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Introduction

This report is an addendum to the earlier report “Particle Tracking and Analysis of Adult and Larvae/Juvenile Delta Smelt for 2-Gates Fish Protection Demonstration Project” (2-Gates Project), dated July 16, 2009.  In that report, modeling results were presented for historic, no project, and with project operations 
 conditions for five water years: 1999-2000, 2001-2002, 2002-2003, 2003-2004, and 2007-2008.  That modeling effort was completed for slightly different operational scenarios and before the Biological Opinions presented by the US Fish and Wildlife Service (2008) and National Marine Fisheries Service (2009) were available.  This addendum describes new modeling results developed for the 2003-2004 water year which include full consideration of the recent OCAP
 Biological Opinions presented by the US Fish and Wildlife Service and the National Marine Fisheries Service.  The objective of the modeling analysis is to examine the incremental benefit of operable barriers in Old River and Connection Slough relative to conditions under proposed OCAP flow requirements in Old and Middle River.  

In addition to providing updated results for the hydrodynamic, water quality, and adult and juvenile period
 particle tracking simulations that were performed previously, new model outputs are presented.  An analysis of the electrical conductivity and turbidity field was conducted to determine the spatial change in these constituent elements of “habitat” as defined by the adult delta smelt behavior model parameters.  Passive particle tracking simulations from point releases at monitoring stations and inflow locations through the Delta were conducted to determine particle fate on a month-by-month basis.  Also, a new bootstrap error
 analysis technique was employed to develop confidence limits around the adult delta smelt behavior model results as a function of uncertainty in the simulated turbidity field.  For all modeling outputs a new simulation condition was added to assist in evaluating the effects of the installed and open Old River and Connection Slough gate structures throughout the simulation period.
Hydrodynamic, EC and Turbidity Simulations

Model Setup

Model simulations were performed for the period of November 2003 through June 2004.  The hydrologic conditions for this period is considered to be a ‘below normal’ for the Sacramento Valley and ‘dry’ for the San Joaquin Valley (CDEC). November was used as a “spin-up” period to initialize the tidal flows and water quality distribution and was not used in the particle tracking simulations.   Sacramento and San Joaquin River inflows are plotted in Figure 1.  Historical conditions for this period were simulated previously.  New simulations considered OCAP flow restrictions with no project (NOPROJ), 2-Gates Project in but not operating (2GATE_OPEN), and 2-Gates Project in and operating (2GATE_OPER).  A summary of simulations is provided in Table 1.  With the 2GATE_OPEN simulations, the gates were always open throughout the entire simulation period.  With the 2GATE_OPER simulations, the gates were operating during some periods and open during other periods as described below.
The simulations described in this addendum conform to both U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries Service (NMFS) Operations Criteria Plan (OCAP) Biological Opinion (BO) RPAs (Reasonable and Prudent Alternatives). Exports were modified to achieve OCAP BO Old and Middle Rivers (OMR) flow limits or export limits.  

The period for USFWS RPA Component 1, Alternative 1 is December 1 – 19.  This Alternative is triggered by turbidity (3 station, 3-day average turbidity >12 NTU (nephelometric turbidity unit)), however the turbidity trigger did not occur until December 29, 2003 (see Table 2).   Therefore, operations during the Action 1 were skipped.

USFWS RPA Component 1, Action 2 applies between December 19 and March 31.  Alternative 2 OMR flow restrictions of -2000 cfs are triggered by turbidity (3 station, 3-day average turbidity >12 NTU) on December 29, 2003.  Operation of the 2-Gates Project for the projection of adult delta smelt is triggered by Jersey Point turbidity (3-day average turbidity > 12 NTU). This occurred on December 19, 2003.  With the Project operating, the -2000 cfs OMR flow restrictions were initiated on December 19 as well.

The three station daily mean water temperature trigger (12° C) initiates Project operations for the protection of juvenile delta smelt. These operations were initiated on February 21, 2004.  These temperatures also triggered a reduction of OMR flow rates to the range of -1250 to -5000 cfs based on USFWS RPA Component 2. Component 2 applies (generally) from March through June.  

During April 1 through May 31, the Project does not operate (gates are left open) to facilitate the outmigration of juvenile salmonids.  In compliance with the NFFS RPA,combined State Water Project (SWP) and Central Valley Project (CVP) exports during the period of April 1 through June 6 are restricted to 1500 cfs when Vernalis flows are below 6000 cfs, which is always the case during this period.  This export limitation is in parallel with the USFWS RPA -1250 to -5000 cfs OMR restriction, with the more restrictive requirement overriding.  The June 6 ending date for NMFS Action IV.2.1 is based on a temperature trigger for the cessation of specific restrictions: Mossdale temperatures > 22° C for seven consecutive days.

The temperature triggered for the cessation of specific restrictions from the USFWS RPA Component 2 OMR restrictions in June is 25° C for three days at Clifton Court.  This off-ramp was criteria was achieved on June 19, 2004 and exports returned to historical levels. 
To accommodate the range of OMR flows that are defined in the FWS and NMFS RPAs, “lower bound (LB)” (-1250 cfs) and “upper bound (UB)” (-5000 cfs) 
  simulations were performed.  The more restrictive requirement was used in all simulation, thus the NMFS Action IV.2.1 requirements were used during the entire April 1 through June 6 period for the upper bound case.  For the lower bound case, the USFWS and NMFS requirements are alternately more restrictive during this period.

Hydrologic inputs (external inflow to the Delta) were not modified for any of the simulations described, and therefore net Delta outflow (NDO) increased, resulting in reduced electrical conductivity (EC) at Martinez.  
A summary of trigger dates is provided in Table 2, with the final operating schedule in Table 3. 

Table 1  Summary of simulations
	
	Lower bound OMR flows
	Upper bound OMR flows

	No Project
	NOPROJ_LB
	NOPROJ_LB

	Gates in and open
	2GATE_OPEN_LB
	2GATE_OPEN_UB

	Gates in and operating*
	2GATE_OPER_LB
	2GATE_OPER_UB

	No Project, early start**
	NOPROJ_ES_LB
	NOPROJ_ES_UB


*For the simulation modeling, Gates were open prior to December 19, between April 1 and May 31, and after June 19, 2004.
**The no project, early start simulation used the earlier reduction of exports from the 2GATE_OPER runs to allow for direct comparison of results with and without gate operations.

Table 2  Summary of turbidity, temperature and flow triggers for OCAP and Project operations
	Analysis Period
	Triggers

	
	3 station 3-day avg turbidity ≥  12 NTU
	Sooner based on salvage data?
	Jersey Pt 3-day avg turbidity 

≥ 12 NTU
	3 station daily mean water 

temps ≥ 12 C
	Mossdale ≥ 22° C for 7 days
	Clifton Court ≥ 25° C for 3 days

	Dec 2003 - Jun 2004
	29-Dec-03
	no
	19-Dec-03
	21-Feb-04
	6-Jun-04
	19-Jun-04


Table 3  Final schedule for OCAP and Project operations
	Analysis Period
	Final Schedule

	
	Using 2-Gates Jersey Point Turbidity Trigger begin 2-Gates Adult operation and OMR=  -2000 cfs
	Using 3 station Turbidity Trigger USFWS RPA Component 1 Action 2: OMR=      -2000 cfs 
	USFWS RPA Component 2: OMR =

 -1250 to -5000

Change to 2-Gates Juvenile operation
	2-Gates remain open April and May

NMFS Action IV.2.1 Exports = 1500 cfs Controls

	2-Gates Juvenile Operations resumes
	NMFS Action IV.2.1 off-ramp, return to USFWS RPA Component 2  OMR=   -1250 to -5000 cfs
	Return to historic flows

	Dec 2003 - Jun 2004
	19-Dec-03
	29-Dec-03
	21-Feb-04
	1-Apr-04
	1-Jun-04
	7-Jun-04
	19-Jun-04
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Figure 1  Sacramento and San Joaquin River inflows for the December 2003 through June 2004 simulation period
Project Operations

Project operations for the adult period focused controlling a key continent element of delta smelt habitat (turbidity above 12 NTU) between the central Delta and the south Delta export facilities.  For this period, both gates were operated to adjust the net flow between Old and Middle Rivers to balance the movement of turbidity southward along those channels in order to produce habitat conditions that appear to be not favored by delta smelt and thereby, minimize salvage and mortality at the export facilities.  During the period the Connection Slough gate was kept closed and opened only during slack water.  However, model sensitivity tests with the current gate opening dimensions indicated that for adult operation closure time of the Connection Slough gate may be reduced with only slight increases in the closure time of the Old River gate.  For example, the Connection Slough gate may be left completely open if the closure time on the Old River gate is increased by 15 to 20 minutes per tidal day and still achieve adequate balancing of the turbidity distribution.  Simulations of the no project operations indicated turbidity from the central Delta arrived first at the export facilities via the Old River corridor.  For the Project case, the gates were operated to shift more of the negative OMR flow to the Middle River.  This change in the distribution of net flow between Old and Middle rivers was accomplished by closing the Old River gate half an hour to 2 hours at the beginning of the flood tide period.    While gate closure times determined from simulations performed to date are expected to be representative of actual operations, when the project is implemented specific gate closure timing will need to be developed based on observed turbidity distribution and short-term real-time modeling.

For the  simulations, presented in this addendum, the gate operations for the adult smelt protection period were:

· Connection Slough gate open for both the flood and ebb tide periods (the simulation is equivalent to closed and open on slack tide operations).

· Close the Old River gate at the beginning of the flood tide half an hour to 2 hours, otherwise the gate remains open.

The gate operations for the management of the larval and juvenile smelt were:

· Close the Connection Slough gate for both the flood and ebb tide periods. This gate was opened during slack tide periods.
· Close the Old River gate during the flood tide period; open the gate during the ebb tide period.

Three general gate conditions were simulated
:

1) No Project – No gate structures

2) Gates Open – The two gate structures configured in model, but gates always open

3) Gates Operating – The two gate structures configured in the model and the gates operate during the “adult” and “larval/juvenile” periods.

The “Gates Open” configuration was simulated since the gate structures even when open change some hydrologic parameters (stage, flow rate) the tidal and net flows along Old and Middle Rivers relative to a no project.  Figure 2  compares the “No Project” and “Gates Open” inter-tidal and tidally averaged flow at the Old River gate location.  The 2-Gates Project with “Gates Open” slightly reduces both the tidal flow and the negative tidally average flow on Old River.

Figure 3  shows the gate operation schedule for the 2003-2004 simulations.  

The “Gates Open” (2GATE_OPEN) and “Gates Operating” (2GATE_OPER) used a new finite element mesh with a more detailed representation of the Old River gate.  The gate was 175’ wide with a bottom elevation of -19’ NAVD88.  A detailed view of the two finite element meshes in the area of the Old River gate is shown in Figure 4.
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Figure 2  Comparison of flow rates, the tidal (top) and tidally averaged (bottom) flow at the Old River gate location for the “NOPROJ” and  “2GATE_OPEN” conditions 
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Figure 3  Gate operation schedule for the 2003-2004 simulations.  Note that during the adult delta smelt Project operation period of the December 19 through February 20 the Connection Slough gate open is equivalent to an operation where the Connection Slough gate is only open during slack tide with minor adjustment to the Old River gate operation as discussed in the text
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Figure 4  Finite element meshes used for simulations with 2-Gated Project and simulations with no project

Results and Discussion
Under defined hydrologic conditions, the 2- Gates Project is able to modify the distribution of two constituent elements of delta smelt habitat – turbidity (within the range of values associated with the onset of delta smelt migration from the west Delta to more inland locations) and salinity. The following sections summarize the results of the simulations studies addressed in this addendum. Results are available for each node in the finite element mesh, including those presented in Figure 4. The discussion presented below summarizes that data at selected locations in the central and southern Delta as shown in Figure 5.

Turbidity
Simulation results for turbidity is presented as time-series of data points of the various operational scenarios (no action, gates installed and open, project operating) at a single location and as a depiction of the geographic distribution for each of the scenarios at a single time. Each of these presentations provides a view of the magnitude and extent of turbidity in the central and south Delta with reference to the habitat preferences for adult delta smelt. These presentations are intended to provide insight into the effect of the current conditions (with the implementation of the OCAP RPA water management actions) and Project operations.  These plots show are designed to whether or not a turbidity component of delta smelt habitat is continuous from the central Delta to the export pump.  Project operations are intended to establish a zone of clearer water that does not exceeds 12 NTU along Old and/or Middle River channel north of the CVP/SWP export facilities, Such a discontinuous distribution of delta smelt habitat would reduce the likelihood of delta smelt occupying the habitat and likewise reduces the likelihood of entrainment, salvage and mortality.  
Time series plots of tidally averaged turbidity at ROLDO034 and RMID015 during the Adult Project operation are shown in Figure 6 and Figure 7 for lower bound OMR flows with no project, no project with early start of export reductions, with gates installed and open, and with gates installed and operating (note that lower bound flows do not begin until February 21).   Project operations for the benefit of adult delta smelt reduces turbidity at ROLDO34 during the time of peak turbidity and throughout the adult period however, Project operations slightly increase turbidity at RMID015 throughout the adult period, relative to the NOPROJ results.  A corresponding color contour plot at the time of peak turbidity (January 16, 2004) is shown in Figure 8.  These figures compare Historic (HIST), without project (NOPROJ), gates installed and open (2GATE_OPEN) and gates installed and operating (2GATE_OPER).  Project operations are effective in balancing the turbidity between Old and Middle River.  A continuous distribution of turbidity in excess of 12 NTU (preferred delta smelt habitat) does not form for any of the -2000 OMR cases, including the no project case.

Time series plots at ROLD034 (Old River W of Victoria Island) and RMID015 (Middle River @ Middle River) for the -2000 OMR flows with no project, with gates installed and open, and with gates installed and operating are plotted in Figure 6 and Figure 7.  Relative to the upper bound case, the decreased exports result in a greater reduction in Old River turbidity due to Project operation.  The reduction persists throughout the Adult operation period.  Middle River turbidity still shows an increase with Project operating.  The corresponding contour plot of turbidity in Figure 8 shows that the Project operations are effective in balancing the turbidity between Old and Middle River.  A continuous distribution of turbidity in excess of 12 NTU has not formed at this time for any of the reduced export cases; however the Project operations do hold the turbidity back further in Old River.
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Figure 5  Station location map 
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Figure 6  Time series of tidally averaged turbidity at ROLD034 for historical (HIST) and the Lower bound no project (NOPROJ_LB), no project with early start of export reductions (NOPROJ_ES_LB), gates open (2GATE_OPEN_LB) and gates operating (2GATE_OPER_LB) simulations during the adult gate operation period (note that the lower bound OMR flows do not begin until February 21)
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Figure 7  Time series of tidally averaged turbidity at RMID015 for historical (HIST) and the Lower bound no project (NOPROJ_LB), no project with early start of export reductions (NOPROJ_ES_LB), gates open (2GATE_OPEN_LB) and gates operating (2GATE_OPER_LB) simulations during the Project ‘adult’ operation period (note that the lower bound OMR flows do not begin until February 21)
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Figure 8  Simulated turbidity for historical conditions (HIST), historical conditions with no project (NOPROJ), 2-Gates Project in and open (2GATE_OPEN), and 2-Gates Project operating (2GATE_OPER) on 16 Jan 2004 at 15:00, during the Adult operation period
Salinity Impacts
To analyze the effects of the change in distribution salinity, results from three simulations were compared to the Historical simulation output.  The simulations for the upper bound case include historic (HIST), no action (NO_PROJ_UB), project facilities installed without operations (2GATE_OPEN_UB) and  Project (2GATE_OPER_UB). Similar analyses are provided for the lower bound case, HIST, NO_PROJ_LB, 2GATE_OPEN_LB and 2GATE_OPER_LB. 

It should be noted that reduced exports during wet weather periods tend to increase salinity in the south Delta relative to historical conditions because the fresher (and more turbid) water is not being pulled south.   Project operations in the 2GATE_OPER_UB simulation result in increases in salinity during the adult period in comparison with historical salinity.  During the larval/juvenile period, all simulations with OCAP restrictions tend to increase the salinity relative to the historic case at most locations.  Adult gate operations tend to slightly increase salinity on Old River south of the gate down to the export facilities, and have little effect elsewhere.  Project operations during the juvenile period tend to decrease salinity at locations south of the gates.  

Example plots of computed tidally averaged EC (a surrogate for salinity) are shown in Figure 9 through Figure 18 for the 2003-2004 simulation period.  

At Old River Gage Station (ROLD014) (Figure 9), downstream of the Old River gate, in the 2GATE_OPER_LB simulation (upper plot) tidally averaged EC is as much as 400 µmhos/cm higher than historical and 200 µmhos/cm higher than other operations in the larval/juvenile period and somewhat higher than the other simulations except in the period from April – June (upper plot).  In the 2GATE_OPER_UB simulation (lower plot), tidally averaged EC is about 200 µmhos/cm higher than historical late February through mid-April and again in June, and similar to the other simulations during other periods.

At Middle River at Bacon Island (RMID007) (Figure 10), just east of the Connection Slough gate, in the 2GATE_OPER_LB simulation tidally averaged EC is up to 100 µmhos/cm higher than historical, but lower than the other lower bound simulations late February through June (upper plot).  In the 2GATE_OPEN_UB operation (lower plot), when the Old River gate switches to larval/juvenile operations in March, the open on ebb operation causes EC to decrease a small amount in comparison with historical.  The EC climbs back above historical when Project operations cease.     

At Old River @ Bacon Island (ROLD024) (Figure 11) upstream of the Old River gate, the tidally averaged EC resulted in as much as 300 µmhos/cm higher than historical in the 2GATE_OPER_LB simulation during the early part of the larval/juvenile period (upper plot). Tidally averaged EC is also about 100 µmhos/cm higher than the other simulations, then decreases about the same amount below the other simulations mid-March through June but still remains well above historical. In the 2GATE_OPER_UB simulation (lower plot), salinity is up to 150 µmhos/cm higher than historical mid-February through mid-April, and then decreases somewhat but stays above historical through the end of June.

Further upstream at ROLD034 (Figure 12) during the larval/juvenile period, the 2GATE_OPER_LB simulation tidally averaged EC results are as much as 300 µmhos/cm higher than historical, but generally substantially lower EC than the other simulations through the end of June (upper plot).  In the 2GATE_OPER_UB simulation (lower plot), tidally averaged EC results are up to 150 µmhos/cm higher than historical but similar to the EC for the other simulations from March through mid-June.

At Middle River at Borden Highway (RMID023) (Figure 13) during March, the 2GATE_OPER_LB tidally averaged EC result (upper plot) decreases from as much as 200 µmhos/cm higher than historical at the start of the larval/juvenile period to only about 50 - 100 µmhos/cm higher than historical from March through the end of May.  The 2GATE_OPER_LB tidally averaged EC is substantially lower than the other simulations during the larval/juvenile period.  In the 2GATE_OPER_UB simulation (lower plot), tidally averaged EC results decreased below historical EC from March through mid-April and again in June, but are about 50 - 100 µmhos/cm higher than historical otherwise.

Results at the CVP and SWP exports are shown in Figure 14 and Figure 15, respectively.  The 2GATE_OPER_LB tidally averaged EC results are similar at these locations during the entire modeled period, with this alternative EC being 50 – 300 µmhos/cm higher than historical mid-December through the end of June, but slightly lower than the other alternatives from March through the end of June (upper plot).  The 2GATE_OPER_UB tidally averaged EC results are also similar at these locations during the entire modeled period, with this alternative EC being 50 – 200 µmhos/cm higher than historical but periodically lower than the other alternatives from mid-December through June (lower plot).  

In Victoria Canal at the proposed Contra Costa Water District intake, shown in Figure 16, the pattern of tidally averaged EC is the same as results seen at RMID023 (Figure 13) for each simulation.

Impacts further downstream are illustrated in Figure 17 and Figure 18 at Franks Tract and Jersey Point, respectively.  At Franks Tract, the 2GATE_OPER_LB tidally averaged EC results (upper plot) are 50 – 350 µmhos/cm higher than historical January through the end of June, and up to 200 µmhos/cm higher than the other simulations mid-February through early April. The 2GATE_OPER_UB tidally averaged EC results (lower plot) track the historical results until mid-February when they increase up to 150 µmhos/cm higher than historical and the other simulations until mid-April, and then again in June.  

At Jersey Point, RSAN018, the 2GATE_OPER_LB tidally averaged EC results (upper plot) are 50 – 100 µmhos/cm higher than historical January through the end of May, and then decrease below historical in June. The 2GATE_OPER_UB tidally averaged EC results (lower plot) are up to 50 µmhos/cm higher than historical from the end of February through the end of May, and then decrease below historical in June.

Representative color contour plots of EC for the Historical, NOPROJ and 2GATE_OPER simulations on February 1, 2004 are shown in Figure 19. Figure 20 shows color contour plots of EC from the Historical, NOPROJ_LB, and 2GATE_OPER_LB simulations March 31, 2004. Figure 21 shows color contour plots of EC from the Historical, NOPROJ_UB, and 2GATE_OPER_UB simulations on March 31, 2004.  

On February 1, during the adult period, the EC contours for the NOPROJ and 2GATE_OPER simulations are very similar, showing increased EC in the south Delta in comparison with historical EC (Figure 19). The reduced exports under OCAP flow restrictions pull less low EC water in from north, allowing higher EC San Joaquin water to infiltrate the Delta in the south.  The flow balancing Project operation results in slightly higher EC in Old River and slightly lower EC in Middle River, relative to the NOPROJ case.

On March 31, 2004 during the larval/juvenile period with lower bound flows (Figure 20), the contours show that the reduced exports of the OCAP allow higher EC San Joaquin water to increase EC in the south Delta.  The EC in the NOPROJ_LB simulation is somewhat higher in the south and central Delta than the EC in the 2GATE_OPER_LB and historical simulations. The Project operations in the 2GATE_OPER_LB simulation circulate fresher water into the south Delta, countering the effect of the reduced exports.

On March 31, 2004 during the larval/juvenile period with upper bound flows (Figure 21), the contours show that the EC in the south Delta is increased due to reduced exports, but to a lesser degree relative to the lower bound case, given that the export reductions are not as dramatic.  The 2GATE_OPER_UB contours show that the Project operations have decreased EC in the south Delta in comparison with the NOPROJ_UB case, with fresher water now extending through Middle River and Victoria Canal.  

Overall, the 2GATE_OPER_LB and 2GATE_OPER_UB Project operations increase salinity in both Old River and Middle River, and downstream of the gates in Franks Tract and at Jersey Point, with the 2GATE_OPER_LB operation having a substantially greater EC impact.  The Project operations during the adult period can be modulated to reduce this effect if required, however at the expense of reduced effectiveness in balancing the turbidity flux.
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Figure 9  Tidally averaged EC at ROLD014 for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, and 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)    
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Figure 10  Tidally averaged EC at RMID007 for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)   
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Figure 11  Tidally averaged EC at ROLD024 for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)   
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Figure 12  Tidally averaged EC at ROLD034 for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)    
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Figure 13  Tidally averaged EC at RMID023 for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)    
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Figure 14  Tidally averaged EC at the CVP for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)    
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Figure 15  Tidally averaged EC at the SWP for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)   
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Figure 16  Tidally averaged EC at Victoria Canal at the proposed Contra Costa Water District (CCWD) intake location for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB; bottom plot is upper bound _UB)    
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Figure 17  Tidally averaged EC in Franks Tract for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)    
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Figure 18  Tidally averaged EC at the Jersey Point (RSAN018) for the 2003-2004 simulation period comparing HIST, NOPROJ, 2GATE_OPEN, 2GATE_OPER  simulations with upper and lower bound flows (top plot is lower bound _LB, bottom plot is upper bound _UB)    
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Figure 19  Tidally averaged EC contours on February 1, 2004 during the adult period gate operation for Historic, NOPROJ and 2GATE_OPER simulations
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Figure 20  Tidally averaged EC contours on Mar 31, 2004 (during the larvae/juvenile operation period) for Historic, NOPROJ_LB, and 2GATE_OPER_LB simulations
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Figure 19 Tidally averaged EC contours on Mar 31, 2004 (during the larvae/juvenile operation period) for Historic, NOPROJ_UB and 2GATE_OPER_UB simulations.
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Figure 21  Tidally averaged EC contours on Mar 31, 2004 (during the larvae/juvenile operation period) for Historic, NOPROJ_UB, and 2GATE_OPER_UB simulations
Flow Impacts

Table 4 through Table 13 summarize monthly peak flows for ebb and flood tides for historic, no project (NOPROJ), gates installed and open (2GATE_OPEN), and gates installed and operating (2GATE_OPER) simulations.  The change between flows with Project operating and flows with no project are also reported in these tables.  Separate monthly tables are provided for lower bound and upper bound results.

Table 14 through Table 18 summarize monthly average net flows for historical, and upper and lower bound NOPROJ, 2GATE_OPEN and 2GATE_OPER scenarios.  Changes between flows with Project operating and flows with no project are tabulated as well.
Table 4  Summary of Historical and Lower Bound (LB) simulation peak flood and ebb tide flows, and 2GATE-OPER_LB change from NOPROJ_LB for December 2003 (Adult period)  
[image: image34.emf]2GATE-OPER 

change
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change

Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ

CHIPPS ISLAND 455,257 455,124 454,326 460,904 5780 -430,274 -430,245 -430,291 -423,506 6739

FAL (FALSE RIVER) 58,678 58,692 57,520 59,090 398 -66,738 -66,739 -66,272 -65,163 1576

FPT (SAC R @ FREEPORT) 49,344 49,343 49,345 49,345 2 4,150 4,151 4,115 4,115 -36

GLC (GRANT LINE CANAL) 7,337 7,336 7,239 7,173 -163 -5,009 -5,081 -4,997 -5,423 -342

HOL (OLD R AT HOLLAND CUT) 20,226 20,223 17,532 18,693 -1530 -23,422 -23,422 -20,317 -20,879 2543

JPT (JERSEY PT) 165,847 165,841 165,135 170,082 4241 -180,986 -180,988 -180,213 -176,965 4023

MID (MIDDLE RIVER S OF WOODWARD 6,633 6,633 6,589 8,090 1457 -13,037 -13,038 -12,961 -10,645 2393

MOK (MOK @ SJR) 21,411 21,415 21,649 21,389 -26 -14,070 -14,069 -14,402 -14,568 -499

MOS (RSAN087) 2,605 2,605 2,592 2,813 209 -8 -8 37 -584 -576

MRC (MIDDLE R AT MEDFORD IS) 31,932 31,923 34,517 36,446 4523 -42,293 -42,293 -45,365 -43,910 -1617

OLD (ROLD024) 13,952 13,950 11,834 13,024 -926 -20,206 -20,209 -16,993 -15,259 4950

OLF (ROLD034) 7,840 7,841 7,537 9,524 1683 -17,424 -17,425 -16,946 -14,708 2717

OSJ (OLD R @ SJR) 10,796 10,794 7,301 10,458 -336 -16,532 -16,525 -15,834 -14,338 2187

PRI (PRISONER PT) 65,493 65,476 68,752 72,009 6533 -80,899 -80,895 -84,908 -82,623 -1728

RIO (RSAC101) 141,683 141,758 141,995 141,306 -452 -109,312 -109,312 -109,632 -110,108 -796

RMID015 12,495 12,492 13,990 16,396 3904 -21,387 -21,388 -24,014 -20,817 571

RYI (CACHE SL @ RYER IS) 102,545 102,602 102,720 101,946 -656 -100,775 -100,775 -101,008 -101,519 -744

SAN (SAN ANDREAS) 123,345 123,313 122,830 127,580 4267 -136,941 -136,942 -136,708 -133,157 3785

SLTRM004 28,356 28,347 28,051 29,522 1175 -38,706 -38,709 -38,472 -37,552 1157

TRC (TURNER CUT) 2,047 2,048 2,683 3,146 1098 -3,538 -3,539 -4,423 -4,138 -599

VIC (VICTORIA CANAL) 3,149 3,150 3,142 4,275 1126 -9,118 -9,119 -9,145 -8,019 1100

Adult period - December 2003

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.


Table 5  Summary of Historical and Lower Bound (LB) simulation peak flood and ebb tide flows, and 2GATE-OPER_LB change from NOPROJ_LB for January 2004 (Adult period)  
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Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ

CHIPPS ISLAND 439,514 442,519 441,525 441,390 -1129 -397,815 -386,981 -387,128 -387,119 -138

FAL (FALSE RIVER) 55,164 56,240 55,099 55,065 -1175 -62,575 -60,684 -60,051 -60,469 215

FPT (SAC R @ FREEPORT) 61,811 61,808 61,809 61,809 1 17,423 17,474 17,456 17,456 -18

GLC (GRANT LINE CANAL) 6,701 6,347 6,210 6,181 -165 -5,472 -5,352 -5,167 -5,260 91

HOL (OLD R AT HOLLAND CUT) 18,882 20,241 17,166 17,135 -3106 -21,781 -20,947 -17,914 -20,077 870

JPT (JERSEY PT) 158,238 161,619 160,802 160,709 -910 -171,544 -165,858 -164,841 -165,050 808

MID (MIDDLE RIVER S OF WOODWARD 4,981 6,732 6,717 6,703 -29 -11,554 -9,426 -9,396 -9,586 -160

MOK (MOK @ SJR) 21,560 21,497 21,763 21,779 282 -12,987 -13,135 -13,496 -13,859 -724

MOS (RSAN087) 2,870 2,929 2,917 2,912 -17 61 -148 -96 -96 52

MRC (MIDDLE R AT MEDFORD IS) 28,322 30,779 33,180 33,149 2370 -39,736 -37,913 -40,803 -41,822 -3909

OLD (ROLD024) 11,068 13,397 11,656 11,641 -1756 -18,621 -16,817 -14,145 -14,477 2340

OLF (ROLD034) 5,478 7,992 7,727 7,710 -282 -15,367 -11,782 -11,346 -11,554 228

OSJ (OLD R @ SJR) 10,454 11,437 7,733 9,420 -2017 -14,453 -13,464 -12,558 -12,560 904

PRI (PRISONER PT) 60,187 63,565 66,596 66,547 2982 -77,548 -74,161 -79,010 -80,153 -5992

RIO (RSAC101) 143,891 143,643 143,844 143,871 228 -102,648 -102,986 -103,125 -103,188 -202

RMID015 9,777 12,447 13,818 13,786 1339 -19,537 -16,622 -18,819 -19,175 -2553

RYI (CACHE SL @ RYER IS) 98,457 97,585 97,681 97,695 110 -96,012 -96,498 -96,577 -96,587 -89

SAN (SAN ANDREAS) 116,033 119,730 119,362 119,281 -449 -130,451 -125,738 -125,398 -125,466 272

SLTRM004 26,735 27,742 27,486 27,461 -281 -37,418 -37,018 -36,813 -37,013 5

TRC (TURNER CUT) 1,545 2,253 2,741 2,737 483 -3,496 -3,315 -3,927 -4,091 -776

VIC (VICTORIA CANAL) 2,174 3,360 3,420 3,414 54 -7,735 -5,559 -5,567 -5,670 -111

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.

Adult period - January 2004


Table 6  Summary of Historical and Lower Bound (LB) simulation peak flood and ebb tide flows, and 2GATE-OPER_LB change from NOPROJ_LB for February 2004 (Adult period ends February 20)  
[image: image36.emf]2GATE-OPER 

change

2GATE-OPER 

change

Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ

CHIPPS ISLAND 453,181 455,662 454,894 452,643 -3019 -378,417 -369,424 -369,400 -369,316 108

FAL (FALSE RIVER) 53,924 54,696 53,600 53,516 -1180 -63,899 -62,321 -61,431 -59,401 2920

FPT (SAC R @ FREEPORT) 75,007 75,001 75,002 75,009 8 15,829 15,893 15,880 15,879 -14

GLC (GRANT LINE CANAL) 7,573 6,199 6,062 6,046 -153 -5,346 -5,017 -4,859 -4,977 40

HOL (OLD R AT HOLLAND CUT) 18,500 19,916 16,990 16,929 -2987 -23,431 -22,373 -18,861 -20,980 1393

JPT (JERSEY PT) 157,674 160,151 159,323 159,092 -1059 -166,168 -161,566 -160,511 -160,453 1113

MID (MIDDLE RIVER S OF WOODWARD 5,949 7,042 7,046 7,023 -18 -11,045 -9,345 -9,284 -9,895 -550

MOK (MOK @ SJR) 22,773 22,558 22,664 23,358 800 -12,828 -12,846 -13,211 -14,214 -1368

MOS (RSAN087) 4,426 4,450 4,446 4,423 -27 62 -101 -56 -65 36

MRC (MIDDLE R AT MEDFORD IS) 28,792 30,110 32,563 32,511 2401 -40,880 -38,809 -42,350 -53,621 -14812

OLD (ROLD024) 12,417 13,482 11,703 11,682 -1800 -17,989 -16,379 -13,913 -14,552 1827

OLF (ROLD034) 6,910 8,638 8,383 8,358 -281 -15,276 -11,663 -11,182 -11,419 244

OSJ (OLD R @ SJR) 10,536 10,712 7,188 19,141 8429 -16,759 -15,772 -15,221 -23,677 -7905

PRI (PRISONER PT) 59,252 61,761 64,876 68,099 6338 -81,561 -78,608 -83,562 -98,010 -19402

RIO (RSAC101) 198,268 197,813 197,884 198,429 616 -101,038 -101,086 -101,362 -101,624 -538

RMID015 11,442 12,763 14,153 14,110 1347 -18,892 -16,655 -18,487 -27,971 -11316

RYI (CACHE SL @ RYER IS) 141,074 140,698 140,757 141,164 466 -91,737 -91,715 -91,832 -91,857 -142

SAN (SAN ANDREAS) 113,708 116,296 116,005 115,927 -369 -130,639 -125,644 -125,222 -123,891 1753

SLTRM004 26,505 27,389 27,139 27,091 -298 -41,547 -40,379 -40,138 -39,731 648

TRC (TURNER CUT) 1,842 2,225 2,806 2,927 702 -3,506 -3,185 -3,910 -6,187 -3002

VIC (VICTORIA CANAL) 2,841 3,737 3,760 3,744 8 -8,255 -5,474 -5,503 -7,005 -1531

Peak Flood Tide Flow (cfs) - upstream is neg.

Adult/Juvenile period - February 2004

Peak Ebb Tide Flow (cfs)


Table 7  Summary of Historical and Lower Bound (LB) simulation peak flood and ebb tide flows, and 2GATE-OPER_LB change from NOPROJ_LB for March 2004 (Juvenile period)  
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Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ

CHIPPS ISLAND 440,055 443,304 442,556 440,256 -3048 -375,278 -370,594 -371,073 -373,885 -3291

FAL (FALSE RIVER) 52,199 52,851 52,042 50,666 -2185 -61,597 -60,156 -59,355 -57,141 3015

FPT (SAC R @ FREEPORT) 72,728 72,728 72,727 72,726 -2 23,243 23,262 23,255 23,226 -36

GLC (GRANT LINE CANAL) 6,710 6,084 5,967 5,699 -386 -4,531 -4,018 -3,850 -2,023 1995

HOL (OLD R AT HOLLAND CUT) 18,108 18,928 16,386 14,025 -4903 -21,549 -21,022 -17,804 -9,679 11343

JPT (JERSEY PT) 152,968 155,542 154,837 151,679 -3863 -165,726 -161,825 -160,673 -156,824 5001

MID (MIDDLE RIVER S OF WOODWARD 5,808 6,683 6,664 6,286 -397 -10,602 -8,708 -8,656 -9,434 -726

MOK (MOK @ SJR) 21,126 21,090 21,187 21,989 899 -11,384 -11,648 -12,019 -13,513 -1865

MOS (RSAN087) 4,637 4,673 4,669 4,632 -41 2,012 1,961 1,958 1,983 22

MRC (MIDDLE R AT MEDFORD IS) 28,178 29,276 31,687 34,393 5117 -39,424 -37,816 -41,113 -51,549 -13733

OLD (ROLD024) 12,099 13,024 11,407 11,847 -1177 -17,582 -15,817 -13,339 -1,164 14653

OLF (ROLD034) 6,857 8,182 7,918 7,631 -551 -14,951 -10,880 -10,490 -5,651 5229

OSJ (OLD R @ SJR) 10,451 10,770 7,115 19,124 8354 -14,851 -13,905 -13,504 -22,440 -8535

PRI (PRISONER PT) 58,951 60,587 63,533 71,207 10620 -80,360 -77,590 -82,274 -95,644 -18054

RIO (RSAC101) 191,354 190,893 191,016 191,709 816 -94,543 -94,580 -94,714 -94,906 -326

RMID015 11,075 12,322 13,498 12,122 -200 -18,286 -15,812 -17,567 -26,122 -10310

RYI (CACHE SL @ RYER IS) 134,495 134,117 134,208 134,712 595 -93,839 -93,980 -94,041 -94,075 -95

SAN (SAN ANDREAS) 113,414 115,773 115,408 112,649 -3124 -129,561 -125,171 -124,748 -122,952 2219

SLTRM004 25,153 25,841 25,615 24,619 -1222 -39,024 -37,908 -37,596 -36,431 1477

TRC (TURNER CUT) 1,790 2,079 2,598 3,349 1270 -3,643 -3,358 -3,905 -6,072 -2714

VIC (VICTORIA CANAL) 2,971 3,550 3,553 3,306 -244 -8,054 -5,285 -5,350 -6,853 -1568

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.

Juvenile period - March 2004


Table 8  Summary of Historical and Lower Bound (LB) simulation peak flood and ebb tide flows, and 2GATE-OPER_LB change from NOPROJ_LB for June 2004 (Juvenile period) 
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Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB from NOPROJ

CHIPPS ISLAND 424,663 425,697 424,539 420,884 -4813 -412,340 -409,999 -409,970 -412,636 -2637

FAL (FALSE RIVER) 55,764 55,842 54,626 52,723 -3119 -62,335 -61,236 -60,633 -60,054 1182

FPT (SAC R @ FREEPORT) 19,628 19,620 19,628 19,628 8 5,189 5,185 5,099 4,667 -518

GLC (GRANT LINE CANAL) 6,012 6,086 5,837 5,747 -339 -4,993 -4,294 -4,158 -4,158 136

HOL (OLD R AT HOLLAND CUT) 20,815 21,024 17,562 16,280 -4744 -21,743 -21,421 -18,409 -18,408 3013

JPT (JERSEY PT) 159,497 159,883 158,910 154,882 -5001 -171,536 -168,549 -167,471 -166,813 1736

MID (MIDDLE RIVER S OF WOODWARD 5,665 6,102 6,096 5,811 -291 -10,735 -9,957 -9,941 -10,085 -128

MOK (MOK @ SJR) 17,628 17,612 17,798 18,827 1215 -14,006 -12,011 -12,209 -13,807 -1796

MOS (RSAN087) 2,101 2,132 2,125 2,093 -39 -107 -301 -270 -38 263

MRC (MIDDLE R AT MEDFORD IS) 30,947 31,153 33,615 36,106 4953 -39,290 -38,817 -41,547 -51,727 -12910

OLD (ROLD024) 13,325 13,512 11,737 12,054 -1458 -18,196 -17,128 -14,424 -14,422 2706

OLF (ROLD034) 6,384 7,153 6,872 6,828 -324 -14,768 -12,765 -12,344 -12,344 421

OSJ (OLD R @ SJR) 12,134 12,227 8,112 19,742 7515 -13,864 -13,629 -12,180 -23,613 -9984

PRI (PRISONER PT) 63,174 63,428 67,043 75,769 12341 -75,497 -74,538 -78,512 -92,510 -17972

RIO (RSAC101) 123,602 122,559 122,920 124,824 2265 -117,949 -120,628 -120,920 -121,931 -1303

RMID015 11,785 12,063 13,559 12,208 145 -18,945 -17,405 -19,582 -28,631 -11226

RYI (CACHE SL @ RYER IS) 92,045 90,754 90,931 91,747 993 -95,446 -94,267 -94,498 -95,325 -1058

SAN (SAN ANDREAS) 118,540 118,875 118,608 116,056 -2819 -129,153 -125,881 -125,504 -125,462 419

SLTRM004 28,378 28,471 28,231 27,165 -1306 -35,033 -33,822 -33,522 -33,522 300

TRC (TURNER CUT) 2,582 2,640 3,124 3,784 1144 -3,836 -3,758 -4,198 -6,394 -2636

VIC (VICTORIA CANAL) 2,613 2,918 2,878 2,688 -230 -7,777 -6,178 -6,213 -6,788 -610

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.

Juvenile period - June 2004


Table 9  Summary of Historical and Upper Bound (UB) simulation peak flood and ebb tide flows, and 2GATE-OPER_UB change from NOPROJ_UB for December 2003 (Adult period)  
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Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ

CHIPPS ISLAND 455,257 455,124 454,326 460,904 5780 -430,274 -430,245 -430,291 -423,506 6739

FAL (FALSE RIVER) 58,678 58,692 57,520 59,090 398 -66,738 -66,739 -66,272 -65,163 1576

FPT (SAC R @ FREEPORT) 49,344 49,343 49,345 49,345 2 4,150 4,151 4,115 4,115 -36

GLC (GRANT LINE CANAL) 7,337 7,336 7,239 7,173 -163 -5,009 -5,081 -4,997 -5,423 -342

HOL (OLD R AT HOLLAND CUT) 20,226 20,223 17,532 18,693 -1530 -23,422 -23,422 -20,317 -20,879 2543

JPT (JERSEY PT) 165,847 165,841 165,135 170,082 4241 -180,986 -180,988 -180,213 -176,965 4023

MID (MIDDLE RIVER S OF WOODWARD 6,633 6,633 6,589 8,090 1457 -13,037 -13,038 -12,961 -10,645 2393

MOK (MOK @ SJR) 21,411 21,415 21,649 21,389 -26 -14,070 -14,069 -14,402 -14,568 -499

MOS (RSAN087) 2,605 2,605 2,592 2,813 209 -8 -8 37 -584 -576

MRC (MIDDLE R AT MEDFORD IS) 31,932 31,923 34,517 36,446 4523 -42,293 -42,293 -45,365 -43,910 -1617

OLD (ROLD024) 13,952 13,950 11,834 13,024 -926 -20,206 -20,209 -16,993 -15,259 4950

OLF (ROLD034) 7,840 7,841 7,537 9,524 1683 -17,424 -17,425 -16,946 -14,708 2717

OSJ (OLD R @ SJR) 10,796 10,794 7,301 10,458 -336 -16,532 -16,525 -15,834 -14,338 2187

PRI (PRISONER PT) 65,493 65,476 68,752 72,009 6533 -80,899 -80,895 -84,908 -82,623 -1728

RIO (RSAC101) 141,683 141,758 141,995 141,306 -452 -109,312 -109,312 -109,632 -110,108 -796

RMID015 12,495 12,492 13,990 16,396 3904 -21,387 -21,388 -24,014 -20,817 571

RYI (CACHE SL @ RYER IS) 102,545 102,602 102,720 101,946 -656 -100,775 -100,775 -101,008 -101,519 -744

SAN (SAN ANDREAS) 123,345 123,313 122,830 127,580 4267 -136,941 -136,942 -136,708 -133,157 3785

SLTRM004 28,356 28,347 28,051 29,522 1175 -38,706 -38,709 -38,472 -37,552 1157

TRC (TURNER CUT) 2,047 2,048 2,683 3,146 1098 -3,538 -3,539 -4,423 -4,138 -599

VIC (VICTORIA CANAL) 3,149 3,150 3,142 4,275 1126 -9,118 -9,119 -9,145 -8,019 1100

Adult period - December 2003

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.


Table 10  Summary of Historical and Upper Bound (UB) simulation peak flood and ebb tide flows, and 2GATE-OPER_UB change from NOPROJ_UB for January 2004 (Adult period)  
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Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ

CHIPPS ISLAND 439,514 442,519 441,525 441,390 -1129 -397,815 -386,981 -387,128 -387,119 -138

FAL (FALSE RIVER) 55,164 56,240 55,099 55,065 -1175 -62,575 -60,684 -60,051 -60,469 215

FPT (SAC R @ FREEPORT) 61,811 61,808 61,809 61,809 1 17,423 17,474 17,456 17,456 -18

GLC (GRANT LINE CANAL) 6,701 6,347 6,210 6,181 -165 -5,472 -5,352 -5,167 -5,260 91

HOL (OLD R AT HOLLAND CUT) 18,882 20,241 17,166 17,135 -3106 -21,781 -20,947 -17,914 -20,077 870

JPT (JERSEY PT) 158,238 161,619 160,802 160,709 -910 -171,544 -165,858 -164,841 -165,050 808

MID (MIDDLE RIVER S OF WOODWARD 4,981 6,732 6,717 6,703 -29 -11,554 -9,426 -9,396 -9,586 -160

MOK (MOK @ SJR) 21,560 21,497 21,763 21,779 282 -12,987 -13,135 -13,496 -13,859 -724

MOS (RSAN087) 2,870 2,929 2,917 2,912 -17 61 -148 -96 -96 52

MRC (MIDDLE R AT MEDFORD IS) 28,322 30,779 33,180 33,149 2370 -39,736 -37,913 -40,803 -41,822 -3909

OLD (ROLD024) 11,068 13,397 11,656 11,641 -1756 -18,621 -16,817 -14,145 -14,477 2340

OLF (ROLD034) 5,478 7,992 7,727 7,710 -282 -15,367 -11,782 -11,346 -11,554 228

OSJ (OLD R @ SJR) 10,454 11,437 7,733 9,420 -2017 -14,453 -13,464 -12,558 -12,560 904

PRI (PRISONER PT) 60,187 63,565 66,596 66,547 2982 -77,548 -74,161 -79,010 -80,153 -5992

RIO (RSAC101) 143,891 143,643 143,844 143,871 228 -102,648 -102,986 -103,125 -103,188 -202

RMID015 9,777 12,447 13,818 13,786 1339 -19,537 -16,622 -18,819 -19,175 -2553

RYI (CACHE SL @ RYER IS) 98,457 97,585 97,681 97,695 110 -96,012 -96,498 -96,577 -96,587 -89

SAN (SAN ANDREAS) 116,033 119,730 119,362 119,281 -449 -130,451 -125,738 -125,398 -125,466 272

SLTRM004 26,735 27,742 27,486 27,461 -281 -37,418 -37,018 -36,813 -37,013 5

TRC (TURNER CUT) 1,545 2,253 2,741 2,737 483 -3,496 -3,315 -3,927 -4,091 -776

VIC (VICTORIA CANAL) 2,174 3,360 3,420 3,414 54 -7,735 -5,559 -5,567 -5,670 -111

Adult period - January 2004

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.


Table 11  Summary of Historical and Upper Bound (UB) simulation peak flood and ebb tide flows, and 2GATE-OPER_UB change from NOPROJ_UB for February 2004 (Adult period ends February 20)  
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Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ

CHIPPS ISLAND 453,181 453,584 452,773 451,155 -2429 -378,417 -369,424 -369,399 -369,316 108

FAL (FALSE RIVER) 53,924 54,611 53,510 53,425 -1186 -63,899 -63,242 -62,354 -59,809 3433

FPT (SAC R @ FREEPORT) 75,007 75,005 75,006 75,014 9 15,829 15,893 15,880 15,879 -14

GLC (GRANT LINE CANAL) 7,573 7,006 6,938 6,781 -225 -5,346 -5,017 -4,859 -4,977 40

HOL (OLD R AT HOLLAND CUT) 18,500 19,916 16,990 16,929 -2987 -23,431 -22,945 -19,466 -21,103 1842

JPT (JERSEY PT) 157,674 159,868 159,048 158,816 -1052 -166,168 -163,247 -162,078 -160,453 2794

MID (MIDDLE RIVER S OF WOODWARD 5,949 7,042 7,046 7,023 -19 -11,045 -10,178 -10,138 -10,600 -422

MOK (MOK @ SJR) 22,773 22,692 22,778 23,539 847 -12,828 -12,846 -13,211 -14,214 -1368

MOS (RSAN087) 4,426 4,442 4,439 4,405 -38 62 -101 -56 -65 36

MRC (MIDDLE R AT MEDFORD IS) 28,792 30,110 32,563 32,511 2401 -40,880 -39,873 -43,536 -55,119 -15246

OLD (ROLD024) 12,417 13,482 11,703 11,682 -1800 -17,989 -17,180 -14,542 -14,670 2510

OLF (ROLD034) 6,910 8,638 8,383 8,358 -281 -15,276 -13,552 -13,169 -11,464 2088

OSJ (OLD R @ SJR) 10,536 10,711 7,188 19,484 8773 -16,759 -16,385 -15,909 -23,137 -6752

PRI (PRISONER PT) 59,252 61,762 64,875 66,878 5116 -81,561 -80,200 -85,114 -100,404 -20204

RIO (RSAC101) 198,268 198,068 198,131 198,754 686 -101,038 -101,086 -101,362 -101,625 -539

RMID015 11,442 12,763 14,153 14,110 1347 -18,892 -17,743 -19,834 -29,464 -11721

RYI (CACHE SL @ RYER IS) 141,074 140,907 140,959 141,428 521 -91,737 -91,715 -91,833 -91,857 -142

SAN (SAN ANDREAS) 113,708 116,295 116,004 115,927 -368 -130,639 -127,790 -127,347 -125,553 2237

SLTRM004 26,505 27,389 27,139 27,091 -298 -41,547 -41,041 -40,847 -40,322 719

TRC (TURNER CUT) 1,842 2,225 2,807 2,800 575 -3,506 -3,237 -4,008 -6,395 -3158

VIC (VICTORIA CANAL) 2,841 3,737 3,760 3,744 8 -8,255 -6,985 -7,044 -8,366 -1381

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.

Adult/Juvenile period - February 2004


Table 12  Summary of Historical and Upper Bound (UB) simulation peak flood and ebb tide flows, and 2GATE-OPER_UB change from NOPROJ_UB for March 2004 (Juvenile period)  
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Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ

CHIPPS ISLAND 440,055 441,577 440,769 438,771 -2806 -375,278 -373,582 -374,106 -377,523 -3941

FAL (FALSE RIVER) 52,199 52,289 51,450 49,510 -2779 -61,597 -60,795 -59,986 -57,475 3320

FPT (SAC R @ FREEPORT) 72,728 72,728 72,727 72,725 -3 23,243 23,253 23,248 23,230 -23

GLC (GRANT LINE CANAL) 6,710 6,697 6,616 6,132 -565 -4,531 -4,327 -4,163 -2,192 2135

HOL (OLD R AT HOLLAND CUT) 18,108 18,364 15,867 13,301 -5063 -21,549 -21,475 -18,334 -10,049 11426

JPT (JERSEY PT) 152,968 153,852 153,149 149,274 -4578 -165,726 -163,676 -162,490 -158,410 5266

MID (MIDDLE RIVER S OF WOODWARD 5,808 6,061 6,063 5,628 -433 -10,602 -9,871 -9,791 -10,271 -400

MOK (MOK @ SJR) 21,126 21,071 21,216 22,145 1074 -11,384 -11,453 -11,842 -13,463 -2010

MOS (RSAN087) 4,637 4,654 4,649 4,610 -44 2,012 2,016 2,017 2,020 5

MRC (MIDDLE R AT MEDFORD IS) 28,178 28,527 30,907 33,227 4700 -39,424 -38,676 -41,941 -52,642 -13966

OLD (ROLD024) 12,099 12,334 10,827 11,226 -1108 -17,582 -16,644 -14,134 -1,961 14683

OLF (ROLD034) 6,857 7,319 7,075 6,683 -637 -14,951 -13,533 -13,192 -8,742 4791

OSJ (OLD R @ SJR) 10,451 10,514 6,913 18,894 8380 -14,851 -14,486 -14,178 -22,148 -7662

PRI (PRISONER PT) 58,951 59,561 62,411 70,216 10655 -80,360 -78,897 -83,443 -97,206 -18309

RIO (RSAC101) 191,354 191,099 191,216 192,021 922 -94,543 -94,561 -94,692 -94,895 -334

RMID015 11,075 11,377 12,466 11,064 -313 -18,286 -17,189 -19,025 -27,791 -10602

RYI (CACHE SL @ RYER IS) 134,495 134,287 134,373 134,972 685 -93,839 -93,890 -93,951 -93,978 -88

SAN (SAN ANDREAS) 113,414 114,252 113,832 110,223 -4029 -129,561 -127,211 -126,783 -124,759 2452

SLTRM004 25,153 25,402 25,170 23,947 -1455 -39,024 -38,418 -38,109 -36,891 1527

TRC (TURNER CUT) 1,790 1,871 2,398 2,989 1117 -3,643 -3,561 -4,134 -6,236 -2675

VIC (VICTORIA CANAL) 2,971 3,248 3,235 2,710 -538 -8,054 -7,229 -7,275 -8,322 -1093

Juvenile period - March 2004

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.


Table 13  Summary of Historical and Upper Bound (UB) simulation peak flood and ebb tide flows, and 2GATE-OPER_UB change from NOPROJ_UB for June 2004 (Juvenile period) 
[image: image43.emf]2GATE-OPER 
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Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ Historical NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB from NOPROJ

CHIPPS ISLAND 424,663 425,640 424,521 420,828 -4812 -412,340 -410,175 -410,156 -412,992 -2817

FAL (FALSE RIVER) 55,764 55,847 54,638 52,780 -3067 -62,335 -61,266 -60,667 -60,083 1183

FPT (SAC R @ FREEPORT) 19,628 19,625 19,634 19,634 9 5,189 5,188 5,102 4,665 -523

GLC (GRANT LINE CANAL) 6,012 6,024 5,809 5,711 -313 -4,993 -4,672 -4,543 -4,167 505

HOL (OLD R AT HOLLAND CUT) 20,815 21,014 17,559 16,291 -4723 -21,743 -21,430 -18,559 -18,412 3018

JPT (JERSEY PT) 159,497 159,881 158,924 154,877 -5004 -171,536 -168,623 -167,551 -166,887 1736

MID (MIDDLE RIVER S OF WOODWARD 5,665 5,894 5,887 5,496 -398 -10,735 -10,552 -10,458 -10,624 -72

MOK (MOK @ SJR) 17,628 17,627 17,813 18,836 1209 -14,006 -12,008 -12,208 -13,813 -1805

MOS (RSAN087) 2,101 2,125 2,119 2,089 -36 -107 -112 -82 133 245

MRC (MIDDLE R AT MEDFORD IS) 30,947 31,145 33,607 36,092 4947 -39,290 -38,900 -41,592 -51,904 -13004

OLD (ROLD024) 13,325 13,502 11,723 12,000 -1502 -18,196 -17,433 -14,609 -14,416 3017

OLF (ROLD034) 6,384 6,809 6,500 6,451 -358 -14,768 -14,160 -13,757 -12,353 1807

OSJ (OLD R @ SJR) 12,134 12,217 8,101 19,929 7712 -13,864 -13,802 -12,636 -23,404 -9602

PRI (PRISONER PT) 63,174 63,404 67,031 75,747 12343 -75,497 -74,585 -78,527 -92,525 -17940

RIO (RSAC101) 123,602 122,585 122,955 124,855 2270 -117,949 -120,670 -120,962 -121,985 -1315

RMID015 11,785 12,036 13,535 11,931 -105 -18,945 -17,710 -19,708 -29,630 -11920

RYI (CACHE SL @ RYER IS) 92,045 90,768 90,949 91,763 995 -95,446 -94,294 -94,526 -95,352 -1058

SAN (SAN ANDREAS) 118,540 118,870 118,611 116,037 -2833 -129,153 -125,946 -125,571 -125,528 418

SLTRM004 28,378 28,469 28,231 27,161 -1308 -35,033 -33,840 -33,541 -33,540 300

TRC (TURNER CUT) 2,582 2,697 3,123 3,779 1081 -3,836 -3,797 -4,236 -6,495 -2698

VIC (VICTORIA CANAL) 2,613 2,829 2,786 2,555 -274 -7,777 -7,329 -7,350 -8,361 -1032

Peak Ebb Tide Flow (cfs) Peak Flood Tide Flow (cfs) - upstream is neg.

Juvenile period - June 2004


Table 14  Summary of average December 2003 (Adult period) net flows from Historical, and Lower LB) and Upper Bound (UB) NOPROJ, 2GATE_OPEN and 2GATE-OPER simulations. 2GATE_OPER change from NOPROJ is tabulated in last two columns for Lower and Upper Bound
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CHIPPS ISLAND 22,492 23,802 23,808 25,000 23,802 23,808 25,000 1,198 1,198

FAL (FALSE RIVER) -785 -434 -434 -106 -434 -434 -106 329 329

FPT (SAC R @ FREEPORT) 29,267 29,267 29,267 29,267 29,267 29,267 29,267 0 0

GLC (GRANT LINE CANAL) 1,279 1,220 1,230 1,167 1,220 1,230 1,167 -53 -53

HOL (OLD R AT HOLLAND CUT) -852 -502 -546 -176 -502 -546 -176 326 326

JPT (JERSEY PT) 2,624 3,626 3,649 4,558 3,626 3,649 4,558 932 932

MID (MIDDLE RIVER S OF WOODWARD -2,455 -2,012 -2,035 -1,628 -2,012 -2,035 -1,628 384 384

MOK (MOK @ SJR) 4,337 4,351 4,330 4,339 4,351 4,330 4,339 -13 -13

MOS (RSAN087) 1,583 1,583 1,583 1,584 1,583 1,583 1,584 0 0

MRC (MIDDLE R AT MEDFORD IS) -3,116 -2,659 -2,571 -2,219 -2,659 -2,571 -2,219 440 440

OLD (ROLD024) -2,754 -2,214 -1,869 -1,283 -2,214 -1,869 -1,283 931 931

OLF (ROLD034) -4,181 -3,383 -3,350 -2,601 -3,383 -3,350 -2,601 782 782

OSJ (OLD R @ SJR) -1,954 -1,735 -1,800 -1,505 -1,735 -1,800 -1,505 230 230

PRI (PRISONER PT) -3,064 -2,468 -2,333 -1,870 -2,468 -2,333 -1,870 598 598

RIO (RSAC101) 25,494 25,511 25,512 25,525 25,511 25,512 25,525 14 14

RMID015 -3,559 -2,921 -3,279 -2,776 -2,921 -3,279 -2,776 146 146

RYI (CACHE SL @ RYER IS) 6,193 6,200 6,201 6,202 6,200 6,201 6,202 2 2

SAN (SAN ANDREAS) -214 702 725 1,552 702 725 1,552 850 850

SLTRM004 -3,546 -3,290 -3,308 -3,069 -3,290 -3,308 -3,069 221 221

TRC (TURNER CUT) -866 -735 -752 -660 -735 -752 -660 75 75

VIC (VICTORIA CANAL) -2,415 -1,982 -2,003 -1,606 -1,982 -2,003 -1,606 375 375

Adult period - December 2003

Monthly Average Net Flow (cfs)

2GATE-OPER change 

from NOPROJ


Table 15  Summary of average January 2004 (Adult period) net flows from Historical, and Lower (LB) and Upper Bound (UB) NOPROJ, 2GATE_OPEN and 2GATE-OPER simulations.  2GATE_OPER change from NOPROJ is tabulated in last two columns for Lower and Upper Bound 
[image: image45.emf]Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB LB UB

CHIPPS ISLAND 33,514 41,105 41,104 41,104 41,105 41,104 41,104 -1 -1

FAL (FALSE RIVER) -857 1,196 1,183 1,190 1,196 1,183 1,190 -7 -7

FPT (SAC R @ FREEPORT) 37,276 37,276 37,276 37,276 37,276 37,276 37,276 0 0

GLC (GRANT LINE CANAL) 1,580 1,194 1,209 1,217 1,200 1,209 1,217 23 18

HOL (OLD R AT HOLLAND CUT) -1,518 563 438 539 563 438 539 -24 -24

JPT (JERSEY PT) 3,267 9,095 9,119 9,121 9,096 9,119 9,121 25 25

MID (MIDDLE RIVER S OF WOODWARD -3,441 -818 -836 -866 -818 -836 -866 -48 -48

MOK (MOK @ SJR) 5,523 5,591 5,573 5,566 5,591 5,573 5,566 -26 -26

MOS (RSAN087) 1,705 1,704 1,704 1,704 1,704 1,704 1,704 0 0

MRC (MIDDLE R AT MEDFORD IS) -3,985 -1,298 -1,139 -1,261 -1,298 -1,139 -1,261 37 37

OLD (ROLD024) -3,984 -777 -583 -346 -777 -583 -346 431 431

OLF (ROLD034) -6,193 -1,458 -1,433 -1,394 -1,458 -1,433 -1,394 64 64

OSJ (OLD R @ SJR) -2,737 -1,431 -1,613 -1,429 -1,431 -1,613 -1,429 1 1

PRI (PRISONER PT) -3,774 -276 -35 -200 -276 -35 -200 76 76

RIO (RSAC101) 35,111 35,191 35,192 35,192 35,191 35,192 35,192 1 1

RMID015 -5,042 -1,271 -1,474 -1,715 -1,271 -1,474 -1,715 -444 -444

RYI (CACHE SL @ RYER IS) 9,637 9,649 9,649 9,649 9,649 9,649 9,649 1 0

SAN (SAN ANDREAS) -298 5,033 5,065 5,053 5,033 5,065 5,053 19 19

SLTRM004 -4,305 -2,802 -2,824 -2,827 -2,802 -2,824 -2,827 -24 -24

TRC (TURNER CUT) -1,230 -470 -451 -504 -470 -451 -504 -34 -34

VIC (VICTORIA CANAL) -3,464 -888 -905 -935 -888 -905 -935 -47 -47

Adult period - January 2004

Monthly Average Net Flow (cfs)

2GATE-OPER change 

from NOPROJ


Table 16  Summary of average February 2004 (Adult period ends February 20) net flows from Historical, and Lower (LB) and Upper Bound (UB) NOPROJ, 2GATE_OPEN and 2GATE-OPER simulations.  2GATE_OPER change from NOPROJ is tabulated in last two columns for Lower and Upper Bound
[image: image46.emf]Historical NOPROJ_LB 2GATE_OPEN_LB 2GATE_OPER_LB NOPROJ_UB 2GATE_OPEN_UB 2GATE_OPER_UB LB UB

CHIPPS ISLAND 63,833 70,625 70,621 70,628 69,311 69,309 69,328 3 17

FAL (FALSE RIVER) 3 1,845 1,828 1,905 1,487 1,472 1,570 60 83

FPT (SAC R @ FREEPORT) 43,432 43,432 43,432 43,432 43,432 43,432 43,432 0 0

GLC (GRANT LINE CANAL) 1,694 1,369 1,377 1,445 1,431 1,440 1,512 77 81

HOL (OLD R AT HOLLAND CUT) -1,150 739 566 1,217 349 219 992 477 643

JPT (JERSEY PT) 8,338 13,565 13,604 13,723 12,530 12,570 12,710 158 180

MID (MIDDLE RIVER S OF WOODWARD -3,056 -686 -704 -1,005 -1,178 -1,196 -1,495 -318 -317

MOK (MOK @ SJR) 6,595 6,651 6,633 6,584 6,640 6,621 6,567 -67 -73

MOS (RSAN087) 2,093 2,094 2,094 2,094 2,094 2,094 2,094 0 0

MRC (MIDDLE R AT MEDFORD IS) -3,570 -1,144 -946 -1,801 -1,623 -1,431 -2,436 -658 -812

OLD (ROLD024) -3,489 -630 -451 1,042 -1,182 -943 726 1,672 1,908

OLF (ROLD034) -5,496 -1,248 -1,224 -856 -2,069 -2,043 -1,670 392 400

OSJ (OLD R @ SJR) -3,048 -1,881 -2,125 -947 -2,111 -2,334 -949 935 1,163

PRI (PRISONER PT) -2,966 185 473 -619 -432 -161 -1,445 -804 -1,013

RIO (RSAC101) 63,781 63,831 63,832 63,833 63,827 63,828 63,829 1 2

RMID015 -4,481 -1,073 -1,262 -2,756 -1,757 -2,007 -3,677 -1,683 -1,921

RYI (CACHE SL @ RYER IS) 34,180 34,179 34,179 34,178 34,179 34,179 34,179 -1 0

SAN (SAN ANDREAS) 1,525 6,304 6,330 6,199 5,364 5,390 5,238 -105 -126

SLTRM004 -6,864 -5,523 -5,562 -5,682 -5,774 -5,813 -5,944 -159 -170

TRC (TURNER CUT) -1,169 -493 -462 -715 -633 -612 -895 -222 -262

VIC (VICTORIA CANAL) -3,097 -775 -791 -1,090 -1,259 -1,276 -1,572 -315 -314

Adult/Juvenile period - February 2004

Monthly Average Net Flow (cfs)

2GATE-OPER change 

from NOPROJ


Table 17  Summary of average March 2004 (Juvenile period) net flows from Historical, and Lower (LB) and Upper Bound (UB) NOPROJ, 2GATE_OPEN and 2GATE-OPER simulations.  2GATE_OPER change from NOPROJ is tabulated in last two columns for Lower and Upper Bound
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CHIPPS ISLAND 61,259 68,860 68,857 68,831 64,601 64,601 64,574 -29 -27

FAL (FALSE RIVER) 36 2,133 2,112 2,348 962 949 1,243 216 281

FPT (SAC R @ FREEPORT) 47,686 47,686 47,686 47,686 47,686 47,686 47,686 0 0

GLC (GRANT LINE CANAL) 2,152 1,816 1,826 2,034 2,009 2,020 2,220 218 211

HOL (OLD R AT HOLLAND CUT) -1,268 843 681 2,645 -332 -442 1,927 1,802 2,259

JPT (JERSEY PT) 7,803 13,656 13,694 13,817 10,375 10,414 10,537 161 162

MID (MIDDLE RIVER S OF WOODWARD -3,173 -508 -531 -1,554 -2,041 -2,066 -3,091 -1,046 -1,049

MOK (MOK @ SJR) 6,900 7,108 6,954 6,797 6,931 6,910 6,733 -311 -198

MOS (RSAN087) 3,304 3,304 3,304 3,304 3,304 3,304 3,304 0 0

MRC (MIDDLE R AT MEDFORD IS) -3,643 -929 -710 -3,322 -2,454 -2,247 -5,382 -2,393 -2,928

OLD (ROLD024) -3,626 -409 -244 4,132 -2,199 -1,853 3,115 4,541 5,314

OLF (ROLD034) -5,612 -854 -829 373 -3,484 -3,450 -2,243 1,227 1,241

OSJ (OLD R @ SJR) -3,163 -1,866 -2,138 1,442 -2,591 -2,819 1,448 3,308 4,039

PRI (PRISONER PT) -2,938 571 886 -2,408 -1,405 -1,131 -5,091 -2,979 -3,687

RIO (RSAC101) 60,672 60,731 60,732 60,734 60,697 60,698 60,699 3 2

RMID015 -4,685 -876 -1,048 -5,458 -3,021 -3,380 -8,422 -4,582 -5,401

RYI (CACHE SL @ RYER IS) 28,032 28,041 28,041 28,042 28,036 28,036 28,036 0 0

SAN (SAN ANDREAS) 1,733 7,067 7,096 6,695 4,072 4,092 3,590 -372 -482

SLTRM004 -6,124 -4,604 -4,640 -4,815 -5,453 -5,490 -5,676 -212 -223

TRC (TURNER CUT) -1,325 -568 -528 -1,274 -1,004 -985 -1,834 -706 -830

VIC (VICTORIA CANAL) -3,157 -550 -567 -1,575 -2,050 -2,073 -3,085 -1,025 -1,035

Juvenile period - March 2004

Monthly Average Net Flow (cfs)

2GATE-OPER change 

from NOPROJ


Table 18  Summary of average June 2004 (Juvenile period) net flows from Historical, and Lower (LB) and Upper Bound (UB) NOPROJ, 2GATE_OPEN and 2GATE-OPER simulations.  2GATE_OPER change from NOPROJ is tabulated in last two columns for Lower and Upper Bound.
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CHIPPS ISLAND 6,069 8,832 8,834 8,815 7,080 7,082 7,063 -18 -17

FAL (FALSE RIVER) -519 191 182 351 -234 -240 -61 160 173

FPT (SAC R @ FREEPORT) 14,882 14,888 14,888 14,888 14,888 14,888 14,888 0 0

GLC (GRANT LINE CANAL) 215 158 169 267 200 212 296 109 96

HOL (OLD R AT HOLLAND CUT) -537 167 62 1,500 -283 -371 1,184 1,334 1,468

JPT (JERSEY PT) 1,931 3,976 3,978 3,935 2,760 2,763 2,719 -42 -41

MID (MIDDLE RIVER S OF WOODWARD -2,085 -1,149 -1,179 -2,031 -1,764 -1,798 -2,619 -882 -855

MOK (MOK @ SJR) 4,292 4,380 4,352 4,197 4,401 4,371 4,210 -184 -190

MOS (RSAN087) 1,309 1,309 1,309 1,309 1,309 1,309 1,309 0 0

MRC (MIDDLE R AT MEDFORD IS) -2,819 -1,890 -1,759 -3,690 -2,486 -2,359 -4,457 -1,800 -1,972

OLD (ROLD024) -2,284 -1,210 -951 2,157 -1,904 -1,575 1,693 3,367 3,597

OLF (ROLD034) -3,447 -1,860 -1,815 -835 -2,887 -2,837 -1,898 1,025 989

OSJ (OLD R @ SJR) -1,833 -1,389 -1,527 1,140 -1,697 -1,823 1,060 2,530 2,757

PRI (PRISONER PT) -2,533 -1,297 -1,088 -3,530 -2,066 -1,871 -4,516 -2,234 -2,451

RIO (RSAC101) 7,245 7,176 7,191 7,241 7,101 7,116 7,168 65 67

RMID015 -3,178 -1,855 -2,118 -5,239 -2,716 -3,052 -6,360 -3,383 -3,643

RYI (CACHE SL @ RYER IS) 1,116 1,113 1,116 1,130 1,104 1,108 1,121 17 17

SAN (SAN ANDREAS) 708 2,660 2,689 2,361 1,515 1,539 1,185 -299 -330

SLTRM004 -1,655 -1,048 -1,057 -1,104 -1,398 -1,408 -1,459 -56 -61

TRC (TURNER CUT) -989 -707 -677 -1,210 -893 -867 -1,428 -504 -535

VIC (VICTORIA CANAL) -1,962 -1,034 -1,064 -1,913 -1,645 -1,679 -2,499 -879 -854

2GATE-OPER change 

Juvenile period - June 2004

Monthly Average Net Flow (cfs)



Adult Delta Smelt Simulations

Particle simulations were performed using the adult delta smelt behavior model as described in the 16 July 2009 “Particle Tracking and Analysis of Adult and Larvae/Juvenile Delta Smelt for 2-Gates Fish Protection Demonstration Project”.   The new simulations for 2003-4 use the updated operational conditions as described in the hydrodynamics section of this report.  The most important difference between the new simulations and those presented in the earlier report is that in the new simulations the adult period “balanced flow” operation transitions to the juvenile period “open on ebb” operation on February 21st.
Time series of combined entrainment at the CVP and SWP are presented as percent of total particles release in Figure 22.  Four different regimes are presented: no-project, no-project early start, 2 gate open, and Project operation. For each of those regimes there are two modalities depending on the OMR flows: lower bound and upper bound, for a total of eight different simulations.

For the period December 1, 2003 – February 21, 2004, there is no operational difference between lower and upper bound, so the entrainment is very similar for both. Starting in February 21, 2004, the Project operations for the benefit of juvenile delta smelt begins and the exports are determined by OMR flow upper and lower bounds. After that point, upper bound simulations produce significantly more entrainment than their lower bound counterparts.

Comparing the upper bound simulations, it is seen that the Project operation cumulative entrainment at the end of March 2004 is slightly lower than the other cases, even though at the beginning of March it was clearly greater than the other values. The other upper bound simulations have a similar behavior, with the no-project, early start simulation producing a slightly lower entrainment than the 2-gGates Project open and no-project simulations.

On the other hand, Project lower bound operation entrainment is evidently greater than any of the other lower bound simulations because the juvenile operation brings high turbidity flow near the export facilities. The smelt follow this turbidity region and eventually get entrained at the export facilities. The other three lower bound entrainment results are not affected by the juvenile operation. They are relatively close to each other but it is notable that the entrainment of the no-project early start regime is identically zero.

Cumulative entrainment results are summarized in Table 19.

.

Table 19 Summary of cumulative entrainment as percent of total particles released as of February 21 and March 31, 2004
	Simulation Name
	Cumulative % Entrainment
February 21,2004
	Cumulative % Entrainment
March 31,2004

	NOPROJ_ES_UB
	0.0
	4.4

	NOPROJ_UB
	0.2
	5.0

	2GATE_OPEN_UB
	0.1
	4.8

	2GATE_OPER_UB
	0.1
	4.0

	NOPROJ_ES_LB
	0.0
	0.0

	NOPROJ_LB
	0.2
	0.2

	2GATE_OPEN_LB
	0.0
	0.1

	2GATE_OPER_LB 
	0.0
	1.4
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Figure 22  Cumulative entrainment as percent of total particles released at the CVP and SWP export facilities, December 2003 through March 2004
Habitat Areas
For model simulations, delta smelt habitat is estimated using turbidity and salinity results.  The computed EC and turbidity fields have been post-processed to determine a total acreage of the “adult smelt habitat” where the EC and turbidity values are within suitable limits.  Computed “habitat” acreage is compared for the no project (NOPROJ) and Project in and operating (2GATE_OPER) conditions.  The comparisons are presented for the Upper Bound and Lower Bound flow regimes.

Computed EC and turbidity results for comparison are available for December 1, 2003 to March 31, 2004.  The region for analysis encompasses the Sacramento-San Joaquin River Delta and the Suisun Bay and Marsh.   The raw model results consist of 15-minute interval values of EC and turbidity at each computation point in the model domain.  The 15-minute values were summed and averaged over 24.75 hour periods to produce tidally averaged result sets.  At each finite element “node” or computation point in the network, the tidally averaged EC and turbidity values were compared to limits specified as suitable for migrating adult smelt.  For example, the “suitable” habitat area would encompass the regions with the EC < 1000 µmhos/cm and the turbidity > 15 NTU.  Figure 23 illustrates the determination of the adult smelt habitat area as the intersection of the EC and turbidity limits.

Figure 24 shows time series of adult smelt habitat area computed using the above described limits for the December 1, 2003 through March 31, 2004.  For the same period, adult smelt habitat areas were also computed using lower turbidity limits of 20 NTU and 40 NTU.  Time series plots using these limits are shown in Figure 25 for 20 NTU and Figure 26 for 40 NTU.

Table 20 through Table 25 summarize weekly average habitat areas, and percent change from the no project and with the project facilities installed for two OMR flow conditions and three turbidity limits.  The tables and plots show little difference in simulated delta smelt habitat acreage between the no project and the 2-Gates Project in and operating prior to the juvenile smelt operation period beginning February 21, 2004.  For the >15 NTU and >20 NTU turbidity thresholds, habitat acreage decreases at the end of February for gates operations, but increases for March with the Lower Bound OMR flows.  With the >40 NTU threshold, the 2-Gates Project in and operating simulation, acreage decreases relative to the no project case after February 21, 2004 for the both the Lower Bound and Upper Bound OMR flows.
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Figure 23  Determination of the adult smelt habitat area from the intersection of areas with suitable EC and turbidity conditions
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Figure 24 Computed adult smelt habitat area time series for a minimum turbidity limit of 15 NTU and a maximum EC limit of 1000 µmhos/cm using the lower bound (top plot) and upper bound (bottom plot) flow conditions for the NO_PROJ and 2GATE_OPER simulations.   Model period is Dec 1, 2003 to Mar 31, 2004 
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Figure 25  Computed adult smelt habitat area time series for a minimum turbidity limit of 20 NTU and a maximum EC limit of 1000 µmhos/cm using the lower bound (top plot) and upper bound (bottom plot) flow conditions for the NO_PROJ and 2GATE_OPER simulations.   Model period is Dec 1, 2003 to Mar 31, 2004.
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Figure 26  Computed adult smelt habitat area time series for a minimum turbidity limit of 40 NTU and a maximum EC limit of 1000 µmhos/cm using the lower bound (top plot) and upper bound (bottom plot) flow conditions for the NO_PROJ and 2GATE_OPER simulations.   Model period is Dec 1, 2003 to Mar 31, 2004
Table 20  Weekly average adult smelt habitat acreages (considering a lower turbidity limit of 15 NTU) and percent change from NOPROJ_LB to 2GATE_OPER_LB for December 2003 to March 2004 
[image: image54.emf]2GATE_OPER_LB % change

Week NOPROJ_LB 2GATE_OPER_LB from NOPROJ_LB

Dec 06, 2003 444 440 -1%

Dec 13, 2003 7,221 7,224 0%

Dec 20, 2003 21,598 21,560 0%

Dec 27, 2003 36,713 35,250 -4%

Jan 03, 2004 51,694 51,155 -1%

Jan 10, 2004 63,616 63,146 -1%

Jan 17, 2004 63,033 62,708 -1%

Jan 24, 2004 57,300 57,011 -1%

Jan 31, 2004 56,221 56,187 0%

Feb 07, 2004 43,526 43,523 0%

Feb 14, 2004 50,711 50,611 0%

Feb 21, 2004 47,152 47,050 0%

Feb 28, 2004 65,401 64,320 -2%

Mar 06, 2004 68,764 68,860 0%

Mar 13, 2004 69,812 71,727 3%

Mar 20, 2004 66,788 68,418 2%

Mar 27, 2004 66,267 67,880 2%

Habitat Area (acres)

Adult Smelt Habitat Acreage, Weekly Average:

December 1, 2003 to March 31, 2004

Turbidty > 15 NTU       EC < 1000 umhos/cm


Table 21  Weekly average adult smelt habitat acreages (considering a lower turbidity limit of 15 NTU) and percent change from NOPROJ_LB to 2GATE_OPER_UB for December 2003 to March 2004
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Week NOPROJ_UB 2GATE_OPER_UB from NOPROJ_UB

Dec 06, 2003 444 440 -1%

Dec 13, 2003 7,221 7,224 0%

Dec 20, 2003 21,598 21,560 0%

Dec 27, 2003 36,713 35,250 -4%

Jan 03, 2004 51,694 51,155 -1%

Jan 10, 2004 63,616 63,146 -1%

Jan 17, 2004 63,033 62,708 -1%

Jan 24, 2004 57,300 57,011 -1%

Jan 31, 2004 56,221 56,187 0%

Feb 07, 2004 43,527 43,523 0%

Feb 14, 2004 50,711 50,611 0%

Feb 21, 2004 47,157 47,050 0%

Feb 28, 2004 66,179 65,361 -1%

Mar 06, 2004 70,422 70,854 1%

Mar 13, 2004 71,958 71,960 0%

Mar 20, 2004 68,363 68,352 0%

Mar 27, 2004 67,547 67,476 0%

Habitat Area (acres)

Adult Smelt Habitat Acreage, Weekly Average:

Turbidty > 15 NTU       EC < 1000 umhos/cm

December 1, 2003 to March 31, 2004


Table 22  Weekly average adult smelt habitat acreages (considering a lower turbidity limit of 20 NTU) and percent change from NOPROJ_LB to 2GATE_OPER_LB for December 2003 to March 2004
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Week NOPROJ_LB 2GATE_OPER_LB from NOPROJ_LB

Dec 06, 2003 0 0

Dec 13, 2003 5,178 5,188 0%

Dec 20, 2003 16,288 16,288 0%

Dec 27, 2003 32,432 30,465 -6%

Jan 03, 2004 48,352 47,080 -3%

Jan 10, 2004 62,204 61,542 -1%

Jan 17, 2004 61,307 61,063 0%

Jan 24, 2004 54,527 54,437 0%

Jan 31, 2004 44,488 44,278 0%

Feb 07, 2004 11,655 11,664 0%

Feb 14, 2004 41,156 41,113 0%

Feb 21, 2004 39,814 39,665 0%

Feb 28, 2004 62,812 61,679 -2%

Mar 06, 2004 67,298 66,376 -1%

Mar 13, 2004 68,522 70,049 2%

Mar 20, 2004 65,130 67,675 4%

Mar 27, 2004 64,170 66,793 4%

Habitat Area (acres)

Adult Smelt Habitat Acreage, Weekly Average:

December 1, 2003 to March 31, 2004

Turbidty > 20 NTU       EC < 1000 umhos/cm


Table 23  Weekly average adult smelt habitat acreages (considering a lower turbidity limit of 20 NTU) and percent change from NOPROJ_LB to 2GATE_OPER_LB for December 2003 to March 2004
[image: image57.emf]2GATE_OPER_UB % change

Week NOPROJ_UB 2GATE_OPER_UB from NOPROJ_UB

Dec 06, 2003 0 0

Dec 13, 2003 5,178 5,188 0%

Dec 20, 2003 16,288 16,288 0%

Dec 27, 2003 32,432 30,465 -6%

Jan 03, 2004 48,352 47,080 -3%

Jan 10, 2004 62,204 61,542 -1%

Jan 17, 2004 61,307 61,063 0%

Jan 24, 2004 54,527 54,437 0%

Jan 31, 2004 44,488 44,278 0%

Feb 07, 2004 11,655 11,664 0%

Feb 14, 2004 41,156 41,113 0%

Feb 21, 2004 39,821 39,665 0%

Feb 28, 2004 63,752 62,745 -2%

Mar 06, 2004 69,423 69,408 0%

Mar 13, 2004 71,147 71,395 0%

Mar 20, 2004 67,711 67,649 0%

Mar 27, 2004 66,650 66,568 0%

Habitat Area (acres)

Adult Smelt Habitat Acreage, Weekly Average:

Turbidty > 20 NTU       EC < 1000 umhos/cm

December 1, 2003 to March 31, 2004


Table 24  Simulated weekly average adult smelt habitat acreages (considering a lower turbidity limit of 40 NTU) and percent change from NOPROJ_LB to 2GATE_OPER_LB for December 2003 to March 2004
[image: image58.emf]2GATE_OPER_LB % change

Week NOPROJ_LB 2GATE_OPER_LB from NOPROJ_LB

Dec 06, 2003 0 0

Dec 13, 2003 1,678 1,678 0%

Dec 20, 2003 7,433 7,436 0%

Dec 27, 2003 10,230 10,025 -2%

Jan 03, 2004 26,036 25,532 -2%

Jan 10, 2004 53,949 53,559 -1%

Jan 17, 2004 50,214 49,949 -1%

Jan 24, 2004 7,472 7,217 -3%

Jan 31, 2004 0 0

Feb 07, 2004 2,579 2,583 0%

Feb 14, 2004 14,100 14,132 0%

Feb 21, 2004 5,021 5,019 0%

Feb 28, 2004 53,440 52,894 -1%

Mar 06, 2004 60,235 59,291 -2%

Mar 13, 2004 57,770 57,080 -1%

Mar 20, 2004 45,193 42,990 -5%

Mar 27, 2004 25,950 23,359 -10%

Habitat Area (acres)

Adult Smelt Habitat Acreage, Weekly Average:

December 1, 2003 to March 31, 2004

Turbidty > 40 NTU       EC < 1000 umhos/cm


Table 25  Simulated weekly average adult smelt habitat acreages (considering a lower turbidity limit of 40 NTU) and percent change from NOPROJ_LB to 2GATE_OPER_LB for December 2003 to March 2004
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Week NOPROJ_UB 2GATE_OPER_UB from NOPROJ_UB

Dec 06, 2003 0 0

Dec 13, 2003 1,678 1,678 0%

Dec 20, 2003 7,433 7,436 0%

Dec 27, 2003 10,230 10,025 -2%

Jan 03, 2004 26,036 25,532 -2%

Jan 10, 2004 53,949 53,559 -1%

Jan 17, 2004 50,214 49,949 -1%

Jan 24, 2004 7,472 7,217 -3%

Jan 31, 2004 0 0

Feb 07, 2004 2,579 2,583 0%

Feb 14, 2004 14,100 14,132 0%

Feb 21, 2004 5,020 5,022 0%

Feb 28, 2004 54,798 53,809 -2%

Mar 06, 2004 63,920 61,375 -4%

Mar 13, 2004 62,981 59,636 -5%

Mar 20, 2004 48,719 45,615 -6%

Mar 27, 2004 28,532 25,856 -9%

Habitat Area (acres)

Adult Smelt Habitat Acreage, Weekly Average:

Turbidty > 40 NTU       EC < 1000 umhos/cm

December 1, 2003 to March 31, 2004


Larval/Juvenile Period Passive Particle Simulations based on Regionally Distributed Releases
Passive particle tracking simulations were performed for regionally distributed releases as described in the original document, “Particle Tracking and Analysis of Adult and Larvae/Juvenile Delta Smelt for 2-Gates Fish Protection Demonstration Project”.   The new simulations for 2003-4 use the updated operational conditions as described in the hydrodynamics section of this report.  The most important difference between the new simulations and those presented in the earlier report is that the new simulations include the NMFS BO restrictions on export flows during April and May and the gates are not operated (left open) during that period.

Each simulation began on February 15th and extended through June 15th.  This period was selected for consistency with the runs performed in the earlier study.  The no action early start simulation was excluded because it only affected December 2003; many weeks before the beginning of the juvenile simulation. Six simulations are analyzed, consisting of the three regimes: no-project, 2 gate open and  2-Gates Project operation; each with a lower bound and an upper bound modality.

At the beginning of the simulation, no particles were present. Particles were released and tracked by source region (Figure 27) with a total of 27 source regions included in the model domain. In each region, particles were released at a two hour interval at a specified release density (fishm-2day-1). The location of all particles was output at a two hour interval over the simulation period. For each particle entrained by the CVP or SWP, the time of entrainment was recorded. The particle locations calculated by the RMA Particle Tracking Model (RMATRK) model were analyzed in a post-processor to count the number of particles from each source region that are located in each analysis region (Figure 27), at each 2 hour output interval.  The results are also summarized in Table 26.  It is important to note that in this particle tracking exercise, the particles that were released late in the simulation may not have reached their ultimate fate as all particle tracking was stopped on June 15th at the end of the juvenile operation period.  The following section describes the point release particle tracking requested by the fisheries agencies in which all particles are tracked for a full 90 days.
The general pattern of impact between the no project and Project operating conditions are similar to those presented in the earlier report.  There is a notable decrease in entrainment along the Old and Middle River corridors, small decreases in entrainment in the upper San Joaquin, and an increase in entrainment in the Mokelumne and Georgiana Slough region.  However, because of the cessation of Project operation in April and May effects of the Project operations are generally reduced relative to the previous set of simulations.
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Figure 27  Source regions.
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Figure 28  Percentage particles entrained at CVP+SWP from each region during the period February 15 - June 15, 2004
Table 26 Percentage of particles entrained at CVP+SWP from each region during the period February 15 – June 15, 2004
	Station
	NOPROJ_UB 
	2GOPEN_UB 
	2GOPER_UB 
	NOPROJ_LB 
	2GOPEN_LB 
	2GOPER_LB

	Cache Slough and Liberty Is
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00

	Disappointment 
	41.78
	42.97
	39.21
	18.35
	19.83
	15.49

	Franks Tract 
	24.12
	20.67
	9.21
	9.50
	5.84
	3.19

	Grant line and Old 
	59.19
	59.35
	60.14
	57.72
	58.32
	58.94

	Honker Bay 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Lower SAC 
	0.03
	0.02
	0.02
	0.00
	0.00
	0.00

	Middle 
	72.37
	72.76
	57.71
	56.44
	57.52
	34.86

	Mid SAC 
	1.05
	0.94
	1.23
	0.18
	0.11
	0.22

	Old 
	59.91
	59.33
	34.41
	44.92
	41.88
	18.39

	SAC Ship Channel 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	SJR False River 
	2.00
	1.77
	1.15
	0.41
	0.25
	0.15

	SJR at Old River 
	22.59
	22.65
	20.16
	6.39
	5.66
	6.16

	SJR at Stockton 
	45.62
	45.99
	45.79
	27.21
	26.60
	21.46

	SJR near confluence 
	0.05
	0.02
	0.01
	0.01
	0.01
	0.00

	South Fork Mokelumne 
	17.82
	18.33
	21.66
	4.49
	4.03
	6.40

	Suisun 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Suisun Marsh 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Upper Mokelumne 
	10.08
	10.78
	14.67
	2.18
	2.37
	4.14

	Upper SAC 
	2.23
	2.00
	2.88
	0.40
	0.29
	0.51

	Upper SJR 
	53.44
	53.21
	52.25
	40.90
	40.04
	39.08

	Victoria 
	72.05
	72.05
	71.03
	66.47
	66.75
	55.45


Particle Point Release Simulations

Particle point release simulations were performed for selected stations throughout the Delta.  The important difference between these simulations and the regional release simulations described above is that all particles from the point releases were allowed to travel for 90 days and particle fate is presented according to the month in which the particles were released.
Each particle release simulation spans the period from December 1, 2003 to December 1,2004. There are three different regimes simulated: no-project, 2 gate open, 2 gate operation; each with two modalities, lower bound and upper bound. 

This analysis simulates passive particles that are carried by the flow. At the beginning of the simulation, no particles were present. Particles are constantly being released at 37 different locations as shown is Figure 29. Four locations are area sources (blue squares) where the particles are distributed through a small area. The rest are line sources (green dots). The line sources distribution of particles depend on how the channel is represented on the grid. For two-dimensional channel elements, the particles are equally spaced on a line across the channel; for one-dimensional channel elements, particles are all dropped at single point. 

The release rate is 60 particles every 2 hours. The particles are tracked over their life expectancy of 90 days or until they leave the Delta (by passing Chipps Island) or are entrained at the export facilities.
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Figure 29 Smelt source locations for point releases

In the “Supplemental Figures
” attachment this report, two types of figures are presented that show the fate of particles released at station locations. The first figure type consists of sets of stacked bars, with each stacked bar representing the fate of particles released at a particular location and month for a particular scenario. The green bars indicate the fates for the “no project” scenarios (upper bound in the top panel and lower bound in the bottom panel); the red bars indicate the fates for the “2-Gates open” scenarios; and the blue bars indicate the fates for the “2-Gates operating” scenarios.  The height of the solid bar at the base of each stacked bar indicates the percent of particles released during a given month that were entrained during the 90 day lifespan of the particles.  Two export conditions were analyzed: upper bound and lower bound, and for each of these, three scenarios were simulated: no project, 2 gate open and 2 gate operating. Nine months were analyzed, starting with December 2003 and ending with August 2004. Each figure consists of two panels, the top panel shows all of the “fate bars” for each upper bound flow scenario and the bottom panel shows all of the “fate bars” for each lower bound scenario. 

The second figure type is in map form. On these maps the fates for a set of stations are shown for a particular release month. Therefore, these are similar to the figure type discussed above, but instead of showing the fates at one station and all months on a single figure, the maps show the fates at a set of stations for a single month.

The particles released at many stations are affected by gate operations which occur during the 90 day lifespan of the particles. The first operation period is the adult operations which began on December 19, 2003 and ended on February 20, 2004. The juvenile operations commenced on February 21, 2004, ceased on April 1, 2004, resumed on June 1, 2004 and ended on June 19, 2004. Another difference that affects many stations is the “early start” of USFWS OCAP flow restrictions for the “2 gate operating” scenarios, as discussed in the Model Setup section for the hydrodynamic simulations. This difference in the start of the flow restrictions occurs because both the “no project” and “2 gate open” scenarios use a three-station average turbidity to trigger USFWS OCAP flow restrictions, causing these restrictions to be triggered on December 29, 2003. The “2 gate operating” scenarios use a Jersey Point turbidity trigger, resulting in the “early start” of USFWS OCAP flow restrictions on December 19, 2003.
Station 815 Fate Discussion

Figure 30 shows the fates for the particle releases at Station 815. The green bars indicate the fates for the “no project” scenarios (upper bound in the top panel and lower bound in the bottom panel); the red bars indicate the fates for the “2 gate open” scenarios and the blue bars indicate the fates for the “2- Gates operating” scenarios.

Some broad differences can be noted among scenarios. The effect of the open gates and Project operations, relative to the “no project” scenario is qualitatively similar between the upper bound and lower bound scenarios. Project operations result in a predicted decrease in entrainment of particles released during December, January and February. Each particle is tracked for 90 days. Therefore the particles released in December are tracked into March, so they can be affected both by adult operations in December and also by the juvenile operations which begin on February 21, 2004. The effect of different events that influence the fate of the December releases can be seen more clearly in Figure 31 which shows the percentage of the particles released at Station 815 in December that are entrained through time. As discussed in the Model Setup section for the hydrodynamic simulations, the differences in triggering the USFWS OCAP flow restrictions results in an “early start” of these flow restrictions on December 19, 2003 for the “2-Gates operating” scenarios (both upper bound and lower bound). Figure 31 clearly shows that the three lower bound scenarios have similar entrainment up to December 19, 2003, at which point the entrainment rate decreases for the “2-Gates operating” lower bound scenario as a result of triggering the USFWS OCAP flow restrictions on this date. In contrast, the January lower bound scenario particle fates for Station 815 particle releases are different among scenarios primarily due to the commencement of juvenile operations on February 21, 2004 (Figure 32).  The juvenile operations result in a decrease in entrainment of the particles released during December 2003. However, it should be noted that the particles released during December 2003 have dispersed substantially before February 21, 2004. Many of the particles have moved downstream with the net flows on the San Joaquin River. Figure 33 indicates that the effect of the Project operations is different for particles introduced in March, a period of ongoing juvenile operations.  The juvenile operations results in an increase in entrainment of particles released during March because the Project operations induce a negative flow on the San Joaquin River at Prisoners Point (near Station 815) which draws some particles into Middle River and toward the pumps. This pathway of entrainment will be referred to as the “Middle River corridor” while the pathway to entrainment via Old River will be referred to as the “Old River corridor.” So, in general, the particle tracking results for Station 815 indicate the juvenile operation decreases the entrainment of particles located in the “Old River Corridor.” For particles released at this release location, the juvenile operation can increase entrainment along the “Middle River corridor.” We will see in subsequent discussion that entrainment actually decreases at some other locations along the “Middle River corridor” as a result of Project operations.
[image: image63.emf]
Figure 30 Fates of particles released at Station 815 during each release month for the upper bound (in upper plot) and lower bound (in lower plot) flow scenarios and a 90 day particle lifetime
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Figure 31 Entrainment of particles released at Station 815 during December for the lower bound flow scenarios
[image: image65.png]25

Comparison of the percentage of "Entrained" particles

15

Percentage of Particles Released

—— NOPROJ LB
—— 2GATE OPEN LB
——— 2GATE OPER LB

0
01/01/04

02/01/04

03/01/04
Date

04/01/04

05/01/04




Figure 32 Entrainment of particles released at Station 815 during January 2004 for the lower bound flow scenarios
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Figure 33 Entrainment of particles released at Station 815 during March 2004 for the lower bound flow scenarios
Station 901 Fate Discussion

Figure 34 shows the fates for the particle releases at Station 901. The effect of the open gates and Project operations, relative to the “no project” scenario is qualitatively similar between the upper bound and lower bound scenarios. Project operations result in a predicted decrease in entrainment of particles released during all months. Consistent with the results and discussion for Station 815, the lower entrainment results because particles released at Station 901 are on the “Old River corridor” and the Project operations result in less negative Old River flows during adult operation and reverse the flows from slightly negative to strongly positive during the juvenile  operations. Therefore, as expected, the biggest differences among scenarios result from juvenile operations in March. These Project operations affect the February releases and March (Figure 35) releases the most, resulting in dramatically decreased entrainment in both cases. Large reductions in entrainment were also predicted in December as a result of the “early start” of USFWS OCAP flow restrictions for the “2 gate operating” scenario.

Both the upper bound and lower bound “2-Gates open” scenarios show lower entrainment than the corresponding “no project” scenarios for all months. This results because the open gates caused decreased tidal exchange between Franks Tract and Old River and also decreased the magnitude of negative flows through the gates in Old River.

[image: image67.emf]
Figure 34 Fates of particles released at Station 901 during each release month for the upper bound (in upper plot) and lower bound (in lower plot) flow scenarios and a 90 day particle lifetime
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Figure 35 Entrainment of particles released at Station 901 during March 2004 for the lower bound flow scenarios
Station 906 Fate Discussion

Figure 36 shows the fates for the particle releases at Station 906. Project operations result in a predicted decrease in entrainment of particles released during all months, with the exception of the March releases for the lower bound flow scenario. The results at this station are perhaps more complex than at most others, however some features are clear. Under the “no project” scenario, the particle entrainment is substantial for all months and nearly 100% for some months. As with the other station locations, substantial reductions in entrainment were predicted in December as a result of the “early start” of USFWS OCAP flow restrictions for the “2-Gates operating” scenario. During January 2004 and February 2004 (Figure 37) the juvenile gate operations resulted in reductions in predicted entrainment. This may occur because a portion of the particles that were in the entrainment corridor were mixed with water drawn down from the Mokelumne into the San Joaquin River and then recirculated back up Old River to a  location that is not influenced by water management actions and entrainment.. Therefore, this location is a good example of a more general trend. Namely, the juvenile operation appears to increase entrainment along a corridor from the Mokelumne into the San Joaquin River and decrease entrainment at most other locations, including both the western Delta and the upper San Joaquin River.

Perhaps the most surprising result for Station 906 is that Project operation results in decreased entrainment of the particles released in March for the upper bound scenario and increased entrainment of the particles released in March for the lower bound scenario (Figure 38). Explaining this result will require an examination of the particle tracking paths.

 Entrainment is slightly higher for the “2-Gates open” scenarios than the corresponding “no project scenarios” during most months. The open gates resulted in somewhat increased flow down the Middle River corridor, which may have accounted for the increased entrainment of particles released from Station 906.
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[image: image69]
Figure 36 Fates of particles released at Station 906 during each release month for the upper bound (in upper plot) and lower bound (in lower plot) flow scenarios and a 90 day particle lifetime
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Figure 37 Entrainment of particles released at Station 906 during February 2004 for the lower bound flow scenarios
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Figure 38 Entrainment of particles released at Station 906 during March 2004 for the lower bound flow scenarios.

San Joaquin Inflow Fate Discussion

Figure 39 shows the fates for the particle releases at the San Joaquin Inflow, located near Vernalis. In all scenarios, the dominant fate of particles is entrainment. This is not surprising because most of the San Joaquin inflow splits down Old River near Mossdale. The effects of the open gates and Project operation are fairly small for both the upper bound and lower bound flow scenario. The juvenile operations result in small decreases in predicted entrainment for the January 2004 and February 2004 (Figure 40) particle releases. 
[image: image72.emf]
Figure 39 Fates of particles released at San Joaquin Inflow during each release month for the upper bound (upper plot) and lower bound (lower plot) flow scenarios and a 90 day particle lifetime
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Figure 40 Entrainment of particles released on the San Joaquin River near Vernalis during February 2004 for the lower bound flow scenarios
Sacramento Inflow Fate Discussion

Figure 41 shows the fates for the particle releases at the Sacramento Inflow, located near Freeport. The effect of the open gates and Project operations, relative to the “no project” scenario is qualitatively similar between the upper bound and lower bound scenarios.  The effects are quite small in all months except for December 2003 (Figure 42), when the “early start” results in a dramatic decrease in entrainment for the “2-Gates operating scenarios.” The entrainment of particles released from the Sacramento River near Freeport was low during the period of juvenile operations so these operations did not result in significant changes in predicted entrainment. During June, July, and August of 2004 the entrainment was significant but the open and Project operationsoperating gates have  minimal influence on predicted entrainment. 
[image: image74.emf]
Figure 41 Fates of particles released at Freeport during each release month for the upper bound (upper plot) and lower bound (lower plot) flow scenarios and a 90 day particle lifetime.
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Figure 42 Entrainment of particles released on the Sacramento River near Freeport during December 2003 for the lower bound flow scenarios.

Mokelumne Inflow Fate Discussion

Figure 43 shows the fates for the particle releases at the Mokelumne River inflow. The effect of the open gates and Project operations, relative to the “no project” scenario is qualitatively similar between the upper bound and lower bound scenarios.  The effects are limited in all months. In December 2003, the “early start” of USFWS OCAP flow restrictions resulted in a decrease in entrainment for the “2-Gates operating” scenarios. The effect of Project operations during the March and June periods on entrainment of particles released at the Mokelumne River inflow varies from month to month. For the particles released during March 2003 (Figure 44) juvenile operation increases entrainment, presumably because water is drawn down from the Mokelumne River into the “Middle River corridor.”

[image: image76.emf]
Figure 43 Fates of particles released at Mokelumne during each release month for the upper bound (in upper plot) and lower bound (in lower plot) flow scenarios and a 90 day particle lifetime
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Figure 44 Entrainment of particles released at Mokelumne during March 2004 for the lower bound flow scenarios
Comparison of Passive Particle Tracking and Particle Tracking with Adult Delta Smelt Behavior Model

Point release particle simulations were conducted with the adult smelt behavior algorithm for comparison against simple passive particle tracking.  Point releases with behavior were made at four of the stations – 703, 711, 812, and 815.  Time series of cumulative entrainment of particles released in December 2003 for these stations are shown in Figure 45 through Figure 48.  In all of the simulations, restriction of OMR flows relative to historic conditions significantly reduces the turbidity along the Old and Middle River corridors, which leads to reduced entrainment with behavior relative to the passive particle simulations.  Prior to February 21, 2004, when the adult period “balanced flow” operation was active, the Project with Operations result was lower than the No Project and 2Gate Open results.  However, when Project Operations changed to the juvenile period “open on ebb” operation, turbidity was mixed into the south Delta leading to a rapid increase in entrainment of particles with movement based on the adult delta smelt behavior model.  This illustrates the importance of the transition between adult and juvenile operation, and that it may be necessary to post pone use of the “open on ebb” operation until turbidity has cleared from the central Delta.  Note that the change in operation was not as evident with passive particle tracking because most of the particles released in December had reached their ultimate fate before the February 21st transition.
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Figure 45 Comparison of Cumulative Entrainment with Passive Particle Tracking and Adult Delta Smelt Behavior for particles released during December 2003 at Station 703
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Figure 46 Comparison of Cumulative Entrainment with Passive Particle Tracking and Adult Delta Smelt Behavior for particles released during December 2003 at Station 711
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Figure 47 Comparison of Cumulative Entrainment with Passive Particle Tracking and Adult Delta Smelt Behavior for particles released during December 2003 at Station 812
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Figure 48 Comparison of Cumulative Entrainment with Passive Particle Tracking and Adult Delta Smelt Behavior for particles released during December 2003 at Station 815
Bootstrap Smelt Simulations

The bootstrap analysis encompassed the period from December 1, 2003 to April 30, 2004. The four regimes were simulated, no-project, no-project early start, 2 gates open and Project operation; each of them with their respective lower bound and upper bound modality.

Each simulation consisted of 39 bootstraps. Each of those bootstraps was similar to an adult period gate operation simulation (adult simulation) except that the turbidity had been modified by adding a randomly selected error extracted from a previous analysis of the differences between predicted and observed turbidity. The errors added to the turbidity respected spatial and temporal correlations.

As in adult simulations, the behavior of the smelt is dictated by the gradients of salinity and turbidity.  A bootstrap turbidity produced in this simulation will be slightly different than the original turbidity field used for the plain adult simulation for the same period. Consequently, the behavior of the smelt will be slightly different in every bootstrap and the method will produce a set of different loci. Smelt that start at nearby locations in different bootstraps, do not necessarily follow similar paths, but when the results are analyzed globally over many particles, the study provides statistically significant smelt data in which nearby particles follow similar paths.

The smelt entrainment at CVP and SWP is of particular interest for the scope of this document. It is analyzed from two different points of view: confidence range and t-test.

If the entrainment percentage was computed for one new bootstrap and compared with the already computed 39 bootstraps, it would have a 1/40 chance to be above all other 39 bootstraps at a given time. In other words, there is a 2.5% probability that the new bootstrap entrainment would be greater than all previously computed entrainments. Similarly, there is a 2.5% chance of it being below all 39 other bootstrap entrainments. This implies that, for a given time, there is a 95% confidence that a new entrainment value would fall within the range spanning all 39 bootstrap entrainment values already computed. The confidence interval is computed for each of the eight different simulations. Results are presented in Figure 49.

In all cases the no-error simulation produces an entrainment that is well below the average values. The reason for that is that adding bootstrap errors in fact adds randomness to the turbidity field. Since the smelt behavior is determined in big part by turbidity, the fish tend to separate more. In other words, bootstrap creates extra diffusion in the behavior of the particles.

Notice also that the confidence range overlaps for any two upper bound simulations and similarly for any two lower bound simulations. It is not possible to conclude with a practical degree of confidence that the entrainment of a random bootstrap simulation of a given regime will be below or above the entrainment of another random simulation from another regime.  
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Figure 49 Total Entrainment for upper bound bootstrap simulations. Confidence range for no-project (top left), no-project early start (top right), 2 gate open (bottom left) and 2 gate operation (bottom right)
A more detailed analysis is required. So, two new elements need to be brought into the study. In one element, the attention will center on comparing the average entrainment of all simulations instead of comparing two randomly chosen simulations. In the second element, the analysis will be paired, in the sense that it couples together entrainment results for different regimes produced from the same sequence of bootstrap errors.

The Student t-test analysis is a statistical hypothesis test that checks whether the null hypothesis is true. In the case presented here, the hypothesis is that two different simulations have the same percentage of entrained fish. The test draws a conclusion based on the available sample of 39 bootstraps for each simulation. In order to simplify the calculations, the simulations are “paired”, meaning that the random errors added to the turbidity field are identical for different simulations (but not for different bootstraps).

In more formal terms the statistic [image: image91.png]


 measures how far two simulations are from having identical entrainment averages over all bootstraps, where [image: image93.png]39
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 are respectively the average and the standard deviation of the differences in entrainment. 

If the null hypothesis is true, this random variable follows a Student t-distribution. A particular t-value computed using that formula can be compared to a table of cumulative probabilities and the corresponding p-value can be estimated. The p-value is the probability that both simulations have the same average entrainment. 

A list of t-values and p-values for different pairs of compared simulation entrainments is presented in Table 27 and Table 28. The p-value can be interpreted as a probability of two regimes having similar average entrainments. A p-value close to zero implies that there is little probability that the two regimes will produce similar average entrainments. The converse is also true, larger p-values indicate that there is a chance that the two regimes produce similar average entrainments.

When the p-value is close to zero, the t-value indicates which regime produces a larger entrainment. A positive (negative) t-value implies that the entrainment for the regime on the top of the table is expected to be greater (lesser) than the entrainment at the left of the table.

Table 27 T-value for upper bound simulation entrainments
	t-value
	NOPROJ_UB
	NOPROJ_ES_UB
	2GATE_OPEN_UB
	2GATE_OPER_UB

	NOPROJ_UB
	---
	
	
	

	NOPROJ_ES_UB
	187.7
	---
	
	

	2GATE_OPEN_UB
	-7.6
	-195.3
	---
	

	2GATE_OPER_UB
	207.4
	19.7
	215.0
	---


Table 28 P-value for upper bound simulation entrainments
	p-value
	NOPROJ_UB
	NOPROJ_ES_UB
	2GATE_OPEN_UB
	2GATE_OPER_UB

	NOPROJ_UB
	---
	
	
	

	NOPROJ_ES_UB
	0.0000
	---
	
	

	2GATE_OPEN_UB
	0.4535
	0.0000
	---
	

	2GATE_OPER_UB
	0.0000
	0.0104
	0.0000
	---


Notice that the among all upper bound simulations, Project operation has the lower entrainment, followed by no project early start. The no-project and 2-Gates open entrainments produce similar entrainment results as expected; they have the highest entrainment of all upper bound simulations.

For the lower bound simulations the results are similar (Figure 50, Table 29. and Table 30).    Again, the Project operation regime produces the least entrainment up to the time when Project operations shift to the projection of juvenile delta smelt (open on ebb operation), followed by the no-project early start. The no-project and the 2-Gates open regimes produce approximately the same entrainment as each other and more entrainment than the other two regimes.
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 Figure 50 Total Entrainment for lower bound bootstrap simulations. Confidence range for no-project (top left), no-project early start (top right), 2 Gates open (bottom left) and Project operation (bottom right)
Table 29 T-value for lower bound simulation entrainments
	t-value
	NOPROJ_LB
	NOPROJ_ES_LB
	2GATE_OPEN_LB
	2GATE_OPER_LB

	NOPROJ_LB
	---
	
	
	

	NOPROJ_ES_LB
	193.9
	---
	
	

	2GATE_OPEN_LB
	0.8
	-193.1
	---
	

	2GATE_OPER_LB
	213.5
	19.7
	212.7
	---


Table 30 P-value for lower bound simulation entrainments
	P-value
	NOPROJ_LB
	NOPROJ_ES_LB
	2GATE_OPEN_LB
	2GATE_OPER_LB

	NOPROJ_LB
	---
	
	
	

	NOPROJ_ES_LB
	0.0000
	---
	
	

	2GATE_OPEN_LB
	0.9385
	0.0000
	---
	

	2GATE_OPER_LB
	0.0000
	0.0085
	0.0000
	---


� Modeling results described as Historic Operations use hydrologic conditions from the years described and operational parameters that were in use prior to implementation of the 2008 USFWS Biological Opinion and the 2009 NMFS BioligicalBiological Opinion for the Operation of the CVP/SWP. Results described as No Project use hydrologic conditions from the years described and operational parameters that include the requirements included in these biological opinions. Results described as Project Operations use hydrologic conditions from the years described and operational parameters that include the requirements included in these biological opinions and those associated with the 2-Gates Demonstration Project.





� OCAP is an abbreviation for the Operations Criteria and Plan for the operation of the CVP/SWP.


� 2-Gates Demonstration Project operations include two distinctly different operational periods coupled to the life-stages of delta smelt.  The first is focused on the protection of adult delta smelt and a later one focused on the protection of larval and juvenile delta smelt.


� Bootstrap error analysis is approach to � HYPERLINK "http://en.wikipedia.org/wiki/Statistical_inference" \o "Statistical inference" �statistical inference� when the distribution of sampled data is not known.


� Upper and lower bound refer to the export conditions needed to achieve the least restrictive (Upper bound) and most restrictive (lower bound) flow rates in the Old and Middle Rivers.





� This information should be moved to the very front of the document before all of the discussion.


�Need to include this supplemental doc.
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