the I/E ratio does not change even after an updated water year classification (e.g. 
both “Above Normal” and “Wet” water year classifications are associated with a 4:1 I/E ratio), 
then the averaging period remains the same. 
 
3. When does implementation of the I/E ratio end? 

 
Implementation of the I/E ratio ends when the stage or flow at Vernalis is above the threshold of 
either 24.5 feet or 21,750 cfs on May 31. In the first case, implementation of the I/E ratio ends 
three days after the stage or flow at Vernalis exceeds the threshold. For example, Vernalis stage 
could increase from 24’ to 25’ (or that Vernalis flow increases from 21,000 cfs to 22,000 cfs) on 
April 13. In this example, operators would find out on April 14 that the threshold has been 
crossed, and then would schedule exports (two days out, i.e., for April 16) unrestricted by any 
measure of Vernalis flow. 
 
4. How is compliance with the I/E ratio measured? 

 
If an I/E ratio is being implemented, compliance will be measured based on a 14-day running 
average, as advised by the DOSS group on 4/5/2011, based on 14-day averaged specified in the 
BiOp for Phase II of action IV.2.1.  The projects are in compliance whenever the ratio of the 14-
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day average is greater than or equal to the specified I/E ratio for the water year classification, as 
described in the formula below: 
 

14 VNS t 
t=1   
 14   >        I  

14   ((CLC – BBI) + TRP) t   E 
t=1      
  14 

 
I: Inflow of inflow:export (I/E) ratio specified in the BiOp 
E: Export of inflow:export (I/E) ratio specified in the BiOp 
VNS: actual Vernalis flow (as reported at the VNS CDEC station) 
CLC: actual inflow to Clifton Court Forebay (as reported at the CLC CDEC station) 
BBI: diversions by Byron-Bethany Irrigation District from Clifton Court Forebay (as reported at 
the BBI CDEC station) 
CLC-BBI: the measure of SWP exports 
TRP: actual exports at the Tracy Pumping Plant, the measure of CVP exports (as reported at the 
TRP CDEC station) 
t=1: Day 1 of the 14-day period over which the running 14-day average is calculated. 
t=14: Day 14 of the 14-day period over which the running 14-day average is calculated. 
 
The precision to which compliance will be measured is still under review. For 2011, as 
implementation procedures have been worked out, compliance has been measured with a 
calculated I/E ratio rounded to the nearest integer. 
 
5. Once implementation of the I/E ratio begins, how are operations managed 
and what kind of reporting is initiated? 
 
The Projects will operate in the same manner as they do to meet the outflow requirements as 
listed in SWRCB WR D-1641. The SWRCB provided a way to ensure compliance by stating 
that at the end of the period, its standard must be met. If it isn’t then the days prior to it are in 
non-compliance. 
 
See the table below for an example of how operations would be implemented in order to comply 
with a 4:1 I/E ratio on the 14-day running average. Once implementation of a specified I/E ratio 
begins, the I/E ratio will be reported (to the tenths place, for monitoring purposes) by 
DWR on the Delta Operations Summary at:  
http://www.water.ca.gov/swp/operationscontrol/docs/delta/deltaops.pd f.   
 
The reported I/E ratio will always be the running 14-day average, except for the first  
14 days of implementation, during which the reported I/E ratio will be the progressive 
daily mean (calculated in the same way as the formula above, except that the number 
“14” would be replaced by the total number of days since the first day of 
implementation). 
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Date 
 

Day of 
implementation 

 
Daily 

VNS flow 
(cfs) 

 
SWP 

Export 
(cfs) 

 
CVP 

Export 
(cfs) 

 
SWP + CVP 
Exports (cfs)

 
Daily I/E 

ratio 

 
Progressive 

daily (in 

gray) or 14‐day
4/26/2011  22,120 2800 3500 6300   
4/27/2011  21,600 2800 3500 6300   
4/28/2011  21,080 2800 3500 6300   
4/29/2011  20,660 2800 3500 6300   
4/30/2011 1 20,340 2500 2500 5000 4.1 :1 4.1 :1
5/1/2011 2 20,020 2500 2500 5000 4.0 :1 4.0 :1
5/2/2011 3 18,500 2500 2500 5000 3.7 :1 3.9 :1
5/3/2011 4 18,450 2500 2500 5000 3.7 :1 3.9 :1
5/4/2011 5 18,400 2250 2250 4500 4.1 :1 3.9 :1
5/5/2011 6 18,350 2250 2250 4500 4.1 :1 3.9 :1
5/6/2011 7 18,300 2250 2250 4500 4.1 :1 4.0 :1
5/7/2011 8 18,250 2250 2250 4500 4.1 :1 4.0 :1
5/8/2011 9 18,200 2250 2250 4500 4.0 :1 4.0 :1
5/9/2011 10 18,150 2250 2250 4500 4.0 :1 4.0 :1
5/10/2011 11 18,100 2250 2250 4500 4.0 :1 4.0 :1
5/11/2011 12 18,050 2250 2250 4500 4.0 :1 4.0 :1
5/12/2011 13 18,000 2250 2250 4500 4.0 :1 4.0 :1
5/13/2011 14 17,950 2250 2250 4500 4.0 :1 4.0
5/14/2011 15 17,900 2250 2250 4500 4.0 :1 4.0
5/15/2011 16 17,850 2000 2000 4000 4.5 :1 4.0
5/16/2011 17 17,800 2000 2000 4000 4.5 :1 4.1
5/17/2011 18 17,750 2000 2000 4000 4.4 :1 4.1
5/18/2011 19 17,700 2000 2000 4000 4.4 :1 4.1
5/19/2011 20 17,650 2000 2000 4000 4.4 :1 4.2
5/20/2011 21 17,600 2000 2000 4000 4.4 :1 4.2
5/21/2011 22 17,550 2000 2000 4000 4.4 :1 4.2
5/22/2011 23 17,500 2000 2000 4000 4.4 :1 4.2
5/23/2011 24 17,450 2000 2000 4000 4.4 :1 4.3
5/24/2011 25 17,400 2000 2000 4000 4.4 :1 4.3
5/25/2011 26 17,350 2000 2000 4000 4.3 :1 4.3
5/26/2011 27 17,300 2000 2000 4000 4.3 :1 4.3
5/27/2011 28 17,250 2000 2000 4000 4.3 :1 4.4
5/28/2011 29 17,200 2000 2000 4000 4.3 :1 4.4
5/29/2011 30 17,150 2000 2000 4000 4.3 :1 4.4
5/30/2011 31 17,100 2000 2000 4000 4.3 :1 4.4
5/31/2011 32 17,050 2000 2000 4000 4.3 :1 4.3

 
Note: ONLY the ratios in red, after rounding to the nearest integer, will be used to measure 
compliance per NMFS RPA Action IV.2.1 
 

 
The following graphs represent the number of older juvenile Chinook (defined in the NMFS 
BiOp as all unclipped juvenile Chinook salmon greater than the minimum winter-run size at 
length) and steelhead observed in monitoring stations either required by the NMFS BiOp, or 
used by DOSS to assess project operations.   
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Figure 5.1.  Fish monitoring data for older juveniles at Red Bluff Diversion Dam(RBDD), Mill 
Creek, Deer Creek, Knights Landing (KL), Chipps Island, and Mossdale Trawl locations from 
August 2010 through July 2011 (source: DFG, FWS weekly update prepared by DWR). 
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Figure 5-2.  Historical Juvenile Steelhead Abundance at Mossdale Trawl and Vernalis Flows from 
2005-2011, with OMR flows and CVP/SWP combined steelhead salvage for 2009, 2010, and 2011. 

 
Model results from fingerprinting water source during the implementation of Action 
IV.2.1. 

DWR models water source “fingerprints” using the Delta Simulation Model 2 (DSM2) to 
estimate the concentrations of a particular constituent at a specific time and location in the Delta 
as a function of the constituent’s source (e.g., originating in tributary rivers, as seawater from the 
western Delta at Martinez, or as agricultural drainage returns from in-Delta island farming 
activities).  In order to model a “water fingerprint” a tracer is used.  A tracer is a measurable 
constituent or characteristic of a water parcel that can be used to track flows through the network 
of channels in the Delta.  A conservative tracer remains constant as it moves with the water 
parcel, whereas a reactive tracer, such as a chemical reacting with its surroundings, may grow or 
decay over time (e.g., dissolved oxygen, ammonia, or nitrates).  Volumetric contributions from 
different sources are determined by simulating transport of conservative tracer constituents.  
These volume contributions can be useful in estimating concentrations of conservative 
constituents (Anderson 2002).  Typically, in DWR water quality reports, historical volumetric 
and electrical conductance (EC) fingerprinting are modeled. 

Volumetric fingerprinting of water in Old River is calculated at several locations.  These include 
the confluence of Rock Slough and the Old River channel and at the Highway 4 Bridge. 
Fingerprinting is also calculated for Clifton Court Forebay and the CVP intakes (Jones Pumping 
Plant).  These are shown in Figs.1, 2, 3, and 4, respectively.  Volumetric fingerprints calculate 
and track the relative volumetric contributions of various water sources in a column of water to 
create a percentage contribution from each water source at a specified location in the Delta.  The 
methodology and applications of volumetric fingerprinting using DSM2 can be found in several 
publications (Anderson 2002, Anderson and Wilde 2005, Mierzwa and Wilde 2004).  DWR 
chose fingerprint locations to facilitate explanations between observed water quality in the 
central and south Delta and the volumetric sources of water.  Modelled fingerprints of source 
water are also valuable in interpreting changes in EC and explaining how hydrology affected the 
movement of water within the central and southern Delta.  DWR’s Bay-Delta office provided the 
volumetric fingerprint calculations used in this section. 
 
The volumetric fingerprint at Old River at Rock Slough, Figure 1, shows that the majority of its 
source water originated from the San Joaquin River between May 1 and June 1, 2011.  As San 
Joaquin River flows decreased below approximately 21,000 cfs throughout May (Figure 6), 
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exports were held at a 4:1 inflow-to-export ratio until June 1, 2011 (Figure 5a).  After June 1, 
2011, exports were increased as San Joaquin River flows decreased from their high flows in 
April and May (maximum 28,575 cfs at Vernalis on April 1, 2011, Figure 5a) to a fairly constant 
level of approximately 10,000 cfs through June.  Flows on the San Joaquin River continued to 
decline through summer, averaging 8,700 cfs in July, 5,400 cfs in August, and 4,200 cfs in 
September (Figure 6).  Beginning on June 1, 2011, combined exports increased substantially 
from approximately 2,500 cfs to more than 9,000 cfs by June 10, 2011.  Exports were held at 
high levels throughout summer, averaging more than 11,000 cfs, and a record volume of water 
(6.6 MAF) was exported from the Delta in 2011 (Figure 5a).  As flows on the San Joaquin River 
dropped, and export volumes concurrently increased, the modeled percentage of Sacramento 
River water and water from the eastside tributaries increased at the Old River at Rock Slough site 
(Figure 1) through the beginning of August.  After August 1, 2011, the water originating in the 
eastside tributaries became a smaller fraction of the modeled water fingerprint, while water from 
the Sacramento River increased its contribution to the modeled volumes at the Old River/ Rock 
Slough location.  The contribution from the San Joaquin River basin also became smaller as the 
summer progressed.  Progressing in an upstream direction (southerly), the next location modeled 
is Old River at Highway 4 Bridge.  The modeling indicates that there is a similar increase in the 
percentage of Sacramento water at this location as the summer progresses.  As exports become 
greater than the net flow from the San Joaquin River basin, the percentage of Sacramento River 
water infiltrating the central and southern Delta waterways increases, displacing the water from 
the San Joaquin River basin (Figure 2).  As already described, flows on the San Joaquin River, as 
measured at Vernalis, were less than exports by the end of June, and were only about half of the 
total exports during the remainder of the summer period.  By August, total exports were more 
than twice the San Joaquin River inflow at Vernalis, and the relationship of Sacramento River 
water to San Joaquin River water as modeled in the fingerprinting reflects this shift.  When 
examining the relative percentages of the water sources in the fingerprint modeling, one also sees 
another consistent pattern.  As one moves farther south, water originating in the Sacramento 
River makes up a smaller fraction of the total water present at a given location compared to more 
northern locations.  At Clifton Court Forebay (Figure 3), the fingerprinting modeling reflects the 
increasing trend of Sacramento River origin water in the exports, but also shows that the relative 
percentage of Sacramento River water is less than in locations located farther downstream 
(north) of the CCF inlet channel.   By mid-summer, Sacramento River water still makes up more 
than 50% of the water diverted into the CCF of the SWP.  At the CVP location (Figure 4), which 
is upstream of the CCF inlet channel, Sacramento River water makes up approximately 25–30% 
of the diverted water.  The presence of Sacramento River water (and eastside tributary water) is a 
function of tidal water movement, DCC gate operations, export pumping, and the inflow of San 
Joaquin River basin water.   
 
One of the most important aspects shown by volumetric fingerprints is how the San Joaquin 
River can dominate water quality at Clifton Court during certain seasons and certain flow 
conditions.  Data from earlier in the year during winter flow conditions indicated that 
Sacramento River water still made up a substantial proportion of the modeled water 
fingerprinting at the Old River at Rock Slough and Old River at Highway 4 locations during the 
higher winter flows on the San Joaquin River as well as contributing a substantial volume of the 
water exported during March at the SWP.  During this period, total exports were still elevated 



(approximately 8,000 cfs through March 22, 2011) and were similar in magnitude to flows at 
Vernalis (Figures 5b and 6).  When the flows on the San Joaquin River increased dramatically in 
late March to more than 25,000 cfs, with a concurrent substantial decrease in exports because of 
full storage conditions and a lack of demand for delivered water, the modeled fingerprinting 
showed a sudden increase in the percentage of San Joaquin River water present in the system at 
all locations.  As the flows on the San Joaquin River surpassed the export flows, the Sacramento 
River water fraction was flushed downstream and replaced by the water originating from the San 
Joaquin River basin. 
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Figure 1:  Old River at Rock Slough 

39 
 
 

 

http://modeling.water.ca.gov/delta/reports/annrpt/2005/2005Ch6.pdf


Figure 2:  Old River at Highway 
4

 

Figure 3:  Clifton Court Forebay (SWP) 
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Figure 4:  Jones Pumping Plant 
(CVP)

 

Figure 
5a
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Figure 
5b

 

Figure 6: 
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Chapter 6 –Request for Feedback 

Questions for the Independent Science Panel 

1) What are some suggestions as to which methods would be best to evaluate the 
effectiveness of the RPA actions within the Delta discussed in this report? 
 

2) What are some suggestions for which biological indicators could be used to measure 
performance of the RPAs. 
 

3) What would the Panel recommend as a statistical approach to separate out the actions 
in the Delta from hydrological variations due to flow, tides, DCC gate operations, etc.? 
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2010/2011 SALMONID AND GREEN STURGEON INCIDENTAL TAKE  
AND MONITORING REPORT 

 
This annual data report is a requirement of the National Marine Fisheries Service 
(NMFS) 2009 Biological Opinion for the Long-term Operations of the Federal Central 
Valley Project (CVP) and the California State Water Project (SWP) under the joint CVP 
and SWP terms and conditions.  This report is a summary of the incidental take of 
winter-run Chinook, spring-run Chinook surrogates, Central Valley steelhead, and green 
sturgeon at the State and federal Delta fish facilities.  Incidental take of spring-run 
Chinook is represented by incidental take of Coleman Hatchery late-fall Chinook 
releases.  This report also includes data from the salmonid monitoring program for the 
lower Sacramento River and Chipps Island, the yearling spring-run Chinook monitoring 
in Mill and Deer creeks, and hydrologic conditions in the Delta.  DWR acquired data 
from the California Department of Fish and Game (DFG), United States Fish and 
Wildlife Service (USFWS), and California Department of Water Resources (DWR).  
DWR disseminated preliminary versions of the Chinook data and DFG disseminated 
preliminary versions of the steelhead data on a weekly basis through the Data 
Assessment Team (DAT) and Delta Operations for Salmon and Sturgeon workgroup 
(DOSS) during the 2010/2011 incidental take season (October 2010-July 2011).   

Chinook Salmon Salvage 
 
In 2010/2011, older juvenile Chinook in the winter-run length range were salvaged at 
the SWP Skinner Delta Fish Protective Facility and the CVP Tracy Fish Collection 
Facility beginning early December (Figure 1).  Using the Delta Model length-at-date 
criteria, DWR defined older juvenile Chinook as all non-adipose fin clipped Chinook 
greater than the minimum winter-run length.  Older juvenile Chinook included yearling 
fall-run, yearling spring-run, late fall-run, and winter-run length Chinook.  Salvage of 
older juveniles increased in frequency following a Sacramento and San Joaquin river 
flow increase in late December 2010.  However, most older juveniles were salvaged 
between mid-February and March 2011.  Additionally, there was an increase in salvage 
of late-fall and fall yearling hatchery Chinook in late December, coincident with higher 
Sacramento and San Joaquin River flows.  
 
Young-of-the-year (YOY) Chinook were observed at the Delta fish facilities starting in 
January 2011, following a flow increase in December.  During late March and April, an 
increase in YOY salvage coincided with high flows, as well.  Approximately 96% of the 
observed YOY Chinook salvage occurred between late March and June 2011.  During 
this time, fall-run hatchery Chinook were salvaged between May and June where a 
majority of these fish originated from the Merced Hatchery.  Very few fall-run hatchery 
Chinook from the Sacramento basin were observed at the Delta fish facilities.  
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Winter-run Chinook  

Winter-Run Incidental Take 
 
In 2011, DFG estimated a total adult escapement of 1,596 winter-run spawners to the 
upper Sacramento River.  Based on this escapement, NMFS estimated that 332,012 
winter-run juvenile Chinook would enter the Delta.  Based on the juvenile production 
estimate (JPE), the 2010/2011 incidental take level for the Delta fish facilities was 6,640 
wild (non-clipped) winter-run Chinook, which equals 2% of the natural winter-run 
production entering the Delta.  Winter-run are classified by length according to the Delta 
Model length-at-date criteria.  The combined expanded loss of winter-run Chinook was 
4,360 for the season; about 66% of the incidental take permitted by the Biological 
Opinion.  This was the first time since 2001 that the incidental take level exceeded the 
1% level of concern for naturally produced winter-run.  An initial pulse of winter-run loss 
occurred from mid-December through January followed by a larger pulse of winter-run 
loss occurring from mid-February through March (Figure 2).  Winter-run loss occurred at 
both pumping facilities with an expanded loss of 3,783 at SWP and 577 at CVP.  In 
2010/2011 winter-run loss increased considerably from the previous six years (Figure 
3). 

Hatchery Winter-Run Incidental Take and Monitoring 
 
On February 3, 2011 an estimated 123,870 winter-run smolts from Livingston Stone 
National Fish Hatchery (LSNFH) were released in the Sacramento River at Caldwell 
Park near Redding, CA.  NMFS estimated that 66,734 hatchery fish would enter the 
Delta.  NMFS set incidental take level at 1% of the total hatchery production entering 
the Delta, or 667 for 2010/2011.  Zero hatchery winter-run Chinook were identified at 
the Delta fish facilities this season (Table 1).  Coded-wire tag (CWT) data for several 
hatchery fish (n=24) was unavailable due to misplacement of recovered CWT fish from 
the Delta fish facilities, and therefore the hatchery of origin could not be determined. 
Fourteen of these hatchery fish were salvaged between March 1-15 and 10 were 
salvaged between May 4-June 6.  It is possible that some of these unconfirmed CWT 
fish were from the winter-run hatchery release.  Historically, winter-run Chinook from 
LSNFH were salvaged in February and March.   
 
Recoveries of hatchery winter-run in the Delta monitoring trawls and seines were very 
low.  The USFWS recovered only three winter-run Chinook from LSNFH in the Chipps 
Island midwater trawl (Figure 4).  These fish were recovered in late March and mid-April 
when older juvenile Chinook were observed at this monitoring site.  Hatchery winter-run 
Chinook were not observed in either the Sacramento midwater trawl or Delta beach 
seines.  
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Spring-Run Chinook  
 
Under the 2009 NMFS Biological Opinion, NMFS uses surrogate groups of hatchery 
reared late-fall Chinook to best represent yearling spring-run Chinook emigrating from 
the upper Sacramento River and tributaries into the Delta.  Late fall-run are used as a 
surrogate because spring-run Chinook cannot be easily distinguished from the other 
races of salmon based upon size.  The incidental take level for the combined operation 
of the Delta pumping plants is equal to 1% of any individual Coleman National Fish 
Hatchery (CNFH) late-fall Chinook surrogate release group.  The USFWS releases a 
percentage of the total CNFH late-fall Chinook production into two separate surrogate 
releases.  This 2010/2011 season, CNFH released approximately 23% of the late fall-
run production as spring-run surrogates.  The first release was made in late December 
and the second release in mid-January.  USFWS released all of the surrogate groups 
into the Sacramento River at Battle Creek. 

December Surrogate Release and Incidental Take 
 
The first surrogate group of approximately 76,171 CNFH late fall-run Chinook salmon 
was released on December 21, 2010.  The DFG rotary screw traps on the two spring-
run tributaries, Mill and Deer creeks, were not operating at this time due to unsafe flow 
conditions.  However, DFG caught yearling spring-run Chinook salmon in both 
tributaries starting in mid-October. 

 
Seven surrogates from the December release, five at SWP and two at CVP, were 
observed at the Delta fish facilities between late December and early March (Figure 5).  
The expanded loss for the season was approximately 116 or 0.15% of the total hatchery 
release (Table 1, Figure 6).  The surrogate loss occurred throughout the time period of 
older juvenile Chinook loss at the Delta fish facilities (Figure 5).   
During the salmon salvage season, the hatchery of origin for several CWT Chinook was 
not confirmed due to lost tags or misplaced fish.  DWR assigned a race to these 
unconfirmed fish by comparing length-at-date of salvage data to data for confirmed 
(read CWT) fish.  Following this method, a projected loss for each surrogate group was 
calculated.  The projected loss for the December group was about 125 or 0.16% of the 
hatchery release (Figure 6). 

January Surrogate Release and Incidental Take 
 
The second surrogate group of approximately 157,719 CNFH late fall-run Chinook 
salmon was released on January 14, 2011.  The DFG rotary screw traps on both spring-
run tributaries were operating at this time, but the catch of yearling Chinook was very 
low (Figure 5).   

 
Twelve surrogates, four at SWP and eight at CVP, were observed at the Delta fish 
facilities between late January and early February.  The expanded loss for the season 
was approximately 64 or 0.040% of the total hatchery release, well below the 1% 
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incidental take level (Table 1, Figure 6).  Including unconfirmed hatchery Chinook, the 
projected loss for the January surrogate group was 68 or 0.043% of the total hatchery 
release.  

Spring-Run Surrogates Monitoring 
 
The Delta Juvenile Fish Monitoring Program (DJFMP) conducted by the USFWS's 
Stockton Fish and Wildlife Office operates under the auspices of the Interagency 
Ecological Program (IEP).  The DJFMP has been conducting juvenile salmon monitoring 
in the Delta since the early 1970's to gain information on potential management actions 
that could improve the survival of juvenile salmon rearing and migration through the 
Delta.  
 
A midwater and Kodiak trawl survey is conducted on the Sacramento River at 
Sherwood Harbor to gauge the relative abundance and timing of juvenile Chinook 
entering the Delta.  USFWS recovered zero surrogates from the December release in 
the Sacramento River trawl (Figure 5).  One surrogate from the January release was 
recovered in mid-January, which occurred between small pulses of older juvenile 
Chinook.   Additionally, one surrogate from the January release was recovered in the 
Central Delta seine at Sandy Beach. 
 
As a part of the DJFMP, a midwater trawl survey is conducted at Chipps Island.  
USFWS recovered nine surrogates from the December release as they were leaving the 
Delta at Chipps Island in early January (Figure 5).  These surrogates were recovered 
several weeks before the peak period when most of the older juveniles were caught at 
Chipps Island.   USFWS also recovered 13 surrogates from the January release at 
Chipps Island between late January and early March.  The majority of these surrogates 
were caught in late January and early February, before the peak of older juvenile catch 
occurred at Chipps Island.   The timing of recoveries at Chipps Island for both the 
December and January release is consistent with the timing of loss at the Delta fish 
facilities.  

Tributary Spring-Run Chinook Monitoring 
 
DFG conducted tributary spring-run Chinook monitoring on Mill and Deer creeks using 
rotary screw traps in 2010/2011.  Trapping began on October 25, 2010 when flows 
allowed for effective operation of the traps.  Spring-run tributary monitoring was 
sporadic this season due to limited staffing and changing flow conditions.  Older juvenile 
catch was low (<10/day) on both spring-run tributaries.  Fry/smolts were caught 
(<50/day) in January and February in Mill Creek.  In Deer Creek, fry/smolts were caught 
in a small pulse from late January to early February, followed by a larger pulse in 
March.  DFG stopped operation of the Mill Creek trap on February 14, 2011 and the 
Deer Creek trap on March 16, 2011.  Figures 7 and 8 summarize the frequency 
distribution of the older juvenile and fry/smolt catch on Mill and Deer creeks.  
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Fry/smolt Chinook Loss 
 
The combined expanded loss of fry/smolt Chinook salvaged between October 2010 and 
July 2011 was 86,781 (Figure 9).  Using the Delta Model length criteria, DWR defined 
fry/smolts as all Chinook smaller than the minimum winter-run length-at-date criteria.  
Most fry Chinook loss occurred between March and June, with peak loss in May.  The 
loss was notably high compared to the last nine years (Figure 10).  In particular, fry 
Chinook loss in 2010/2011 increased significantly compared to 2007-2010 where the 
annual loss was less than 30,000.   
 
Modeled volumetric water fingerprints derived from the Delta Simulation Model 2 
(DSM2) indicated an overwhelming influence of the San Joaquin River at the export 
facilities.  Greater than 90% of water at Clifton Court Forebay (SWP) and Jones 
Pumping Plant (CVP) originated from the San Joaquin River between April and June 
(Figures 11 and 12).  A strong influence of the San Joaquin River at the export facilities 
was also supported by observations of high salvage of Merced Hatchery fish that were 
released in the San Joaquin Basin (Figure 1).  High salvage of fry/smolt Chinook was 
observed between late March and June.  Modeled water fingerprints at the export 
facilities and the salvage trend of hatchery fish during this time suggests that a fraction 
of the fry/smolt Chinook observed at the Delta fish facilities may be fall-run Chinook 
from the San Joaquin River.   

Lower Sacramento River and Chipps Island Chinook Monitoring 
 
For the Sacramento River and Chipps Island monitoring surveys, DWR separated non-
adipose fin clipped older juvenile Chinook from fry/smolts using the Frank Fisher model.  
During the period between October and June, the number of non-clipped older juvenile 
Chinook salmon caught in the Sacramento River trawl increased slightly from 
2009/2010 (Figure 13).  During 2010/2011, 22 older juveniles were caught compared to 
16 in 2009/2010.  In the Chipps Island trawl, a total of 81 older juveniles were caught in 
2010/2011.  The number of older juvenile Chinook salmon decreased compared to 
2009/2010; the magnitude of catch was similar to 2007/2008.  Overall, in comparison to 
the last eight years, older juvenile catch at Chipps Island was low.  The number of non-
clipped fry/smolt Chinook caught in both Sacramento River and Chipps Island trawls 
increased from 2009/2010 (Figure 14).  The number of fry/smolts increased in the 
Chipps Island trawl compared to 2007/2008, but was relatively low compared to the last 
eight years.  

Central Valley Steelhead  

Juvenile Steelhead Incidental Take 
 
From October 2010 to July 2011, greater than 50% of both wild and hatchery steelhead 
salvage occurred at the SWP.  For wild steelhead, CVP salvaged a total of 167 and 
SWP salvaged 571, with most salvage occurring between February and June (Figure 
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15).  Salvage of hatchery steelhead peaked in February; CVP salvaged a total of 273 
and SWP salvaged 609 (Figure 16).  The SWP & CVP total expanded salvage of 
juvenile wild Central Valley steelhead was 738, remaining below the incidental take limit 
of 3,000 fish (Figures 15 and 17).  The annual salvage of wild steelhead decreased 
slightly from last year in which total salvage was 28% lower than the 1,029 wild 
steelhead salvaged in 2009/2010.  Combined total salvage for juvenile hatchery 
steelhead was 882 (Figures 18).  The total salvage of hatchery steelhead, between 
October and July, also decreased compared to 2009/2010.  The seasonal salvage for 
hatchery steelhead was the lowest in the past 11 years.   

Juvenile Steelhead Monitoring 
 
The catch of juvenile steelhead in the DJFMP was predominantly hatchery origin fish.  
In the Sacramento River trawl a total of 2 wild steelhead and 38 adipose fin clipped 
steelhead were recovered in 2010/2011 (Figure 19).  The highest number of recoveries 
occurred in the Chipps Island trawl with a total of 8 wild steelhead and 92 adipose fin 
clipped steelhead.  In both trawls, the majority of steelhead catch occurred between 
January and March.  

Green Sturgeon Incidental Take 
 
Between October 2010 and July 2011, green sturgeon were observed at both State and 
federal fish facilities for a combined seasonal salvage of 14, which is below the 
incidental take level of 74.  One green sturgeon (340 mm fork length) was observed at 
the SWP in early March for an expanded salvage of two.  At the CVP, one green 
sturgeon (148 mm fork length) was observed in mid-June for an expanded salvage of 
12.  

Delta Hydrology 
 
The 2010/2011 season was wetter than the past four years in both the Sacramento and 
San Joaquin basins (Figure 20).  The Sacramento and San Joaquin basins were both 
classified as a wet water year.  Table 2 is a summary of the average monthly State and 
federal exports, displayed in acre feet and cubic feet per second, of the average 
monthly Sacramento and San Joaquin River flows, Delta outflow, and western Delta 
flows.  
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Figure 1. Observed Chinook salvage at SWP and CVP fish facilities with Delta hydrology, August 1, 2010 through 
July 31, 2011. 
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Figure 2. Daily loss and loss density of wild (non-clipped) winter-run length and older juvenile Chinook at the 
Delta fish facilities, October 1, 2010 through June 30, 2011. 
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Figure 3.  Wild (non-clipped) winter-run length Chinook loss at the Delta fish 
facilities, water years 2002 through 2011.
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Table 1.  Coleman Hatchery late fall-run Chinook and Livingston Stone Hatchery winter-run Chinook loss at the 
Delta fish facilities, 2010/2011. 

 

Release 
Date CWT Race Release Site

Confirmed 
Loss

Number
Released

Total
Entering

Delta % Loss1
Concern

Level

Incidental 
Take 
Level

Date of First 
Loss

Date of Last 
Loss

12/9/2010 LF Battle Creek 2331.18  778253 n/a 0.30 n/a n/a 12/20/2010 3/29/2011
12/21/2010 LF Battle Creek 116.25  76171 n/a 0.15 0.5% 1.0% 12/22/2010 3/11/2011
1/14/2011 LF Battle Creek 63.54  157719 n/a 0.040 0.5% 1.0% 1/25/2011 2/6/2011
2/3/2011 W Redding2 0.00  123870 66734 0.00 0.5% 1.0% - -

DWR ESTIMATE OF NON-CONFIRMED TAGGED LOSS AND NEW TOTAL TAGGED LOSS THROUGH 7/31/2011

Non-confirmed Tagged Loss by DWR Race Assignment

DWR Race3

Unknown
Tag Code4 

Loss
Unread Tag 

Loss
LF 188.49    0.00   Number of unread tags: 0
W 0.00    0.00   

Total 188.49    0.00   

Release 
Date CWT Race

Confirmed 
Loss

Proportion
Confirmed

LF Loss

NON
Confirmed

Loss

New
Total
Loss

Number
Released

Total
Entering

Delta

New
Total

% Loss5

12/9/2010 LF 2331.18    0.928 174.99   2506.17 778253 n/a 0.32
12/21/2010 LF 116.25    0.046 8.73   124.98 76171 n/a 0.16
1/14/2011 LF 63.54    0.025 4.77   68.31 157719 n/a 0.043
2/3/2011 W 0.00    n/a 0.00   0.00 123870 66734 0.00

For Chinook lost 10/1/2010 through 7/31/2011
SWP Tags read 10/1/2010 through 6/25/2011
CVP Tags read 10/1/2010 through 6/30/2011
1LF % Loss = (Confirmed Loss/Number Released)*100;  W % Loss = (Confirmed Loss/Total Entering Delta)*100
2Livingston Stone winter-run Chinook release
3DWR-DES assigns race by comparing length at date of salvage for non-confirmed clipped fish to data for confirmed (read tag) fish
4Tag code cannot be determined (damaged tag, lost tag, no tag or released fish)
5LF New Total % Loss = (New Total Loss/Number Released)*100;  W New Total % Loss = (New Total Loss/Total Entering Delta)*100

Total
NON-confirmed

Loss
188.49          

0.00          
188.49          
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Figure 4. Older juvenile Chinook and Livingston Stone Hatchery winter-run 
recoveries at Chipps Island. 
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Figure 5.  Older juvenile Chinook and Coleman Hatchery late-fall recoveries in the 
monitoring program and loss at the Delta fish facilities for December and January 
2011 surrogate releases.  
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Figure 6. Spring-run Chinook surrogate loss at the Delta fish facilities from 
December 1, 2010 through June 30, 2011.  
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Figure 7.  Older juvenile Chinook caught in the Mill and Deer creeks rotary screw 
traps, August 2010 through July 2011. 
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Figure 8.  Fry/smolt Chinook caught in the Mill and Deer creeks rotary screw 
traps, August 2010 through July 2011. 
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Figure 9. Daily loss and loss density of wild (non-clipped) fry/smolt Chinook at the Delta fish facilities, October 1, 
2010 through July 31, 2011. 
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Figure 10.  Fry/smolt Chinook (non-clipped) loss at the Delta fish facilities, water 
years 2002 through 2011. 
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Figure 11.  Modeled Volumetric Water Fingerprint for State Water Project Clifton 
Court Forebay (SWP) as derived from DSM2.  Figure from DWR-DES Office of 
Water Quality.  

 

 
Figure 12.  Modeled Volumetric Water Fingerprint for the Central Valley Project 
Jones Pumping Plant as derived from DSM2. Figure from DWR-DES Office of 
Water Quality.  
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Figure 13.  Number of non-clipped older juvenile Chinook caught in the 
Sacramento River and Chipps Island trawls, water years 2003 through 2011. 
 
 

 
 
Figure 14.  Number of non-clipped fry/smolts caught in the Sacramento River and 
Chipps Island trawls, water years 2003-2011. 



 20

 
 
Figure 15.  Juvenile wild steelhead salvage at the Delta fish facilities, October 
2010 through July 2011. 
 

 
 
Figure 16.  Juvenile hatchery steelhead salvage at the Delta fish facilities, October 
2010 through July 2011.  
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Figure 17.  Juvenile wild steelhead salvage at the SWP & CVP Delta fish facilities, 
water years 1998 through 2011. 
 

 
 
Figure 18.  Juvenile hatchery steelhead salvage at the SWP & CVP Delta fish 
facilities, water years 1998 through 2011. 
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Figure 19.  Number of hatchery and wild juvenile steelhead recovered in the Delta 
monitoring, October 2010 through July 2011.  
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Figure 20.  Monthly averages of Delta hydrology, water years 2002 through 2011. 
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Table 2.  Monthly averages of hydrologic parameters in the Sacramento-San 
Joaquin River Delta, October 2010 through June 2011. 
 

  
SWP Average 

Exports 
CVP Average 

Exports 

  Sacramento 
R. Average 

Flow 

 San Joaquin 
R. Average 

Flow 
Delta Outflow 
Average Flow 

Q West 
Average 

Flow   
Month af cfs af cfs cfs cfs cfs cfs 

October 10,137 5,111 8,166 4,117 11,858 2,381 5,380 -2,514 
November 9,849 4,966 8,145 4,106 13,204 1,901 7,237 -4,57 
December 13,573 6,843 8,035 4,051 44,337 6,974 43,992 7,318 
January 13,389 6,750 7,845 3,955 35,207 12,014 40,796 9,506 
February 11,741 5,919 6,008 3,029 24,481 8,698 26,952 5,869 

March 6,827 3,442 5,911 2,980 57,023 12,973 102,756 23,071 
April 7,850 3,958 4,385 2,211 54,225 25,696 91,915 31,441 
May 3,233 1,630 3,292 1,660 36,065 12,942 49,070 17,307 
June 12,325 6,214 6,867 3,462 41,386 10,529 41,367 7,970 
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The 2011 and 2010 VAMP Study 
Brandes 9/26/11 – Executive Summary 

 
 
The results of the 2011 study are not yet available.  Here I present a summary of the 2011 study 

design and the 2010 results.  The 2011 VAMP was the 6th year that acoustic technology was used 

to estimate juvenile salmon survival in the southern Sacramento-San Joaquin Delta, but only the 

2nd time that survival was successfully estimated all the way through the Delta to Chipps Island. 

While survival to Chipps Island was also estimated in 2008, premature tag failure prevented 

unbiased estimates of survival from being generated (Holbrook et al., in prep.)  Starting in 2007, 

no coded wire tag (CWT) releases were made as part of VAMP due to the low numbers of fish 

available.   

 

In 2011, the VAMP team continued to collaborate with others; DWR in the implementation of 

their south Delta study,  the USBR in the implementation of their evaluation of the non-physical 

barrier at the head of Old River and the 6 year steelhead acoustic study.  Although the non-

physical barrier was not installed in 2011 due to high flows, USBR did install some hydrophones 

near the head of Old River to evaluate predation in that vicinity of the river when the barrier was 

not present.  USBR also had an additional study at the Tracy Fish Facility using a 2-D array 

behind the trashracks of the CVP facility to estimate pre-screen loss at that facility. In 2011, the 

VAMP was fully integrated with the 6 year acoustic study which focused on estimating survival 

of steelhead through the Delta.  One benefit of integrating the VAMP study with the south Delta 

temporary barrier and 6 year steelhead studies is the benefit of estimating survival through the 

Delta prior to and after the VAMP period at different flow and export rates.  This was a unique 

opportunity that we were able to take advantage of and will be able to use to help assess the role 

of flow and exports on juvenile salmon and steelhead survival through the Delta.  Lastly, due to 

the high flows in 2011, the VAMP biologists requested to the WOMT that two different export 

levels be tested (high for two weeks, and low for two weeks) to facilitate greater learning.  

However, DWR was unwilling to modify their pumping schedules to achieve this request.  Later 

it was determined that the test fish were smaller than needed, thus  the study was delayed and 

compressed, so it would not have been possible to do the high and low export study even if 

DWR would have agreed to the change in operations.  Flow were relatively high in the spring of 
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2011 with flows averaging 10,890 cfs between May 16 and May 31.  Daily exports ranged from 

4,000 to 2,500 cfs for the 15 day period.  Exports increased to 9,200 cfs by June 2 and remained 

high for the rest of the summer.   

 

Several questions were to be addressed with the 2011 VAMP study.    

 

1.  What is survival through the Delta for tagged juvenile Chinook salmon originating from 

the San Joaquin basin? 

2. How does survival through the Delta of tagged juvenile Chinook salmon vary with San 

Joaquin River flow (in comparison to other years with different flows)?  

3. How do tagged salmon distribute between and survive through the two primary routes to 

Chipps Island  (San Joaquin River versus Old River)?    

4. Where are the areas of high relative mortality as tagged juvenile salmon migrate through 

the Delta?   

5. Is there high mortality in the reach associated with the Stockton Wastewater Treatment 

Plant (previously identified as a problem area)? 

6. Do fish move upstream from the release site and are they alive with a working tag at the 

time of release?   

 

Releases in 2011 

All tagged fish were released at Durham Ferry in 2011.  The VAMP study had two releases of 

480 fish in mid to late May.  The 6 year steelhead study had 3 releases of steelhead (also 480 per 

group); one in mid-March, one in early May and one in mid-May (paried with the first VAMP 

salmon release).  The south Delta temporary barriers program released one group of steelhead in 

late-May (paired with the second VAMP salmon release), one group of salmon in early June and 

a paired group of salmon and steelhead in mid-June. All fish for all three studies were tagged by 

the same group of  individuals.  All release groups consisted of a total of 480 fish per release that 

were tagged and released over a 4 to 6 day period.   

 

The receiver array used for the 2011 VAMP is shown in Figure 1.  The installation of the 

receiver at Jersey Point (identified as 4 on figure 1) was an addition in 2011, as was False River 
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(identified as 16 on figure 1) and the receivers upstream and downstream of the Durham Ferry 

release site.  The others were receiver sites almost identifical to those used in 2010.  Sets of dual 

and redundant arrays were used in 2010 and 2011.  The purpose of a dual array is to estimate 

detection probability if the array marks the boundary of the study area, or to determine direction 

if fish move both upstream and downstream in the tidal environment.  In addition, there were 

four sets of redundant arrays in 2010 and 2011 (San Joaquin River at Lathrop (B) and in Old 

River (C), in Clifton Court Forebay and in the intake channel to Clifton Court Forebay (i.e., 

DWR south Delta tempoary barrier receiver sites) to minimize the chances of losing data in case 

one of the receivers at either location went down for any reason.  Redundant receivers  also 

increased the detection probability (when data from the two receivers was pooled).  At Chipps 

Island and Jersey Point we had multiple hydrophones in each single array within the dual array.  

In addition, three other receivers were deployed mid-season in Paradise Cut (2 receivers) or just 

downstream of Paradise Cut on the San Joaquin River (1 receiver) when flows increased to more 

than 18,000 cfs around March 28, which caused an overtopping of the weir at Paradise Cut.  

Contrary to past years, receivers in 2011 were deployed using solar panels and batteries for 

power, and fidget boxes with netbooks for telemetry.  Unprocessed data files were uploaded 

hourly to an FTP site. 
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Figure 1:  Receiver array proposed for 2011 VAMP.  Red bars = VAMP and 6 year acoustic 

study receivers, blue dots = south Delta temporary barrier receivers, and green dots = Tracy FF 

receivers. 

 

2010 Results: 

The draft 2010 VAMP report has been completed and will soon be sent out for review.  The 

study design was somewhat different in 2010 than in 2011, and incorporated seven releases of 

approximately 70 fish at Durham Ferry with supplemental releases at Old River and at Stockton 

of approximately 35 fish for each location for the seven releases in 2010 (Figure 2).  In 2010, the 

mean flow was was 5,100 cfs during the VAMP period but ranged between a maximum of 5,940 

cfs to a minimum of 4,180 cfs – greater than the +/- 7% in past years and resulted in a flow rate 

that overlapped two of the VAMP targets, 5,700 and 4,450 cfs.  The variability in flows in 2010 

was caused by; 1) flood releases from the Tuolumne River, 2) NMFS RPA actions on the 

Stanislaus River, and 3) San Joaquin River Restoration flows.  Exports were 1,500 cfs during the 
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VAMP period in 2010.  Exports increased soon after the VAMP period ended in 2010.  In 

addition, a non-physical barrier was tested during the VAMP at the head of Old River in 2010.  

 

 
Figure 2:  Map of acoustic tag receiver locations and release sites used in the 2010 VAMP study. 

 

Of the 504 juvenile Chinook salmon tags released at Durham Ferry, 500 were detected on one or 

more receivers downstream of the release site with 59 were eventually detected at Chipps Island.  

All 247 of the tagged salmon released in the Old River supplemental release groups were 

detected on one or more receivers downstream of the release site, with 28 detected at Chipps 

Island.  Of the 242 tagged salmon released in the Stockton supplemental release groups, 235 

were detected on one or more receivers downstream of the release site with 25 detected at Chipps 

Island, all of which migrated past the shipping channel markers and Medford Island.  
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A multi-state statistical release-recapture model was developed and used to estimate salmon 

smolt survival and migration route parameters throughout the study area to a single exit point at 

Chipps Island.  The release-recapture model was similar to the model developed for the 2009 

VAMP study except it was expanded to the final exit point at Chipps Island.  The model assumes 

two route possibilities beyond the split at Old River.  The first is San Joaquin River route (Route 

A) from release at Mossdale to Chipps Island.  It is known that fish have several possibilities of 

route selection along this route through interior Delta channels below Stockton all of which lead 

to the receivers located at Chipps Island downstream.  The second route is via Old River through 

the interior Delta channels or fish recovery facilities at the federal and state projects (Route B) to 

Chipps Island.   

 

The possibility of predatory fish eating tagged study fish and then moving past one or more fixed 

site receivers complicated analysis of the detection data.  The salmon survival model depended 

on the assumption that all detections of the acoustic tags represented live salmon smolts, rather 

than a mix of live smolts and predators that temporarily had a salmon tag in their gut.  Without 

removing the detections that came from predators, the survival model would produce positively 

biased estimates of juvenile salmon survival through the Delta.  Two data sets were constructed: 

the full data set that included all detections, including those classified as coming from predators 

(i.e., “predator-type”), while the reduced data set was restricted to those detections classified as 

coming from live smolts (i.e., “smolt-type”).  The survival model was fit to both data sets 

separately, and the resulting survival estimates were compared to assess the differences in 

survival between our best estimate of survival (without predator-type detections) and that using 

the uncorrected dataset.  

 

Using only those detections classified as coming from salmon and excluding the predator-type 

detections, the estimates of the total survival from Mossdale to the receivers at Chipps Island, 

STotal, averaged 0.05 ( SE =0.01) and ranged from 0.01 ( SE =0.01) to 0.10 ( SE = 0.03).  

Estimates of the probability of remaining in the San Joaquin River at the junction with Old River 

(A) averaged 0.47 ( SE =0.02) and ranged 0.39 ( SE =0.06) to 0.59 ( SE =0.07).  The only 

significant preference for either route was observed in Release 3, where the Old River route was 
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used more than the San Joaquin River route ( ˆ 0.39A  , SE = 0.06; P=0.0443).  Estimates of 

survival from Mossdale to Chipps Island through the San Joaquin River route (SA) averaged 0.04 

( SE =0.01) and ranged from 0.01 ( SE =0.01) to 0.07 ( SE =0.04). Estimates of survival from 

Mossdale to Chipps Island through the Old River route (SB) averaged 0.07 ( SE =0.01) and 

ranged from 0.00 ( SE =0.00) to 0.15 ( SE =0.05).  Only Release 1 showed a significant (=0.05) 

difference in survival to Chipps Island through the two routes, with a significantly higher 

estimated probability of surviving to Chipps Island through the San Joaquin route (P=0.0100).  

Pooled over all release groups, however, survival to Chipps Island was estimated be significantly 

higher through the Old River route than through the San Joaquin River route (P=0.0133, one-

sided Z-test on the lognormal scale).   

 

The point estimates of the overall survival to Chipps Island (STotal) were consistently higher for 

the full data set that included the predator-type detections than for the reduced data set that 

excluded those detections, with the releases 1 and 2 showing the smallest differences (0.04) and 

releases 4 and 5 showing the largest differences (0.09 and 0.08, respectively).  Exclusion of the 

predator-type detections had little effect on estimates of the route entrainment probability at the 

head of Old River (A).  Including the predator-type detections increased the point estimate of 

survival through the San Joaquin River route by a range of 0.00 to 0.12.  The increase in the 

point estimates of survival to Chipps Island through the Old River route (SB) was less ranging 

from 0.04 to 0.07 (Release 2).    

 

Estimates of regional survival (with only the smolt detections) in the San Joaquin River route 

from Mossdale to the Shipping Channel Markers (C18/C16) or Turner Cut (TCN/TCS) (SA(region)) 

averaged = 0.32 ( SE =0.02) and ranged from 0.11 ( SE =0.04) to 0.49 ( SE =0.06).  Estimates of 

survival from Mossdale to the entrances of the water export facilities or the northern Old River 

receivers at Highway 4 averaged 0.77 ( SE =0.05) and ranged from 0.56 ( SE =0.09) to 0.90 

( SE =0.04).  Overall survival through the southern region of the Delta (from Mossdale to the 

Channel Markers and Turner Cut junction on the San Joaquin, and in Old River to the entrances 

of the export facilities or northern Old River receivers) averaged 0.56 ( SE =0.03).  These 
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survival estimates were considerably higher than comparable estimates from the 2009 VAMP 

study, where average survival through this same southern region (through both routes ) was 

estimated to be 0.06 ( SE =0.01) (without predator-type detections).  Survival in the San Joaquin 

River route to Turner Cut and the Channel markers was estimated at 0.05 ( SE  = 0.02), and 

survival through the Old River route to the entrances of the water export facilities or northern 

Old River at Highway 4 was estimated at 0.08 ( SE  = 0.02) (SJRGA, 2010), without predator-

type detections.   It should be noted that only near-field classifications were used to denote 

predator type detections in 2009.  The flow at Vernalis was lower in 2009 (~2,000 cfs) than in 

2010 (~5,000 cfs) and may be related to these differences in observed survival between years.    

 

Mobile telemetry surveys were also conducted in 2010 from the fish release point to Stockton 

and to Clifton Court.  Based on the 2010 mobile monitoring, predation did not appear to be a 

problem near the Head of Old River or near the railroad bridge in Stockton, but predation did 

still appear to be an issue in front of the Central Valley Project trash racks, with a total of 37 

acoustic tags detected near this location in the mobile monitoring.  The Stockton Deep Water 

Ship Channel also appeared to be a continuing problem area with 68% of the detected immobile 

tags on the San Joaquin River between Old River and Turner Cut found at this location. In 

contrast, only a few tags were observed on the San Joaquin River between Banta Carbona and 

Old River.  

 

It is noteworthy, that of the 29 tags detected at Chipps Island from the Durham Ferry releases 

with only smolt-type detections, 19 of these tags had previously been detected at the Central 

Valley Project, 9 had previously been detected in the San Joaquin River at Lathrop or farther 

downstream, with none previously detected in Clifton Court Forebay.  

 

Although we have attempted to determine which of our detections were from live smolts and 

which ones were in predators, there is still a certain amount of uncertainty in those assessments. 

In the future, continued emphasis should be placed on methods to resolve these uncertainties and 

to test the assumptions we have made in making the assessments of predation.   Providing the 

comparison of survival between estimates using all detections and only using those with smolt-



 

 8

type detections allows some assessment of the magnitude of change in survival in our attempt to 

correct for predation.    

 

The survival probability from Mossdale to Chipps Island in 2010, was estimated to be 0.05 

(without predator-type detections) and was lower than survival estimated in many of the past 

years, comparable to the second release in 2006, but higher than in 2003 and 2004 when survival 

was measured from Mossdale to Jersey Point using CWT fish (Figure 3).  Further analyses will 

be conducted in 2011 to continue to assess the roles of flow and exports on juvenile salmon 

survival through the Delta.  

   

 
Note: Survival estimates from Durham Ferry are (open square) and Mossdale are (closed 

squares) to Jersey Point between 1994 and 2006. 
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C DAILY OMR 
(cfs)

5 Day OMR 
Calculation (cfs)

 14 Day OMR 
Calculation 

(cfs) Controlling 

10/1/2010 B 4,147   5,988  O N/ctrl

10/2/2010 B 4,159   5,984  O

10/3/2010 B 4,144   5,983  O
10/4/2010 B 4,050   5,617  O
10/5/2010 B 4,144   5,993  O
10/6/2010 B 4,134   5,983  O
10/7/2010 B 4,114   5,991  O
10/8/2010 B 4,132   5,984  O
10/9/2010 B 4,094   5,994  O
10/10/2010 B 4,161   5,989  O
10/11/2010 B 4,102   5,987  O
10/12/2010 B 4,118   3,493  O
10/13/2010 B 4,156   4,988  C

10/14/2010 B 4,134   4,989  C

10/15/2010 B 4,141   3,987  O
10/16/2010 B 4,123   4,492  O
10/17/2010 B 4,096   4,725  O
10/18/2010 B 4,114   4,712  O
10/19/2010 B 4,115   4,991  O
10/20/2010 B 4,133   4,987  O
10/21/2010 B 4,091   4,492  O

10/22/2010 B 4,112   4,489  O

10/23/2010 B 4,114   2,994  O
10/24/2010 B 4,075   2,995  O
10/25/2010 B 4,105   3,987  O
10/26/2010 B 4,098   4,494  O
10/27/2010 B 4,101   4,986  O
10/28/2010 B 4,114   5,992  O
10/29/2010 B 4,097   5,981  O
10/30/2010 B 4,103   5,984  O
10/31/2010 B 4,108   5,087  O

Concern 
Standards

N
o C

ontrolling ESA
 C

onstraints ( full export )

2011 CVP & SWP Operations & Delta Conditions                         
   *** missing data from usgs. Used estimated #'s with best available data
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Calculation (cfs)

 14 Day OMR 
Calculation 

(cfs) Controlling 

11/1/2010 B 4,105   4,869  C

11/2/2010 B 4,097   4,988  C

11/3/2010 B 4,126   4,981  C
11/4/2010 B 4,109   4,984  O
11/5/2010 B 4,117   4,989  O
11/6/2010 B 4,119   3,490  O
11/7/2010 B 4,226   4,493  O
11/8/2010 B 4,122   4,995  O
11/9/2010 B 4,122   5,489  O
11/10/2010 B 4,113   5,486  O
11/11/2010 B 4,080   5,485  O
11/12/2010 B 4,132   5,485  O
11/13/2010 B 4,129   4,984  O

11/14/2010 B 4,128   3,987  O

11/15/2010 B 3,913   4,260  O
11/16/2010 B 4,159   3,959  O
11/17/2010 B 4,108   4,240  O E/I
11/18/2010 B 4,104   3,990  O
11/19/2010 B 4,138   3,986  O
11/20/2010 B 4,039   4,489  O
11/21/2010 B 4,075   4,485  O

11/22/2010 B 4,062   4,988  O

11/23/2010 B 4,101   5,490  O N/ctrl
11/24/2010 B 4,100   5,486  O
11/25/2010 B 4,106   5,451  O
11/26/2010 B 4,120   5,492  O
11/27/2010 B 4,121   5,985  O
11/28/2010 B 4,119   5,993  O
11/29/2010 B 4,098   5,478  O
11/30/2010 B 4,103   5,810  O

N
o C

ontrolling ESA
 C

onstraints 
E/I

2011 CVP & SWP Operations & Delta Conditions                         
   *** missing data from usgs. Used estimated #'s with best available data
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 14 Day OMR 
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12/1/2010 E 4,088   5,280  C -7992 -7304 -6878 N/ctrl

12/2/2010 E 4,108   6,378  C -8101 -7306 -6944

12/3/2010 E 4,095   6,369  C -6211 -7046 -6901
12/4/2010 E 4,109   6,380  C -5527 -6922 -6832
12/5/2010 E 4,102   6,386  C -5506 -6667 -6682
12/6/2010 E 4,105   6,386  C -5527 -6174 -6689
12/7/2010 E 4,118   6,388  C -5398 -5634 -6581
12/8/2010 E 4,120   6,388  C -6717 -5735 -6599
12/9/2010 E 4,135   6,386  C -6991 -6028 -6647
12/10/2010 E 4,103   1,761  C -6678 -6262 -6655
12/11/2010 E 4,136   6,211  C -6463 -6449 -6539
12/12/2010 E 4,139   5,963  C -6588 -6687 -6473
12/13/2010 E 4,134   6,036  C -7153 -6775 -6545

12/14/2010 E 4,092   6,027  C -8016 -6980 -6633

12/15/2010 E 4,103   6,387  C -7584 -7161 -6604
12/16/2010 E 4,124   6,386  C -8111 -7491 -6605
12/17/2010 E 4,102   6,386  C -8058 -7785 -6737
12/18/2010 E 4,072   6,385  C -8822 -8118 -6972
12/19/2010 E 4,069   6,386  C -7664 -8048 -7126
12/20/2010 E 4,141   6,391  C -6233 -7778 -7177
12/21/2010 E 4,003   1,944  C -5148 -7185 -7159

12/22/2010 E 3,797   6,385  C -5475 -6668 -7070

12/23/2010 E 3,788   7,515  C -4346 -5773 -6881
12/24/2010 E 3,777   7,521  C -4673 -5175 -6738
12/25/2010 E 3,775   8,650  C -6519 -5232 -6742
12/26/2010 E 3,775   8,650  C -6279 -5458 -6720
12/27/2010 E 4,131   8,645  C -5208 -5405 -6581
12/28/2010 E 4,153   8,652  C -6620 -5860 -6481
12/29/2010 E 4,074   8,650  C -9559 -6837 -6623
12/30/2010 E 4,050   8,520  C -4174 -6368 -6341
12/31/2010 E 4,055   8,643  C -6451 -6402 -6227

N
o C

ontrolling ESA
 C

onstraints ( full export )

2011 CVP & SWP Operations & Delta Conditions                         
   *** missing data from usgs. Used estimated #'s with best available data
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1/1/2011 E 4,056   6,483  C -5100 -6381 -5961 NMFS BO -5000 OMR  

1/2/2011 E 4,070   6,492  C -4553 -5967 -5738

1/3/2011 E 4,082   6,484  C -4278 -4911 -5599
1/4/2011 E 4,075   6,491  C -2988 -4674 -5445
1/5/2011 E 4,055   8,648  C -2964 -3977 -5265
1/6/2011 E 4,008   8,651  C -4219 -3801 -5256
1/7/2011 E 4,095   8,644  C -4767 -3843 -5263
1/8/2011 E 4,089   8,650  C -4490 -3886 -5118
1/9/2011 E 4,083   8,183  C -3963 -4081 -4952
1/10/2011 E 4,070   7,284  C -3301 -4148 -4816
1/11/2011 E 4,060   7,736  C -3205 -3945 -4572
1/12/2011 E 4,064   7,341  C -4198 -3831 -4189
1/13/2011 E 4,067   7,484  C -5231 -3979 -4265

1/14/2011 E 4,076   7,485  C -4955 -4178 -4158

1/15/2011 E 4,083   6,988  C -4644 -4446 -4125
1/16/2011 E 4,086   6,992  C -5057 -4817 -4161
1/17/2011 E 4,082   7,439  C -5322 -5042 -4236
1/18/2011 E 4,083   7,487  C -5266 -5049 -4399
1/19/2011 E 4,098   6,684  C -4353 -4928 -4498
1/20/2011 E 4,079   7,489  C -3786 -4757 -4467
1/21/2011 E 3,567   7,487  C -5952 -4936 -4552

1/22/2011 E 3,253   6,989  C -4925 -4857 -4583

1/23/2011 E 4,062   6,484  C -3677 -4539 -4562
NMFS BO Action IV.2.3 
OMR = -3500 for 5 days

1/24/2011 E 4,057   4,993  C -4295 -4527 -4633
1/25/2011 E 3,519   4,492  C -4274 -4625 -4710
1/26/2011 E 4,046   3,991  C -3998 -4234 -4695
1/27/2011 E 4,058   3,988  C -3985 -4046 -4606
1/28/2011 E 2,810   4,990  C -3982 -4107 -4537 NMFS BO -5000 OMR  
1/29/2011 E 3,437   5,486  C -4277 -4103 -4511
1/30/2011 E 4,236   5,485  C -4768 -4202 -4490
1/31/2011 E 4,099   5,492  C -4492 -4301 -4431

2011 CVP & SWP Operations & Delta Conditions                         
   *** missing data from usgs. Used estimated #'s with best available data

Concern 
Standards

N
M

FS B
O

        O
M

R
 -5000

O
M

R
 -3500



Date B
al

an
ce

  
Ex

ce
ss

Jo
ne

s 
PP

  
(c

fs
)

C
lif

to
n 

C
ou

rt
 

ex
po

rt
 (c

fs
)

D
C

C DAILY OMR 
(cfs)

5 Day OMR 
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 14 Day OMR 
Calculation 

(cfs) Controlling 

2/1/2011 E 4,206   5,494  C -4706 -4445 -4391

2/2/2011 E 3,948   4,989  C -4339 -4516 -4390

2/3/2011 E 4,226   4,991  C -4644 -4590 -4451
2/4/2011 E 4,127   4,494  C -5006 -4637 -4383
2/5/2011 E 4,186   4,994  C -4914 -4722 -4383
2/6/2011 E 4,187   4,985  C -4544 -4689 -4445
2/7/2011 E 3,174   5,852  C -4787 -4779 -4480
2/8/2011 E 2,778   5,985  C -4700 -4790 -4510
2/9/2011 E 2,765   5,987  C -1473 -4083 -4330
2/10/2011 E 2,215   6,033  C -5113 -4123 -4410
2/11/2011 E 1,987   6,690  C -5766 -4368 -4538
2/12/2011 E 1,989   6,685  C -4910 -4392 -4583
2/13/2011 E 1,992   6,990  C -5145 -4481 -4610

2/14/2011 E 1,923   6,991  C -5848 -5356 -4707

2/15/2011 E 1,945   6,977  C -3609 -5055 -4628
2/16/2011 E 2,577   6,485  C -5530 -5008 -4713
2/17/2011 E 2,816   6,484  C -3989 -4824 -4667
2/18/2011 E 2,830   6,484  C -4776 -4751 -4650
2/19/2011 E 2,818   6,494  C -4921 -4565 -4651
2/20/2011 E 2,824   6,988  C -4284 -4700 -4632
2/21/2011 E 2,828   6,985  C -4070 -4408 -4581

2/22/2011 E 2,824   5,991  C -3337 -4278 -4484
NMFS BO Action IV.2.3 
OMR = -2500 for 5 days

2/23/2011 E 2,829   5,978  C -2067 -3736 -4526
2/24/2011 E 2,827   5,485  C -2009 -3153 -4304
2/25/2011 E 3,342   4,983  C -3209 -2939 -4122
2/26/2011 E 3,555   4,983  C -1906 -2506 -3907
2/27/2011 E 3,552   4,985  C -2032 -2245 -3685
2/28/2011 E 3,542   4,995  C -1583 -2148 -3380

2011 CVP & SWP Operations & Delta Conditions                         
   *** missing data from usgs. Used estimated #'s with best available data
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3/1/2011 E 3,537   4,979  C -1861 -2118 -3255

3/2/2011 E 3,542   5,727  C -2988 -2074 -3074
NMFS BO Action IV.2.3 
OMR = -3500 for 5 days

O
M

R
  

-3500

3/3/2011 E 4,074   4,491  C -2609 -2215 -2975
NMFS BO Action IV.2.3 
OMR = -2500 for 5 days

3/4/2011 E 4,123   4,489  C -2031*** -2214 -2779
3/5/2011 E 4,195   4,240  C -2156*** -2329 -2582
3/6/2011 E 4,171   4,240  C -2562*** -2469 -2459
3/7/2011 E 4,194   4,239  C -3652 -2602 -2429
3/8/2011 E 4,180   3,739  C -1747 -2430 -2315
3/9/2011 E 4,201   3,489  C -1963*** -2416 -2308
3/10/2011 E 4,156   3,487  C -2307*** -2446 -2329
3/11/2011 E 4,168   3,489  C -2540*** -2442 -2281
3/12/2011 E 4,192   3,487  C -2601 -2232 -2331
3/13/2011 E 4,045   4,243  C -3256 -2534 -2418

3/14/2011 E 3,719   4,240  C -3207 -2782 -2534
NMFS BO Action IV.2.3 
OMR = -3500 for 5 days

O
M

R
  

-3500

3/15/2011 E 3,525   3,491  C -2745*** -2870 -2597
NMFS BO Action IV.2.3 
OMR = -2500 for 5 days

3/16/2011 E 3,528   3,494  C -2673*** -2897 -2575
3/17/2011 E 3,522   3,486  C -2128 -2802 -2541
3/18/2011 E 3,531   3,496  C -3743 -2899 -2663
3/19/2011 E 3,530   3,491  C -3314 -2921 -2746
3/20/2011 E 3,543   3,487  C -3820 -3135 -2835
3/21/2011 E 3,562   3,491  C -3333 -3268 -2813

3/22/2011 E 3,505   4,490  C -954*** -3033 -2756

3/23/2011 E 2,769   2,604  C -599*** -2404 -2659
Export limitation-O'Neill 

and San Luis full
3/24/2011 E 0 775     C 4455 -850 -2176
3/25/2011 E 4 404     C 8035 1521 -1420
3/26/2011 E 0 955     C 8174*** 3822 -651
3/27/2011 E 0 3,243  C 7224*** 5458 98
3/28/2011 E 601      3,473  C 5508*** 6679 721
3/29/2011 E 845      3,462  C 7448 7278 1449
3/30/2011 E 1,565   0 C 9685*** 7608 2331
3/31/2011 E 1,860   3,173  C 10236 8020 3214

2011 CVP & SWP Operations & Delta Conditions                         
   *** missing data from usgs. Used estimated #'s with best available data
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4/1/2011 E 2,467   2,951  C 9059 8387 4129
Export limitation-O'Neill 

and San Luis full

4/2/2011 E 2,712   2,493  C 9542 9194 5047

4/3/2011 E 2,714   2,791  C 11419 9988 6136
4/4/2011 E 2,703   2,995  C 10527 10157 7126
4/5/2011 E 2,704   2,992  C 9172 9944 7849
4/6/2011 E 2,760   2,988  C 9608 10054 8578
4/7/2011 E 2,820   3,177  C 9025 9950 8904
4/8/2011 E 2,128   3,487  C 9612 9589 9017
4/9/2011 E 1,848   3,995  C 9490 9382 9111
4/10/2011 E 1,842   4,988  C 9157 9378 9249
4/11/2011 E 1,841   4,923  C 8714 9200 9478
4/12/2011 E 1,832   4,486  C 8038 9002 9520
4/13/2011 E 1,837   4,489  C 8018 8683 9401

4/14/2011 E 890      4,488  C 9582 8702 9355

4/15/2011 E 1,833   3,487  C 9488 8768 9385
4/16/2011 E 1,838   3,494  C 8941 8814 9342
4/17/2011 E 2,486   3,491  C 7524 8711 9064
4/18/2011 E 2,756   3,496  C 6331 8373 8764
4/19/2011 E 2,757   3,486  C 8279 8112 8700
4/20/2011 E 2,758   3,491  C 6977 7610 8512
4/21/2011 E 2,758   3,488  C 6626 7147 8341

4/22/2011 E 2,750   4,989  C 6856 7014 8144

4/23/2011 E 2,744   6,382  C 3897 6527 7745
4/24/2011 E 2,228   6,393  C 3619 5595 7349
4/25/2011 E 2,013   2,489  C 5444 5288 7116
4/26/2011 E 2,003   1,317  C 7952 5554 7109
4/27/2011 E 1,024   3,578  C 8495 5881 7144
4/28/2011 E 1,757   6,593  C 4091 5920 6751
4/29/2011 E 1,759   6,666  C 3027 5802 6290
4/30/2011 E 1,759   2,979  C 4666 5646 5984

2011 CVP & SWP Operations & Delta Conditions                         
   *** missing data from usgs. Used estimated #'s with best available data
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5/1/2011 E 1,757   2,990  C 6136 5283 5885
Export limitation-O'Neill 

and San Luis full

5/2/2011 E 1,761   2,975  C 4464*** 4477 5752

5/3/2011 E 2,949   1,476  C 4583 4575 5488
5/4/2011 E 3,664   1,497  C 3384 4647 5231
5/5/2011 E 3,672   1,490  C 2452 4204 4933
5/6/2011 E 2,493   1,994  C 1992*** 3375 4586
5/7/2011 E 2,007   1,993  C 2462 2975 4483
5/8/2011 E 2,009   1,490  C 5911 3240 4647
5/9/2011 E 1,927   1,499  C 6148*** 3793 4697
5/10/2011 E 1,870   1,493  C 5305 4364 4508
5/11/2011 E 1,871   1,492  C 4010 4767 4188 Vernalis 4:1
5/12/2011 E 1,869   1,488  C 3043 4883 4113
5/13/2011 E 1,868   1,480  C 3052 4312 4115

5/14/2011 E 1,874   1,496  C 1626 3407 3898

5/15/2011 E 1,877   1,791  C 1641 2674 3577
5/16/2011 E 1,876   2,193  C 1746 2221 3382
5/17/2011 E 1,877   2,191  C 718 1757 3106
5/18/2011 E 1,221   2,194  C 739 1294 2917
5/19/2011 E 959      1,488  C 3097*** 1588 2964
5/20/2011 E 1,013   1,482  C 2894 1839 3028
5/21/2011 E 1,012   1,481  C 3057 2101 3071

5/22/2011 E 1,012   1,489  C 3305*** 2618 2884

5/23/2011 E 1,009   1,489  C 3339 3138 2684
5/24/2011 E 1,007   1,513  C 3197 3158 2533
5/25/2011 E 1,007   1,493  C 2583*** 3096 2431
5/26/2011 E 1,007   1,548  C 2473*** 2979 2391
5/27/2011 E 965      1,452  C 4232*** 3165 2475
5/28/2011 E 1,005   1,518  C 2004 2898 2502
5/29/2011 E 1,008   1,488  C 2966 2852 2596
5/30/2011 E 1,006   1,488  C 2544 2844 2653
5/31/2011 E 1,007   1,535  C 1653 2680 2720

2011 CVP & SWP Operations & Delta Conditions                         
   *** missing data from usgs. Used estimated #'s with best available data
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6/1/2011 E 2,207   4,485  C 580 1949 2709
Action 4.2.2 --            

1:1 export ratio

6/2/2011 E 3,822   5,488  C -3111 926 2266

6/3/2011 E 4,187   5,984  C -4624 -592 1728
6/4/2011 E 4,054   5,984  C -4684 -2037 1176
6/5/2011 E 4,032   5,989  C -5547 -3477 543
6/6/2011 E 3,981   5,993  C -4240 -4441 2
6/7/2011 E 3,764   5,982  C -3234 -4466 -457
6/8/2011 E 3,195   5,988  C -4362 -4413 -954
6/9/2011 E 2,956   5,992  C -3872 -4251 -1407

6/10/2011 E 2,953   5,994  C -2098 -3561 -1859
6/11/2011 E 2,962   5,468  C -2880 -3289 -2208
6/12/2011 E 2,964   6,514  C -3617 -3366 -2678
6/13/2011 E 2,967   5,992  C -5009 -3495 -3217

6/14/2011 E 2,969   5,984  C -3839 -3489 -3610

6/15/2011 E 2,972   5,987  C -3569 -3783 -3906
6/16/2011 E 2,973   6,663  C -4362 -4079 -3995 N/ctrl
6/17/2011 E 2,977   6,672  C -4766 -4309 -4006
6/18/2011 E 2,975   6,664  C -5169 -4341 -4040
6/19/2011 E 2,973   6,663  C -4827 -4539 -3989
6/20/2011 E 2,963   6,671  C -4216 -4668 -3987
6/21/2011 E 2,962   6,671  C -4491 -4694 -4077

6/22/2011 E 2,967   6,656  C -4586 -4658 -4093

6/23/2011 E 3,828   6,663  C -4905 -4605 -4167
6/24/2011 E 4,194   6,730  C -5822 -4804 -4433
6/25/2011 E 4,194   6,662  C -6369 -5235 -4682
6/26/2011 E 4,197   6,668  C -6779 -5692 -4908
6/27/2011 E 4,201   6,672  C -6032 -5981 -4981
6/28/2011 E 4,144   6,673  C -6584 -6317 -5177
6/29/2011 E 4,203   6,673  C -6324 -6418 -5374
6/30/2011 E 4,129   6,669  C -5631 -6270 -5464

2011 CVP & SWP Operations & Delta Conditions                        
   *** missing data from usgs. Used estimated #'s with best available data
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